
HAL Id: hal-04141742
https://hal.u-pec.fr/hal-04141742

Submitted on 26 Jun 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Risk factors for early mortality of lung cancer patients
in France: A nationwide analysis

Hélène Goussault, Sébastien Gendarme, Jean-baptiste Assié, Camille Jung,
Salomé Epaud, Christelle Algans, Noémie Salaun-penquer, Mathilde

Rousseau, Andrea Lazatti, Christos Chouaïd

To cite this version:
Hélène Goussault, Sébastien Gendarme, Jean-baptiste Assié, Camille Jung, Salomé Epaud, et al.. Risk
factors for early mortality of lung cancer patients in France: A nationwide analysis. Cancer Medicine,
2022, 11 (24), pp.5025-5034. �10.1002/cam4.4821�. �hal-04141742�

https://hal.u-pec.fr/hal-04141742
https://hal.archives-ouvertes.fr


Cancer Medicine. 2022;11:5025–5034.	﻿	     |  5025wileyonlinelibrary.com/journal/cam4

Received: 25 November 2021  |  Revised: 8 April 2022  |  Accepted: 26 April 2022

DOI: 10.1002/cam4.4821  

R E S E A R C H  A R T I C L E

Risk factors for early mortality of lung cancer patients in 
France: A nationwide analysis

Hélène Goussault1   |   Sébastien Gendarme1  |   Jean-Baptiste Assié1  |   Camille Jung2  |   
Salomé Epaud3  |   Christelle Algans3  |   Noémie Salaun-Penquer3  |   
Mathilde Rousseau4  |   Andrea Lazatti5  |   Christos Chouaïd1,6

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited.
© 2022 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

1Département de Pneumologie, CHI de 
Créteil, Créteil, France
2Centre de Recherche Clinique, CHI de 
Créteil, Créteil, France
3Kaduceo, Toulouse, France
4Department d'Information médicale, 
CHI de Créteil, Créteil, France
5Département de Chirurgie Digestive, 
CHI de Créteil, Créteil, France
6UPEC, Inserm U955, IMRB, Créteil, 
France

Correspondence
Hélène Goussault, Département de 
Pneumologie, CHI de Créteil, Créteil, 
France.
Email: helene.goussault@chicreteil.fr

Abstract
Background: Despite therapeutic advances, lung cancer remains the first cause 
of death from cancer. The main objective of this study was to identify risk factors 
associated with death within 3-months of the first hospitalization for lung cancer 
in France.
Methods: This analysis included patients with a first hospitalization for lung 
cancer (between January 1, 2016 and December 31, 2018) according to diagnosis-
related groups entered into the French national medical-administrative database. 
Clinical and socioeconomic parameters and characteristics of that first hospitali-
zation were analyzed. A model predictive of early mortality was developed based 
on those variables.
Results: The 144,087 included patients were 67% men; median age of 68 [inter-
quartile range 60–76] years; 47% had metastatic disease at diagnosis; and 34% and 
23%, respectively, had received systemic treatment or undergone curative sur-
gery. The 3-month mortality was 19%, and significantly higher for those ≥70 ver-
sus <70 years old (OR 1.33, 1.22–1.45), men versus. women (OR 1.50, 1.44–1.55), 
those with metastatic disease at diagnosis (OR, 3.30, 3.18–3.43), first hospitaliza-
tion via the emergency room (OR 1.65 1.59–1.71) and first hospitalization lasting 
>30 days (OR, 1.58 1.49–1.68). In contrast, no socioeconomic characteristic was 
associated with early mortality.
Conclusion: Almost 1 in 5 patients diagnosed with lung cancer in France died 
within 3 months post-diagnosis. Improving survival requires diagnosis at an ear-
lier stage and better organization of diagnosis and specific care pathways.
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1   |   INTRODUCTION

