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a b s t r a c t
Background and purpose: Radiotherapy plays a pivotal role in lung cancer treatment. Selection of patients
for new (radio)therapeutic options aiming at improving outcomes requires reliable and validated prediction models. We present the implementation of a prospective platform for evaluation and development of
lung radiotherapy (proPED-LUNG) as an instrument enabling multidimensional predictive modelling.
Materials and methods: ProPED-LUNG was designed to comprise relevant baseline and follow up data of
patients receiving pulmonary radiotherapy with curative intent. Patient characteristics, diagnostic and
staging information, treatment parameters including full dose–volume-histograms, tumour control, survival, and toxicity are scored. Besides physician-rated data, a range of patient-rated data regarding symptoms and health-related quality-of-life are collected.
Results: After 18 months of accrual, 315 patients have been included (accrual rate, 18 per month). Of the
ﬁrst hundred patients included, 70 received conformal (chemo)radiotherapy and 30 underwent stereotactic radiotherapy. Compliance at 3 and 6 months follow-up was 96–100% for patient-rated, and 81–
94% for physician-rated assessments. For data collection, 0.4 FTE were allocated in a 183 FTE department
(0.2%).
Conclusions: ProPED-LUNG is feasible with high compliance rates and yields a large amount of high quality prospective disease-related, treatment-related, patient- and physician-rated data which can be used
to evaluate new developments in pulmonary radiotherapy.
Ó 2015 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 115 (2015) 3–8

Both conformal radiotherapy with or without chemotherapy
and stereotactic ablative radiotherapy (SABR) play important roles
in the treatment of early and locally advanced stages of nonsmall-cell lung cancer (NSCLC) and small-cell lung cancer (SCLC)
as well as in the treatment of pulmonary oligometastases [1,2].
The absolute level and distribution of radiation dose in target volumes and organs at risk (OAR’s) are the most critical modiﬁable
parameters that determine the optimal balance between tumour
control and toxicity. Indirectly, these parameters inﬂuence quality
of life during and after radiotherapy and survival. Besides
modifying overall treatment time and fractionation, the progress
of radiotherapy during the past decades has mainly focused on
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improving dose-conformity, increasing the dose to the tumour,
and reducing exposure of OAR’s [3,4].
Non-surgical treatment of early stage NSCLC has been considerably advanced by the introduction of SABR by dramatically
increasing the dose per fraction together with improving targeting
precision using 4D-planning and image guidance of treatment
delivery [5]. For locally advanced NSCLC and SCLC, concurrent
chemoradiotherapy has become the standard therapy [6,7], including improvements in dose distribution by using intensity
modulation and inverse planning [8]. Using protons instead of photons in this setting is expected to further improve the therapeutic
ratio in selected patients [9]. The selection process of these
patients will require models predicting the additional gain when
using this new technology [10].
Valid data on patient-rated symptoms and health-related
quality-of-life (HR-QOL) can only be collected prospectively [11].
Any retrospective assessment of toxicity or other qualitative
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measure is subject to inevitable bias. In addition, imaging and
other functional assessments (e.g., pulmonary function tests) need
to be gathered prospectively. For these reasons and building on the
experience gained with a prospective SABR database at our
department, we developed and clinically implemented a prospective platform for evaluation and development of lung radiotherapy
(proPED-LUNG) in February 2013. By establishing a comprehensive
database of all patients receiving high-dose radiotherapy (i.e.,
>40 Gy, any fractionation) for lung cancer, pulmonary oligometastases or thymic tumours, the main purpose of this prospective data
registration programme is to enable modelling of all clinically
relevant endpoints of pulmonary radiotherapy. By modelling
relevant outcomes including tumour control, survival, toxicity,
patient-rated adverse events and HR-QOL, this instrument aims
at improving the quality of pulmonary radiotherapy by predicting
effects of modiﬁcation of critical treatment parameters such as
dose–volume-distributions. The platform is designed in such a
way that other institutions could easily adopt it, which is
fundamental for pooling and exchange of data [12].
To our knowledge, this is the ﬁrst comprehensive programme
operating fully integrated into daily clinical practice of radiotherapy. The aim of this paper was to describe the programme contents, patient accrual, compliance, and its feasibility based on our
experience during the ﬁrst 18 months. We also present the basic
results of the ﬁrst 100 patients included.
Materials and methods
Background and programme design
Treatment within a multidisciplinary pulmonary oncology team
is considered standard for lung cancer patients in the Netherlands.
Questionnaires and items included in proPED-LUNG were selected
by a group of experienced radiation oncologists specialised in pulmonary oncology. The programme was discussed with pulmonary
oncologists, who are the primary treating physicians for patients
with lung cancer in this country. They coordinate the diagnostic
process, perform necessary endoscopies and biopsies, and administer systemic treatment including chemotherapy and biologically
targeted agents. In addition, they follow-up patients according to
national guidelines. ProPED-LUNG was presented to the hospital’s
institutional review board and was declared exempt from ethics
committee approval being standard patient management
according to Dutch law. All information used and generated for
proPED-LUNG is entered real-time into the patient chart in our
oncology management system (OMS, MosaiqÒ, IMPAC Medical
Systems, Inc. Sunnyvale, California U.S.A.). All data are presently
stored in the OMS, which is protected by hospital ﬁrewalls and
safety rules. For future analysis, data will be pseudonymised twice
(by a trusted third party) and stored on a secure server where they
can be used for analysis in protected workspaces by authorised
persons. Imaging is uploaded into our hospital picture archiving
and communication system (PACS). Automatic and semi-automatic
quality and plausibility checks are performed before analysis of the
data.
Patient eligibility, assessment, and data acquisition
All patients receiving high-dose radiotherapy (deﬁned as
>40 Gy using any fractionation schedule) for lung cancer or thymic
tumours without simultaneous second non-pulmonary tumours
and able to understand and speak Dutch are eligible on a day-byday basis regardless of treatment techniques employed, SABRVMAT, 3D-CRT, IMRT, or VMAT. Data covering all clinically relevant
dimensions of pulmonary radiotherapy are collected prospectively,
including baseline patient characteristics, diagnostic and staging

