
ORIGINAL ARTICLE
Development and Validation of a Simplified
Prognostic Score in SCLC
Elodie Negre, MD,a Amandine Coffy, BSc,b Alexandra Langlais, BSc,c

Jean-Pierre Daures, MD, PhD,b Armelle Lavole, MD,d Elisabeth Quoix, MD, PhD,e

Olivier Molinier, MD,f Laurent Greillier, MD, PhD,g Clarisse Audigier-Valette, MD,h

Denis Moro-Sibilot, MD, PhD,i Virginie Westeel, MD, PhD,j Franck Morin, PhD,c

Benoît Roch, MD,a,k Jean-Louis Pujol, MD, PhD,a,k,* for the
French Cooperative Thoracic Intergroup (IFCT) investigators’ group

aDepartment of Thoracic Oncology, Montpellier Regional University Hospital, Montpellier, France
bLaboratory of Biostatistics and Epidemiology, University Institute for Clinical Research, Montpellier University,
Montpellier, France
cFrench Cooperative Thoracic Intergroup (IFCT), Paris, France
dDepartment of Pneumology, Hôpital Tenon, Paris, France
eDepartment of Pneumology, University Hospital, Strasbourg, France
fDepartment of Pneumology, Centre Hospitalier Le Mans, Le Mans, France
gDepartment of Multidisciplinary Oncology and Therapeutic Innovations, Assistance Publique-Hôpitaux de Marseille, Aix
Marseille University, Marseille, France
hDepartment of Thoracic Oncology, CHITS CH Sainte Musse, Toulon, France
iThoracic Oncology Unit, CHU Grenoble Alpes, Grenoble, France
jDepartment of pneumology, Hopital Universitaire, Besançon, France
kMontpellier Cancer Research Institute, INSERM U1194, Montpellier, France

Received 4 February 2020; accepted 5 February 2020
Available online - 12 February 2020

*Corresponding author.
Disclosure: Dr. Quoix reports grants and nonfinancial support from
BMS, nonfinancial support from Roche and Takeda, and personal fees
from Chugaï and Medscape, outside of the submitted work.

Dr. Molinier reports personal fees from Bristol Meyers Squibb, Astra-
Zeneca, Tesaro, and Menarini, outside of the submitted work.

Dr. Greillier reports personal fees and nonfinancial support from Abb-
vie, Bristol Myers Squibb, Boehringer Ingelheim, AstraZeneca, Roche,
Novartis, MSD, Pfizer, and Takeda, outside of the submitted work.

Dr. Audigier-Valette reports grants, personal fees, and nonfinancial
support from Roche, during the conduct of the study; and grants,
personal fees, and nonfinancial support from BMS, MSD, AstraZeneca,
Boehringer, Pfizer, and Takeda, outside of the submitted work.

Dr. Moro-Sibilot reports grants, personal fees, and nonfinancial support
from Roche, during the conduct of the study; grants, personal fees, and
nonfinancial support from BMS; personal fees and nonfinancial support
from MSD and Lilly; personal fees from Boehringer Ingelheim, Pfizer,
AstraZeneca, Novartis, and Amgen; and grants and personal fees from
AbbVie, outside of the submitted work.

Dr. Westeel reports personal fees from Roche, outside of the submitted
work.

The remaining authors declare no conflict of interest.

Address for Correspondence: Jean-Louis Pujol, MD, PhD, Institut Uni-
versitaire de Recherche Clinique Cedex, France. E-mail: jl-pujol@
chu-montpellier.fr

Cite this article as: Negre E, et al. Development and Validation of a
Simplified Prognostic Score in SCLC. JTO Clin Res Rep 1:100016

ª 2020 The Authors. Published by Elsevier Inc. on behalf of the
International Association for the Study of Lung Cancer. This is an
open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

ISSN: 2666-3643

https://doi.org/10.1016/j.jtocrr.2020.100016
ABSTRACT

Introduction: This study aimed at generating a new
simplified prognostic score (SPS) using common clinical and
biological variables to discriminate a limited number of
subgroups of patients with SCLC differing by their overall
survival (OS).

Methods: The SPS was developed exploring the Montpellier
University Hospital retrospective database of 401 patients
over a 16-year period. All patients had received etoposide -
platinum-based chemotherapy as first-line treatment. The
SPS development took into account significant determinants
of OS in the Cox model, weighted by their regression b co-
efficients. Validation of the consequent SPS has been done
separately in a combined population of 213 patients
accrued from two different published trials (NCT03059667
and NCT00930891).

