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Summary eClinicalMedicine
Background Gender-based disparities in health-care are common and can affect access to care. We aimed to 2023;65: 102298

investigate the impact of gender and socio-environmental indicators on health-care access in oncology in France. Published Online xxx

https://doi.org/10.
1016/j.eclinm.2023.

Methods Using the national health insurance system database in France, we identified patients (aged >18 years) who 102298

were diagnosed with solid invasive cancers between the 1st of January 2018 and the 31st of December 2019. We
ensured that only incident cases were identified by excluding patients with an existing cancer diagnosis in 2016 and
2017; skin cancers other than melanoma were also excluded. We extracted 71 socio-environmental variables related to
patients’ living environment and divided these into eight categories: inaccessibility to public transport, economic
deprivation, unemployment, gender-related wage disparities, social isolation, educational barriers, familial
hardship, and insecurity. We employed a mixed linear regression model to assess the influence of age,
comorbidities, and all eight socio-environmental indices on health-care access, while evaluating the interaction
with gender. Health-care access was measured using absolute and relative cancer care expertise indexes.

Findings In total, 594,372 patients were included: 290,658 (49%) women and 303,714 (51%) men. With the exception
of unemployment, all socio-environmental indices, age, and comorbidities were inversely correlated with health-care
access. However, notable interactions with gender were observed, with a stronger association between socio-
environmental factors and health-care access in women than in men. In particular, inaccessibility to public
transport (coefficient for absolute cancer care expertise index = —1.10 [-1.22, -0.99], p < 0.0001), familial hardship
(-0.64 [-0.72, -0.55], p < 0.0001), social isolation (-0.38 [-0.46, -0.30], p < 0.0001), insecurity (-0.29
[-0.37, —0.21], p < 0.0001), and economic deprivation (-0.13 [-0.19, —0.07], p < 0.0001) had a strong negative
impact on health-care access in women.

Interpretation Access to cancer care is determined by a complex interplay of gender and various socio-environmental
factors. While gender is a significant component, it operates within the context of multiple socio-environmental
influences. Future work should focus on developing targeted interventions to address these multifaceted barriers
and promote equitable health-care access for both genders.
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Articles

Research in context

Evidence before this study

Sex, while typically characterised by biological distinctions
between males and females, and gender, related to
sociocultural differences between men and women, influence
health-care experiences, access to care, and interactions
within health-care systems. Gender-based disparities in
health-care access have long been recognised as a crucial
issue, particularly in oncology. We conducted a systematic
search of PubMed, Google Scholar and Scopus, between
database inception and June 1, 2022, using the terms
(“healthcare” or “health care”) and (“sociodemographic” or
“socio-demographic” or “socio-environmental”) and
("gender” or “sex”) and (“oncology” or “cancer care” or
“cancerology” or “cancer”). No language restrictions were
applied to the search. Our preliminary review of the literature
revealed that no large-scale study has specifically evaluated
the disparities in health-care access in oncology, nor the
impact of gender on health-care access in oncology when
considering various socio-environmental factors. The overall
quality of the existing evidence was considered low,
emphasising the need for further research to better
understand and address these disparities.

Added value of this study

Our study addresses three main gaps in the existing literature
on the impact of gender and socio-environmental indicators
on health-care access in oncology. First, by using a
comprehensive and exhaustive nationwide database from the
French national health insurance system, our research
provides a large-scale and robust analysis of patients
diagnosed with solid invasive cancers. Second, we investigate
the influence of a diverse range of socio-environmental
factors, including inaccessibility to public transport, economic

Introduction

Socio-economic factors are well-established de-
terminants of health outcomes in oncology,' influencing
aspects such as incidence and mortality rates, rates of
cancer screening and prevention, and treatment out-
comes. Patients with cancer from deprived areas, for
instance, often experience delays in diagnosis and
treatment, leading to poorer outcomes.” It’s also been
reported that individuals from rural areas have lower
rates of cancer screening and higher mortality, likely
due to barriers to health-care access.’ Interestingly, ed-
ucation levels are associated with mortality for almost all
types of cancer, with lower education levels linked to
higher mortality rates, particularly for cancers related to
tobacco use or infection.*

Sex, while typically characterised by biological dis-
tinctions between males and females, and gender,
related to sociocultural differences between men and
women, influence health-care experiences, access to
care, and interactions within health-care systems. Some

deprivation, unemployment, gender-related wage disparities,
social isolation, educational barriers, familial hardship and
insecurity, offering a multidimensional approach to
understanding health-care access disparities. Third, our study
considers the interaction between gender and these socio-
environmental factors, shedding light on the unique
challenges faced by women in accessing oncological care. The
findings of our study highlight the importance of considering
gender as a key determinant of access to cancer care and
reveal significant disparities in health-care access based on
socio-environmental factors, especially for women. In
particular, our study uncovers the substantial negative impact
of inaccessibility to public transport, familial hardship, social
isolation, insecurity and economic deprivation on women's
access to oncological care.