information, pulmonary function tests, treatment parameters,
and outcome in terms of survival, tumour control, disease-related
symptoms (including pulmonary complaints, use of corticosteroids, performance status) and treatment related side
effects (including pulmonary-, oesophageal-, and skin toxicity
and unplanned hospitalisations during or after treatment).
The latter two domains are rated by patients as well as by
physicians. Appendix A1 shows the assessments and questionnaires as used.
The programme aims at its feasibility in daily clinical routine at
a radiotherapy department including its satellite location (for
radiotherapy) plus seven referring departments of pulmonology.
Patient characteristics include usual demographic data.
Diagnostic and staging information is retrieved from standard
clinical investigations. All patients undergo a diagnostic 18F-ﬂuorodeoxyglucose-positron emission tomography and computed
tomography (FDG-PET/CT), pulmonary function tests, and biopsies
whenever possible. Pulmonary function tests at baseline and at
three months after treatment include forced expiratory volume
in 1 s (FEV1, expressed as percentage of expected) and diffusing
capacity of carbon monoxide for a single breath, corrected for haemoglobin concentration (DLCOc/SB, expressed as percentage of
expected). Radiotherapy treatment parameters consist of start
and end date of radiation therapy, number of fractions, fraction
dose, technique used, and dose–volume-histograms for target volumes and OAR’s (e.g., lung, oesophagus, heart, spinal cord).
Chemotherapy received prior to or during radiotherapy is also
recorded.
Tumour control and survival status including recurrence patterns and causes-of-death are collected real-time and are based
on imaging and on correspondence from pulmonary oncologists.
Disease-related symptoms and treatment related side effects
are scored both by patients (patient-rated data) and radiation
oncologists (physician-rated data). Patient-rated data are acquired
face-to-face at baseline and during treatment by trained research
assistants using the following questionnaires (Appendix A1):
EuroQOL-5D, EORTC-QLQ-LC13-short (LC13 excluding the questions referring to sore tongue or mouth, tingling hands or feet,
and hair loss and the pain-in-other-parts-of-the-body question),
and the Groningen Frailty Indicator (GFI) [13]. The latter instrument was chosen because frailty relates more to a decline in selfmanagement abilities than does chronological age [14]. The GFI
is a short and easy-to-use 15-item screening instrument assessing
loss of functions and resources in four domains of functioning:
physical, cognitive, social, and psychological [13,14]. In addition,
a structured self-developed questionnaire to assess critical
CTCAEv4.0-based toxicity items is also used (Appendix A1). The
same instruments are administered by the research assistants during follow-up by telephone to increase compliance and to spare
patients extra visits to the department of radiotherapy (proxybased-assessments). In support of this approach, a recent randomised trial investigating face-to-face versus telephone interviews for HR-QOL and symptom assessments in COPD patients
has shown equal results for both approaches [15].
Physician-rated data consist of a baseline assessment by the
treating radiation oncologist including the WHO-performance status, weight loss three months before diagnosis, and again a
CTCAEv4.0-based toxicity assessment. This toxicity assessment is
also used during radiotherapy for weekly monitoring of side effects
and shortly after the end of radiotherapy (2–4 weeks). To assess
oesophageal and pulmonary toxicity at follow-up, imaging and
written correspondence from pulmonary oncologists is
scored prospectively by a radiation oncologist-researcher in order
to avoid duplication of patient visits to the hospital. The frequencies of patient- and physician-rated assessments are displayed in
Table 1.
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Table 1
ProPED-LUNG overview assessments.
Executive