Lung cancer today is the primary cause of cancer-
attributed deaths worldwide.1 Even if, due to recent 
therapeutic advances, including targeted therapy and im-
munotherapy, mortality trends to decreased quickly since 
the last decade (by 6.3% annually for men and 5.9% annu-
ally for women in NSCLC from 2014 through 2016 in the 
US,2 prognosis remains pejorative. That finding suggests 
individual poor-prognosis factors, independent of thera-
peutic management, are at play. Survival is significantly 
associated with the disease stage at diagnosis.3 In France, 
5-year survival of all stages combined is estimated at 14%, 
but almost half of the patients had metastatic disease at 
diagnosis and their 5-year survival is only 3.8%.4 In addi-
tion to the stage, tumor histology, oncogenic addiction, 
sex, and smoking status are significantly linked to median 
survival.5 Disparities in access to care and socioeconomic 
factors also underlie survival differences, probably linked 
to delays in diagnosis and management.6,7

However, data are fragmented on the importance 
of factors linked to the early mortality of patients diag-
nosed with lung cancer. Indeed, no consensus has been 
reached on the definition of early mortality. For lung 
cancer patients who underwent surgery, the cut-off was 
often 1 month8–10; for locally advanced stages treated with 
radio-chemotherapy, some studies retained 6  months 
or 1 year,11–13 but most of those studies chose 3-months 
after histological diagnosis or the onset of therapeutic 
management.14–19

The principal objective of this study was to iden-
tify, using the French national medical-administrative 
database, the early mortality rate and the risk factors 
associated with death within 3  months of the first hos-
pitalization for lung cancer, in the general population of 
non-selected lung cancer patients, and subgroups of pa-
tients who had received at least one systemic treatment or 
had undergone curative surgery. The secondary aim was 
to develop a model predictive of early mortality for lung 
cancer patients.

2   |   METHODS

This retrospective, longitudinal study was based on 
Diagnosis-Related Groups (DRG) from the French na-
tional medical-administrative database, which includes 
all hospitalizations in public and private facilities in 
France.20 The reasons for hospitalization are coded by 
diagnosis according to the International Classification 
of Diseases, Tenth Revision, Clinical Modification (ICD-
10-CM). Available information includes age, sex, resi-
dential postal code, comorbidities, admission from and 

discharges to details and the duration of hospitalizations 
and treatments received, particularly systemic anti-cancer 
treatments and surgical interventions. A single identifier 
allows the follow-up of patients throughout their manage-
ment. A patient's in-hospital death is documented but the 
cause is not specified.

The analysis included all adult patients first hospital-
ized for lung cancer, including one-day hospitalization, 
between 1 January 2016 and 31 December 2018. These pa-
tients were identified by the ICD-10 code C34* (malignant 
neoplasm of bronchus and lung). To include only incident 
cases, the patients who had been hospitalized for lung 
cancer during the 4 preceding years were excluded. The 
codes corresponding to cancer stage, curative surgery, and 
systemic treatment were only sought during the 3 months 
following the first hospitalization to avoid bias related to 
the natural evolution of the disease.

The 2020 data from the Institut National de la 
Statistique et des Études Économiques (INSEE),21,22 based 
on residence postal code, classed each patient's home as 
being urban or rural, with 4 population density classes.23 
Also, accessibility to care in the patient's residential dis-
trict was assessed using an indicator23 that distributed the 
population into 4 classes. Finally, based on data available 
for 2014, patients' districts of residence were classified 
into 4 classes, according to the Social Deprivation Index 
(SDI), determined from the district's unemployment rate, 
median household revenue, the percentage of high school 
diplomas in the adult population and the percentage of 
blue-collar workers in the active population24

From the Fichier National des Établissements 
Sanitaires et Sociaux (FINESS), healthcare facilities man-
aging the patients were classified as university hospitals, 
general hospitals, dedicated cancer centers, or other pub-
lic or private facilities.25

The main judgment criterion was early death—from 
all causes combined—within 3 months of the first admis-
sion for lung cancer in the general lung cancer popula-
tion. This threshold was chosen to reflect the management 
of this cohort, where the majority of patients are a priori 
metastatic.