Implications of all the available evidence

Understanding the disparities in health-care access
experienced by men and women, particularly in oncology, is
crucial for promoting gender equality. Although our findings
reveal that these socio-environmental factors do not have a
substantial impact on health-care access for men, the
disproportionate burden faced by women indicates that
addressing these disparities is a critical concern for advancing
gender equality. Continued advocacy for policies focused on
driving greater equity in health-care access is essential for
reducing these disparities and improving the overall health of
women. Furthermore, targeted interventions to address the
unique challenges faced by patients in underserved areas, such
as enhancing public transportation networks, fostering
partnerships between university medical centres and
community clinics, and implementing telemedicine, are
urgent matters for policy consideration.

of the organs most frequently affected by cancers, such
as the prostate and gynaecologic organs, are sex-specific,
and the incidence of other cancers may also differ be-
tween men and women. Only 1% of breast cancers are
diagnosed in men, whereas the male-to-female ratio for
head-and-neck cancers has been estimated at 3:1.°
Beyond biological factors, sociological factors related to
gender may also impact health-care pathways, affecting
stages of diagnosis and treatment patterns. For instance,
women with lung cancer are more likely to be diagnosed
at earlier stages than men with the same disease® and to
undergo surgery for locoregional disease,” whereas the
opposite pattern has been reported for bladder cancer.®

The intersection of these socio-economic factors and
sex or gender could compound the disparities experi-
enced in health-care access. For example, several studies
have reported differences between men and women in
the relationship between socioeconomic status and
cancer risk, with men being at greater risk of developing
cancer if they come from a low socioeconomic
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background.” Conversely, women seem to be more
vulnerable when the impact of socioeconomic status on
health-care access is assessed."”

The significance of being treated in a high-volume
expert centre in oncology is widely recognised, with
numerous studies demonstrating that higher surgical
volumes correlate with reduced complication rates,
enhanced oncological outcomes, and decreased costs.""'?
Additionally, treatment at high-volume centres increases
the likelihood of patients receiving care in accordance
with established guidelines.”” Despite the well-
documented advantages of high-volume expert centres
in oncology, no studies have yet investigated potential
disparities in patient access to specialised cancer care
facilities based on gender.

In light of these observations, our study aims to
provide a clear and comprehensive insight into the
impact of gender and socio-environmental indicators on
health-care access in oncology on an exhaustive nation-
wide database. The French national health insurance
system provides comprehensive coverage of 98.8% of
the French population. It includes robust and granular
information related to demographics, health conditions,
and health-care utilisation, thus allowing a detailed and
representative examination of health-care access and
outcomes in oncology. We hypothesise that women
and men with different socioeconomic/demographic
positions receive cancer treatment at centres with
divergent levels of oncological expertise.

Methods

Patient data and selection

Data were obtained from the French national health
insurance system database, which covers 98.8% of the
67 million inhabitants of France. All the medical and
administrative information relating to the reimburse-
ment of French citizens for health-care expenses in
hospitals is collected and aggregated within this system.
The data recorded include demographic data (gender,
date of birth, geographic code of the area of residence),
hospital discharge reports (diagnoses, medical and sur-
gical procedures), and all long-term illness records
(diagnosis codes and date of disease onset). We selected
patients diagnosed with solid invasive cancers between
the 1st January 2018 and the 31st December 2019
(Appendix 1). We ensured that only incident cases were
identified by excluding patients with an existing cancer
diagnosis in 2016 and 2017 from the study. Patients
under 18 years of age and those with gender coding
discrepancies were also excluded. Finally, skin cancers
other than melanoma were excluded from the study.
This study followed the STROBE guidelines for obser-
vational studies (Appendix 2) and SAGER guidelines.'

Ethics

This study was performed in accordance with institu-
tional and ethics rules concerning research based on
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patient data. The study was authorised by the French
data protection agency (Commission nationale de l'infor-
matique et des libertés—CNIL, under registration number
2204867v0). No informed consent was required because
the data used in the study were de-identified and re-used
for research purposes, in accordance with French reg-
ulations applicable to French national health insurance
system data.

Patient and tumour characteristics

The clinical features assessed in this study included
gender, age, comorbid conditions and type of cancer.
The French national health insurance system database
traditionally records sex as a binary attribute (male/fe-
male), reflecting biological distinctions established at
birth and reflected on identification documents. For the
purpose of our study,” we choose to use the nomen-
clature ‘gender’ to encompass not only the biological
distinctions but also the social and cultural differences
that typically associate with the categories of men and
women. Non-binary and LGBTQ+ populations could not
be assessed within the scope of this study.

Age at diagnosis was analysed as a continuous vari-
able. Comorbid conditions were identified in the data-
base from (i) the main, relative and associated diagnoses
made during hospital stays and (ii) the medical and
surgical procedures undergone during hospital stays
(Appendix 3).

Absolute and relative cancer care expertise indexes
The French national health insurance system assigns a
unique facility code to each health-care centre where
patients receive oncological care. This code helps
determine the centre’s volume, defined as the annual
number of patients treated for each cancer type at the
centre. This outcome—centre specific volume for indi-
vidual cancer types—is not novel and is a validated
metric extensively employed in prior studies assessing
quality of care and the influence of volume on varied
cancer types.'>'*'® Recognising that cancer care expertise
extends beyond volume, we gathered data from the 2019
French Annual Health Facilities Statistics (SAE) to
identify centres specialised in oncology, radiotherapy,
and multi-disciplinary surgery. The SAE database is a
comprehensive, mandatory, and publicly available sur-
vey of all public and private hospitals in France. Con-
ducted annually, the survey provides information on
hospitals’ activities, services, and staff. We selected 35
variables from the SAE, divided into four categories:
oncology, radiotherapy, multidisciplinary surgery and
other related activities (e.g., palliative care, medication
circuit). By employing a Factor Analysis of Mixed Data
(FAMD), we calculated an oncological and surgical
expertise score ranging from 0 (low expertise) to 1 (high
expertise) for each centre (Appendix 4). The absolute
cancer care expertise index was determined by the spe-
cific volume for each cancer type, weighted by the


www.thelancet.com/digital-health

Articles

centre’s oncological and surgical expertise score. While
the volume specific to each cancer type underscores the
centre’s specialisation and depth of experience with in-
dividual cancers, the broader oncological and surgical
expertise score, derived from a broader spectrum of data
including multidisciplinary surgery and palliative care,
reflects the centre’s comprehensive capabilities across
surgical and oncological disciplines.