Assessment

Baseline

Research assistant

EuroQOL-5D
EORTC-LC13-short
Toxicity assessment CTCAE v 4.0
Groningen frailty index

+
+
+
+

Pulmonary oncologists

Pulmonary function tests⁄
Imaging⁄⁄
Correspondence of patient visits⁄⁄

+
+
+

Radiation oncologists

Baseline assessment
Toxicity assessment CTCAE v 4.0

+
+

Researcher/radiation oncologists

Tumour assessment
Toxicity assessment CTCAE v 4.0

During radiotherapy
Weekly

After radiotherapy

Last week

3 months

6 months

Yearly

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+

+
+

+
+

+
+

+
+

+

Abbreviations: ProPED-LUNG, prospective platform for evaluation and development of lung radiotherapy; EORTC-LC13-short, short version of the EORTC-QLQ-LC13 including
radiotherapy relevant toxicity only; ⁄forced Expiratory Volume in one second (FEV1) in % of expected and single-breath diffusing capacity of the lung for carbon monoxide
DLCO (sb) in % of expected and corrected for haemoglobin. ⁄⁄Imaging (including computed tomography and X-ray) and correspondence of visits to the outpatient clinic
according to the national guidelines.

Table 2
Patient characteristics and tumour characteristics.
Total (n = 100/103⁄)

Characteristic

Conformal radiotherapy (n = 70)
No. (%)

Stereotactic radiotherapy (n = 30/33⁄)
No. (%)

Age (years)

Median (Range)

67 (45–86)

65 (45–80)

72 (54–86)

Sex

Male
Female

53
47

38 (54%)
32 (46%)

15 (50%)
15 (50%)

WHO performance status

0
1
2
3

35
43
17
5

26 (37%)
31 (44%)
9 (13%)
4 (6%)

9 (30%)
12 (40%)
8 (27%)
1 (3%)

GFI

<4 (non-frail)
P4 (frail)
Missing

56
41
3

41 (59%)
26 (37%)
3 (4%)

15 (50%)
15 (50%)
0 (0%)

Tumour type

NSCLC
SCLC
Pathology unknown
Recurrence
Pulmonary metastases

60
9
21
3
10

54 (77%)
9 (13%)
3 (4%)
3 (4%)
1 (1%)

6 (18%)
0 (0%)
18 (55%)
0 (0%)
9 (27%)

Stage (UICC)

IA
IB
IIA
IIB
IIIA
IIIB
IV

15
8
3
5
34
22
16

0 (0%)
1 (1%)
2 (3%)
4 (6%)
34 (49%)
22 (31%)
7 (10%)⁄⁄

15 (45%)
7 (21%)
1 (3%)
1 (3%)
0 (0%)
0 (0%)
9 (27%)

Abbreviations: GFI, groningen frailty index; UICC, Union for International Cancer Control; ⁄in 100 patients, 103 tumours were treated; ⁄⁄four patients with synchronous brain
metastases, one with a second contralateral lung lesion, one with a long metastasis from rectal carcinoma treated with conformal radiotherapy after irradical resection, and
one with a suspicious rib lesion.