Quantitative data, expressed as median (interquartile 
range [IQR]), were compared with Student's t-tests be-
tween patients dying within 3  months of first hospital-
ization and those surviving beyond that time. Qualitative 
data, expressed as numbers (%), were compared between 
those 2 groups with chi2 tests. The significant threshold 
was set at p ≤ 0.05.

Factors significantly associated with early mortality in 
the univariate analyses (achieving p ≤ 0.05) were included 
in the multivariate analysis. Only comorbidities present 
in >10% of the total population were integrated into the 
logistic regression multivariate analysis. The results are 
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expressed as odds ratio (OR) [95% confidence interval 
(CI)].

No correction was made for missing, outlier, or aber-
rant values. The predictive model relies on the variables 
significantly associated with early deaths. The patients 
with missing data among the selected variables were ex-
cluded from the model. Different classification algorithms 
were tested: logistic regression, decision trees, and support 
vector machines (SVMs, i.e., supervised learning models). 
The choice of model explicative variables was adjusted by 
backward-stepwise elimination from the selection algo-
rithm. Oversampling was used to limit model bias toward 
the population of patients not dying early. To achieve high 
sensitivity, the final model retained the algorithm that 
maximized the positive-predictive value (PPV) and the F1 
score (the harmonic mean of the PPV and sensitivity). The 
robustness of the model was controlled using the crossed-
validation method, by dividing the total population stud-
ied into a training sample (70% of the individuals) and 
a validation sample (the remaining 30% of the subjects) 
with adjustment for age and sex.

Statistical analyses were coded in Python 3.7 and R 
with an R studio interface (version 3.6.2).

Authorization number 2210413v0 was accorded to 
access DRG data. The study was registered (number 
4117120520) in the public directory of the Institut National 
de Données de Santé (INDS). The Ethics Committee of the 
Société de Pneumologie de Langue Française favorably 
approved the study (CEPRO 2020–021 of April 8, 2020). 
In accordance with French law, informing patients is not 
required for analyses conducted on anonymized data ex-
tracted from the DRG.

3   |   RESULTS

Among the 144,818 patients with a first hospitalization 
for lung cancer during the inclusion period, 144,087 
(99.5%) were included for the analysis (Figure  1). They 
were predominantly men (67%); their median age was 
68 years, with 17.2% >80 years old (Table 1); 34% were ac-
tive smokers; 27%, 5%, 46%, or 18%, respectively, had the 
chronic obstructive pulmonary disease (COPD), chronic 
respiratory insufficiency, hypertension or diabetes; 47% 
had metastatic disease at diagnosis; 34% had received at 
least one systemic treatment during their management, 
and 23% underwent curative surgery. More than half were 
managed in general hospitals (40%) or university hospitals 
(26%) (Table 2); more than half resided in an urban zone; 
36% had very poor access to care. According to the SDI, 
residence locations were balanced among the 4 classes. 
For a quarter of the patients, the first hospitalization for 
lung cancer occurred after consulting at the emergency 

department, and 5% of the patients were discharged from 
their first hospitalization to a palliative care unit. The me-
dian duration of the first hospital stay was 6 [1–13] days.

Mortality at 3 months was 19% (stable over the 3 years 
analyzed). The patients dying early were significantly 
(p  < 0.001): older, more frequently men, most often 
suffered from chronic respiratory insufficiency, more 
frequently had metastatic disease at diagnosis, less fre-
quently underwent curative surgery or received systemic 
treatment, were most often hospitalized after consulting 
at the emergency department, and their first hospitaliza-
tions were significantly longer, after which they were sig-
nificantly more frequently discharged to a long-term care 
facility (LTCF).

Results of univariate and multivariate analyses are re-
ported in Table 3. Multivariate analyses retained the fol-
lowing factors as being significantly and independently 
associated with early death: age, with a class effect for 

F I G U R E  1   Flow chart
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patients 50–59 years old and those >80 years old, com-
pared to the 18–49-year-old class; male sex, metastatic dis-
ease at diagnosis, and first hospitalization after consulting 
at the emergency department.