Simultaneously, we employed an alternative meth-
odology using a relative cancer care expertise index.
Patients with rare cancers typically experience less
optimal outcomes compared to those with more preva-
lent malignancies, a disparity largely due to gaps in
expertise and a dearth of evidence-supported guide-
lines."” With the absolute cancer care expertise index, we
emphasised patient volume, both to resonate with this
established understanding and to reflect the current
emphasis on volume in oncological literature.'>''°
However, such a volume-focused approach might
introduce an inherent bias, potentially sidelining centres
proficient in addressing rare cancers. To address this
potential oversight, rather than relying solely on abso-
lute counts, the relative cancer care expertise index
compares the fraction of patients treated for a specific
cancer type in one centre against the total treated across
all centres for this cancer type. This adjustment ensures
that centres treating rare cancers are not unduly penal-
ised for naturally lower patient numbers.

For all patients, irrespective of the oncological treat-
ment received—whether surgery, chemotherapy, radio-
therapy, or palliative care—both the absolute and
relative cancer care expertise indexes were used as our
primary outcomes.

Based on the geographic code of the patient’s place of
residence and the facility code, we also calculated the
distance travelled by each patient from their home to the
site of oncological treatment, in kilometres.

Socio-environmental indices

Socio-environmental data for the area of residence of the
patients were collected from three official French
governmental open-data websites: the National Institute
of Statistics and Economic Studies (www.INSEE.fr), the
Observatory of Territories (www.observatoire-des-
territoires.gouv.fr) and the Open Platform for French
Public Data (www.data.gouv.fr). We recovered data for
71 variables organised into eight categories: inaccessi-
bility to public transport, gender-related wage dispar-
ities, economic deprivation (e.g., poverty rate, median
income), social isolation (e.g., rate of widows or elderly
people living alone), unemployment, educational bar-
riers, familial hardship (e.g., rate of large or single-
parent families) and insecurity (e.g., homicide rate).
To avoid collinearity among variables measuring the
same dimension and to better capture the overall effect
of a dimension, we performed a Principal Component

Analysis (PCA) to generate indices between 0 and 1 for
each category (Appendix 5).

Statistical analysis

The study population is described in terms of frequencies
for qualitative variables, or medians and interquartile
ranges for quantitative variables. For enhanced clarity on
distribution and to discern between-group differences,
continuous variables related to initial patient character-
istics also include mean, standard deviation, and effect
size as measured by Cohen’s d. Comparisons were per-
formed with Chi® tests for qualitative variables, and
Mann-Whitney or Kruskal-Wallis tests for quantitative
variables. Main variables were visually described for the
15 most common cancers in the cohort.

