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Validation and optimization of a predictive model for
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Abstract. The aim of the current retrospective study was
to validate a predictive model for radiation pneumonitis
(STRIPE) in an independent dataset and to investigate whether
the addition of other potential risk factors could strengthen the
accuracy of the model. Consecutive patients with non-small cell
lung carcinoma (NSCLC; n=71) treated with definitive concur-
rent chemotherapy and radiotherapy were retrospectively
assessed for radiation pneumonitis (RP). The results identified
that 16 (23%) patients developed grade =2 RP. Furthermore,
STRIPE score (intermediate vs. low risk) was independently
associated with the development of RP [odds ratio (OR), 3.72;
95% confidence interval (CI), 1.00-13.89], whereas current
smoking status was found to be protective against RP (OR,
0.09; 95% CI, 0.01-0.78). Similar discriminatory power of the
STRIPE score was observed as in the original study. The addi-
tion of smoking status strengthened the model's discriminatory
ability to predict RP. Thus, the addition of smoking status as
a risk factor may strengthen the accuracy of the model for
predicting RP in patients with NSCLC.

Introduction

Lung cancer represents the leading cause of cancer-related
mortality worldwide and among newly diagnosed cases, with
non-small cell lung cancer (NSCLC) accounting for ~80% of
cases (1).

Surgery remains the primary curative treatment strategy in
patients with early-stage NSCLC, however, its role in patients
with locally advanced NSCLC is controversial (2). For these
patients, concurrent chemoradiation therapy (CCRT) is consid-
ered the standard of care, considering the benefit of CCRT
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on survival compared with radiotherapy alone or sequential
chemotherapy and radiation therapy (3-5).

However, the major disadvantage of CCRT is the risk of
developing radiation pneumonitis (RP). In particular, RP
results in the development of aseptic inflammation of the lung,
which causes dry cough, dyspnea, fever and, in the most severe
cases, respiratory failure and mortality (6-8). The incidence
of all-grade RP following CCRT ranges between 13 and 37%,
whereas the incidence of severe RP (grades III-IV) has been
reported in <20% of cases (6-8). Considering the substantial
negative impact of RP on quality of life and prognosis (9),
it is essential to stratify patients according to their risk of
developing RP prior to the initiation of CCRT, in order to
individualize the treatment strategy.

Several efforts have been made to identify patient-,
tumor- and dose-related factors that may influence the risk
of RP (9-11). However, the proposed predictive models have
limited clinical utility, predominantly due to the lack of
validation of the models in an independent dataset (9,10),
and the omission of important clinical and treatment-related
confounding factors (11). Recently, an individual patient
meta-analysis presented a predictive model for RP (STRIPE
project) that divided the patients into three different risk groups
based on the type of chemotherapy used, the age of the patient
and two dosimetric parameters [the mean lung dose (MLD)
and V20] (12). The major limitation of the current meta-anal-
ysis was the exclusion from the final model of certain variables
that have been previously reported as predictors of RP, such
as smoking status, comorbidities and pulmonary function (11),
due to the lack of adequate data.

The aim of the current retrospective study was to validate
the predictive model proposed by the previous individual
patient meta-analysis in an independent dataset. In addition,
the study aimed to investigate whether the addition of other
potential risk factors could strengthen the accuracy of the
model.

Materials and methods

Study design and setting. The present bi-institutional, retro-
spective, cohort study included patients with locally-advanced,
inoperable NSCLC treated with definitive CCRT. The two
institutions that contributed were the Department of Oncology,
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Milarsjukhuset (Eskilstuna, Sweden) and the Department of
Pulmonary Medicine, Visterds Central Hospital (Visteras,
Sweden).

Patient population. The electronic medical records of
each hospital were searched to identify all patients with
locally-advanced, inoperable NSCLC that received definitive
CCRT between January 2008 and December 2012. In addi-
tion to the hospital medical records, the lung cancer tumor
registry (The Regional Tumor Quality Registry of Uppsala-
Orebro counties; Uppsala, Sweden) was also used to identify
patients planned for definitive CCRT. Patients with concurrent
distant metastases and those who did not receive CCRT were
excluded. In total, 71 patients were considered eligible for the
study.

The study was approved by the local review board (EPN
no. 2013/590-31/1; Regional Ethical Review Board in Stock-
holm, Stockholm, Sweden), which concluded that there was
no need for informed consent due to the retrospective nature
of the study.