Systemically treated patients were significantly 
(p < 0.001) younger (64 [58–71] vs. 70 [62–79] years), had 
fewer comorbidities, were more frequently managed in 
dedicated cancer centers (9% vs. 3%) and were more rarely 
hospitalized after consulting at the emergency depart-
ment (22% vs. 27%, p < 0.001). In contrast, no difference 
was found between the socioeconomic characteristics of 
patients who had or did not receive systemic treatment. 
The median interval between the first hospitalization and 
the first systemic treatment was 30 [0–79] days. The early-
mortality rate for the subgroup of systemically treated pa-
tients was 9%, significantly lower than for the patients who 
had not received a systemic treatment (24%, p  < 0.001). 
However, the risk factors of early death for that subgroup 
were the same as for the general population (Table  S1). 
Patients dying early were significantly (p  < 0.001) older 
(66 [59–72] vs. 64 [58–71] years), and more frequently 
men (72% vs. 66%, p  < 0.001), more often suffered from 
chronic respiratory insufficiency (5% vs. 3%), were more 
frequently hospitalized for the first time after consulting 
at the emergency department (34% vs. 21%), and their first 
hospitalizations were longer (10 [3–21] vs. 4 [1–11] days), 
after which they were discharged to an LTCF (2% vs. 4%). 

Their median interval between the first hospitalization 
and administration of systemic treatment was signifi-
cantly shorter (0 [0–19] vs. 32 [0–84 days], p < 0.001).

Surgical patients, compared to those not undergoing 
surgery, were significantly (p < 0.001) younger (66 [59–72] 
vs. 68 [61–78] years), more often women (36% vs. 33%), 
and less frequently hospitalized for the first time after 
consulting at the emergency department (5% vs. 32%). The 
median interval between the first hospitalization and sur-
gery was 36 [0–44] days. The early-mortality rate for this 
subgroup of patients undergoing curative surgery was 3% 
(vs. 23% of those not having surgery, p < 0.001). The sur-
gical patients that died early, compared to survivors, were 
significantly (p < 0.001) (Table S2) older (70 [64–77] vs. 66 
[59–72] years), more frequently men (85% vs. 64%), had 
more frequently associated comorbidities (COPD: 40% vs. 
33%; chronic respiratory insufficiency: 9% vs. 3%; hyper-
tension: 57% vs. 49%; and diabetes: 22% vs. 7%), had more 
often been hospitalized after consulting at the emergency 
department (15% vs. 4%) and their first hospitalizations 
lasted longer (8 [3–15] vs. 6 [1–9] days), after which they 
were more often discharged to an LTCF (3% vs. 6%). They 
more frequently lived in a zone with a not very dense pop-
ulation (27% vs. 29% p = 0.04). Their other socioeconomic 
characteristics did not differ.

After excluding patients with missing information, 
data from 129,788 patients were used for modelization. 

T A B L E  1   Characteristics of the analyzed non-selected lung-cancer population