Given that the French social security system covers
approximately 98.8% of the population, absolute
numbers and percentages by gender were initially
employed for the primary description of the variables. In
a sequential manner, the article systematically delves
into patient characteristics, followed by centre charac-
teristics and socio-environmental aspects. To ensure a
more robust analysis, the main model included not only
gender and socio-environmental factors, but also age,
number of comorbidities, and cancer type. The selection
of variables was grounded in their clinical relevance,
ensuring a comprehensive representation of factors that
could impact the patient journey prior to cancer diag-
nosis. We analysed the impact of gender and socio-
environmental factors on the absolute and relative
cancer care expertise indexes, by performing a mixed
linear regression analysis with cancer type as a random
effect. We included gender, age, number of comorbid-
ities, and socio-environmental indices as fixed-effect
variables. We also checked for interactions between
these variables and patient gender. Given the right-
skewed nature of the absolute and relative cancer care
expertise indexes distribution (Appendix 6), we
employed a cube root transformation. To validate the
assumption of linearity, we have implemented residual
plots with Lowess (Locally Weighted Scatterplot
Smoothing) lines for each predictor. In essence, this
procedure allows us to visually inspect if the relationship
between the predictors and the response variable ad-
heres to a linear pattern. We also accounted for potential
multicollinearity by calculating the Variance Inflation
Factor (VIF) for each predictor, ensuring that all pre-
dictors had a VIF value less than five to mitigate corre-
lation risks. If a patient’s treatment involved multiple
centres, we choose to consider only the treating hospital
with the highest index. No missing data were observed
for gender, age, and comorbidities. Only a small per-
centage of the patients (n = 37,779, or 6.4%) were
excluded from the multivariable analysis due to
incomplete data for socio-environmental factors or the
cancer care expertise index. To ensure the robustness of
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Levels Overall Women Men p value® Effect size
(Cohen’s d)°
Total number of patients 594,372 (100%) 290,658 (49%) 303,714 (51%)
Patient age at diagnosis, years
Median Median: 68 [58-76] 66 [55-76] 69 [61-77] <0.0001 -0.21
Mean Mean: 67 (14) 65 (15) 68 (12)
Number of comorbidities
0 274,592 (46%) 150,175 (52%) 124,417 (41%) <0.0001
1 108,376 (18%) 53,603 (18%) 54,773 (18%)
2-4 156,251 (26%) 67,302 (23%) 88,949 (29%)
5+ 55,153 (9%) 19,578 (7%) 35,575 (12%)
Comorbidities type
Cardiovascular 334,616 (56%) 124,651 (43%) 209,965 (69%) <0.0001
Neuropsychiatric disorders 147,294 (25%) 59,989 (21%) 87,305 (29%) <0.0001
Endocrine 138,295 (23%) 66,187 (23%) 72,108 (24%) <0.0001
Pulmonary 71,125 (12%) 24,318 (8%) 46,807 (15%) <0.0001
Gastrointestinal 38,948 (7%) 16,498 (6%) 22,450 (7%) <0.0001
Rheumatologic disease 15,559 (3%) 9026 (3%) 6533 (2%) <0.0001
Other 144,154 (24%) 57,674 (20%) 86,480 (28%) <0.0001
Cancer type
Breast 126,347 (21%) 125,288 (43%) 1059 (0%) <0.0001
Prostate 79,743 (13%) 0 (0%) 79,743 (26%) <0.0001
Colon-Rectum-Anus 78,639 (13%) 36,584 (13%) 42,055 (14%) <0.0001
Trachea, Bronchi, Lungs 64,793 (11%) 22,661 (8%) 42,132 (14%) <0.0001
Bladder 43,087 (7%) 8778 (3%) 34,309 (11%) <0.0001
Melanoma 27,045 (5%) 12,469 (4%) 14,576 (5%) <0.0001
Kidney 21,639 (4%) 6935 (2%) 14,704 (5%) <0.0001
Pancreas 20,209 (3%) 9919 (3%) 10,290 (3%) 0.61
Liver and Biliary tract 19,958 (3%) 5913 (2%) 14,045 (5%) <0.0001
Thyroid 13,086 (2%) 9774 (3%) 3313 (1%) <0.0001
Uterine corpus 11,977 (2%) 11,977 (4%) 0 (0%) <0.0001
Central nervous system 10,679 (2%) 4796 (2%) 5883 (2%) <0.0001
Stomach 10,458 (2%) 4153 (1%) 6305 (2%) <0.0001
Ovary 9371 (2%) 9371 (3%) 0 (0%) <0.0001
Pharynx 7466 (1%) 1542 (1%) 5924 (2%) <0.0001
Other 49,875 (8%) 20,498 (7%) 29,498 (10%) <0.0001
Social-environmental factors
Gender-related wage disparities Median: 0.5 [0.2-0.7] 0.5[0.2-0.7] 0.5[0.2-0.7] <0.0001 0.01
Mean: 0.5 (0.3) 0.5 (03) 0.5 (0.3)
Economic deprivation Median: 0.5 [0.2-0.8] 0.5[0.2-0.8] 0.6 [0.2-0.8] <0.0001 0.02
Mean: 0.5 (0.3) 0.5 (0.3) 0.5(03)
Educational barriers Median: 0.4 [0.2-0.6] 0.4 [0.2-0.6] 0.4 [0.2-0.6] <0.0001 0.05
Mean: 0.4 (0.3) 0.4 (0.3) 0.4 (0.3)
Inaccessibility to public transport Median: 0.6 [0.3-0.7] 0.6 [0.3-0.7] 0.6 [0.3-0.7] <0.0001 0.09
Mean: 0.5 (0.3) 0.5 (0.2) 0.5 (0.2)
Unemployment Median: 0.4 [0.1-0.8] 0.4 [0.1-0.8] 0.5 [0.2-0.8] <0.0001 0.06
Mean: 0.5 (0.3) 0.4 (03) 0.5 (0.3)
Social isolation Median: 0.4 [0.26-0.62] 0.4 [0.3-0.6] 0.4 [0.3-0.6] <0.0001 0.02
Mean: 0.5 (0.2) 0.4 (0.2) 0.5 (0.2)
Familial hardship Median: 0.5 [0.3-0.6] 0.4 [0.3-0.6] 0.5[0.3-0.6] <0.0001 0.04
Mean: 0.5 (0.2) 0.4 (0.2) 0.5 (0.2)
Insecurity Median: 0.6 [0.3-1.0] 0.6 [0.3-1.0] 0.6 [0.3-1.0] <0.0001 -0.07
Mean: 0.6 (0.3) 0.6 (0.3) 0.6 (0.3)
*The p value indicates the statistical significance of the differences between the two genders groups for each parameter. ®Cohen’s d aids in interpreting the magnitude of
the difference between two groups, here women and men. An absolute value of Cohen'’s d inferior to 0.20 indicates that the magnitude of the difference is minimal, even if
the statistical test shows significance.
Table 1: Overview of patient demographics, clinical features, and socio-environmental factors by gender.
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Fig. 1: Gender-specific distribution of cancer types and age. (A) Percentage distribution of cancer types, differentiated by gender. The p value
indicates the statistical significance of the differences between genders groups concerning cancer type distribution. The data reveal that men
constitute the majority in most types of cancer. (B) Absolute number of cases for each cancer type, stratified by gender. Breast cancer is found
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our results, we conducted a sensitivity analysis that
included only non-sex-specific cancers. All analyses were
prespecified, except for the relative cancer care expertise
index, which was an ad-hoc analysis. All statistical ana-
lyses were performed with R version 4.0.3.

