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Summary
Background Prognostic assessment in patients undergoing cancer treatments is of paramount importance to plan
subsequent management. In resectable lung cancer availability of an easy-to use nomogram to predict long-term
outcome would be extremely useful to identify high-risk patients in the era of perioperative targeted and immune
therapies.

Methods We retrieved clinical, surgical and pathological data of all consecutive patients included in Epithor,
the database of French Society of Thoracic and Cardiovascular Surgery, and operated on between 2003 and
2020 for non-small cell lung cancer in a curative intent. The primary endpoint was overall survival up to 5
years. We assessed prognostic significance of available variables using Cox modelling, in the whole dataset,
and in men and in women separately, and performed temporal validation. Finally, we constructed two sex-
specific nomograms. Survivals by fifths of score were assessed in the development and temporal validation
sets.

Findings The study included 62,633 patients (43,551 men and 19,082 women). Median survival time was 9.2 years.
Nine factors had strong prognostic impact and were used to construct nomograms. The optimism-corrected c statistic
for the prognostic score was 0.689 in the development sample, and 0.726 (95% CI 0.718–0.735) in the temporal
validation sample. All differences between adjacent fifths of score were significant (P < 0.0001). Figures of 3-year
OS by fifths of score were 92.2%, 83.0%, 74.3%, 64.0%, and 43.4%, respectively, in the development set and
93.3%, 88.4%, 81.0%, 73.7%, 55.7% in the temporal validation set. Performance of score was maintained when
stratifying by stage of diseases.

Interpretation In the present work, we report evidence that long-term overall survival after resection of NSCLC can be
predicted by an easy to construct and use composite score taking into account both host and tumour related factors.

Funding Epithor is funded by FSTCVS.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We conducted a literature search on PubMed to identify
studies assessing nomograms to predict survival of patients
undergoing surgery for lung cancer.
We used the search terms “nomogram”, “lung cancer”,
“surgery”, “outcomes” and “long-term survival”.
We identified a study from a multi-institutional China registry
of 6111 patients with resected NSCLC who received treatment
between 2001 and 2008. Six independent prognostic factors
(age, sex, histology, number of obtained lymph nodes, T
category and N category) were identified and integrated to
build a nomogram (Liang W, Zhang L, Jiang G, et al.
Development and validation of a nomogram for predicting
survival in patients with resected non-small-cell lung cancer. J Clin
Oncol. 2015 Mar 10;33(8):861–9).
Another Chinese study was based on retrospective analysis of
a single-institution database of 5384 patients, including both
operable and not-operable non-small cell lung cancer. Age,
occupation, type of health insurance, clinical TNM, central
location, diagnostic method and therapeutic regimen were
used to construct nomogram (Xiao HF, Zhang BH, Liao XZ,
et al. Development and validation of two prognostic nomograms
for predicting survival in patients with non-small cell and small
cell lung cancer. Oncotarget. 2017 Aug 2;8(38):64303–64316).

Both studies showed the potential discriminating value of
nomograms to predict survival.

Added value of this study
We analyzed data of 62,633 consecutive patients with
resectable non-small cell lung cancer. Nine variables had
strong prognostic impact and were used to construct
prognostic nomograms.
To the best of our knowledge, we built the first sex-specific
nomograms based on a nation-wide western prospective
registry. Our study is the first to show that long-term overall
survival after surgery for NSCLC can be predicted taking into
account both host and tumour-related factors. Prognostic
discrimination is strong in the whole population and in
different stage subgroups.