Characteristic
Total
n = 144,087

Died <3 months
n = 26,789

Died ≥3 months
n = 117,298

p 
value

Age, years 68 [60–76] 70 [63–80] 67 [60–75] <0.001

Male sex 96,068 (67) 19,442 (73) 76,626 (65) <0.001

Smokers 48,908 (34) 7899 (29) 41,009 (35) <0.001

Metastatic disease at diagnosis 67,787 (47) 20,270 (76) 47,517 (41) <0.001

Systemic therapy 48,684 (34) 4261 (16) 44,423 (38) <0.001

Curative surgery 33,377 (23) 844 (3) 32,533 (28) <0.001

Comorbidities

Chronic obstructive pulmonary disease 38,611 (27) 6511 (24) 32,100 (27) <0.001

Chronic respiratory insufficiency 7170 (5) 1933 (7) 5237 (4) <0.001

Hypertension 66,389 (46) 12,350 (46) 54,039 (46) 0.9318

Diabetes 26,447 (18) 5213 (19) 21,234 (18) <0.001

Chronic renal insufficiency 280 (0.2) 90 (0.3) 190 (0.2) <0.001

Palliative care consultation 53,541 (37) 14,036 (52) 39,505 (34) <0.001

Days of 1st hospitalization 6 [1–13] 10 [4–19] 5 [1–11] <0.001

Number of hospitalizations preceding 
year

0 [0–0] 0 [0–6] 0 [0–3] <0.001

Number of ED consultations preceding 
year

0 [0–0] 0 [0–0] 0 [0–0] <0.001

Notes: Results are expressed as n (%) or median [interquartile range].
Abbreviation: ED, emergency department.
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      |  5029GOUSSAULT et al.

Because its collection was not reliable, the variable for 
tobacco use was excluded. The best performing logistic-
regression model (Table  4) had 46% sensitivity, 88% 
specificity, and an F1 score of 0.44. Having metastatic-at-
diagnosis lung cancer and the first hospitalization from 
the emergency department were the two most discrimi-
nating variables (Table 5). Applying the model to the val-
idation cohort showed performance stability. When only 
non-surgical patients were included in the model (99,883 
patients and 23% early deaths), performance indexes 
were slightly modified, with respective F1 scores and PPV 
of 0.44 and 42%. For this non-surgical population, the 

metastatic disease status was less discriminating than for 
the general lung-cancer population but nonetheless re-
mained the most important.

The contribution of this model predictive of early 
mortality to clinical practice is illustrated by the follow-
ing two hypothetical cases. First, the probability of dying 
within the 3  months following the first hospitalization 
for a 68-year-old woman—diagnosed with localized lung 
cancer, not hospitalized after consulting at the emergency 
department, with hypertension and COPD, managed in 
a private facility, with a 1-day first hospitalization, 14 cu-
mulative days of hospitalization the preceding year and 

T A B L E  2   Medical-administrative characteristics of the population analyzed

Characteristic
Total
n = 144,087

Died <3 months
n = 26,789

Died ≥3 months
n = 117,298 p-value

1st hospitalization from the ED 36,746 (26) 12,475 (47) 24,271 (21) <0.001

Discharged from 1st hospitalization to LTCF 6763 (5) 735 (3) 6028 (5) <0.001

Type of facility <0.001

University hospital 36,911 (26) 5648 (21) 31,263 (27)

General hospital 57,345 (40) 13,738 (51) 43,607 (37)

Dedicated cancer center 7366 (5/6) 659 (2) 6707 (6)

Other public 7447 (5/7) 1186 (4) 6261 (5)

Private 33,858 (23/30) 5385 (21/20) 28,473 (24)

Type of facility 1161 (1) 174 (1/0.6) 987 (1/0.8)

Residential district <0.001

Rural 48,479 (34/42) 9366 (35) 39,113 (33)

Urban 84,194 (58/74) 15,485 (58) 68,709 (59)

Unknown 11,414 (8/10) 1938 (7) 9476 (8)

Population density 0.002

Sparse 39,902 (28/35) 7357 (27) 32,545 (28)

Low 33,356 (23/29) 6132 (23) 27,224 (23)

Intermediate/moderate 45,319 (31/40) 8581 (32) 36,738 (31)

High 14,096 (10/12) 2781 (10) 11,315 (10)

Unknown 11,414 (8) 1938 (7) 9476 (8)

Access to care-facility indicator 0.3

Very low 51,275 (36/45) 9633 (36) 41,642 (36)

Weak 27,429 (19/24) 5139 (19) 22,290 (19)

High 29,005 (20/25) 5312 (20) 23,693 (20)

Very high 32,321 (22/28) 5967 (22) 26,354 (22)

Unknown 4057 (3/4) 738 (3) 3319 (3)

Social Deprivation Index <0.001

Most underprivileged 28,143 (24/25) 5796 (22) 33,939 (24/29)

