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Introduction

According to the World Health Organisation (WHO), the aim of palliative medicine is to improve the quality of life of patients and their families facing the problems associated with life-threatening illnesses, such as cancer, organ failure and neurodegenerative disease. Palliative care prevents and relieves suffering by early assessment and treatment of pain, as well as physical, psychosocial and spiritual problems [START_REF] Sepulveda | Palliative Care: the World Health Organization's global perspective[END_REF]. Cancer is a leading cause of specialised palliative care referrals worldwide, with 18.1 million new cases and 9.6 million cancer-related deaths in 2018 [START_REF] Bray | Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries[END_REF]. Many clinical trials have shown the beneficial effects of palliative care with regard to improving quality of life and reducing symptom intensity in cancer patients [START_REF] Temel | Early palliative care for patients with metastatic non-small-cell lung cancer[END_REF][START_REF] Wang | Advance Care Planning and Palliative Care Integration for Patients Undergoing Hematopoietic Stem-Cell Transplantation[END_REF]. Government programmes have regularly supported the development of specialised facilities in Europe [START_REF] Van Beek | Comparison of legislation, regulations and national health strategies for palliative care in seven European countries (Results from the Europall Research Group): a descriptive study[END_REF]. Up to 57% of deceased cancer patients in France received hospital-based palliative care (HPC) [START_REF] Janah | Access to palliative care for cancer patients between diagnosis and death: a national cohort study[END_REF][START_REF] Poulalhon | Deaths in France: Characteristics, place of death, hospitalisations and use of palliative care during the year before death[END_REF]. However, the literature reports the continued underuse of palliative medicine services [START_REF] Rubens | Palliative Care Consultation Trends Among Hospitalized Patients With Advanced Cancer in the United States, 2005 to 2014[END_REF], and the most eligible cancer patients are either referred too late in the illness trajectory or do not have access to specialised facilities [START_REF] Wang | Variations Among Physicians in Hospice Referrals of Patients With Advanced Cancer[END_REF]. Guidelines recommend early specialised palliative care alongside usual cancer treatments in all newly diagnosed patients with a high symptom burden or unmet psychosocial needs [START_REF] Ferrell | Integration of Palliative Care Into Standard Oncology Care: ASCO Clinical Practice Guideline Update Summary[END_REF][START_REF] Cardoso | 4th ESO-ESMO International Consensus Guidelines for Advanced Breast Cancer (ABC 4)dagger[END_REF]. Knowledge of the initial factors associated with referral to palliative care may help caregivers anticipate needs and support its earlier integration. Sociodemographic characteristics influence palliative care referral and age-related disparities have been reported [START_REF] Walshe | Patterns of access to community palliative care services: a literature review[END_REF]. Cancer site (e.g. haematological malignancies) and care-related factors (e.g. those treated outside large centres with limited access) may also influence the provision of palliative care [START_REF] Hui | Access to palliative care among patients treated at a comprehensive cancer center[END_REF][START_REF] Frasca | Palliative versus hospice care in patients with cancer: a systematic review[END_REF][START_REF] Hui | Integrating palliative care into the trajectory of cancer care[END_REF].

Current literature is frequently based on the deceased population and thus focuses on advanced cancer patients. [START_REF] Walshe | Patterns of access to community palliative care services: a literature review[END_REF][START_REF] Frasca | Palliative versus hospice care in patients with cancer: a systematic review[END_REF] Studies on a more representative cancer population are needed to achieve the earlier integration of palliative care. In addition, most studies distinguish palliative care (alongside cancer treatments) from hospice care (usually begins after cancer treatments). However, these studies fail to describe the specific challenges of HPC that frequently deliver both early and terminal care, and adopt multiple models of organisation, such as outpatient clinics [START_REF] Frasca | Palliative versus hospice care in patients with cancer: a systematic review[END_REF][START_REF] Desai | 1-2-3 Project: A Quality Improvement Initiative to Normalize and Systematize Palliative Care for All Patients With Cancer in the Outpatient Clinic Setting[END_REF][START_REF] Finlay | Models of Outpatient Palliative Care Clinics for Patients With Cancer[END_REF]. The potential competing risk of death has also not been considered in previous studies [START_REF] Adsersen | Is admittance to specialised palliative care among cancer patients related to sex, age and cancer diagnosis? A nation-wide study from the Danish Palliative Care Database (DPD)[END_REF][START_REF] Osagiede | Palliative Care Use Among Patients With Solid Cancer Tumors: A National Cancer Data Base Study[END_REF]. Death can introduce statistical bias in this vulnerable population. The probability of the event of interest (i.e. HPC referral) differs for deceased patients and those lost to follow-up, and should be methodologically considered [START_REF] Grand | Regression models for expected length of stay[END_REF].