Treatment schedules
At our department, medically inoperable patients with early
stage NSCLC without nodal disease receive SABR. Four risk-adapted
fractionation schedules are currently used: three fractions of 18 Gy
for peripheral lesions, ﬁve fractions of 12 Gy for lesions adjacent to
the thoracic wall, eight fractions of 7.5 Gy for central lesions not
abutting the main bronchi, and twelve times 5 Gy, if the PTV encompasses a main bronchus [16]. SABR is also applied for pulmonary
oligometastases using the same fractionation schedules [2].
Patients with inoperable stage III NSCLC are treated with
concomitant chemoradiotherapy, consisting of two cycles of
induction chemotherapy (cisplatin/pemetrexed for non-squamous
histology, cisplatin/gemcitabine for squamous subtypes) followed
by radiotherapy, consisting of 60 Gy in daily fractions of 2.4 Gy

combined with weekly low-dose gemcitabine [17]. For limiteddisease-SCLC, four cycles of chemotherapy (cisplatin/etoposide)
are combined with radiotherapy. Thoracic radiotherapy starts at
the second cycle and is typically given twice a day to 45 Gy in fractions of 1.5 Gy [18]. After ﬁnishing the fourth chemotherapy cycle,
prophylactic cranial irradiation is given to 25 Gy in fractions of
2.5 Gy, four times a week [19,20].
All thoracic treatments are planned using 4D-planning-CT. An
internal target volume (ITV) is delineated encompassing the envelope of the moving gross target volume locations (GTV’s) on a maximum intensity projection reconstruction from the 4D-CT. For
SABR-VMAT, an isotropic margin of 5 mm is added to the ITV to
create the planning target volume (PTV). For patients receiving
conformal radiotherapy, FDG-PET positive tumour and lymph
nodes are deﬁned as GTV, assisted by deformable image
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Table 3
Compliance rates of the ﬁrst hundred patients included in proPED-LUNG.
6 months
(n = 87)

EuroQOL-5D
EORTC-LC13-short
Groningen frailty
index
Toxicity (based on
CTCAEv4.0)
Toxicity
assessment
Tumour
assessment
FEV1
DLCO

94%
97%
97%

96%
96%
x

100%
100%
x

100%

99%

99%

94%

81%

89%

x

83%

94%

93%
64%

72%
49%

x
x

80%
60%
40%
20%
0%

Baseline
100%

Abbreviations: ProPED-LUNG, prospective platform for evaluation and development
of lung radiotherapy; EORTC-LC13-short, short version of the EORTC-QLQ-LC13
including radiotherapy relevant toxicity only; ⁄forced expiratory volume in one
second (FEV1) in % of expected and single-breath diffusing capacity of the lung for
carbon monoxide DLCO (sb) in % of expected and corrected for haemoglobin.

registration of PET and diagnostic CT images. The ITV is delineated
as described. A margin of 5 mm is added for clinical target volume
(CTV) excluding bony structures and an additional margin of 6 mm
is added for the PTV. Veriﬁcation is performed with 3D- or 4Dcone-beam-CT (CBCT) or with electronic portal imaging devices
(EPID) at least weekly for CRT, and online at every fraction for
SABR, employing standardised institutional decision rules.
Results
Patient and tumour characteristics
The programme was opened in February 2013 and until July
2014 (18 months), 315 patients were eligible and actually included
in proPED-LUNG (on average: 18 patients/month). No patient
refused to be included. To show the feasibility of the platform, data
of the ﬁrst hundred included patients – because they had completed at least 6 months follow-up – are presented. One hundred
and three tumours were treated in the ﬁrst 100 patients. Based
on tumour volume, patients were divided in two main groups for
this report: The SABR-group (n = 30), including patients with early
stage NSCLC or those with pulmonary oligometastases, and the
conformal radiotherapy (CRT) group (n = 70), including patients
with locally advanced NSCLC or SCLC who were treated with conventionally planned 3D-CRT, IMRT, or VMAT, mostly combined
with chemotherapy. Patient and tumour characteristics are listed
in Table 2.
Compliance and implementation of proPED-LUNG
For the ﬁrst 100 patients, patient-rated baseline and follow up
questionnaires were completed in more than 90% of the cases;
physician-rated baseline and follow up data were available in more
than 80% of the cases (Table 3). The research assistants spend 14 h
on average per week on data collection, corresponding to 0.4 fulltime equivalents in a 183 FTE department (0.2% of total FTEs).
Toxicity
First preliminary results regarding the two most important side
effects of pulmonary radiotherapy are brieﬂy presented here.
Pneumonitis CTCAE v 4.0 grade P 2 requiring medical intervention
(e.g., steroid treatment), was seen in 10% of the patients treated
with CRT within 6 months after radiotherapy (none after SABR).
Grading of oesophageal toxicity for patients receiving conformal
(chemo) radiotherapy is presented in Fig. 1, where three patient-