Underprivileged 34,533 (24/30) 6372 (24) 28,161 (24)

Privileged 39,320 (27/34) 7457 (28) 31,863 (27)

Most privileged 33,682 (23/30) 6745 (25) 26,937 (23)

Unknown (%) 2613 (2) 419 (2) 2194 (2)

Notes: Results are expressed as n (%).
Abbreviations: ED, emergency department; LTCF, long-term care facility.
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T A B L E  3   Uni- and multivariate analyses of factors associated with early mortality (≤3 months)

Factor Univariate Multivariate

OR 95% CI Adjusted OR 95% CI

Age group, years

18–49 1 1

50–59 1.27 1.17–1.37 1.17 1.07–1.28

60–69 1.52 1.41–1.63 1.35 1.24–1.47

70–79 1.76 1.63–1.89 1.33 1.22–1.45

≥80 3.09 2.87–3.33 1.36 1.24–1.49

Male sex 1.40 1.36–1.45 1.50 1.44–1.55

Smoker 0.78 0.76–0.80 0.93 0.90–0.97

Metastatic disease at diagnosis 4.57 4.43–4.71 3.30 3.18–3.43

Specific treatment

Systemic 0.31 0.30–0.32 0.22 0.21–0.23

Curative surgery 0.08 0.30–0.32 0.17 0.15–0.18

Comorbidities

Chronic obstructive pulmonary disease 0.85 0.83–0.88 0.95 0.93–0.99

Chronic respiratory insufficiency 1.66 1.58–1.76 —

Hypertension 1.00 0.97–1.03 —

Diabetes 1.09 1.06–1.13 0.93 0.90–0.97

Chronic renal insufficiency 2.08 1.61–2.66 —

Palliative care consultation 2.17 2.11–2.23 1.18 1.14–1.22

1st hospitalization from the ED 3.34 3.25–3.43 1.65 1.59–1.71

Discharged after 1st hospitalization to LTCF 0.52 0.48–0.56 —

Duration of 1st hospitalization, days

≤7 1 1

8–14 1.93 1.86–1.99 1.40 1.34–1.46

15–30 3.26 3.15–3.38 1.64 1.57–1.71

31–90 3.48 3.30–3.66 1.58 1.49–1.68

Days of hospitalizations preceding year

0 1 1

1–6 1.40 1.34–1.47 1.23 1.16–1.29

≥7 1.85 1.78–1.93 1.42 1.35–1.5

Number of ED consultations preceding year 1.02 1.02–1.03 1.00 1.00–1.00

Type of facility

University hospital 1 1

General hospital 1.74 1.68–1.8 1.09 1.05–1.14

Dedicated cancer center 0.54 0.5–0.59 0.70 0.64–0.77

Other public 1.05 0.98–1.12 1.03 0.94–1.12

Private 1.05 1.01–1.09 1.09 1.04–1.15

Residential district

Rural 1.06 1.03–1.09 1.05 1.00–1.11

Urban 1 1

Population density

Sparse 0.92 0.88–0.97 1.03 0.95–1.12

Low 0.92 0.87–0.96 1.00 0.93–1.08
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residing in an urban zone of intermediate density and 
privileged SDI—is 6%. Second, the probability of early 
death for a 78-year-old man—hospitalized from the emer-
gency department, diagnosed with metastatic lung cancer, 
hypertension, COPD, and diabetes, managed in a general 
hospital with a first hospitalization lasting 82 days, 39 
cumulative days of hospitalization during the preceding 
year, living in a population-dense, urban zone, and privi-
leged SDI–is 77%.

4   |   DISCUSSION

The results of this study show that, in France, early mor-
tality by 3 months of patients newly diagnosed with lung 
cancer was 19%, and that rate increased significantly with 
age, for patients with metastatic disease at diagnosis, for 
men, and when the first hospitalization admission was 
from the emergency department.