Implications of all the available evidence
Our score and related nomograms developed for both male
and female patients could represent useful, inexpensive, easy
to obtain, and reproducible tools to be employed for clinical
decision making. Thanks to their ability to precisely estimate
patients’ outcome, they could become a new standard for
clinical practice.
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Introduction
With a 2020 estimated incidence of 2,206,771 cases
worldwide and 1,796,144 annual deaths, lung cancer
remains the second more frequent cancer and first
cause of cancer-related deaths.1 Patients presenting with
resectable disease continue to represent the subset of
patients with non-small cell lung cancer (NSCLC) with
more favorable prognosis.2 As a general rule, patients
with NSCLC are offered surgical treatment (isolated or
inside a multimodality treatment approach) in case of
local (stage I-II) or locally advanced but surgically
resectable (stage III) disease, as well as in very selected
cases of oligometastatic (stage IVa in the 8th WHO
staging system) disease.2–4 A recent analysis of the
French nationwide Epithor database encompassing
54,631 consecutive patients with resectable lung cancer
showed that overall 5-year survival was 58.4% and this
figure was 68.9%, 53.6, and 42.3% in stage I, II, and III,
respectively, underlining the need for development of
effective adjuvant strategies.5 Although pathologic stage
remains the mainstay of postoperative management, its
exact prognostic significance on an individual basis is a
matter of debate, patients’ outcome being not homoge-
neous within the same stage and after the same treat-
ments.6 This old consideration led evaluating other
tumor-related factors, including histologic type or sub-
type, the degree of possible pleural infiltration (which is
also partially taken into account in T descriptors of the
TNM staging system), vascular or lymphatic emboli and
aerogenous spread.7–10 Similarly, mutations of driver
oncogenes have been assessed as a prognostic in-
dicators, with different mutations associated to more
favorable or, conversely, unfavorable outcome11; more
importantly, they represent the basis for targeted ther-
apies, whose development in an adjuvant setting
represent a major challenge in resectable lung
cancer.11–13 In recent years, the study of tumoral im-
mune microenvironnement has gained increased in-
terest: its composition and function has been shown to
affect prognosis and it is considered as the biological
basis of current immunotherapies, currently repre-
sented mainly by immune checkpoint inhibitors.14–18 In
this setting, tumor expression of PDL-1 seems to be a
marker of effectiveness of anti PD1/anti PDL1 drugs,
even in a perioperative setting.16,17,19 Although tumoral
immune microenvironment can be considered as the
host–tumor interface, the impact of host characteristics
on history of lung cancer after treatment has been less
extensively studied.20,21 Systemic inflammation on one
side, patient nutritional status or fitness on the other,
represent two main lines of research in this setting,
increasing CRP or neutrophil/lymphocyte ratios, as well
as lower BMI, albuminemia or prealbuminemia, sarco-
penia or weight loss being associated with worse
prognosis.22–29 In patients with metastatic NSCLC, some
host-related characteristics, including fitness and resting
www.thelancet.com Vol 26 March, 2023
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energy expenditure have been shown to be associated
with response to immune checkpoint inhibitors,
underlining the complex interplay between host, tumor
and treatments.30,31 It seems evident that taking into
account host characteristics together with tumor fea-
tures should help in better assessing recurrence risk
after treatments, especially surgery, and indicating
perioperative treatments, in the era of immune-check
point inhibitors.18 Ideally, availability of features easy
to obtain and reproducible, could represent a major
advance to predict outcome, and, in particular risk of
recurrence and death.18–32 This would allow proposing
perioperative treatment in a more personalized manner
in order to expose to possibly toxic medications only
patients likely to benefit from their administration and
to avoid heavy treatments in patients less likely to
develop recurrence after surgery.18,32–36 In the present
study, based on a nationwide prospectively collected
database, Epithor, whose project is carried out under the
auspices of the French Society of Thoracic and Cardio-
vascular Surgery, we developed a prognostic score and
related nomogram based on nine patient and tumor-
related variables. Score and nomogram appeared
powerful in predicting overall survival, in the whole
population of resectable lung cancer, in men and
women subsets, and inside each stage-of-disease group.
Methods
The Institutional Review Board of the FSTCVS approved
this Cohort study (CERC-SFCTCV-2021-02-22-Num02_
ImpactIMC-Cancer). Patient consent was obtained for
entry into the database, and patients were aware that these
data would be used for research purposes.