Population-based cancer registries (PBCRs) exhaustively include cancer patients in specific regions and provide objective data that address the determinants of hospital-based healthcare delivery [START_REF] Forsea | Cancer registries in Europe-going forward is the only option[END_REF]. This population-based study assessed whether patient-, tumour-and centre-related characteristics are independent factors of the cumulative incidence of HPC referrals, taking into consideration the initial cancer prognosis and competing risk of death.

Methods

Cancer registry data

The PBCR covers the French county of Gironde (1.5 million inhabitants) based on four databases (general, haematological malignancies, central nervous system [CNS] tumours and mesothelioma). It includes patients with cancer from the 27 private and public centres in Gironde that treat cancer patients and is based on several reporting sources (anatomical pathology laboratories, medical information departments of health establishments, surveys from cancer control centres, regional cancer networks, primary health insurance). The European Network of Cancer Registries records: any new tumour (excluding tumour recurrence or metastatic relapse); malignant or invasive tumours in any location; benign tumours from the CNS; and tumours in a patient who is residing in the geographical area of interest at the time of diagnosis.

Patients who refuse registration are excluded. For this analysis, eligible patients were at least [START_REF] Adsersen | Is admittance to specialised palliative care among cancer patients related to sex, age and cancer diagnosis? A nation-wide study from the Danish Palliative Care Database (DPD)[END_REF] 

Definitions

The primary outcome of this study was HPC referral identified by the presence of International Classification of Diseases (ICD)-10 coding for palliative care (Z51.5). This code is for patients with a non-curable disease who receive interdisciplinary HPC by caregivers in an acute palliative care unit, inpatient consultation team or outpatient clinic. As palliative care delivery may occur all along the patient care pathway, the event of interest was the first HPC referral occurring at least 30 days before (required time to diagnosis confirmation) or after cancer diagnosis. Age at cancer diagnosis was considered a categorical variable (<65, 65-75, ≥75 years) as recommended for cancer patients [START_REF] Brain | HER2-targeted treatment for older patients with breast cancer: An expert position paper from the International Society of Geriatric Oncology[END_REF][START_REF] Scotte | Addressing the quality of life needs of older patients with cancer: a SIOG consensus paper and practical guide[END_REF][START_REF] Wildiers | International Society of Geriatric Oncology consensus on geriatric assessment in older patients with cancer[END_REF]. Other covariates included gender, European Deprivation Index (EDI), place of residency, cancer location and centre type. A dichotomised form of the French version of the EDI 2011 census was used to compare patients in the two most deprived quintiles of EDI to others [START_REF] Pornet | Construction of an adaptable European transnational ecological deprivation index: the French version[END_REF]. Place of residency was defined based on 2014 urbanisation data provided by the French National Institute of Statistics (INSEE). This analysis used a dichotomised form to compare rural residency to other areas. Tumours included lung, colorectal, breast and prostate cancers, haematological malignancies and CNS tumours. Tertiary centres (university hospitals and comprehensive cancer centres) were compared to others. To consider cancer-related interactions, the analysis was stratified by initial cancer prognosis, which was considered unfavourable in cases of metastatic solid tumours, high-grade CNS tumours or progressive haematological malignancies, and favourable otherwise. In a conservative approach, the analysis considered only acute myeloid leukaemia (except promyelocytic) and myelodysplastic syndrome with excessive blasts or multi-lineage dysplasia as progressive haematological malignancies in accordance with their low 5year net survival (<40%) [START_REF] Monnereau | Survie des personnes atteintes de cancer en France métropolitaine 1989-2013. Partie 2 -Hémopathies malignes[END_REF].