This early-mortality rate of 19% was lower than that 
found in other studies. In their 2010 prospective, multi-
center study that included 7051 patients with newly di-
agnosed lung cancers, Grivaux et al.15 reported 23.2% 
3-month mortality. According to an analysis of a United 
Kingdom medical-administrative database with 20,142 pa-
tients diagnosed with lung cancer between January 2000 
and January 2013, 3-month mortality was 30.2%.14 These 
differences can be explained, in part, by the methodolo-
gies used. Grivaux et al.3 included only patients managed 
in general hospitals, older and more often with metastatic 
disease at diagnosis than those diagnosed at the national 
level.6 The British study14 also included patients entered 
in a database of general medicine consultations and, thus, 
excluded other diagnosis sources.

Certain factors associated with early mortality high-
lighted in our analysis were previously reported, especially 
age,13,15,18,26 metastatic disease at diagnosis,8,15 and male 
sex.13–15,18 A recent study of the SEER registry about gen-
der and lung cancer27 suggests found that male patients 
were more likely than female patients to be diagnosed at 
stage III or IV, consistent across lung cancer types, can-
cer registries, smoking, and socioeconomic backgrounds. 
In our population, women are younger than men (67 vs. 
68 years) and have more often surgery (24.7 vs. 22.4%). 
These characteristics may explain why their survival rate 
is better but it is to note that there are also more often diag-
nosed at a metastatic stage (32.4 vs. 30.8%). Other factors 
that are not available in our database, such as histologic 
cancer type or performance status, may also explain the 
difference.

In contrast, characteristics associated with the first 
hospitalization for lung cancer (pathway of entry and 

Factor Univariate Multivariate

OR 95% CI Adjusted OR 95% CI

Intermediate/moderate 0.95 0.91–1.00 0.99 0.94–1.05

High 1 1

Access to care-facility indicator

Very low 1.02 0.99–1.06 —

Weak 1.02 0.98–1.06 —

High 0.99 0.95–1.03 —

Very high 1 —

Social deprivation index

Most underprivileged 0.82 0.79–0.86 0.96 0.91–1.01

Underprivileged 0.90 0.87–0.94 1.00 0.95–1.05

Privileged 0.93 0.90–0.97 1.00 0.97–1.05

Most privileged 1 1

Abbreviations: 95% CI: 95% confidence interval; ED, emergency department; LTCF, long-term care facility; OR, odds ratio.

T A B L E  3   (Continued)

T A B L E  4   Performances of the predictive models for early 
mortality (≤3 months)

Parameter
Logistic 
regression

Decision 
tree SVM

F1 score 0.44 0.39 0.46

Positive-predictive value 41% 038% 33%

Sensitivity 46% 040% 77%

Accuracy 77% 76% 65%

Specificity 88% 85% 63%

Abbreviation: SVM, support vector machine (i.e., supervised learning 
model).
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duration of stay) have rarely been examined and the find-
ings were contradictory.

According to a single-center, retrospective analysis of 
771 advanced NSCLC patients,28 103 (13%) were diag-
nosed with lung cancer after consulting at the emergency 
department. Their multivariate analysis did not retain di-
agnosis after consulting at the emergency department as 
having an impact on global mortality, but early mortality 
was not reported. On the contrary, an analysis of 133,530 
NSCLC patients from the UK National Lung Cancer Audit 
revealed that 19% of them were hospitalized after consult-
ing at the emergency department. This care pathway was 
strongly associated with more advanced disease stages, 
poorer performance status, more unfavorable SDI, and 
very old age.29 The probability of having died within 1-
year post-diagnosis was higher after adjusting for import-
ant clinical parameters.

Findings were also contradictory about the impact of 
socioeconomic characteristics on early mortality. We did 
not find significant associations between early mortality 
and population density or SDI status of the patient's zone 
of residence. Higher early mortality in rural zones was 
identified in certain studies,14 whereas early mortality for 
the same zones was significantly lower in others.30 These 
contradictions probably reflect the different organizations 
of healthcare systems and differing definitions of rurality. 