To develop a prognostic score and related nomo-
gram, we used Epithor, the French National Database of
General Thoracic Surgery. Epithor was created in 2002
as a voluntary and free initiative of general thoracic
surgeons in France. It is based on a prospectively filled
database, endorsed by the FSTCVS. Currently, 111
centers contribute to the database, which includes the
majority of surgical procedures performed in French
thoracic surgical departments. The list of centers
participating to Epithor shown in Supplementary
Appendix. Data-quality monitoring is financially sup-
ported by the French National Cancer Institute (INCA).
As a methodologically correct tool to assess surgical
practices, Epithor is endorsed by the French National
High Authority for Health (HAS), the governmental
agency in charge of improving quality of care and
guaranteeing the adequateness of the whole health care
system in providing state-of-the-art care. Previous re-
ports have focused on the technical characteristics of
Epithor.37,38 In particular, the use of hierarchic pull-down
menus and the absence of free text space facilitates
completeness and accuracy of the data. Routine utilities
for data consistency and alerting against aberrant or
www.thelancet.com Vol 26 March, 2023
contradictory values are incorporated in the software.
Overall, 52 items are mandatorily collected per patient
(Supplementary Appendix Table S1), covering informa-
tion about the patients’ characteristics, associated
illness, pulmonary function, surgical procedures, cancer
staging, and postoperative outcome. Some of these
items correspond to specific variables (e.g., sex or age);
other items correspond to availability or not of specific
information and selecting availability leads to opening of
specific drop-down menus (e.g., selecting availability of
functional tests leads to a drop-down menu allowing
entering of FEV1, FVC, FEV1/FVC ratio and DLCO).
Epithor includes functions allowing participating sur-
geons to benchmark their activity against the national
picture, by comparing the local database with the na-
tional one for completeness. This comparison is
expressed through a quality score ranging from 0 to
100%. Since 2010, the accuracy of data collection is
checked in regular external onsite audits. Epithor was
initially developed to study perioperative outcome and
collection of data on adjuvant treatments is not
mandatory. Furthermore, because most French thoracic
surgery facilities are inside tertiary referral hospitals,
adjuvant treatments, although decided during multi-
disciplinary team meetings, are administered under the
care of referring pneumologists or oncologists, outside
of the hospitals where thoracic surgery is performed. So
different protocols may be applied and they evolved over
the study period. For these reasons, our study do not
take into account adjuvant treatments or tumor relapse.
Patient population
Data extraction involved all consecutive patients under-
going curative lung resection for lung cancer (ICD-10-
CM Coding guide C34) in participating centers. To
account for the progressive implementation of the Epi-
thor project by different surgical centers in the year 2002
and to include at least 3 years of follow-up for all the
patients, we finally extracted on January, February the
15th, 2022, data of 69,790 patients aged 15 or over, who
were operated on with curative intent between January
1, 2003, and December 31, 2020. After excluding pa-
tients with small-cell lung cancer (n = 346) or carcinoid
tumor (n = 3310), those having only exploratory thora-
cotomy (n = 52) or undergoing surgery after induction
(n = 2452), patients with definitive staging codified as
stage 0 or occult (n = 154) and patients undergoing
emergent salvage surgery (n = 43), as well as those with
no follow-up beyond surgery (n = 46), the study popu-
lation consisted of 63,433 patients (see Flow-chart in the
Supplementary Appendix Fig. S1).
Retrieved clinical variables
Baseline demographics, comorbidities, procedure, and
outcome were recorded. Patient-related variables
3
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included age, sex, weight, height, BMI, American Soci-
ety of Anesthesia score, WHO performance status, and
comorbid diseases. Surgery-related variables included:
side of the procedure, extent of exeresis, histologic type,
and pathological staging using the International Asso-
ciation for the Study of Lung Cancer classification (early
I–II, locally advanced III, and metastatic IV). Stage was
reattributed according to the 8th TNM classification.39
Outcome definition
The primary endpoint was overall survival of up to 5
years. The vital status of patients was checked by the
French National Institute for Statistics and Economy
(INSEE) website.40 Causes of death are not available in
the INSEE website.
Statistical analysis
Descriptive data were expressed as frequency and per-
centage for qualitative variables, and continuous vari-
ables, as mean and standard deviation. Follow-up was
counted from date of surgical intervention to the date of
death from any cause or date of data cut-off (February
28, 2022), whichever occurred first. Overall survival was
estimated using Kaplan–Meier product-limit method.
We developed risk prediction models using Cox
modelling. Models were developed in the data of pa-
tients with surgery between 2003 and 2016, and were
then validated in the data from 2017 to 2020 (temporal
validation). Accordingly, the follow-up was truncated as
5 years for model development, and at 3 years for vali-
dation, since almost no patient attained 5-year follow-up
in the validation set. Overall, 3559 participants had at
least one missing predictor value (5.7%), and missing
predictor values were handled through multiple impu-
tations by chained equations, using the baseline cu-
mulative hazard of failure in the imputation model.41,42

All variables considered for model development were
used in the imputation model. The number of imputed
datasets was fixed to the nearest integer larger than the
percentage of patients with ≥1 missing predictor.
Accordingly, 6 independent imputed data sets were
generated and analyzed separately.43 The convergence of
the multiple imputation algorithm was assessed by vi-
sual inspection of the mean and variance of the impu-
tation’s streams. Estimates were then pooled over the 6
imputed datasets according to Rubin’s rules to provide
point estimates and 95% confidence intervals (CI) for
each parameter.41 Potential predictors were determined
before any analysis of their association with outcome,
based on expected relevance. In addition, all analyses
were adjusted for 2-year periods. Fractional polynomials
were used to assess whether continuous predictors
could be analyzed as linear terms, and the final form
was retained. Models were first derived for female and
male patients separately, and interactions between sex
and each predictor were tested. No other interactions
were considered. The proportional hazards assumption
was assessed by examination of Schoenfeld residuals
and the Grambsch–Therneau test44,45 Two strategies
were used for model development with the imputed
data.46,47 First we used Wald tests for the pooled
regression coefficients to simplify the model with a
backward selection procedure, with P-value cut-off at
0.01, given the large sample size. Then we used a
similar backward elimination procedure in each
imputed dataset. The same variables (including in-
teractions) were selected for all imputed datasets. Model
performance was evaluated both by the concordance (c)
statistic, as a measure of discrimination, and the cali-
bration curve. The c statistic quantifies how well the
model discriminates between patients dying and those
surviving, and can be viewed as the extension of the area
under the receiver operating characteristics (ROC) curve
for survival data.48 It varies between 0.5 and 1.0, where
1.0 indicates perfect discrimination. The calibration
curve contrasts observed versus predicted probabilities
of event to evaluate the accuracy of model predictions.
The slope of the calibration curve is a measure of over-
optimism of model predictions.