Role of the funding source
This study was not funded.

Results

Gender disparities in cancer type and age at
diagnosis

In total, 594,372 patients (women, n = 290,658, 49%;
men n = 303,714, 51%) with 44 different cancer types
were included in this study (Table 1). The distribution of
cancers differed by gender (Appendix 7). In addition to
certain sex-specific cancers, there were significant dif-
ferences in cancer site distribution by gender, with
breast and thyroid cancers much more frequent in
women than in men, and bladder, pharynx, liver and
biliary tract cancers much more common in men than in
women (Fig. 1A and B). Median age at cancer diagnosis
was 68 [58-76] years (66 [55—706] years in women versus
69 [61-77] years in men, p < 0.0001) (Fig. 1C) and age-
and gender-related differences were clinically marked in
breast (age at diagnosis of 63 [52-72] years in women
versus 70 [62-78] years in men) and thyroid (age at
diagnosis of 50 [39-63] years in women versus 56 [45—67]
years in men) cancers. The total number of cancers was
significantly higher in women than in men before the
age of 55 years, whereas it was significantly higher in
men than in women after the age of 55 years (Fig. 1D).

Gender-based differences in comorbidity profiles at
cancer diagnosis

Overall, 179,297 (59%) men and 140,483 (48%) women
had at least one comorbid condition at diagnosis. The
three most frequent comorbid conditions were hyper-
tension (affecting 146,220 patients, or 25%), diabetes
(66,585, or 11%) and cardiac arrhythmia (52,146, or 9%).
Additionally, frailty was identified in 80,698 patients,
constituting 14% of the cohort (Fig. 2A). The frequency
of comorbid conditions differed significantly by gender
(Fig. 2B), with a higher prevalence of comorbid condi-
tions in men than in women, except for rheumatologic
diseases, as the prevalence of osteoporosis and rheu-
matoid arthritis was higher in women. In the overall
population, 274,592 (46%) patients were free from co-
morbid conditions at diagnosis (Fig. 2C). Comorbidity

profiles by age differed significantly by gender, with
notably higher frequencies and numbers of comorbid
conditions in men than in women (Fig. 2D).

Gender-specific variations in characteristics of
cancer treatment centres

This study included 1448 facilities that treated at least
one cancer patient between 2018 and 2019. The analysis
of annual centre volume reveals a majority of low-
volume centres across all cancer types (Appendix 8A).
The median annual volume per centre varied substan-
tially among cancer types, with central nervous system
cancer having the lowest at 2 [1-7] and colon cancer the
highest at 32 [6-71]. Women more often received
oncological treatment at higher volume centres for
breast cancer (262 [122-607] compared to 228 [93-554]
for men, p < 0.0001), while men were more likely to be
treated at higher volume centres for liver and biliary
tract cancer (50 [17-150] compared to 31 [13-117] for
women, p < 0.0001, Appendix 8B). Among the included
facilities, 690 (49%) lacked authorisation for cancer
surgery, 744 (52%) did not offer chemotherapy services,
and 1293 (91%) did not provide radiotherapy activities
(Appendix 8C). Complete data from the SAE database
were missing for 29 (2%) facilities. The centres’ median
oncological expertise score was 0.3, with a range of 0.1
to 0.8 (Appendix 8D). The median distance to the cancer
centre was 21 [8-45] kilometres for both genders
(Appendix 8E). The analysis of distance-to-centre by
cancer site revealed that the distance travelled was
slightly greater in men than in women for several cancer
types, in particular stomach (14 [5-33] kilometres for
women versus 18 [7-38] for men, p < 0.0001), liver and
biliary tract (18 [7—44] versus 22 [8-52], p < 0.0001),
central nervous system (25 [10-55] versus 28 [11-55],
p < 0.0001), and pharynx (22 [7-50] versus 25 [10-55],
p < 0.0001). The distribution of the cancer care expertise
indexes among centres can be visualised in Appendix 8F
and G.

Gender discrepancies in socio-environmental
indices

For each patient, we calculated socio-environmental
indices, including gender-related wage disparities, eco-
nomic deprivation, educational barriers, inaccessibility
to public transport, unemployment, social isolation, fa-
milial hardship and insecurity (Fig. 3A). Higher scores,
nearing 1, indicate a more disadvantaged environment
for the patient. Although we did not detect

to be the most common, followed by prostate and colon-rectum-anus cancers. (C) Age distribution by gender and cancer type. The outer shape
represents the kernel density estimation of the age distribution, while the inner boxplot highlights the median and quartiles. The p value
indicates the statistical significance of the differences between genders groups concerning age distribution by cancer type. Our findings indicate
significant clinical differences in the age of diagnosis for breast, thyroid, and liver and biliary tract cancers between men and women. (D) Age
distribution by gender reveals that cancers at a young age are more prevalent in women, while men form the majority of cases after the age