In addition, residing in an underprivileged zone is often 
associated with significantly higher rates of early lung 
cancer deaths,14,18,26 but those investigations used differ-
ent criteria than we did to define socially deprived status.

Little has been published on the impact of comorbidi-
ties on early mortality from lung cancer. Concerning global 
mortality, concomitant pulmonary diseases (chronic bron-
chopathy, pulmonary fibrosis, tuberculosis) increased the 
risk of death.31 Moreover, according to a population-based 
study on 5683 patients with newly diagnosed lung cancer, 
various comorbidities were negatively associated with ad-
justed overall survival.32 In that study population, 26.7% of 
the subjects had no comorbidity at lung cancer diagnosis. 
In our study population, 55,402 (38.5%) patients had no 
comorbidities but having comorbidities seemed to have a 
low impact on early mortality.

Several teams have tried to develop models predictive 
of early mortality, either for locally advanced lung can-
cers11,33 or small-cell lung cancers.34 Those models were 
constructed with smaller samples of patients and inte-
grated only clinical and laboratory criteria. The predictive 
model devised herein, by integrating information associ-
ated with the characteristics of the first hospitalization, 
the disease-managing facility, and the characteristics of 
the patient's area of residence, performed modestly but 
could nevertheless contribute to lung cancer management 

Variable Coefficient

Metastatic disease at diagnosis 1.319

1st hospitalization from the ED 0.740

Duration of hospitalization preceding year ≥7 days 0.421

Age normalized 0.304

Managed in a hospital 0.207

Managed in a private facility 0.207

Chronic renal insufficiency 0.163

Duration of 1st hospitalization (standardized) 0.140

Duration of hospitalization preceding year 1–6 days 0.097

Social deprivation index 0.054

Number of ED consultations the preceding year 0.007

Management in a university hospital 0.004

Living in a very low-dense zone −0.033

Diabetes −0.037

Living in an urban zone −0.056

Living in a moderate-density zone −0.061

Living in a low-density zone −0.074

Chronic obstructive pulmonary disease −0.084

Hypertension −0.230

Female −0.391

Managed in a dedicated cancer center −0.512

Abbreviation: ED, emergency department.

T A B L E  5   Model variables and 
coefficients
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by identifying patients at high risk of early death in a non-
selected population.

One of the strengths of the study is the national and ex-
haustive character of the database including all healthcare 
structures, private and public, palliative care units, and day 
hospitals. But this study has also several limitations. The 
analysis was based on a medical-administrative database 
that did not contain certain factors that could have had an 
impact on early mortality, especially tumor histology, race, 
marital status, T and N stage, bone and liver metastasis, and 
performance status. Other variables were only imperfectly 
coded, e.g., smoking history, which in this analysis, and sur-
prisingly, had a protective role against early death, whereas 
it had been reported to be a risk factor for death at 3 months, 
with ORs of 1.43 (1.28–1.61)14 and 1.36 (1.03–1.81).3 This 
discordance probably resulted from faulty coding and loss 
of information on the active status or not. Indeed in our 
population, only 34% are identified as smokers while in 
other French studies,3,16 smokers, or former smokers repre-
sent 88% of patients. Another limitation is that the SDI vari-
ables and access to care-facility indicator were established 
at the district level and not individually. Some patients may 
not have been taken into account, in particular those who 
were diagnosed with lung cancer in an outpatient setting 
and who died before any hospitalization. Finally, the model-
ing used hypothetical cases which do not necessarily reflect 
the average of the cases in the cohort

5   |   CONCLUSION

At the national level, almost 1 in 5 patients diagnosed 
with lung cancer died within 3  months following the 
first hospitalization. Early mortality is higher for patients 
≥70 years, for men, for those with metastatic disease at di-
agnosis, for patients hospitalized via the emergency room, 
and with first hospitalization lasting >30 days. No socio-
economic characteristic is associated with early mortality. 
Improving survival requires diagnosis at an earlier stage 
and better organization of diagnosis and specific care 
pathways.
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