Since prognostic models derived from multivariable
regression with variable selection are prone to over-
estimate regression coefficients, internal validation of
our model was carried out using bootstrap.48 The second
strategy for model selection was repeated in 200 boot-
strap samples and the model estimated in each boot-
strap sample was then evaluated in the original sample.
The differences between the performance on the boot-
strap sample and the original sample were taken as a
measure of the over-optimism of the selected model.
The c index corrected for over-optimism was then esti-
mated, and the calibration slope was used as a shrinkage
factor for the regression coefficients of the selected
model. In each case, the predictions and the estimation
of model performance were estimated within the
imputed datasets and then pooled (impute-last method),
as recommended.49

Temporal validation of the model consisted in eval-
uating discrimination (c statistic) and calibration in the
temporal validation set (2017–2020). Given the better
survival observed in more recent years, a recalibration of
the baseline hazard was also undertaken. The perfor-
mance of the prognostic model in predicting risk was
compared to that of using post-operative stage only by
computing the category-less (or continuous) net reclas-
sification index (NRIc) and the integrated discrimina-
tion improvement index (IDI).50 Both metrics provide a
measure on improvement in risk prediction, a positive
value indicating better risk prediction. Confidence in-
tervals were obtained by a resampling-perturbation
procedure.51 All tests were two-sided. Analyses were
performed using the R statistical software version
4.0.5.52
www.thelancet.com Vol 26 March, 2023
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Role of the funding source
The Epithor project is financially supported by the French
Society of Thoracic and Cardiovascular Surgery.
Results
The study included 63,433 patients treated by up-front
lung resection for non-small cell lung cancer between
2003 and 2020. Patients’ characteristics of the whole
sample, development and temporal validation groups
are shown in Table 1. In the whole sample, mean age
was 65.0 (9.6) years; women accounted for 30.5% of
participants. Performance Status (PS) were 0, 1, 2 and
3–4 in 48.7%, 42.4%, 8.1% and 0.8% of patients,
respectively. Mean BMI was 25.3 (SD 4.6), and 9021
patients (14.4%) were obese. Global Initiative for
Chronic Obstructive Lung Disease (GOLD) classes were
0, 1, 2 and 3–4 in 93.5%, 2.6%, 3.5%, and 0.4% of pa-
tients, respectively, whereas American Society of Anes-
thesiology (ASA) categories were I, II, III and IV in
15.1%, 52.4%, 31.6% and 0.8% of cases, respectively.

The main comorbidities are listed in Table S2 and
detailed for development and temporal validation sets.
In the whole sample, 92% of patients have at least one
significant comorbidity. Most frequent associated illness
were represented by concomitant malignancy, lower
limb atheroma, diabetes mellitus, ischemic heart dis-
ease, chronic heart failure, cerebrovascular disease,
chronic renal insufficiency, and liver cirrhosis (in
27.9%, 10.5%, 10.3%, 8.5%, 4.6%, 3.6%, 1.9%, and 1%
of cases, respectively).

Surgery was right-sided in 57.9% of patients and
8.5% of patients had pneumonectomy. Adenocarci-
noma, squamous-cell, and large cell carcinoma repre-
sented the more frequent histologic types, accounting
for 66.2%, 27.3%, and 4.8% of cases, respectively. Stage
I, II, III, IV (oligometastatic) disease accounted for
54.3%, 19.0%, 22.1%, and 4.5% of cases, respectively.
Outcome
At cut-off date (February 28, 2022), in the whole sample,
there were 24,997 deaths over a median follow-up time of
6.4 years (range, 0.3–18.4). The median survival time was
9.2 years (95% CI, 9.0–9.4 years). In the development and
temporal validation sample median follow-up times were
9.7 and 2.3 years, and number of deaths were 15,261 (at 5
years) and 3466 (at 3 years), respectively.

Associations between predictors and survival are
shown in Table 2 in female and male patients, respec-
tively, as well as in the whole population. With respect to
patient-related characteristics, adjusted HRs were 1.96
(95% CI 1.71–2.24) for male sex, 1.08 (1.02–1.15) per 10
years of age above 60, 8.57 (6.61–11.1) for 1/BMI2, 1.22
(1.15–1.31) for the presence of associated illness, 1.20
(1.17–1.23) per units of WHO performance status.
Adjusted HRs were 1.15 (1.09–1.21), 1.43 (1.35–1.53),
www.thelancet.com Vol 26 March, 2023
and 1.78 (1.52–2.10) for ASA scores 2, 3 and 4–6,
respectively (versus ASA score 1). With respect to
disease-related characteristics HRs were 1.20
(1.15–1.26) for need of pneumonectomy (versus other
type of resection), and 1.26 (1.13–1.39), 0.97 (0.81–1.15),
1.52 (1.08–2.14) for squamous, large cell and sarcoma-
tous histology (versus adenocarcinoma), respectively.
Finally, adjusted HRs were 1.46 (1.28–1.67), 2.61
(1.63–4.17), 2.25 (1.97–2.58), 3.19 (2.82–3.60), 4.29
(3.65–5.05), and 4.63 (4.00–5.35) for stage IB, IIA, IIB,
IIIA, IIIB-C, and IV, respectively.

A model nomogram was constructed accordingly and
is shown in Fig. 1. Attributable scores range 0–165. For
a given value of total score points, the figure in the top
panel of Fig. 1 provides a prediction of survival at 1, 3
and 5 years.

The c statistic for the prognostic score was 0.689 in
the development sample (after correction for optimism,
0.690 without correction), and 0.726 (95% CI
0.718–0.735) in the temporal validation sample. The
model discriminated well both in males and females,
with a slightly better performance in females (c statistic
0.729, 95% CI 0.712–0.747 for females, compared to
0.705, 95% CI 0.695–0.715 for males).