Statistical analyses

Estimation of the cumulative incidence (frequency) of HPC was performed using the Aalen-Johansen unbiased estimator to consider the competing risk of death. The Kaplan-Meier method was used to analyse patient survival. Two analyses were performed (for each cancer prognosis subgroup). The analyses first estimated pseudovalues of the 4-year cumulative incidence of HPC for each patient (function "pseudoCI" and R package "pseudo"). The pseudo-values of cumulative incidence were used to describe the contribution of each patient's characteristics to the frequency of HPC, taking into account the competing risk of death [START_REF] Klein | SAS and R functions to compute pseudo-values for censored data regression[END_REF]. In a second step, a regression model with a generalised linear estimating equation was used to estimate the mean changes in pseudo-values of 4-year cumulative incidence of HPC associated with covariates. Second step analyses were adjusted for all covariates and the interactions between age and tumour location or centre type, and between sex and tumour location were verified. Sensitivity analysis using pseudo-observations of 2year incidence of HPC was performed to control time-dependent associations.

Analyses were performed using R software, version 3.6.2 [START_REF] Team | A language and environment for statistical computing[END_REF].

Results

Patient characteristics, tumour features and patient survival

In 2014, the PBCR of Gironde recorded 10,212 patients with cancer. Among them, 1078 had multiple tumours, 61 were under 18 years old and 7 had received HPC before cancer diagnosis. The eligible population included 9066 patients. The analysis excluded 642 patients (7.1%) due to missing data (metastatic status: n = 556, 6.1%; EDI: n = 86, 0.9%). The final study population included 8424 patients and was comparable with the eligible population (see Figure 1 and supplementary Table S1).

The median age at diagnosis was 67 years. Women represented 48.7% (4107) of the study population. The two most deprived EDI quintiles accounted for 38.4% (3238) of the study population and 17.9% of patients (1506) were living in a rural area. In total, 2298 patients (27.3%) had a 0-2 score on the WHO performance scale (ranging from 0 [able to carry out all normal activities without restrictions] to 4 [completely disabled; cannot carry out any self-care; totally confined to bed or chair]). Breast tumours were the most frequent (1247, 14.8%), followed by prostate (944, 11.2%), lung (890, 10.6%) and colorectal (808, 9.6%) cancers. Haematological malignancies represented 1051 cases (12.6%). One-third of patients (2778, 33.0%) were treated in a tertiary centre. Tumour prognosis was unfavourable for 1842 patients (24.7%) [non-CNS solid tumours: 1633/7022, 23.3%; CNS tumours: 115/308, 37.3%; haematological malignancies: 94/1051, 8.2%]. The subgroup with unfavourable prognoses were more frequently older, male, bedridden (score 3-4 on the WHO performance scale) and had lung cancer (Table 1). During follow-up, 3324 patients (39.3%) died. In the study population, the 25 th percentile of overall survival was 18.6 months (95% confidence interval [CI], 16.9-19.9). The median follow-up was 56.9 months (95% CI, 56.0-57.8). As expected, patients with an unfavourable initial cancer prognosis had a decreased survival probability compared to others (log-rank P < 0.01) [see Figure 2].

HPC referral

The cumulative incidence of HPC in our sample was 16.7% (95% CI, 15.9-17.5) at 4 years taking into account the competing risk of death (Figure 3). 

Factors of HPC

Among the sociodemographic determinants, age was associated with HPC referral. This association was only significant in patients in the favourable prognosis subgroup and was dependent on centre type. The oldest patients (≥75 years) who were treated in tertiary centres received up to 8% more HPC than those aged <65 years (β = 0.08; 95% CI, 0.05-0.11), whereas those who were treated in other centres only had 4% more referrals than younger patients.

HPC referral in terms of socioeconomic status and place of residency was dependent on cancer prognosis. A deprived EDI was associated with a 2% reduced 4-year incidence of HPC in patients in the favourable prognosis group (β = -0.02; 95% CI, -0.03 to -0.01]), whereas patients with an unfavourable prognosis living in a rural area had a 9% reduced incidence of HPC (β = -0.09; 95% CI, -0.15 to -0.02).

Colorectal, prostate and breast cancers usually led to lower referrals, whereas lung cancer patients received more HPC, regardless of the cancer prognosis. In patients with a favourable prognosis, those with CNS tumours received up to 10% less frequent HPC than those with other solid cancers (β = -0.10; 95% CI, -0.14 to -0.07).

In the subgroup with unfavourable prognosis, patients with haematological malignancies had a 12% lower incidence of HPC (β = -0.12; 95% CI, -0.23 to -0.01).