80%

% of paents

Pulmonary
function⁄

3 months
(n = 99)

60%
40%
20%
0%

End of radiotherapy
100%
80%

% of paents

Physicianrated data

Baseline
(n = 100)

60%
40%
20%
0%

3 months aer radiotherapy
100%

% of paents

Patientrated data

Item

100%

% of paents
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80%
60%
40%
20%
0%
Paent
Paent
Paent
Physician
trouble
dysphagia oesopageal oesophageal
swallowing
CTCAE
pain
pain
LC13
CTCAE
CTCAE

6 months aer radiotherapy
CTCAE grade 3 / LC13 very much trouble swallowing
CTCAE grade 2 / LC13 quite a bit trouble swallowing
CTCAE grade 1 / LC13 a lile trouble swallowing
CTCAE grade 0 / LC13 no trouble swallowing
Fig. 1. Oesophageal toxicity for patients treated with conformal (chemo) radiotherapy. CTCAE: CTCAE v4.0; LC13: EORTC-QLQ-LC13.

rated and one physician-rated assessment are displayed, comparing the prevalence of events at every time point. Most oesophageal
toxicity was observed in the CRT-group at the end of radiotherapy,
as expected. Forty-four percent of the patients had at least quite a
bit trouble swallowing as assessed by EORTC-QLQ-LC13, which is
consistent with patient-rated CTCAE-based dysphagia grade P 1
(symptomatic, able to eat regular diet), which also yielded 44%
(Appendix A1). CTCAE-based patient-rated dysphagia grade P 2
(requiring change of diet) was scored by 24%. Patient-rated
grade P 2 CTCAE-based oesophageal pain was scored in 41% of
the cases. Physician-rated grade P 2 oesophageal toxicity
representing pain swallowing in the ﬁrst place was scored for
45% of the patients, suggesting very reasonable agreement
between patient-rated (proxy assessed) and physician-rated
assessment of acute oesophageal toxicity.
Quality of life
To show an example of a quality of life outcome, the EQ-5D
health status was converted into a single summary index as
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Fig. 2. Boxplot of the EQ-5D index values at different time points for patients treated with conformal radiotherapy and stereotactic radiotherapy. The dots represent outliers.

appropriate, using the time trade-off valuation technique as available for the Netherlands. In Fig. 2 the values are presented for CRT
and SABR for assessed points in time.
Dose–volume histograms
Dose–volume histograms were available for all patients. In the
CRT-group, median and range for the V5 and V20 of the lung were
54% (range 23–79%) and 23% (range 10–34%), respectively. The
median mean lung dose (MLD) was 13% (range 1–18%). Median
V35 of the oesophagus was 33% (range 0–72%). In the SABR-group,
median V20 of the lungs was 5.1% (range 1.2–15.3%) and the median MLD was 4.5% (range 1.3–10.5%).
Survival
At a median follow up of 11 months, overall survival (OS) after 6
and 12 months in the CRT-group was 83% and 71%, progression
free survival (PFS) was 66% and 41%, respectively. For the SABRgroup, OS was 97% after 6 months and 92% after 12 months; PFS
was 83% and 60%, respectively. Of note, 27% of the patients in the
SABR-group were treated for oligometastases, explaining the considerable progression-rate at one year [2].
Due to the limited number of patients and short follow up,
patterns of recurrence were not analysed.
Discussion
In this paper, we report successful implementation into clinical
practice of a standardised programme of prospective data acquisition for patients receiving deﬁnitive radiotherapy for primary or
secondary lung lesions. Radiation technique is rapidly changing,
and typically, progress is obtained in multiple small steps. This
continuous improvement, from version to version, using feedback
from daily use contains the same steps as frequently used in quality management, resulting in a plan-do-check-act cycle (PDCA
cycle) [21]. Management tools and classical randomised comparative clinical trials (RCT’s) should be supplemented by research
producing and testing prediction models, which require quality