For comparison, we computed the c statistic for post-
operative stage only in the temporal validation set,
which was 0.674 (0.664–0.683). Compared to stage, the
prognostic score therefore resulted in improved risk
discrimination, with a NRIc of 0.384 (0.316–0.442) and
an IDI of 0.044 (0.035–0.052).

Survivals by fifths of score were assessed in the
development and temporal validation sets. Both samples
were divided into five equal-sized groups. All differences
between adjacent fifths were significant (P < 0.0001).
Figures of 3-year OS were 92.2%, 83.0%, 74.3%, 64.0%,
and 43.4% in the different groups, respectively in the
development set and of 93.3%, 88.4%, 81.0%, 73.7%,
55.7% in the temporal validation set (Fig. 2).

Calibration curves of the model in the development
and validation sets are shown in Fig. 3. Ten equal-sized
groups were used to construct each of these curves.
Fig. 3b shows predictions after recalibration of the base-
line hazard to account for improved survival in recent
years.
Stratification by stage
Performance of score was confirmed when stratifying by
stage of diseases. Regression coefficients and c index of
the model in the temporal validation set in each post-
operative stage are shown in Table 3. Survivals by fifths
of score according to post-operative stage in the temporal
validation set are shown in Fig. 4, Panels a–d. For com-
parison, survival curves by stage of disease in the whole
population are shown in Fig. 4, Panel e. As for the whole
data set, the score was divided into five equal-sized groups
in each stage group. For example, in stage 1, 3-year overall
5
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N missing (%) Whole sample
N = 62,633 NSCLC (%)

Development
N = 40,848 NSCLC (%)

Temporal validation
N = 21,785 NSCLC (%)

Period 0 (0)

2003–2008 11,994 (19.1) 11,994 (29.4) –

2009–2012 13,515 (21.6) 13,515 (33.1) –

2013–2016 15,339 (24.5) 15,339 (37.6) –

2017–2020 21,785 (34.8) – 21,785 (100.0)

Sex 0 (0)

Female 19,082 (30.5) 11,170 (27.3) 7912 (36.3)

Male 43,551 (69.5) 29,678 (72.7) 13,873 (63.7)

Age (years) 88 (0.1) 65.0 (9.6) 64.3 (9.7) 66.4 (9.1)

Height (cm) 20 (<0.1) 169.5 (8.4) 169.7 (8.3) 169.1 (8.7)

Body-mass index (kg/m2) 42 (0.1) 25.3 (4.6) 25.2 (4.5) 25.5 (4.7)

≥30.0 kg/m2 9021 (14.4) 5590 (13.7) 3431 (15.8)

WHO performance status 2626 (4.2)

0 29,211 (48.7) 16,591 (43.1) 12,620 (58.7)

1 25,449 (42.4) 17,952 (46.6) 7497 (34.9)

2 4859 (8.1) 3575 (9.3) 1284 (6.0)

3–4 488 (0.8) 381 (1.0) 107 (0.5)

GOLD score 0 (0)

0 58,546 (93.5) 39,867 (97.6) 18,679 (85.7)

1 1634 (2.6) 374 (0.9) 1260 (5.8)

2 2216 (3.5) 540 (1.3) 1676 (7.7)

3–4 237 (0.4) 67 (0.2) 170 (0.8)

ASA class 404 (0.6)

1 9405 (15.1) 6220 (15.3) 3185 (14.7)

2 32,614 (52.4) 22,237 (54.9) 10,377 (47.8)

3 19,682 (31.6) 11,791 (29.1) 7891 (36.4)

4 528 (0.8) 293 (0.7) 235 (1.1)

Surgical procedure 0 (0)

Pneumonectomy 5328 (8.5) 4366 (10.7) 962 (4.4)

Other 57,305 (91.5) 36,482 (89.3) 20,823 (95.6)

Stage 270 (0.4)

IA 20,798 (33.3) 11,571 (28.4) 9227 (42.6)

IB 13,127 (21.0) 9663 (23.8) 3464 (16.0)

IIA 1176 (1.9) 235 (0.6) 941 (4.3)

IIB 10,663 (17.1) 7306 (18.0) 3357 (15.5)

IIIA 10,685 (17.1) 7437 (18.3) 3248 (15.0)

IIIB-3C 3114 (5.0) 2225 (5.5) 889 (4.1)

IV 2800 (4.5) 2243 (5.5) 557 (2.6)

Histology 232 (0.4)

Adenocarcinoma 41,323 (66.2) 25,285 (62.1) 16,038 (73.9)

Squamous-cell carcinoma 17,028 (27.3) 12,295 (30.2) 4733 (21.8)

Large-cell carcinoma 3001 (4.8) 2327 (5.7) 674 (3.1)

Sarcomatoid carcinoma 489 (0.8) 329 (0.8) 160 (0.7)

Other 560 (0.9) 452 (1.1) 108 (0.5)

Side 268 (0.4)

Right 36,081 (57.9) 23,353 (57.4) 12,728 (58.6)

Left 26,284 (42.1) 17,301 (42.6) 8983 (41.4)

Data are mean (SD) or n (%).