Patients treated in tertiary centres had more frequent referrals than those treated in other facilities, particularly patients in the older age groups (favourable prognosis: <65 years: β = 0.03; 95% CI, 0.01 to 0.05; 65-75 years: β = 0.03; 95% CI, 0.01 to 0.06; ≥75 years: β = 0.07; 95% CI, 0.04 to 0.10; unfavourable prognosis: 65-75 years: β = 0.09; 95% CI, 0.01 to 0.19; ≥75 years: β = 0.08; 95% CI, -0.01 to -0.17) [see Table 2]. Sensitivity analysis using pseudo-observations of the 2-year cumulative incidence of HPC reported similar results (see Table S3 in the supplementary material).

Discussion

This population-based study, including an exhaustive list of cancer patients, provides more precise insight into the factors at diagnosis that are related to HPC initiation in this population. HPC provision occurred in approximately one-sixth of the patients, mostly in the last month of life. As expected, HPC mainly concerned patients with less favourable prognosis. However, our stratified analysis highlighted that some sociodemographic factors, such as advanced age and non-deprived socioeconomic status, increased referrals, specifically in the subgroup of patients with the most favourable prognosis. On the contrary, a rural place of residency was associated with reduced referrals, specifically for patients with less favourable prognosis. Cancer location and centre type influenced HPC referral, regardless of the initial prognosis.

Colorectal, prostate and breast cancer patients received less HPC than patients with other solid tumours, while lung cancer patients had more referrals. Some cancer locations, such as favourable CNS tumours or unfavourable haematological malignancies, showed less referrals. Finally, patients initially treated in a tertiary centre received more HPC, particularly elderly patients.

The study population was comparable in terms of age, sex ratio and tumour location [START_REF] Defossez | Estimations nationales de l'incidence et de la mortalité par cancer en france métropolitaine entre 1990 et 2018. Etude à partir des registres des cancers du réseau Francim[END_REF][START_REF] Who | Estimated number of new cases in 2018, France, both sexes, all ages[END_REF]. Distribution of the French version of EDI was homogeneous in our sample. One-fifth of the study population lived in rural areas, which is close to the national average [START_REF]Le nouveau zonage en aires urbaines[END_REF]. One-third of the study population were treated in a tertiary centre, consistent with the proportion treated in hospitals in France in 2014 [START_REF] Inca | Les cancers en France[END_REF]. The current results showed a 4-year frequency of HPC (16.7%), which is similar to the reported proportions for the European and French cancer populations (19.1% and 17%, respectively) [START_REF] Craigs | Access to hospital and community palliative care for patients with advanced cancer: A longitudinal population analysis[END_REF][START_REF] Janah | Access to inpatient palliative care among cancer patients in France: an analysis based on the national cancer cohort[END_REF]. To the best of our knowledge, these data have only been reported in France for deceased patients. Our estimation of the 4-year cumulative incidence of HPC among deceased patients (40.3%) was slightly lower than the frequency reported in French deceased patients (52-57%), probably due to the selection of patients with more severe disease in these studies [START_REF] Janah | Access to palliative care for cancer patients between diagnosis and death: a national cohort study[END_REF][START_REF] Poulalhon | Deaths in France: Characteristics, place of death, hospitalisations and use of palliative care during the year before death[END_REF].

More than two-thirds of referrals occurred during the first 3 years after diagnosis among patients with the most favourable prognosis, which is approximately 1 year later than patients in the unfavourable prognosis subgroup. These initiations of HPC during the first years after the diagnosis do not mean that palliative care delivery occurred early in the disease trajectory. Among deceased patients, more than half of HPC initiations concerned terminally ill patients (i.e. the last month of life). A qualitative diversification of specialised palliative care facilities may be a solution for timely access to palliative care with a special focus on outpatient clinics [START_REF] Hui | Models of Palliative Care Delivery for Patients With Cancer[END_REF].