Results: The significant independent determinants of
OS included the following: (1) American Joint Committee
on Cancer TNM stage IV (hazard ratio [HR]: 2.52;
95% confidence interval [CI]: 1.91–3.33); (2) Eastern
Cooperative Oncology Group performance status greater
than 1 (HR: 2.27; 95% CI: 1.79–2.87); (3) the presence
of liver metastases (HR: 1.66; 95% CI: 1.29–2.15);
and (4) neutrophil-to-lymphocyte ratio greater than 4
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(HR: 1.39; 95% CI: 1.11–1.92). The SPS generated with
these four variables, segregated three groups (good, in-
termediate, and poor prognosis) with respective median
OS of 26.9 months (95% CI: 20.1–38.9), 11.5 months (95%
CI: 9.8–13.0), and 6.8 months (95% CI: 5.8–8.3; log-rank
p < 10–4). Harrell’s C statistic estimate was 0.68 ± 0.012,
suggesting goodness of calibration. In the validation cohort,
the SPS segregated the aforementioned three subgroups in
a nearly similar manner, with respective median OS: 27.2,
12.3, and 8.6 months (log-rank p < 10–3; Harrell’s C statistic:
0.58 ± 0.02).

Conclusions: The SPS is easy to calculate in real-life prac-
tice and efficiently discriminates three populations with
different prognoses. This study deserves further validation
of this score in patients with SCLC receiving
immunochemotherapy.

� 2020 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Small cell lung cancer; Prognosis; Prognostic
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Introduction
SCLC is a recalcitrant disease with few therapeutic ad-

vances during the past three decades. In the past, several
attempts at improving the outcome of patients with SCLC
failed to exhibit an unquestionable progress. Chemo-
therapy intensification offers a weak survival advantage
that is jeopardized by an increase in treatment-related
morbidity.1 Anti-angiogenic therapies such as thalido-
mide,2 bevacizumab,3 or sunitinib4 have been tested in
several phase II or III studies, but the clinical benefit
seemed weak, if any. Several targeted therapies are eval-
uated in the setting of SCLC. For example, rovalpituzumab–
tesirine targets deltalike ligand-3, an inverse agonist of the
Notch pathway, but its development has been stopped
because of safety concern.5 The cases for anti-poly(ADP-
ribose) polymerase,6 anti-enhancer of zeste homolog 2,7

and anti-Aurora A8 therapies are still unclear as long
as they are in early development. Until recently, interna-
tional guidelines recommend cisplatin (or carboplatin)–
etoposide as the backbone of SCLC therapy with the
addition of thoracic radiotherapy concomitantly delivered,
for patients with limited-disease stage.9 An important
step forward in SCLC therapy was the recent introduction
of immunochemotherapy as first-line treatment for
extensive-disease SCLC; this strategy was rapidly imple-
mented in SCLC treatment guidelines after the publication
of two randomized phase III studies comparing etoposide -
platinumwithorwithout anti–programmeddeath-ligand1
immune checkpoint inhibitors.10,11

Although SCLC qualifies as a recalcitrant disease,
prognosis of SCLC is not uniformly poor, and some
clinical variables such as the performance status (PS)
and the disease stage are paramount prognostic de-
terminants and key eligibility criteria in clinical
trials.12,13

In an attempt to characterize patient subgroups with
distinct prognoses, several scores have been proposed.
Unfortunately, some simple scores such as the Man-
chester score14 are not used any longer because the
guidelines of staging and care have been totally modified
since the time of their development a long time ago. More
recently, Wang et al.,15 exploring a cohort of 24,680 pa-
tients with SCLC extracted from the National Cancer
Database, have established a prognostic nomogram on the
basis of the following pretreatment variables: age, sex,
ethnicity, Charlson-Deyo comorbidity index,16 disease
stage according to the eighth TNM, thoracic involvement
laterality (unilateral, versus bilateral, versusmedian), and
the type of treatment received. The strength of this study
consisted of the large cohort in which the score was
generated and validated. However, the PS was not an
explored criterion probably because this variable was not
systematically registered in the database. Another
possible bias consisted of the introduction of the treat-
ment as a prognostic variable, whereas treatment decision
depends on the other prognostic variables.

This study aimed at generating and validating a new
score designed such as simplified prognostic score (SPS)
using common clinical variables to discriminate a limited
number of subgroups differing by their overall survival
(OS) and to help clinicians in determining pretherapeutic
risk factors.
Materials and Methods
Patients’ Selection

Development and external validation of the score
were conducted in two different cohorts.

Development Cohort. This is a retrospective study
conducted at the Montpellier University Hospital. The
selected patients had a proven histologic or cytologic
diagnosis of SCLC, whatever the stage, and had received at
least one course of chemotherapy on the basis of etopo-
side - platinum (cisplatin or carboplatin) as first-line
treatment between January 1, 2002, and December 31,
2018. The collection start date was the date of comput-
erization of chemotherapy prescriptions at the centralized
pharmacy of the Montpellier University Hospital. Patients
who did not receive a platinum compound or did not
receive etoposide, and patients admitted for second-line
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treatment or furtherwere excluded. All data were directly
extracted from the Montpellier University centralized
computing system, saving patients’ medical records
(DxCare, Medasys, Gif sur Yvette, France).