Table 1: Characteristics of patients at time of surgery.
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Full model Final model

Female Male aHR (95% CI) P

aHR (95% CI) P aHR (95% CI) P

Male – – – – 1.96 (1.71–2.24) <0.001

Age (per 10 yr above 60) 1.08 (1.02–1.15) 0.012 1.34 (1.31–1.37) <0.001 1.08 (1.02–1.15) 0.005

1/(BMI2)a 5.77 (3.41–9.77) <0.001 9.81 (7.22–13.3) <0.001 8.57 (6.61–11.1) <0.001

Height (per 10 cm) 0.97 (0.91–1.04) 0.40 0.99 (0.96–1.02) 0.45 – –

Comorbidities 1.25 (1.09–1.43) 0.001 1.22 (1.13–1.31) <0.001 1.22 (1.15–1.31) <0.001

WHO-PS (per unit) 1.13 (1.06–1.21) <0.001 1.22 (1.18–1.25) <0.001 1.20 (1.17–1.23) <0.001

GOLD score 1 1.48 (1.05–2.09) 0.025 0.90 (0.74–1.11) 0.33 – –

GOLD score 2 1.40 (1.03–1.89) 0.031 1.11 (0.95–1.29) 0.17 – –

GOLD score 3–4 2.31 (0.86–6.18) 0.096 1.30 (0.89–1.90) 0.17 – –

ASA score 2 1.16 (1.03–1.31) 0.016 1.14 (1.07–1.22) <0.001 1.15 (1.09–1.21) <0.001

ASA score 3 1.55 (1.33–1.79) <0.001 1.41 (1.32–1.51) <0.001 1.43 (1.35–1.53) <0.001

ASA score 4–6 2.29 (1.52–3.44) <0.001 1.71 (1.43–2.05) <0.001 1.78 (1.52–2.10) <0.001

Pneumonectomy 1.34 (1.18–1.52) <0.001 1.19 (1.13–1.25) <0.001 1.20 (1.15–1.26) <0.001

Adenocarcinoma 1 – 1 – 1 –

Squamous-cell carcinoma 1.24 (1.11–1.38) <0.001 0.99 (0.95–1.03) 0.61 1.26 (1.13–1.39) <0.001

Large-cell carcinoma 0.98 (0.82–1.17) 0.81 1.18 (1.10–1.27) <0.001 0.97 (0.81–1.15) 0.72

Sarcomatoid carcinoma 1.54 (1.09–2.18) 0.015 1.62 (1.37–1.91) <0.001 1.52 (1.08–2.14) 0.017

Other histology 1.28 (0.92–1.79) 0.14 1.37 (1.17–1.61) <0.001 1.27 (0.91–1.76) 0.15

Left side 0.96 (0.88–1.03) 0.26 1.01 (0.97–1.04) 0.78 – –

Post-operative stage IA 1 – 1 – 1 –

Post-operative stage IB 1.47 (1.28–1.69) <0.001 1.26 (1.19–1.34) <0.001 1.46 (1.28–1.67) <0.001

Post-operative stage IIA 2.63 (1.63–4.23) <0.001 1.34 (1.04–1.72) 0.022 2.61 (1.63–4.17) <0.001

Post-operative stage IIB 2.25 (1.96–2.58) <0.001 1.77 (1.67–1.87) <0.001 2.25 (1.97–2.58) <0.001

Post-operative stage IIIA 3.18 (2.80–3.61) <0.001 2.38 (2.25–2.52) <0.001 3.19 (2.82–3.60) <0.001

Post-operative stage IIIB-C 4.31 (3.64–5.10) <0.001 3.30 (3.06–3.55) <0.001 4.29 (3.65–5.05) <0.001

Post-operative stage IV 4.76 (4.10–5.52) <0.001 3.39 (3.14–3.65) <0.001 4.63 (4.00–5.35) <0.001

Male × age (per 10 yr above 60) – – – – 1.23 (1.16–1.31) <0.001

Male × squamous-cell carcinoma – – – – 0.79 (0.71–0.88) <0.001

Male × large-cell carcinoma – – – – 1.22 (1.01–1.48) 0.038

Male × sarcomatoid carcinoma – – – – 1.06 (0.72–1.55) 0.78

Male × other histology – – – – 1.07 (0.75–1.55) 0.70

Male × stage IB – – – – 0.86 (0.74–1.00) 0.044

Male × stage IIA – – – – 0.51 (0.30–0.87) 0.014

Male × stage IIB – – – – 0.78 (0.67–0.90) <0.001

Male × stage IIIA – – – – 0.74 (0.65–0.84) <0.001

Male × stage IIIB-C – – – – 0.76 (0.63–0.90) 0.002

Male × stage IV – – – – 0.72 (0.62–0.85) <0.001

All results are adjusted hazard ratios in multivariable models, pooled over imputed datasets, and adjusted for the 2-year period of surgery (i.e., 2003–2004, 2005–2006,
etc.), including interactions with sex. The hazard ratios for the final model are shrunk by the calibration slope (0.990). aHR: adjusted hazard ratio. aBMI had a non-linear
effect in the models, and was modeled with a linear effect for 1/(BMI2), BMI units being kg/m2.

Table 2: Association between predictors and survival.