The current study provides new data about sociodemographic and socioeconomic factors related to HPC. In the most favourable prognosis cancer subgroup, HPC referral occurred more frequently among older patients, which is consistent with recent literature, and is also associated with the increased number of co-morbidities and age-related deaths in older cancer patients [START_REF] Wildiers | International Society of Geriatric Oncology consensus on geriatric assessment in older patients with cancer[END_REF][START_REF] Janah | Access to inpatient palliative care among cancer patients in France: an analysis based on the national cancer cohort[END_REF][START_REF] Wedding | Age, severe comorbidity and functional impairment independently contribute to poor survival in cancer patients[END_REF][START_REF] Liedtke | The prognostic impact of age in patients with triple-negative breast cancer[END_REF]. The results should encourage caregivers to include age-related strategies in palliative care referral and increase collaboration between palliative care and oncogeriatric teams [START_REF] Frasca | Palliative versus hospice care in patients with cancer: a systematic review[END_REF]. The study results did not identify clear gender-related differences in HPC referral, in accordance with controversial results in the literature [START_REF] Frasca | Palliative versus hospice care in patients with cancer: a systematic review[END_REF]. EDI analysis reported a lower HPC referral for deprived patients. Studies in the US have also shown restricted access to HPC for patients with low incomes due to cultural differences, as well as concerns about financial costs [START_REF] Sheffield | Endof-life care in Medicare beneficiaries dying with pancreatic cancer[END_REF][START_REF] Fairfield | Disparities in hospice care among older women dying with ovarian cancer[END_REF]. The literature did not confirm such hypotheses in European populations [START_REF] Craigs | Access to hospital and community palliative care for patients with advanced cancer: A longitudinal population analysis[END_REF]. In France, recent investigations found the nationwide HPC access to be slightly higher for the most deprived patients [START_REF] Janah | Access to inpatient palliative care among cancer patients in France: an analysis based on the national cancer cohort[END_REF]. However, the current analysis found a decreased frequency of HPC only among patients in the most favourable prognosis subgroup, suggesting a potential lower detection of social needs is this subgroup. Developing outpatient clinics for palliative care may improve the assessment of social issues in cases of ambulatory follow-up. Moreover, a rural place of residency limited HPC in the most unfavourable prognosis subgroup, possibly due to difficulties in reaching distant palliative care facilities for patients with serious conditions [START_REF] Frasca | Palliative versus hospice care in patients with cancer: a systematic review[END_REF]. National programmes promoting the development of palliative care need to focus on rural areas. Some authors also consider telehealth referrals as potential options in this context [START_REF] Hui | Models of Palliative Care Delivery for Patients With Cancer[END_REF]. More broadly, the current findings should lead researchers to consider cancer prognosis in analyses of sociodemographic and socioeconomic factors of HPC referrals.

Tumour location influenced HPC referral regardless of the cancer prognosis, suggesting the involvement of care-related factors. Patients with lung cancer received more HPC than individuals with other solid cancers. The literature clearly identifies this population as a model of integrated palliative care in oncology [START_REF] Temel | Early palliative care for patients with metastatic non-small-cell lung cancer[END_REF]. Conversely, all other cancer locations were associated with a lower incidence of HPC, which is not necessarily synonymous with unmet needs, especially for breast, prostate and lowgrade CNS cancers. However, limited HPC in cases of unfavourable haematological malignancies is more concerning and is in line with the literature. Several studies highlight the intense suffering related to bone marrow failure due to fatigue, dyspnoea, bleeding or infection [START_REF] Moreno-Alonso | Palliative care in patients with haematological neoplasms: An integrative systematic review[END_REF]. Pain is also common in multiple myeloma [START_REF] Loberiza | Coping styles, health status and advance care planning in patients with hematologic malignancies[END_REF][START_REF] Snowden | Guidelines for supportive care in multiple myeloma 2011[END_REF]. Divergence in treatment objectives, difficulties in prognostic assessment and lack of training have been shown to contribute to this problem [START_REF] Wright | Haematologists' perceptions of palliative care and specialist palliative care referral: a qualitative study[END_REF]. Health policies, guidelines and teaching to support integrated care in oncology should focus on haematological malignancies as they result in different referral practices than solid tumours.