In this development cohort, all patients had the
following pretreatment work-up: clinical examination,
chest x-ray, computed tomography scan of the thorax and
abdomen, brain imaging by magnetic resonance imaging
or scanner, and bone scanner. The latter test was replaced
by fluorodeoxyglucose-positron emission tomography
from 2005 onward for more precise staging. Recorded
variables were age, sex, smoking habits, PS according to
the Eastern Cooperative Oncology Group (ECOG) at
diagnosis, body mass index, and Charlson-Deyo comor-
bidity index.16 The eighth American Joint Committee on
Cancer TNM staging13 was rebuilt, taking into account the
separate T status, nodal status, and number and distri-
bution of metastases. The pretherapeutic biological
assessment included cell blood counts; renal function
(creatinine clearance estimated with the modification of
diet in renal disease equation); liver tests, including
alanine aminotransferase, aspartate aminotransferase,
bilirubin, gamma-glutamyl transferase, alkaline phos-
phatases, lactate dehydrogenase, prothrombin, and serum
albumin; bicarbonates; C-reactive protein (CRP); calce-
mia–phosphoremia; serum sodium; and neuron-specific
enolase. The neutrophils-to-lymphocytes ratio (NLR)
was calculated and a value less than 4 was considered as
normal. Glasgow prognostic score (GPS)17 was calculated
for 245 patients for whom both serum albumin and CRP
were available. All patients received treatment according
to international guidelines. The following variables
belonging to therapeutic options were recorded: modality
of first-line chemotherapy, thoracic radiotherapy
(received or not), number of lines of systemic therapy
received. The prophylactic cranial irradiation (PCI) vari-
ablewas not recorded, because unlike the aforementioned
variables that are planned at diagnosis, the PCI cannot be
decided before the end of the entire initial treatment
program in as much as it is recommended only for pa-
tients with a complete response. Consequently, PCI was
delivered to patientswith, by essence, a good prognosis. In
addition, timing of PCI at the end of the induction program
gives patients who have received it a guarantee of time
(immortality bias). The Montpellier academic hospital
institutional review board (IRB) approved this retro-
spective single center study (IRB No. 2019_IRB-MTP_11-
14). An information letter was prepared and approved by
the IRB, but patient’s signature was not required.

Validation Cohort. Validation of the score was con-
ducted by a different statistician working on the com-
bined populations of two different SCLC randomized trial
conducted by the French Thoracic Oncologic Intergroup
(IFCT). The NCT00930891 trial was a randomized phase
II to III study of bevacizumab in combination with
chemotherapy in previously untreated SCLC.18 A total of
147 patients were accrued by 49 French institutions in
this trial. The NCT03059667 trial was a randomized
noncomparative phase II study evaluating atezolizumab,
an anti–programmed death-ligand 1 checkpoint protein
inhibitor, in patients with relapse SCLC.19 A total of 73
patients were accrued by 24 French institutions in this
trial. All variables needed were available in the database
to retest the SPS capability to discriminate prognostic
groups. Authorizations to explore prognosis of these
populations for validation purpose were formally deliv-
ered by the scientific board and the administrative board
of the IFCT after study design submission. The infor-
mation letters of the original studies indicated that data
collected might be used in the future to perform ancillary
studies, pending on signature of the informed consent.
End Points
The score was developed to predict OS defined as the

time from histologic diagnosis to the date of death owing
to any cause. The secondary end point was the perfor-
mance of the score in prognostication of progression-
free survival (PFS) defined as the time elapsed from
histologic diagnosis to either Response Evaluation
Criteria in Solid Tumors 1.1 disease progression or death
from any cause, whichever occurred first.
Statistics
Survival Analyses. Survival analyses were processed as
follows: the cutoff date for the entire population of this
study was defined as the latest date for which we have
an informative point (death or censorship). In the
development cohort, for patients who were lost to
follow-up before the cutoff date (April 1, 2019) and who
were known to have experienced a tumor progression
informative censorship), a penalizing survival analysis
was applied so that, the OS was defined as the time from
the date of diagnosis to date of previous contact. The
cutoff date in the validation cohort was defined as the
cutoff date of the respective trials.

The nonparametric Kaplan-Meier estimates were
used to calculate probabilities and plot survival curves.
Survival distributions of groups defined by the different
states of covariates, were compared using the log-rank
test. Covariates related to the occurrence of the sur-
vival event with a p less than 0.15 were included in a
multivariate Cox hazard proportional model. The pro-
portional hazard assumption was tested graphically
(function LOG [–LOG (S (t))]) and, where needed, by a
time-dependent Cox model. Where covariates did not
meet the proportional hazard assumption, a stratified
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Cox model was applied. Stepwise, backward and forward
variable selections were tested. The variables with an
alpha risk less than or equal to 5% were selected in the
final model. Subgroup analyses were performed in stage
IV and in non–stage IV separately and in subgroups ac-
cording to the year of diagnosis. To verify that there
were no period effects, the population was divided into
four equal 4-year periods and the survival of each sub-
group thus defined was analyzed.