of 55.
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Fig. 2: Comorbidity patterns in the study population. (A) Overall distribution of comorbidity types. The data show that hypertension, diabetes,
and cardiac arrhythmias are the most common comorbidities, with frailty present in 14% of patients at diagnosis. (B) Distribution of co-
morbidity types, separated by gender. The p value represents the statistical significance of the differences between genders groups concerning
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multicollinearity (VIF inferior than 5), the correlation
analysis between the socio-environmental scores reveals
a concurrent trend: when the score for economic
deprivation increases, the scores for educational bar-
riers, inaccessibility to public transport, unemployment,
social isolation, and familial hardship tend to rise as
well, reflecting the interlinked nature of these socio-
environmental factors (Pearson correlation coefficients
between 0 and 0.6). The correlation between the gender-
related wage disparities index and other indices is less
straightforward, with a negative correlation noted with
both unemployment (Pearson correlation coeffi-
cient —0.1) and economic deprivation (Pearson correla-
tion coefficient -0.1). The insecurity index also exhibited
a complex relationship, correlating positively with eco-
nomic deprivation (Pearson correlation coefficient 0.1),
but inversely with the majority of other indices,
especially public transport inaccessibility (Pearson cor-
relation coefficient-0.8). Except for insecurity index,
socio-environmental indicators were generally less
favourable in rural areas compared to urban areas
(Fig. 3B, Appendix 9). However, notable disparities were
also evident within metropolitan areas, as exemplified
Dby the economic deprivation scores, ranging from 0.2 to
0.8 in high-density areas.

Multivariable model for cancer care expertise
indexes
Together with increasing age and number of comorbid
conditions, all socio-environmental indices, except for
unemployment, were significantly negatively associated
with the absolute and relative cancer care expertise in-
dexes (Table 2, Fig. 4A and B). However, strong in-
teractions with gender were detected, indicating a more
pronounced association between socio-environmental
factors and health-care access in women compared to
men. The socio-environmental factors with the most
substantial influence on access to specialised cancer
care, especially for women, included inaccessibility to
public transport (coefficient for women for absolute
cancer care expertise index = -1.10 [-1.22, -0.99],
p < 0.0001), familial hardship (-0.64 [-0.72, -0.55],
p < 0.0001), social isolation (—0.38 [-0.46, -0.30], p <
0.0001), insecurity (—0.29 [-0.37, -0.21], p < 0.0001), and
economic deprivation (-0.13 [-0.19, —0.07], p < 0.0001).
Qualitatively similar findings were observed for the
relative cancer care expertise index, though some sig-
nificance levels were modified.

In the multivariable analysis, a highly significant
interaction was observed between gender, age, and the
number of comorbid conditions. As age and the number

of comorbidities increased, the decline in the cancer
care expertise indexes was more pronounced for women
compared to men (Fig. 4C and D).

All the outcomes of the sensitivity analysis were close
to those of the main analysis (Appendix 10) and
confirmed the high impact of socio-environmental fac-
tors on health-care access, particularly in women. When
focusing solely on non-sex specific cancers, the sensi-
tivity analysis demonstrated an even sharper negative
impact in women than in men from economic depri-
vation (-0.14 [-0.21, —-0.06] for women versus —0.05
[-0.08, —0.01] for men for absolute cancer care expertise
index, p < 0.0001) and educational barriers (-0.12
[~0.20, —0.04] versus —0.03 [-0.06, 0.01], p = 0.0001).

Discussion

In this nationwide study in France, we investigated the
effects of gender, age, comorbid conditions, and socio-
environmental factors on health-care access in
oncology. We identified considerable disparities in
accessing specialised cancer care for patients from
diverse socio-demographic backgrounds, with particu-
larly significant gender-related differences observed
among women.

In our main results, all socio-environmental factors,
except for unemployment, were negatively associated
with access to an oncological expert centre. However,
this association was stronger for women than for men.
Our findings indicate that inaccessibility to public
transport had the greatest impact on health-care access
for women. A study of household car ownership in ur-
ban and rural areas based on Swedish register data
found that only 30% of women owned a car, whereas
53% of men were car owners.” Women tend to use
public transport more frequently than men for both
work and leisure purposes, resulting in a greater
dependence on such modes of transportation." In urban
areas, high crime rates significantly limit women’s
mobility due to heightened concerns about physical or
sexual violence, especially in public spaces and while
using public transportation.”® As shown in our study,
this pervasive sense of insecurity can severely restrict
women’s access to crucial services, including health
care, by deterring them from walking alone or using
public modes of transport. Our findings also highlight
the greater impact of economic instability and familial
hardship on access to health care in women than in
men. Women are more likely to be employed in low-
paid jobs and to have caregiving responsibilities con-
straining their ability to work full-time and to seek
medical care.”” Social isolation is also more prevalent in