Consistent with international literature, this study confirmed that patients treated in tertiary centres received more frequent HPC, particularly among the oldest age group [START_REF] Roeland | Patterns of Palliative Care Consultation Among Elderly Patients With Cancer[END_REF][START_REF] Tang | A population-based study on the determinants of hospice utilization in the last year of life for Taiwanese cancer decedents, 2001-2006[END_REF][START_REF] Gorin | Treatment for breast cancer in patients with Alzheimer's disease[END_REF][START_REF] Neuman | Surgical treatment of colon cancer in patients aged 80 years and older : analysis of 31,574 patients in the SEER-Medicare database[END_REF][START_REF] Desantis | Cancer statistics for adults aged 85 years and older[END_REF][START_REF] Sharma | Male-female patient differences in the association between end-of-life discussions and receipt of intensive care near death[END_REF]. This result illustrates the links between medical and organisational factors in the study of access to care. The increased ability of tertiary centres to deal with age-related comorbidities may lead to a more frequent referral of elderly patients in these facilities. This observation encourages the current efforts for a quantitative and homogeneous implementation of palliative care services in order to limit, as much as possible, disruptions to the care pathway. To finance new structures, cost-effective analyses should include both health system and societal perspectives that consider disease prevention and quality-of-life promotion [START_REF] Bickel | Importance of Costs and Cost Effectiveness of Palliative Care[END_REF][START_REF] Bickel | Importance of Costs and Cost Effectiveness of Palliative Care[END_REF]. Finally, international guidelines and health policies should support a homogenisation of the indicators for the quality of care that will be of value for palliative care practice and public health research [START_REF] Kamal | Standards, Guidelines, and Quality Measures for Successful Specialty Palliative Care Integration Into Oncology: Current Approaches and Future Directions[END_REF].

The current study's selection process based on the incidence of cancer patients limited selection biases and provided data on representative cancer patients. The cancer registries database enabled us to distinguish HPC from community palliative care, which is more suitable for studying current models of palliative care delivery [START_REF] Frasca | Palliative versus hospice care in patients with cancer: a systematic review[END_REF]. Multidimensional characteristics collected at cancer diagnosis enable identification of factors involved in palliative care referral [START_REF] Forsea | Cancer registries in Europe-going forward is the only option[END_REF]. The follow-up ensured an adequate analysis of the long-term effects. The large number of patients included in the current study enabled detection of time-varying effects and differences among patient subgroups. This analysis considered cancer-related prognosis at diagnosis and competing risk of death. This strategy improved the accuracy of results for populations with an increased risk of mortality [START_REF] Putter | Tutorial in biostatistics: competing risks and multistate models[END_REF]. Contrary to Fine and Gray models, using pseudo-observations allowed quantitative interpretation of the estimates [START_REF] Klein | SAS and R functions to compute pseudo-values for censored data regression[END_REF].

This study has some limitations. The PMSI database may miscalculate palliative care activity. The PMSI database historically underestimated palliative care delivery. The PMSI-based economic evaluation of hospital stays' costs has supported an increasing use of the ICD-10 palliative care code (Z515) since 2004, particularly in medical, surgery and obstetrics services [START_REF] Laurent | Soins palliatifs hospitaliers en région Centre : données issues du PMSI 2009-2011[END_REF]. Two recent studies based on this code showed that the proportions of cancer patients referred to HPC (52% and 57%) was very similar to the estimated proportion of dying patients requiring palliative care (63%) [START_REF] Janah | Access to palliative care for cancer patients between diagnosis and death: a national cohort study[END_REF][START_REF] Poulalhon | Deaths in France: Characteristics, place of death, hospitalisations and use of palliative care during the year before death[END_REF][START_REF] Murtagh | How many people need palliative care? A study developing and comparing methods for population-based estimates[END_REF]. These data reinforce the validity of the PMSI database for the population and period studied. In addition, the current study did not consider noninterdisciplinary specialised consultations. This point may partially explain the late access to palliative care [START_REF] Hui | Integrating palliative care into the trajectory of cancer care[END_REF][START_REF] Hawley | Barriers to Access to Palliative Care[END_REF]. This exclusion may have also reduced the reported access for people living in rural areas. However, interdisciplinary palliative care represented our targeted outcome as it is now recommended early in the cancer trajectory for patients with a high level of anxiety.

Conclusions

This collaborative work between palliative care and public health teams provides an updated insight into the evolving practice of palliative care for patients with cancer.