Articles
survival was 93.4%, 89.1%, 82.1%, 73.6%, and 64.8% ac-
cording to fifths of score, respectively.
Discussion
In the present work, we report evidence that long-term
overall survival after resection of NSCLC can be effi-
ciently predicted by a composite score taking into ac-
count a limited number of easily collected parameters,
concerning both host and tumor. A nomogram can be
www.thelancet.com Vol 26 March, 2023
easily constructed; it could represent a practical, repro-
ducible, and inexpensive tool to add to the large arma-
mentarium available for management of patients with
resectable NSCLC. Of note, the score performs satis-
factorily not only in the whole population of resectable
disease, but also in each stage subgroups. The arbitrary
division of the samples into five equal-sized groups
allowed us to illustrate how the prognostic score
discriminated survival, and to provide a way to compare
this between the development set and temporal
7
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Fig. 1:Model nomogram and prediction of survival. For a given value of total points, the figure in the panel a provides a prediction of survival
at 1, 3 and 5 years. Score points (panel b) are associated to each variable, and should be summed up. Attributable scores range 0–165. For
example, a female patient aged 80 with adenocarcinoma (5 points), stage 2B (23 points), BMI 25 kg/m2 (8 points), comorbidities (6 points),

Articles

8 www.thelancet.com Vol 26 March, 2023

www.thelancet.com/digital-health


Fig. 2: Survival by fifths of score. Panel a: development set; panel b: temporal validation set. Both samples were divided into five equal-sized
groups. All differences between adjacent fifths are significant with P < 0.0001.

Fig. 3: Calibration curves of the model. Panel a: development set; panel b: temporal validation set The blue points present observed versus
average predicted survival in ten equal-sized groups, with 95% confidence intervals, and the red lines smoothed calibration curves. On panel b,
the green points display the predictions after recalibration of the baseline hazard to account for improved survival in recent years.

Articles
validation set. The same categories were also used to
confirm discrimination power beyond stage. Predicted
survival probability for a given score can be obtained by
the graph displayed together with the nomograms
(Fig. 1), taking in mind that attributable scores range
0–165 and predicted survival probabilities range
(approximately) 0–100% at different time points.

Two previous studies developed nomograms for
prognostic assessment of patients with resectable lung
cancer: a multi-institutional China registry of 6111 pa-
tients operated on between 2001 and 2008 using six
performance status 2 (5 points), ASA score 2 (4 points) and undergoing
corresponding predicted 1, 3 and 5-year survival probabilities are 91.4%, 7
curves on the panel a of the figure.

www.thelancet.com Vol 26 March, 2023
prognostic factors (age, sex, histology, number of obtained
lymph nodes, T category and N category),32 and another
Chinese study was based on retrospective analysis of a
single-institution database of 5384 patients, including both
operable and not-operable non-small cell lung cancer. Age,
occupation, type of health insurance, clinical TNM, central
location, diagnostic method and therapeutic regimen were
used to construct nomogram.33 We propose herein sex-
specific prognostic scores in a western population,
assessed a significantly larger population and took into
account a larger number of parameters.
pneumonectomy (5 points) receives a total score of 56 points. The
9.7% and 71.9%, respectively, to be read on the blue, red and green

9
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Stage Beta coefficient (SE) C index

IA 1.27 (0.077) 0.688

IB 1.12 (0.11) 0.653

IIA 1.39 (0.23) 0.632

IIB 0.94 (0.10) 0.617

IIIA 1.05 (0.083) 0.634

IIIB-C 0.98 (0.15) 0.647

IV 1.31 (0.16) 0.668

Estimates are pooled over imputed datasets. A perfect calibration of the model
should yield a beta coefficient of 1.

Table 3: Regression coefficient and c index of the model in the
temporal validation set stratified by post-operative stage.
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Prediction of survival is of paramount importance in
cancer patients; the potential utility is even higher after
complete resection of disease to guide subsequent man-
agement in terms of follow-up rules and/or adjuvant
treatments.30 Adjuvant chemotherapy continues to
represent the standard of care in patients with stage II-III
disease, on the basis of several randomized trials and
metanalysis.53–58 However, the gain of survival at 5-years is
estimated at approximately 5%, raising the question of
exposing a large number of patients to potentially
harmful treatments, with only a minority of them expe-
riencing a benefit.57 In stage I disease, post-hoc analysis
showed that the benefit of adjuvant chemotherapy is
limited to patients whose tumor diameter is >4 cm, this
measure representing a cut-off to propose post-operative
chemotherapy in this subset of stage I disease, with the
same limitation than in stage II-III.59 To date, other tu-
mor related parameters, including histology or grade,
presence of emboli or aerogenous spread, although
recognized as impacting survival, are not taken into ac-
count in guidelines to prescribe adjuvant therapies.7–10 Of
note emboli and aerogenous spread are assessed het-
erogeneously and great variation is reported in terms of
percentage of occurrence in different population of
resectable lung cancer.9,10 In the era of targeted treat-
ments, immunotherapies, and combined treatments, the
importance of identifying patients at increased risk of
recurrence (and, as a consequence, of impaired survival)
is even stronger, as these treatments are potentially more
efficacious, but may have significant toxicities, have
certainly important costs, and may require long-lasting
administration periods.11,60–62