Radiation therapy. Radiation therapy was delivered once daily
with external beam radiotherapy using a three-dimensional
conformal technique. Planning computed tomography (CT;
in Eskilstuna, Light Speed Prol6RT; GE Healthcare Life
Sciences, Chalfont, UK; in Visteras, Brilliance CT Big
Bore; Philips Medical Systems, Inc., Bothell, WA, USA)
was required to determine target volumes. The gross tumor
volume (GTV) included the primary tumor volume and posi-
tive mediastinal lymph nodes, as defined on CT imaging.
The clinical target volume (CTV) included the GTV plus a
margin of 1-1.5 cm. The planning target volume (PTV) was
defined as the CTV with the addition of a margin of 0.5-1 cm.
The prescribed doses of radiotherapy were 2 Gy per fraction
daily (Monday-Friday) with a total dose range of 46-68 Gy.
The MLD (MLD delivered to the total lung volume minus the
PTV) and V20 (percentage of CT-defined total lung volume
receiving a radiation dose of =20 Gy) were used as dosimetric
parameters to represent the lung volumes irradiated.

Chemotherapy. The concurrent chemotherapy was either
monotherapy [60 mg/m? paclitaxel intravenous (i.v.) per week,
administered over 60 min once per week] or platinum-based
chemotherapy [80 mg/m? i.v. cisplatin or area under the
curve (AUC) 5 i.v. carboplatin administered over 60 min on
day 1; 25 mg/m? i.v. vinorelbine administered over 15 min or
60 mg/m? oral vinorelbine on days 1 and 8 every 21 days]. All
treatments included 8 mg betamethasone i.v. on day 1. Certain
patients were administered continuous treatment with cortico-
steroids due to their symptoms. The majority of the patients
(70/71 patients) received platinum-doublet induction chemo-
therapy for 2-4 courses, according to the Swedish National
guidelines (www.cancercentrum.se/uppsala-orebro/cancerdi-
agnoser/lunga-och-lungsack/vardprogram). The drugs were
supplied by the pharmacy, and so the choice of supplier was
subject to change according to the pricing and local agree-
ments.

Data collection. The medical records and follow-up data of
the patients were retrospectively extracted. The following
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data were recorded in a pre-specified database: Gender,
age, smoking status, comorbidities, tumor location, tumor
size, tumor stage (13), histology, patient performance status
(according to the Eastern Cooperative Oncology Group score
at the start of treatment) (14), weight loss (>10% weight loss
during the 6 months prior to diagnosis), total radiotherapy
dose, MLD, V20, PTV and type of concurrent chemotherapy
received. In addition, the STRIPE score (12) was retrospec-
tively calculated for each patient.

Outcomes. The primary endpoint of the study was the devel-
opment of RP. The severity of RP was assessed according to
the Radiation Therapy Oncology Group scale (grade 0-5) (15)
based on described symptoms, clinical judgments and radia-
tion findings.

During the course of radiation therapy, radiation oncologists
evaluated the patients regularly to identify early signs of RP. A
clinical evaluation with staging was repeated every 2-3 months
after completion of treatment using contrast-enhanced CT.
The medical records were used by two investigators (C.M and
LK) to identify patients with RP and the severity grade. In
case of discrepancy between the initial grading of RP and the
investigator's assessment, a consensus was made by discussion
between the investigators.

Statistical analysis. Categorical variables are expressed as
n (%) and continuous variables as median (range). The poten-
tial risk factors for grade =2 RP were compared using Student's
t-test or the Mann-Whitney U test (in case of non-normally
distributed variables) for continuous variables and the y? test or
Fisher's exact test, when applicable, for categorical variables.
Any variables significantly associated with the development
of grade =2 pneumonitis on bivariate analysis (with a cut-off
value of P<0.05) were considered for entry into a multivariate
stepwise logistic regression analysis to optimize it. To identify
the impact of each variable in the optimized model, the AUC
was re-calculated for each variable included in the model.

To address the secondary aim of the current study (vali-
dation of the STRIPE score), the discriminatory power and
calibration of the STRIPE score was calculated in the patient
population. Due to the lack of high-risk patients in the current
cohort, the validation of the STRIPE score could only be
investigated to distinguish low-risk versus intermediate risk
patients. The discriminatory power of the STRIPE score was
evaluated by using the AUC (c-statistic) and its 95% confi-
dence interval (CI). An AUC of 0.5 indicates that the model
has a predictive discrimination no better than chance, whereas
an AUC of 1.0 indicates a perfectly discriminating model.
The calibration of the STRIPE score was evaluated using
the Hosmer-Lemeshow goodness-of-fit statistic, where a high
P-value indicates good calibration.