Variable Weighting and Elaboration of the SPS. The
significant variables in the Cox model were incorporated
into the SPS. Each variable was assigned to a weight
proportional to its regression b coefficient. However, a
weighting approximation was applied (weight of the
variable round up to the nearest 0.5 value). Therefore,
the score which is the sum of the values of each signif-
icant variable that made up the SPS, could be done by
head calculation. As a result of this process, the SPS
ranged from 0 (best prognosis) to 3 (worst prognosis).
The score was then tested in the development cohort
database and the survival curve of the subgroup of pa-
tients defined by a given SPS value was compared with
the survival of patients with SPS equal to 0. Individual
SPS scores were grouped as clusters of subgroups of
score values having similar OS, to generate a three-
modality score (poor, intermediate, and good prog-
nosis). Harrell’s C test was used to assess the goodness
of calibration of the model.

Score Validation. The Manchester score was calculated
for each patient using the values of the following vari-
ables: lactate dehydrogenase, tumor stage, serum so-
dium, pretreatment Karnofsky performance score (after
conversion of the ECOG PS), alkaline phosphatases, and
serum bicarbonate.14 As recommended by Manchester
score publication, each variable was weighted as one
point and the sum was then assigned to one of the three
groups: good, intermediate, or poor prognosis. Interrater
reliability of SPS and Manchester score was tested by
Cohen’s kappa test.

Finally, the performance of the SPS as a prognostic
determinant of the OS was tested in the validation
cohort. The nonparametric Kaplan-Meier estimates were
used to calculate probabilities of survival and plot sur-
vival curves. Harrell’s C test was used to assess the
goodness of calibration.
Results
Description of the Development Cohort

A total of 494 patients having received an etoposide -
platinum-based chemotherapy at our institution were
screened for eligibility. Among them, 93 were found
ineligible, mainly for histology other than SCLC. For the
seven patients (1.7%) who were lost to follow-up, a
penalizing survival analysis was applied. The final
development cohort encompassed 401 patients, 286
men, with a median age of 64.4 years (range: 27.1–87.8).
Median [interquartile] follow-up was 11.6 months [7.0–
21.8]. Median PFS and OS in the whole population were
7.7 months (95% confidence interval [CI]: 7.2–8.1) and
12.5 months (95% CI: 10.9–14.0), respectively. Two-
thirds of the patients presented with an ECOG PS of
0 or 1 (n ¼ 266, 66.3%). Almost all of the patients were
active or former smokers. The stage was metastatic at
diagnosis for 264 patients (65.8%), of whom 121 (30.2%
of the entire cohort) had liver metastases and most stage
IV patients had a multiple organ metastatic status. His-
tologic diagnosis was mixed SCLC with a minor non-
SCLC component in 21 cases (5.2%), most of which
was a large cell neuroendocrine cancer component (n ¼
11) or a squamous cell carcinoma component (n ¼ 6).

All patients received an etoposide - platinum-based
regimen as first-line chemotherapy, of whom 123
(30.7%) received carboplatin-etoposide doublet, 167
(41.6%) received cisplatin and etoposide doublet, and
111 (27.7%) received a four-drug regimen consisting of
cisplatin–etoposide–4’ epidoxorubin and cyclophospha-
mide. A total of 119 patients (29.7%) received chest
radiotherapy and 168 patients (41.9%) received pro-
phylactic brain irradiation. Roughly, one-half of the pa-
tients received a second-line therapy consisting of either
etoposide - platinum re-induction chemotherapy or
single-drug topotecan. A total of 17 patients (4.2%) un-
derwent surgical resection at curative intent owing to
very limited stage and response to induction
chemotherapy.
Univariate Analyses
All variables known as prognostic determinants in

the literature were also related to the OS in the devel-
opment cohort (Table 1). In univariate analyses, an age
of 70 years or less, a nonmetastatic stage, a PS of 0 to 1,
no liver metastases, and unilateral chest disease, were all
patient demographic or disease characteristics associ-
ated with a longer PFS and OS when compared with the
opposite features of each variable. Among the variables
belonging to treatment plan, cisplatin–etoposide–4’ epi-
doxorubin and cyclophosphamide chemotherapy (versus
doublet chemotherapy), chest radiotherapy, prophylactic
cerebral irradiation, and surgery were associated with a
longer PFS and OS. Mixed histology did not significantly
differ from SCLC in terms of prognosis as a result of the
limited number of patients in this subgroup. As



Table 1. Univariate Analysis of Overall Survival
Determinants in the Development Cohort

Variable n Median 95% CI
Log-
rank

Age
<70 y 284 13.2 11.6–15.6 0.02
�70 y 117 10.9 8.8–11.7

Sex
Male 286 12.5 10.1–14.5 0.81
Female 115 12.3 10.8–14.2

ECOG performance
status

0–1 266 16.0 14.1–18.1 <10–4

�2 135 7.9 6.7–9.3
Disease stage
Nonmetastatic 137 24.1 19.0–30.1 <10–4

IV 264 9.2 8.4–10.1
Mixed histology
No 280 11.8 10.8–13.9 0.58
Yes 21 16.7 6.8–25.4