The late initiation of HPC in the study population supports current efforts to increase the implementation of hospital-based facilities, especially outpatient clinics. HPC was most frequent for patients with an unfavourable prognosis. However, by initially distinguishing favourable and unfavourable prognoses, this study showed that some subgroups within the most favourable cancer prognosis group were more likely to receive specialised care, such as older patients and non-deprived patients. Among the most unfavourable prognosis patients, those living in a rural areas or with a haematological malignancy had decreased access to HPC. Finally, patients who were initially treated outside a tertiary centre struggled to receive HPC. These findings support public health strategies to improve accessibility, especially for people living in rural areas, deprived patients, those with haematological malignancies or those treated outside tertiary centres. Moreover, considering advanced age as a factor of HPC delivery for cancer patients will allow for improved design of future referral systems. 
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  years old and were included in the PBCR with a diagnosis of cancer in 2014. To determine the effect of cancer location, the analysis excluded patients with multiple tumours (at least one other cancer diagnosis between 2005 and 2018). The selection date corresponds to the date of diagnosis. At diagnosis, registries collected data on age, sex, WHO performance scale, place of residency, tumour location, metastatic status (for solid cancers only) and centre of diagnosis. Analyses excluded patients with missing data on metastatic and socioeconomic status. Data on vital status and HPC referral were extracted until the endpoint date of 10 February 2020. This study was authorised by the French Data Protection Authority (CCTIRS authorisation No. 07-285; CNIL authorisation No. 908244).

  The 4-year incidence of HPC was 7.9% (95% CI, 7.2-8.5) in the favourable prognosis subgroup, 47.3% (95% CI, 45.0-49.6) in the unfavourable prognosis subgroup and 40.3% (95% CI, 38.6-42.0) among deceased patients. Almost 80% of delivered HPC began during the first 3 years after diagnosis in the favourable prognosis subgroup and during the first 2 years for patients in the unfavourable subgroup (see Table S2 in the supplementary material). The median time to death after HPC was 25 days in patients in the favourable prognosis subgroup (n = 504; Q1-Q3, 11-55) and 24 days in the unfavourable prognosis subgroup (n = 871; Q1-Q3, 11-49).
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Table 1 .

 1 Characteristics of the study population with favourable and unfavourable

	1					
	2	prognosis subgroups (n = 8424)			
			Study population	Favourable prognosis	Unfavourable prognosis e
	Characteristics	(n = 8424)	(n = 6582)	(n = 1842)
			N	%	N	%	N	%
	Age at diagnosis (years) (Med [Q1-Q3])	67 [57-78]		66 [56-77]	69 [59-80]
	At diagnosis (years)				
	<65	3562 (42.3)	2831 (43.0)	731 (39.7)
	[65-75]	2167 (25.7)	1687 (25.6)	480 (26.1)
	≥75	2695 (32.0)	2,064 (31.4)	631 (34.3)
	Gender				
	Men	4317 (51.3)	3229 (49.1)	1088 (59.1)
	Women	4107 (48.7)	3353 (50.9)	754 (40.9)
	EDI				
	1		1617 (19.2)	1317 (20.0)	304 (16.5)
	2		1621 (19.2)	1302 (19.8)	339 (18.4)
	3		1798 (21.3)	1420 (21.6)	371 (20.1)
	4		1885 (22.4)	1424 (21.6)	449 (24.4)
	5		1503 (17.8)	1119 (17.0)	379 (20.6)
	Place of residency				
	Outside urban area a	1506 (17.9)	1208 (18.4)	298 (16.2)
	<100,000 inhabitants	648	(7.7)	483 (7.3)	165 (9.0)
	≥100,000 inhabitants	6270 (74.4)	4891 (74.3)	1379 (74.8)
	WHO performance scale f				
	0-2	2298 (27.3)	1906 (29.0)	392 (21.3)
	3-4	1730 (20.5)	1201 (18.2)	529 (28.7)
	Missing	4396 (52.2)	3475 (52.8)	921 (50.0)
	Tumour location				
	Breast	1247 (14.8)	1178 (18.6)	69 (3.3)
	Prostate	944 (11.2)	868 (13.7)	76 (3.7)
	Lung	890 (10.6)	279 (4.4)	611 (29.4)
	Colorectal	808	(9.6)	577 (9.1)	231 (11.1)
	Other digestive	563	(6.7)	297 (4.7)	266 (12.8)
	Urinary tract	399	(4.7)	319 (5.0)	80 (3.8)
	Central nervous system	308	(3.7)	193 (3.0)	115 (5.5)
	Other female gynaecological b	277	(3.3)	200 (3.2)	77 (3.7)
	Upper aerodigestive tract	256	(3.0)	240 (3.8)	16 (0.8)
	Medulla	43	(0.5)	43 (0.7)	0 (0.0)
	Other solid cancers	1546 (18.4)	1428 (22.5)	118 (5.7)
	Non-Hodgkin's lymphoma	480	(5.7)	480 (7.3)	0 (0.0)
	Myelodysplastic syndrome c	27	(0.3)	0 (0.0)	27 (1.5)
	Myeloma/Plasmocitoma	117	(1.4)	117 (1.8)	0 (0.0)
	Acute myeloid leukaemia	72	(0.9)	5 (0.1)	67 (3.6)
	Other haematological cancers d	355	(4.2)	355 (5.4)	0 (0.0)
	Non-attributable location	92	(1.1)	3 (0.1)	89 (4.8)
	Centre				
	Tertiary centre	2778 (33.0)	2038 (31.0)	740 (40.2)
	Other	5646 (67.0)	4544 (69.0)	1102 (59.8)
	3	HPC, hospital-based palliative care; EDI: European Deprivation Index	
	4	a Outside urban area if Tranche d'Aire Urbaine (TAU) is 00, data INSEE 2014
	5	b Including ovary, cervix and body of uterus		
	6	c Including refractory thrombocytopenia			
	7	d Including chronic myeloid leukaemia and Hodgkin's lymphoma	