Statistical analyses were performed using SPSS software
(version 20.0; SPSS, Inc., Chicago, IL, USA) and 2-sided
P<0.05 indicated a statistically significant difference.

Results
The present study identified 71 patients that received CCRT

due to NSCLC and were eligible for inclusion in the study.
Patient demographics, clinical and treatment characteristics,
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Table I. Demographic, clinical and treatment characteristics of
eligible patients.

Characteristic Patients
Gender*

Male 33 (46)
Female 38 (54)
Age, years® 71 (43-78)

Smoking®

Never 8 (11)

Former 37 (52)

Current 26 (37)
Comorbidities®

Cardiac 18 (25)

Diabetes mellitus 8 (11)
Location of tumor®

Upper 29 (41)

Lower 36 (51)

Right 38 (54)

Left 31 (44)
Tumor size, cm® 4.5(1.8-11.8)
Tumor stage®

ITA 2(3)

1IB 2(3)

1A 27 (38)

1B 38 (54)
Histology*

Squamous 26 (37)

Non-squamous 39 (55)
ECOG PS (at the start of treatment)*

0 28 (39)

1 32 (45)
2 11 (16)
RT dose, Gy° 66 (46-68)

Type of chemotherapy during RT*
Paclitaxel 62 (87)
Carboplatin/vinorelbin 6(9)
Cisplatin/vinorelbin 3(4)
MLD, Gy® 14.0 (1.4-28.0)
V20, %° 24 (0-50)
PTV, cm® 499 (157-2,202)
STRIPE score®
Low risk 37 (52)
Intermediate risk 34 (48)
High risk 0 (0)

Data are presented as “n (%) or "median (range). ECOG PS, Eastern
Cooperative Oncology Group performance status; RT, radiotherapy;
MLD, mean lung dose; PTV, planning target volume.

and STRIPE scores are indicated in Table I. No patients were
at a high risk of developing RP according to the STRIPE
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score (12), as concurrent treatment with carboplatin-paclitaxel
was not used in the present patient cohort. However, 16 patients
(23%) developed grade =2 RP. The median time from treat-
ment to development of RP was 6 weeks (range, 0-16 weeks)
(data not shown).

Bivariate analysis, as shown in Table II, revealed four
variables that are potentially associated with the development
of for RP =2: MLD, V20%, STRIPE score and smoking status.
An ongoing smoking status with current smoking appeared to
be protective against RP.

Multivariate regression analysis included the STRIPE
score and the smoking status, however, the MLD and the V20
were excluded, as these variables had already been included
in the STRIPE score. The results revealed that the STRIPE
score [intermediate vs. low risk; odds ratio (OR), 3.72; 95%
CI, 1.00-13.89] was independently associated with the devel-
opment of RP, whereas current smoking was found to be
protective against RP (OR, 0.09; 95% CI, 0.01-0.78) (data not
shown).

To address the secondary aim of the present study (external
validation of the STRIPE score), the discriminatory power of
the STRIPE score was calculated. Due to the lack of high-risk
patients in our cohort, only the validation of the STRIPE score
could be investigated to distinguish low-risk versus inter-
mediate risk patients. A similar discriminatory power of the
STRIPE score was observed as in the original study (AUC 0.68
in the current cohort vs. 0.66 in the original cohort) (12). The
addition of smoking status to the model strengthened its
discriminatory ability to predict RP (AUC 0.72 vs. 0.68 for
STRIPE score only) (Table III).

Discussion

The present study describes the first attempt to validate and, if
possible, optimize the STRIPE score in an independent cohort
of patients with NSCLC. The results revealed that the STRIPE
score had a comparable discriminatory power in the current
cohort as in the original cohort (12). The current study also
showed that the addition of smoking status as a risk factor for
RP could strengthen the accuracy of the model.

RP is associated with high morbidity and mortality in
patients with lung cancer treated with CCRT. Therefore, it is
essential to identify methods in the clinical setting to avoid the
development of RP. The STRIPE score was developed using
an individual patient meta-analysis dataset and includes clin-
ical factors that may predict RP. However, the STRIPE score
has not been validated in an independent cohort of patients.
External validation is essential prior to implementing predic-
tion models in clinical practice (16). Therefore, the current
study validated the STRIPE score in an independent cohort
and confirmed its discriminatory ability at the same level as in
the original dataset (12).