Charlson-Deyo score
0–1 234 13.2 11.2–15.2 0.20
� 2 162 11.1 9.3–12.9

Laterality
Bilateral 146 10.1 8.8–11.8 < 0.01
Median 28 11.4 6.7–20.5
Unilateral 225 14.4 11.8–17.1

BMI
Underweight 29 7.8 6.3–14.5 0.43
Normal weight 188 11.7 10.1–14.8
Overweight 124 13.9 10.8–16.3
Obese 46 14.1 9.2–17.8

Liver metastases
No 280 16.1 14.1–17.9 10–4

Yes 121 8.0 7.1–8.8
Neutrophils-to-

lymphocytes ratio
<4 202 15.6 12.8–18.3 <10–4

�4 194 10.1 9.2–11.8
Alkaline phosphatases

(UI/L)
312 14.4 12.5–16.3 <10–4

�130 82 7.9 6.6–9.3
Lactate dehydrogenase

(UI/L)
<220 76 17.7 13.5–22.0 <0.01
�220 303 11.6 10.0–13.0

Neuron-specific enolase
(ng/mL)

<12.5 26 24.9 14.1–49.3 <0.01
�12.5 335 11.7 10.3–13.5

Serum sodium (mmol/L)
<135 93 9.5 7.7–11.6 0.01
�135 303 13.5 11.6–15.7

Bicarbonates (mmol/L)
<20 21 14.2 7.8–28.6 0.24
�20 373 12.3 10.8–13.9

Albumin (g/L)
�35 338 13.8 11.8–15.6 <10–4

<35 55 8.0 6.8–9.9

(continued)

Table 1. Continued

Variable n Median 95% CI
Log-
rank

C-reactive protein (mg/L)
�10 116 14.7 11.6–17.6 <10–4

>10 131 8.8 8.0–10.5
Glasgow prognostic score

0 112 15.9 11.8–17.7 <10–4

1 97 10.5 8.6–13.5
2 36 7.3 5.8–8.4

First-line chemotherapy
PCDE 111 17.4 14.4–23.0 <10–4

etoposide - platinum 290 10.9 9.6–12.3
Thoracic radiotherapy

Yes 119 23.4 18.9–28.6 <10–4

No 282 9.3 8.4–10.4
Surgery

Yes 17 49.3 16.4–NR <10–3

No 384 11.7 10.3–13.2
Prophylactic cranial

irradiation
Yes 168 20.4 17.8–25.0 <10–4

No 232 8.4 7.5–9.6
Period of inclusion

2000–2004 73 14.5 11.2–17.4 0.13
2005–2009 93 13.8 10.0–17.8
2010–2014 130 11.5 9.6–13.5
2015–2019 105 10.8 8.4–13.9

PCDE, cisplatin–etoposide–4’ epidoxorubin and cyclophosphamide; BMI, body
mass index; NR, not reached; ECOG, Eastern Cooperative Oncology Group;
CI, confidence interval.
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previously published by several groups (including ours),
many biological variables were related to the OS in
univariate analysis, namely, neuron-specific enolase,
serum sodium, alkaline phosphatase, NLR, serum albu-
min, CRP, lactate dehydrogenase, GPS. The only variable
previously published as a prognostic factor14 and not
reaching statistical significance was bicarbonates level.

A survival analysis was also carried out according to
the year of diagnosis, given the extent of our accrual
period (16 y) by separating four subgroups of 4 years
each. OS did not significantly differ among the four
subgroups.
Multivariate Analysis
All covariates related to the occurrence of the sur-

vival event with p < 0.15 and that fit the proportional
hazard assumption were tested in the multivariate haz-
ard proportional model with the exception of GPS and
CRP owing to the high rate of missing data (38%). In the
Cox model, a PS of 0 to 1, no liver metastases, an
otherwise nonmetastatic stage and, an NLR less than 4
were independent determinants of a longer OS. Hazard
ratio (HR) and b coefficients are summarized in Table 2.
Harrell’s C test was 0.71 ± 0.01.



Table 2. Cox Proportional Hazard Model of Overall Survival in the Development Cohort

Variable b Coefficient HR 95% CI p Values

ECOG performance status: �2 vs. 0–1 0.82 2.27 1.79–2.87 <10–4

Disease stage: IV vs. non-IV 0.92 2.52 1.91–3.33 <10–4

Liver metastases: Yes vs. no 0.51 1.66 1.29–2.15 <0.01
NLR: �4 vs. <4 0.33 1.39 1.11–1.72 <10–4