comorbidity types distribution. Men exhibit a higher prevalence of comorbid conditions, with the exception of rheumatologic diseases and
anxiodepressive disorders. (C) Number of comorbidities in the entire population and by gender, indicating that 59% of men versus 48% of
women present at least one comorbid condition at the time of cancer diagnosis. (D) The number of comorbidities by age and gender,
demonstrating that men consistently show a higher number of comorbidities at diagnosis across all age groups.
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Fig. 3: Assessment of socio-environmental factors in the study cohort. (A) Distribution of socio-environmental factors in the total population and
by gender, complemented by a Pearson correlation analysis between the socio-environmental scores. The first column and first row manifest the
gender-specific distribution of the scores, with a histogram to capture the complete distribution and a box plot to succinctly portray the median.
The dark green diagonal encapsulates the overall distribution of the socio-environmental scores. The remaining panels depict pairwise corre-
lations among all eight socio-environmental scores. The correlation analysis underscores a substantial interrelation among economic deprivation,
educational barriers, inaccessibility to public transport, unemployment, social isolation, and familial hardship scores, as reflected by Pearson
correlation coefficients spanning from 0 to 0.6. This suggests that when the economic deprivation score increases, the scores for educational
barriers, public transport inaccessibility, unemployment, social isolation, and familial hardship also rise, indicating their linked progression. (B)
Relation between socio-environmental scores and population density. These boxplots display the median and interquartile range (IQR), with
whiskers extending up to 1.5 times the IQR from the box, and individual points beyond the whiskers indicating potential outliers. The p-value
represents the statistical significance of differences in the distribution of socio-environmental factors among population density groups. Socio-
environmental indicators generally show less favourable scores in rural than in urban areas, with the exception of the insecurity score. Notably,
significant disparities are also observed within metropolitan regions, as exemplified by the economic deprivation scores.

women than in men, particularly among older women
and widows, due to the gender-based disparity in life
expectancy. While both genders face negative health
outcomes associated with loneliness,”>** older women,
often living alone or facing the challenges of

widowhood, are particularly susceptible to the adverse
effects of isolation, manifesting in reduced physical ac-
tivity, increased health risks, and a heightened sense of
loneliness compared to their male counterparts.’**
These social and economic barriers can result in
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transformation

Absolute cancer care expertise index after cube root Relative cancer care expertise index after cube root

transformation

Coefficient 95% Cl p value® Interaction Coefficient 95% ClI p value® Interaction
men-women” men-women”

Gender p < 0.0001 p < 0.0001
Men 419 [3.76, 4.62] p < 0.0001 557 [5.10, 6.03] p < 0.0001
Women 5.06 [4.55, 5.56] p < 0.0001 5.81 [5.30, 6.33] p < 0.0001

Age, years p < 0.0001 0.017
Men -0.01 [-0.02, -0.01] p < 0.0001 -0.01 [-0.01, -0.01] p < 0.0001
Women -0.02 [-0.02, -0.02] p < 0.0001 -0.01 [-0.01, -0.01] p < 0.0001

Number of comorbidities p < 0.0001 p < 0.0001
Men -0.01 [-0.01, 0.00] 0.0001 0.00 [0.00, 0.00] 0.24
Women -0.05 [-0.05, -0.04] p < 0.0001 -0.03 [-0.03, -0.02] p < 0.0001

Inaccessibility to public transport p < 0.0001 p < 0.0001
Men -0.52 [-0.57, -0.47] p < 0.0001 -039 [-0.42, -0.36] p < 0.0001
Women -1.10 [-1.22, -0.99] p < 0.0001 -0.65 [-0.73, -0.57] p < 0.0001

Familial hardship p < 0.0001 0.010
Men -0.50 [-0.54, -0.47] p < 0.0001 -0.36 [-0.38, -033] p < 0.0001
Women -0.64 [-0.72, -0.55] p < 0.0001 -0.40 [-0.46, -0.34] p < 0.0001

Social isolation p < 0.0001 p < 0.0001
Men -0.07 [-0.10, -0.04] p < 0.0001 -0.06 [-0.09, -0.04] p < 0.0001
Women -038 [-0.46, -0.30] p < 0.0001 -0.25 [-0.30, -0.19] p < 0.0001

Insecurity p < 0.0001 p < 0.0001
Men -0.08 [-0.11, -0.04] p < 0.0001 -0.05 [-0.07, -0.02] 0.0001
Women -0.29 [-0.37, -0.21] p < 0.0001 -013 [-0.18, -0.07] p < 0.0001

Economic deprivation 0.31 0.83
Men -0.11 [-0.13, -0.08] p < 0.0001 -0.07 [-0.09, -0.06] p < 0.0001
Women -0.13 [-0.19, -0.07] p < 0.0001 -0.07 [-0.12, -0.03] p < 0.0001

Educational barriers 0.032 0.0001
Men -0.14 [-0.17, -0.11] p < 0.0001 -0.08 [-0.10, -0.06] p < 0.0001
Women -0.10 [-0.16, -0.03] 0.0001 -0.03 [-0.07, 0.02] 013

Gender-related wage disparities p < 0.0001 p < 0.0001
Men 0.03 [0.00, 0.05] 0.026 0.01 [-0.01, 0.03] 0.25
Women -0.09 [-0.15, -0.03] p < 0.0001 -0.05 [-0.09, -0.01] 0.0002

Unemployment 0.021 0.012
Men 0.05 [0.01, 0.08] 0.0051 0.01 [-0.02, 0.03] 0.64
Women 0.10 [0.02, 0.18] 0.0005 0.05 [-0.01, 0.10] 0.020

Missing data: Gender n = 0 (0%), Age n = 0 (0%), Comorbidities n = 0 (0%), Inaccessibility to public transport n = 33,122 (5.4%), Gender-related wage disparities n = 18,687 (3.1%), Familial hardship
n = 26,825 (4.4%), Social isolation n = 18,609 (3.4%), Economic deprivation n = 22,257 (3.6%), Unemployment n = 18,609 (3.1%), Insecurity n = 33,396 (5.5%), Educational barriers n = 18,609 (3.0%). Cl:
Confidence interval. “The p value demonstrates the significance of the relationships between the given social determinant and the cancer care expert index for each gender separately. “The p value indicates
the significance of the interaction between men and women for each factor on the cancer care expertise indices.