as well as quantity of relevant data [22]. It should be emphasised
that proPED-LUNG was not set up with the aim to test a speciﬁc
hypothesis, but rather to provide a platform upon which modelling
of any relevant dimensions of (combined) radiotherapy of intrathoracic malignancies will be made feasible, using prospectively collected data with high compliance in order to improve the
generalisability of the multivariable prediction models derived
from this programme. This programme, integrating a broad range
of radiotherapy research data types, is fully compatible with and
can actually be viewed as an important element in a robust and
usable radiotherapy exchange strategy such as recently presented
by Skripcak et al. [12]. Adopting our platform will enable data
exchange and pooling.
ProPED-LUNG yields an enormous amount of information with
relatively little resource investment (0,4 FTE for 18 new patients/month). It should be noted that this is only achievable in a setting
in which all disciplines work closely together in well organised
care pathways. An important part of the programme is the integration of patient-rated symptoms and outcome measures (PROM’s).
Others have used such tools, but both the combination with other
clinically relevant data and feasibility in a busy department with a
considerably better compliance, as shown in the present paper, is
the strength of proPED-LUNG [23]. Due to notorious difﬁculties
with compliance and completeness of self-assessment by patients
on paper (EORTC-QLQ-C30 and LC13) during our ﬁrst 700 patients
receiving SABR, we decided to use a proxy-based system where
trained research assistants complete the questionnaires with the
patient, asking the relevant questions and securing completeness.
High compliance attained already for the ﬁrst 100 patients seems
to support this decision (Table 2). ProPED-LUNG presented in this
paper is in accordance with most of the recommendations concerning selection of measures and implementation methods [11]
as far as it contains a number of patient-rated outcomes which
are considered appropriate for the patient population and as far
as it includes a HR-QOL assessment enabling cost-utility analyses.
We have taken considerable effort to limit the amount of data collected so that patients can complete the questions within 20 min
or less. Although internal and external validation of the programme is still pending, the results regarding oesophageal toxicity
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(Fig. 1) suggest a high rate of agreement between patient- and
physician-rated assessments and between different questionnaires
measuring various intensities of toxicities (e.g., EORTC-LC13 difﬁculty swallowing is – due to the wording – more sensitive for dysphagia taken literally, while patient and physician-rated pain
swallowing nicely correspond with each other, Appendix A1). In
a recent randomised trial comparing face-to-face interviews with
telephone interviews for a COPD assessment test, the authors concluded that both modes yield valid and reliable data [15].
The results presented here are only the starting point demonstrating the feasibility of the programme. After inclusion of more
patients and sufﬁcient follow-up time, the following steps will be
to perform additional analyses combining PROM’s, physician-reported outcomes measures, imaging data, and DVH data, in order
to develop multivariable prediction models of different clinically
relevant endpoints using advanced statistical techniques [24,25].
Using this prospective database it is also possible at any time to
draw training and validation sets for numerous outcome parameters, which will lead to dynamically adapted models reﬂecting
clinical reality. Any advancement in treatment technology, such
as perfecting volumetric modulated arc therapy, changing the
combined systemic component (chemotherapy) of the treatment,
or the introduction of scanning-beam proton therapy, can be
evaluated and adapted almost real-time.
Conclusion
Prospective data collection and analysis are essential to underpin new developments in the ﬁeld of radiotherapy and will help to
improve treatment outcome of lung cancer. ProPED-LUNG is a feasible tool achieving high compliance, which can be easily integrated into daily clinical routine and could be implemented in
principle at any department treating patients with intrathoracic
tumours with computer-based treatment plans.
Conﬂict of interest statement
The authors declare that they have no conﬂict of interest.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.radonc.2015.03.
020.
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