HR, hazard ratio; NLR, neutrophils-to-lymphocytes ratio; ECOG, Eastern Cooperative Oncology Group; CI, confidence interval.
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Subgroup Analyses by Disease Stage
PS and NLR were also independent prognostic de-

terminants of the OS in subgroup analysis by stage. HR
for a PS greater than 1 was slightly higher in the meta-
static stage 2.39 (95% CI: 1.81–3.13) than in the entire
cohort and slightly lower in the nonmetastatic stage 1.76
(95% CI: 1.05–2.94). HRs for NLR were nearly similar in
the two subgroups (1.35 and 1.61 in the metastatic and
the nonmetastatic subgroups, respectively). Presence of
liver metastases remained a significant determinant of
shorter OS in the subpopulation of patients with an
otherwise metastatic disease with an HR of 1.65 (95%
CI: 1.27–2.13).
Figure 1. Kaplan-Meier estimate of overall survival according
to patients’ subgroups defined by the primary score in the
development cohort (log-rank: p < 0.01)
Score Development
As a result of the multivariate analysis, the four in-

dependent determinants of OS were included in the
primary score with an assigned weight proportionally
approaching their b coefficients (Table 2). Thus an ECOG
PS greater than 1 or a metastatic disease stage, were
separately assigned as a value of 1 into the primary
score, whereas liver metastases or an NLR greater than
or equal to 4 were separately assigned as a value of 0.5
in the primary score. This scoring approximation allows
a head calculation of the score. The patient’s primary
score was the sum of these values and could therefore
take one of the seven score values ranging from 0 to 3 by
half-point interval.

Median OS Kaplan-Meier estimates of each of the
subgroups as defined by each primary score value were
37.5 months (95% CI: 23.1–52.9), 20.1 months (95% CI:
16.0–25.5), 17.6 months (95% CI: 13.0–21.2), 11.3
months (95% CI: 8.6–13.8), 8.8 months (95% CI: 7.8–
10.1), 7.3 months (95% CI: 6.2–9.3), and 5.7 months
(95% CI: 3.2–7.1) from score equal to 0 to 3 by half-
point interval (Fig. 1). OS of each primary score sub-
group ranging from 0.5 to 3 significantly differed from
score equal to 0 taken as the baseline hazard (log-rank
test: p < 104 each comparison) except for patients
assigned to score equal to 0 and score equal to 0.5 for
whom the OS did not significantly differ (log-rank test:
p ¼ 0.07; Table 3). Harrell’s C test was estimated at 0.71
± 0.01, a value close to the one observed in the main
model.
To allow a convenient clinical use of the score, the
primary score was simplified into a three-modality score,
namely the SPS. To do so, subgroups of the primary
score with a close OS curve profile were gathered in
three modalities in a way that allowed maintaining the
Harrell’s C score close to the 0.71 value. This process
resulted in the SPS, described as follows: good prog-
nostic group (group I): 0 or 0.5; intermediate prognostic
(group II): 1, 1.5, or 2; and poor prognostic group (group
III): 2.5 or 3. The median OS and 1-year OS rates were
26.9 months (95% CI: 20.1–38.9) and 82%; 11.5 months
(95% CI: 9.8–13) and 48%; and 6.8 months (95% CI:
5.8–8.3) and 13% for groups I, II, and III, respectively.
HR for group I was 1 and HR for group II was 2.96 (95%
CI: 2.24–3.92) versus 8.58 for group III (95% CI: 6.00–
12.25; log-rank test: p < 10–4 each comparison; Fig. 2A;
Table 4). Harrell’s C test was 0.68 ± 0.01. The propor-
tional hazard assumption was tested and certified.

Themedian PFS and 1-year PFS rate were 16.6months
(95% CI: 11.5–18.9) and 58%; 7.3 months (95% CI: 6.8–
7.9) and 15%; and 5.4 months (95% CI: 4.6–6.0) and 1%
for groups I, II, and III, respectively. HR was 1 for group I
and 3.02 for group II (95% CI: 2.31–3.96) versus 6.73 for
group III (95% CI: 4.80–9.45; log-rank test: p < 104 each
comparison; Fig. 3). Harrell’s C test was 0.67 ± 0.01. The
proportional hazard assumption was tested and certified.



Table 3. Maximum Likelihood Estimation of Overall Survival According to Primary Score Distribution in the Development
Cohort

Primary Score b Coefficient Hazard Ratio 95% CI p Values

0 — 1 — —

0.5 0.43 1.53 0.96–2.46 0.07
1 0.88 2.41 1.61–3.62 <10–4

1.5 1.21 3.36 2.34–4.83 <10–4

2 1.67 5.31 3.58–7.88 <10–4

2.5 2.22 9.22 6.01–14.13 <10–4

3 2.61 13.65 8.26–22.56 <10–4

CI, confidence interval.
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Comparison of the SPS With the Manchester
Score