We choose for development and temporal validation
sets specific time frames, i.e., up to December 2016 for
development set and beginning January the 1st 2017 for
validation set, respectively, as novel systemic treatments
(in the setting of non-resectable recurrence or metastatic
relapse after surgery) became widely available in France
at the end of 2016. We think that our choice allowed
showing consistency of our prognostic score and no-
mograms, regardless of type of treatment in case of
relapse.
We developed two nomograms, for male and female
patients, respectively. Pathophysiology of disease is
different according to sex, and impact of treatments,
including surgery, are different in men and women, as
outlined in our recent nation-wide experience.5 Our study
outlined the predictive value of some other host-related
factors, including age, comorbidities, BMI, WHO per-
formance status, GOLD or ASA score, underlying the
concept of the strong intervention of host factors –in
particular those related to fitness-in determining the
outcome of cancer.5,21 In the present work we confirmed
the positive prognostic impact of increasing BMI, in
agreement with our previous reports based on nation-
wide or institutional series.5,24,25 Differently from most
other cancers, overweight and obesity affect favorably
short and long-term outcome of resectable NSCLC, as
compared to normal-weight, underweight representing,
on the other hand, a strong negative prognostic factor:
this is the so-called lung cancer paradox.5 In resectable
lung cancer, BMI is positively correlated with psoas or
total abdominal muscular area as well as with total
muscular mass, measured by CT scan or extrapolated by
anthropometric measures.24,25 We also showed that in
patients undergoing pneumonectomy for NSCLC, BMI is
inversely correlated with plasma C-reactive protein levels,
a marker of systemic inflammation in turn associated to
tumor burden, whereas it is directly correlated with
number of antigen-presenting dendritic cells in tumor
immune microenvironment.23 These associations under-
line the complex interplay between host and tumor,
whose interface is probably represented by the tumor
immune microenvironment.23

Thus, our score could include both host and tumor
related factors, underlying the concept that both should be
taken into account in the clinical decision-making. When
looking at algorithms more frequently employed in lung
cancer management, decisions are almost exclusively
based on disease features (stage), and in the setting of
resectable lung cancer, patient fitness is taken into ac-
count only to confirm that an individual will be able to face
possible side effects of treatments.5,37 Similarly, precision
medicine in the setting of lung cancer management is
mainly based on molecular features (i.e., presence of
driver oncogene activating mutation, or expression of
immune check point molecules).11 While waiting devel-
opment of truly personalized approaches, identifying a
limited number of parameters allowing establishing risk
groups of patients with resectable NSCLC may allow
planning of trials of interventions or follow-up strategies.

Our study has two main limitations: firstly, differ-
ently from induction, adjuvant treatments are not
collected in the Epithor database, because these treat-
ments are performed under the care of referring
pneumologists, often in centers outside the hospitals
with thoracic surgery facilities. However, our goal being
identifying patients with poor long-term outcome after
standard treatments, and, specifically, surgery, we built
www.thelancet.com Vol 26 March, 2023
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Fig. 4: Survival by fifths of score according to post-operative stage in the temporal validation sets. Panel a: stage I; panel b: stage II; panel
c: stage III; panel d: stage IV. The score was divided into five equal-sized groups in the whole set. Since stage is part of the model, not all score
categories can be found in the different stage subsets. For comparison, survival curves by stage of disease in the whole population is shown in
panel e.

Articles
score and sex-specific nomograms taking into account
baseline tumor and host factors, and not chemotherapy,
which is anyway prescribed inside MDT according to
guidelines, whenever needed. The second limitation is
www.thelancet.com Vol 26 March, 2023
represented by the lack of information on cancer
recurrence, only overall survival being be assessed.
Anyway, outside clinical trials, information on date of
recurrence is often not reliable, because of differences
11
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in follow-up strategies (in times of timing and imaging
procedures) from one center to another, possibly lead-
ing to significant delay in some centers and an early
diagnosis of recurrence in others. Anyway, in an unse-
lected population of lung cancer, long-term deaths are
mainly related to cancer specific events.63 Also, the score
predictive ability was good but not excellent, with c
statistics about 0.7. It seems that the score failed to
capture a reasonably large group of individuals with very
high risk. This may be because we missed important
predictors of very poor survival, or because it is intrin-
sically difficult to predict very high risk with pre-surgery
variables, for instance because a very high risk at short
time after surgery depends on what occurred during
surgery or shortly after.

Thus, our score and related nomograms developed for
both male and female patients could represent useful,
inexpensive, easy to obtain, and reproducible tools.
Pending specifically designed studies, they could be
employed for clinical decision making, providing reliable
information on long-term risk after surgery for resectable
NSCLC. Furthermore, they could be useful in develop-
ment of future trials of personalized perioperative man-
agement of resectable lungcancer in termsof perioperative
treatments and follow-up strategies. We suggest that our
score and nomograms could be used to design trials of
perioperative immunotherapy or chemo-immunotherapy
including only high-risk patients, as well as trials of peri-
operative systemic treatments including a whole popula-
tion of resected lung cancer stratified according to risk
categories identified by our tools.
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