Table 2: Results for the multivariable mixed linear regression for absolute and relative cancer care expertise indexes.

women delaying or forgoing necessary medical care, or,
as suggested by our study, may result in women trav-
elling to the nearest health-care centre regardless of its
expertise. Measuring the effect of gender has tradition-
ally been epidemiologically challenging, due to the
interconnectedness of this factor with other socio-
environmental factors and the difficulty of isolating its
individual impact. Here, for the first time, by including
71 socio-environmental variables grouped into eight
different categories, we were able to isolate the effect of
gender and of each of the individual socio-
environmental determinants to obtain clear insight
into their interaction and its effect on health-care access.

www.thelancet.com Vol 65 November, 2023

Centre volume is a major determinant of care
quality in oncology and serves as a valuable metric for
identifying disparities in health-care access. In our
study, we improved this quality care outcome by
weighted it by an oncological and surgical expertise
score. National Comprehensive Cancer Network
(NCCN) guidelines recommend surgery at high-
volume facilities for rare and/or complex cancers,
such as cancers of the pancreas and oesophagus, but a
recent study on twelve solid cancers revealed that pa-
tients treated surgically at high-volume facilities
consistently had improved overall survival when
compared with those treated at low-volume centres."”
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Fig. 4: Results of multivariable analyses on the cancer care expertise indexes. (A) Results for the multivariable analyses for absolute cancer care
expertise index, and (B) for relative cancer care expertise index. The p value indicates the significance of the interaction between men and women
for each factor on the cancer care expertise indices. The data reveals that, except for unemployment, all calculated socio-environmental factors
were negatively associated with cancer care expertise indexes. However, this association was more pronounced for women. The data underscore
that the inaccessibility to public transport had the most substantial impact on health-care access. (C) Interaction between age, number of
comorbidities, and gender on the absolute cancer care expertise index, and (D) on the relative cancer care expertise index. As age and the number
of comorbidities increased, a more rapid shift towards treatment in lower-volume centres was observed among women compared to men.

Several studies have suggested that women with
various types of cancer may be undertreated in clinical
practice, partially accounting for their specific survival
being lower than that in men. For instance, women
with head-and-neck,? advanced bladder”” or colorectal’®
cancers have been shown to be less likely to receive
intensive chemoradiotherapy than men. Receiving
treatment at a low-volume centre may also limit access

to research and innovation, resulting in fewer oppor-
tunities for women to participate in clinical trials. Men
are almost twice as likely to be included in clinical trials
as women,” particularly for elderly women and those
living in very poor areas.*

The relationships of comorbid conditions with can-
cer risk and survivorship have been studied in detail, but
little is known about the association between gender,
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Fig. 4: (continued)

comorbid conditions and health-care access in patients
with cancer. Comorbid conditions have a dispropor-
tionately negative impact on disadvantaged pop-
ulations*** and influence cancer diagnosis, tumour
biology, and subsequent treatment choices.”** While
socio-environmental factors primarily drive the impact
of comorbidities on health-care access, these conditions
may directly lead to health-care access difficulties*® and
prolonged times to cancer diagnosis.”’” In our study, the
higher burden of comorbid conditions was much higher
in men than in women. Men generally tend to have
higher rates of risk factors, such as smoking, excessive

www.thelancet.com Vol 65 November, 2023

alcohol consumption, and physical inactivity,”® which
may contribute to a higher prevalence of comorbid
conditions. However, in our multivariable model, co-
morbid conditions had a stronger impact on access to
oncology care in women than in men. Elderly women
with comorbid conditions were much more likely than
men to be referred to non-expert facilities. This gender-
specific difference in referral patterns has never been
previously documented, but could have a considerable
impact. The oncological management of elderly patients
with frailties can be more challenging and may neces-
sitate the expertise offered by high-volume centres.”**
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While this study offers valuable insights into gender
disparities in health-care access for oncology patients, it
is critical to address the limitations concerning the
representation of gender. In the French national health
insurance system database, gender is traditionally
recorded as a binary attribute (male/female) based on
biological sex. Our study has used this data and referred
to it under the nomenclature ‘gender’ to broadly repre-
sent the societal roles and cultural differences associated
with men and women. However, this binary catego-
risation inherently fails to capture the diversity in
gender identities that fall outside the traditional male/
female classification, such as non-binary individuals or
members of the LGBTQ+ community. This limitation
can lead to an oversimplification and may not reflect the
complete spectrum of gender experiences and the
unique challenges faced by individuals with non-
traditional gender identities in accessing health care.

Multilevel strategies could be developed to increase
access to care, particularly in rural areas where socio-
environmental indicators tend to be less favourable.
Such initiatives could include: i) improving public
transportation options to health-care facilities, ii)
fostering partnerships between university medical cen-
tres and community clinics, iii) implementing tele-
medicine technologies or mobile health clinics to
provide remote consultations and medical services, and
iv) implementing community-driven programs to com-
bat social isolation and familial hardships. Efforts to
integrate sex and gender into medical research, practice,
and education are urgently needed, as the current lack of
appreciation of sex- and gender-related differences is
detrimental to both women and men. Our results reveal
the gender of the patient influences the behaviour of
both patients and clinicians and should be considered a
major determinant of how, when, and why the individ-
ual receives oncological care.
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