According to the Manchester score assignment, me-
dian OS and the 1-year OS rates were 18.1 months (95%
Figure 2. Kaplan-Meierestimateofoverall survival according to
patients’ subgroups defined by the simplified prognostic score in
thedevelopmentcohort: group I: goodprognosis (score0or 0.5);
group II: intermediate prognosis (scores 1, 1.5, or 2); group III:
poor prognosis (score 2.5 or 3). (A) Development cohort (log-
rank: p < 0.01); (B) validation cohort (log-rank: p < 10-4).
CI: 16.6–22) and 72%; 9 months (95% CI: 7.7–10.1) and
33%; and 6.8 months (95% CI: 5.8–8.9) and 15% for
good prognosis, intermediate, and poor prognostic
groups, respectively. The function LOG (–LOG [S (t)])
revealed a lack of proportional hazard assumption.
Kappa coefficient was 0.3403 ± 0.038, demonstrating a
weak agreement between the two scores.
External Validation in the IFCT Cohort
The populations of the two IFCT studies have been

exhaustively described in their respective trial re-
ports.18,19 A total of 213 patients comprised the valida-
tion cohort after exclusion of five patients from the 0802
study and two from the 1603 study owing to missing
data. OS of each primary score subgroup ranging from
0.5 to 3 significantly differed from the score of 0 taken as
the baseline hazard (log-rank test: p < 104 each com-
parison; Table 5). After grouping in the three-modality
SPS, the median OS and 1-year OS rate were 27.2
months (95% CI: 18.2–31.6) and 92%; 12.3 months
(95% CI: 10.8–14.1) and 52%; and 8.6 months (95% CI:
5.7–14.9) and 36% for groups I, II, and III, respectively.
Group I HR was 1 and group II HR was 3.81 (95% CI:
1.78–8.15) versus group III HR of 8.11 (95% CI: 3.41–
19.30; log-rank test: p < 10–3 each comparison; Fig. 2B).
Harrell’s C test was 0.58 ± 0.02.
Discussion
In this study, the survival analyses of a retrospective

database of patients with SCLC having received
etoposide - platinum-based first-line chemotherapy,
allowed the generation of a prognostic score, the SPS,
easy to use at the patient’s bedside. This score encom-
passes four pretherapeutic variables, the stage (IV
versus non-IV), the presence of liver metastases, the
ECOG PS, and the NLR ratio (�4 versus <4). The SPS
discriminates three groups that statistically differ by
their OS and PFS with minimal loss of prognostic infor-
mation when compared with the detailed model as
shown by the value of Harrell’s C estimate. External



Table 4. Maximum Likelihood Estimation of Overall Survival According to Simplified Prognostic Score Distribution in the
Development Cohort

SPS b Coefficient Hazard Ratio 95% CI p Values

Group I — 1 — —

Group II 1.09 2.96 2.24–3.92 <10–4

Group III 2.15 8.58 6.00–12.25 <10–4

Group I: good prognosis (score 0 or 0.5); group II: intermediate prognosis (scores 1, 1.5, or 2); group III: poor prognosis (2.5 or 3).
CI, confidence interval; SPS, simplified prognostic score.
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validation in databases consisting of patients accrued in
controlled, randomized multicenter trials exhibited a
good reliability of the SPS.

The four variables in the SPS are well-known and
routinely tested prognostic factors in the SCLC. ECOG PS
is a prognostic factor in a wide panel of human malig-
nancies, including SCLC and, in the setting of randomized
clinical trials, it is a major criterion for patients’ eligi-
bility and for stratification. PS is a variable included in
several SCLC prognostic scores such as the prognostic
score by Maestu et al.20 and more recently, for extended-
disease SCLC, the score by Xie et al.21 Manchester score14

considers the Karnofsky index in the score calculation as
the means to evaluate the general condition of the pa-
tient. There is, however, an accepted correspondence
between the Karnofsky index and the ECOG PS that
allowed us to test the Manchester score in the develop-
ment cohort of this study. The graphical comparison of
the survival curves of groups I, II, and III as defined
either by the Manchester score or by the SPS favored the
latter score in as much as the distinction between groups
seems more pronounced with the SPS three-modality
assignment. Although easily tested, the PS cannot be
Figure 3. Kaplan-Meier estimate of progression-free survival
according to patients’ subgroups defined by the simplified
prognostic score in the development cohort: group I: good
prognosis (score 0 or 0.5); group II: intermediate prognosis
(scores 1, 1.5, or 2); group III: poor prognosis (score 2.5 or 3).
defined retrospectively if not recorded at the time of
diagnosis. One can hypothesize that the absence of PS as
a prognostic variable in SCLC prognostic scores recently
developed from large cohorts is due not to a lower
impact of PS in recently treated patients but is related to
the lack of recording of this variable. This nonreporting
of the PS might be considered a weakness of these
studies, which is not completely compensated by the
large size of the cohort and the good representativeness
of cancer care center diversity.15

The eighth American Joint Committee on Cancer TNM
classification of lung cancer is becoming the standard
staging method for SCLC. During the first years of the
accrual period of the development cohort, this staging
was not in use, but the Veterans Administration lung
cancer study group two-stage classification was applied.
Therefore, for the purpose of this study, the staging has
been rebuilt from the specific staging of each of the TNM
components. This procedure did not allow a complete
accuracy of the staging. The low proportion of early-
stage patients in our cohort precluded a subgroup
analysis. Therefore, the dichotomization as chosen for
the TNM staging in the SPS is almost similar to the
former Veterans Administration lung cancer study
group’s limited versus extended-disease binary staging.
One can argue that the work-up process to establish
staging has changed during the accrual period with the
implementation of brain magnetic resonance imaging
and positron emission tomography,22 leading to, for
some patients with low metastatic burden, the migration
from the nonmetastatic stage to stage IV. However, the
Table 5. Maximum Likelihood Estimation of Overall Survival
According to Primary Score Distribution in the Validation
Cohort