Table 2 .

 2 Characteristics associated with the 4-year cumulative incidence of HPC referral for each prognosis subgroup (n = 8424). Linear regression with pseudoobservations of 4-year cumulative incidence as the outcome.

		Favourable prognosis	Unfavourable prognosis c
	Characteristics	(n = 6582) β [95% CI]	P-value	(n = 1842) β [95% CI]	P-value
	Intercept	0.08 [0.07; 0.10] <0.01	0.49 [0.43; 0.56] <0.01
	Age at diagnosis (ref. <65 years) 4				
	Tertiary centres		<0.01		0.27
	[65-75] years	0.02 [-0.01; 0.05] 0.15 0.03 [-0.06; 0.11] 0.55
	≥75 years	0.08 [0.05; 0.11] <0.01 -0.01 [-0.10; 0.08] 0.77
	Other centres		<0.01		0.28
	[65-75] years	0.03 [0.01; 0.05] 0.01 -0.05 [-0.13; 0.03] 0.58
	≥75 years	0.04 [0.03; 0.06] <0.01 -0.08 [-0.15; 0.01] 0.06
	Gender (ref. women)				
	Men	-0.01 [-0.03; 0.01] 0.09 -0.01 [-0.03; 0.06] 0.55
	EDI (ref. non-deprived) a				
	Deprived	-0.02 [-0.03; -0.01] 0.01 0.03 [-0.02; 0.08] 0.22
	Place of residency (ref. urban) b				
	Rural	-0.01 [-0.03; 0.01] 0.27 -0.09 [-0.15; -0.02] <0.01
	Location (ref. other solid tumours)		<0.01		<0.01
	Lung	0.14 [0.10; 0.17] <0.01	0.05 [0.01; 0.10] 0.04
	Colorectal	-0.03 [-0.05; -0.01] 0.02 -0.02 [-0.09 ; 0.06] 0.68
	Prostate	-0.09 [-0.11; -0.07] <0.01 -0.19 [-0.31; -0.07] <0.01
	Breast	-0.07 [-0.09; -0.05] <0.01 -0.13 [-0.26; -0.01] 0.04
	Haematological malignancies	0.01 [-0.01; 0.03] 0.51 -0.12 [-0.23; -0.01] 0.03
	CNS tumours	-0.10 [-0.14; -0.07] <0.01 -0.01 [-0.10 ; 0.10] 0.96
	Centre				

(ref. others) d <65 years Tertiary centres 0.03 [0.01; 0.05] <0.01

  

			0.02 [-0.06; 0.10] 0.67
	65-75 years		
	Tertiary centres	0.03 [0.01; 0.06] <0,01	0.09 [0.01; 0.19] 0.04
	≥75 years		
	Tertiary centres	0.07 [0.04; 0.10] <0.01	0.08 [0.01; 0.17] 0.04
	Bold text = significant associations.		
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