The most important limitation of the STRIPE score was
that a number of potential predictors of RP were not included
in the model due to the lack of adequate data. As a result, the
discriminatory ability of the model could be strengthened by
including other relevant predictors that were excluded from
the original model (12). By excluding the variables that are
already included in the STRIPE score, current smoking was
identified as a predictive factor against the development of RP.
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Table II. Bivariate analysis of potential risk factors for radiation-induced pneumonitis grade >2.

Pneumonitis grade 0-1 Pneumonitis grade =2

Variable (n=55) (n=16) P-value
Male gender* 24 (44) 9 (56) 0.373
Age, years® 65 (43-78) 62.5 (52-78) 0.998
Current smoker® 25 (46) 1 (6) 0.003
Presence of cardiac comorbidities® 15 (27) 3(19) 0.745
Presence of diabetes mellitus® 6 (11) 2 (13) 1.000
Weight loss prior to diagnosis® 15 (37) 7 (44) 0.618
Location (upper/lower)? 22 (44)/28 (56) 7 (47)/8 (53) 0.874/0.949
Location (right/left)* 27 (51)/26 (49) 11 (69)/5 (31) 0.255/0.391
Tumor size, cm® 4.5(1.8-11.8) 475 (2.0-8.5) 0.639
Tumor stage (IITA/IIIB)* 22 (42)/27 (51) 5 (31)/11 (70) 0.574/0.255
Squamous histology® 20 (39) 6 (43) 0.805
Performance status 2* 10 (18) 1(6) 0.436
RT dose, Gy® 60 (46-68) 60 (50-68) 0.217
Paclitaxel chemotherapy during RT* 48 (87) 14 (88) 0.529
Cortisone during CRT* 10 (19) 5(31) 0.308
MLD, Gy® 14 (1.4-28) 17.5 (12-26) 0.008
V20, %° 23 (0-44) 31 (19-50) 0.004
PTV,cm® 499 (157-2,202) 474 (214-1,304) 0.786
Intermediate risk STRIPE score® 22 (40) 12 (75) 0014

Data are presented as n (%) or "median (range). RT, radiotherapy; CRT, chemoradiotherapy; MLD, mean lung dose; PTV, planning target

volume.

Table III. Discriminatory power of STRIPE score with and without smoking in the patient cohort.

Hosmer-Lemeshow test AUC
Variable ¥ P-value AUC 95% CI
STRIPE score 7.79 045 0.68 0.53-0.82
STRIPE + smoking 6.72 0.57 0.72 0.57-0.87

AUC, area under the curve; CI, confidence interval.

This finding is in line with previous studies indicating that
ongoing smoking may be a protective factor against devel-
oping RP (11). The biological rationale for this observation is
not clear, however, there are a number proposed theories, such
as the diminished inflammatory response among smokers (17)
and the lower production of cytotoxic free radicals due to the
CO-induced hypoxia (18). Notably, the addition of smoking
status to the STRIPE score increased the discriminatory ability
of the model in the present study. Although this difference did
not reach statistical significance, predominantly due to the
limited sample size, the results underscore the possibility of
increasing the discriminatory power of the model by including
other predictors that were unable to be included in the original
analysis (12).

Prior to accepting the current results, certain limitations
should be taken into account. First, the retrospective nature
of the study is prone to biases and the small sample size may

influence the power to reveal other potential predictive factors.
Second, the discriminatory power of the STRIPE score could
not be validated in the current cohort to distinguish between
high risk and intermediate risk, as no patients in the cohort
were classified as high risk. Instead, the discriminatory power
of the STRIPE score was validated to distinguish between
intermediate risk and low risk of developing RP. A number
of additional factors were included in the present analyses
compared with the original analysis of STRIPE score (12);
however, data was not gathered on other potential predictors
of RP, such as baseline pulmonary function, the presence of
lung fibrosis on baseline CT, low partial pressure of O, prior
to radiotherapy and various biological factors, including trans-
forming growth factor-B, levels (19,20).

In conclusion, barring the aforementioned caveats, the
present study is a step forward to a more personalized approach
to determining the risk of RP in patients with NSCLC treated
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with CCRT, as the study optimized the STRIPE score model
for easier use in the clinical setting. Further research is essen-
tial to optimize and improve the model by investigating other
clinical, biological and dosimetric factors prospectively in
larger multicentric cohorts.
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