Primary Score Hazard Ratio 95% CI p Values

0 1 — —

0.5 6.54 1.46–29.37 0.01
1 5.02 1.56–16.19 <0.01
1.5 9.28 2.92–29.47 <10–3

2 9.72 2.94–32.09 <10–3

2.5 13.76 3.94–48.02 <10–4

3 28.36 7.01–114.79 <10–4

CI, confidence interval.
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OS did not significantly differ when different periods of
time were compared. Therefore, as in many other SCLC
prognostic scores, the dichotomy of nonmetastatic stage
and stage IV is a prognostic determinant in the SPS,
beyond its paramount role in treatment decision making.
The absence of period effect over the 16 years of the
study also probably reflects the lack of any marked
improvement in the treatment of this disease.

The integration of liver metastases to SPS is, to the
best of our knowledge, a new variable not already used
in previous scores, although its detrimental effect on OS
has been recognized by many authors.23,24 It is note-
worthy that liver metastases carry over a more unfa-
vorable prognosis than brain or bone metastases in
SCLC. In this study, liver metastases remained a signifi-
cant determinant of OS even in the subgroup of stage IV
patients. Recently, this variable was recognized as pre-
dicting resistance to immunotherapy in NSCLC during
therapies targeting the programmed cell death-1 –
programmed cell death-ligand1 pathway.25 This de-
serves the SPS evaluation in the emerging setting of SCLC
immunotherapy insofar as SPS takes into account the
presence or absence of liver metastases at the time of
diagnosis.

A property of the development cohort of our study is
the almost exhaustive exploration of putative biological
variables (except recently described gene profiling of
SCLC). Among the numerous variables significantly
related to the OS in the univariate analyses, NLR was the
sole variable retained as an independent determinant of
prognosis, as was the case for the recently described
prognostic score for extended-disease by Xie et al.21

There is a preclinical rationale for the prognostic signifi-
cance of NLR: it partly reflects the inflammatory response
associated with an unfavorable prognosis in solid tumors.
Neutrophils are recruited and activated by chemokines
released by tumor cells. Activated neutrophils differ from
native neutrophils in their tumor promotion effects such
as anti-apoptosis, angiogenesis, tumor growth, metastatic
invasion phenotype, and suppression of adaptive immune
response.26 Therefore, one can consider that NLR is a
convenient biological variable in evaluating the inflam-
matory status of the tumor-host interaction.

A clinical advantage of the SPS is the limited number
of required variables. These prognostic determinants are
always tested at the time of pretherapeutic workup,
whatever the setting (real-life practice or controlled
studies). As a difference with several other scores,
therapeutic variables such as thoracic radiotherapy or
PCI were voluntarily excluded from the score develop-
ment process. We consider that treatment decision
making and planning of therapy are routinely defined
patient-by-patient by considering the key variables such
as PS or disease stage, and consequently, therapeutic
sequences are surrogate variables of the latter key var-
iables, potentially leading to an immortality bias in sur-
vival analyses.

Our study has limitations. The monocentric nature of
the development cohort and the relatively small number
of patients might be addressed. One can consider that
subgroup of the nonmetastatic stages or subgroups by
GPS would have been better explored in a larger data-
base. Moreover, the monocentric nature might be
regarded as a weakness of the development cohort, as
the results might be too specific to our center. Our choice
to generate the score in this database was justified by
the exhaustive analysis of known biological variables
(except genotypic profiling that we plan to incorporate
in a second time). In addition, there is a clear need to test
either ECOG PS or Karnofsky score when generating a
score in consideration of its weight in all prognostic
studies that have tested the PS as a prognostic deter-
minant. The validation cohort is by nature prospective,
insofar as patients were prospectively accrued in two
registered and published studies. This confers the
strength of a multicenter appraisal of the SPS. Although
some overestimation of the OS might have occurred in
the validation cohort owing to the fact that the random
allocation in the study IFCT 0802 occurred only at the
third chemotherapy cycle, there is a congruence of the
SPS three-modality classification: the OS curves of each
group of the three-modality SPS, either in the develop-
ment or in the validation cohort, were almost identical,
and the Harrell’s C test suggested a limited loss of
prognostic information with the SPS survival model.
These results deserve further prospective evaluation of
the SPS in the real-life setting and in controlled trials,
particularly at the time of the immunochemotherapy
strategy emergence.

In conclusion, the SPS is easy to generate in real-life
practice and efficiently discriminates three populations
with different prognoses in patients receiving first-line
etoposide - platinum-based chemotherapy. This study
deserves further development steps, namely validation
of this score in patients receiving immunochemotherapy
for SCLC and addition of pertinent genotypic character-
ization to this score.
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