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Purpose: To examine the feasibility of automatic data extraction from clinical radiation therapy (RT)
databases at four hospitals to investigate the impact of mean lung dose (MLD) and age on the risk of
early respiratory-related death and early overall death for patients treated with RT for non-small-cell
lung cancer (NSCLCQ).

Material and methods: We included adult patients with NSCLC receiving curatively intended RT
between 2002 and 2017 at four hospitals. A script was developed to automatically extract RT-related
data. The cause of death for patients deceased within 180 days of the start of RT was retrospectively
assessed. Using logistic regression, the risks of respiratory-related death and of overall death within 90
and 180 days were investigated using MLD and age as variables.

Results: Altogether, 1785 patients were included in the analysis of early overall mortality and 1655 of
early respiratory-related mortality. The respiratory-related mortalities within 90 and 180 days were
0.9% (15/1655) and 3.6% (60/1655). The overall mortalities within 90 and 180 days were 2.5% (45/
1785) and 10.6% (190/1785). Higher MLD and older age were associated with an increased risk of
respiratory-related death within 180 days and overall death within 90 and 180 days (all p<.05). For
example, the risk of respiratory-related death within 180 days and their 95% confidence interval for
patients aged 65 and 75 years with MLDs of 20Gy was according to our logistic model 3.8%
(2.6-5.0%) and 7.7% (5.5-10%), respectively.

Conclusions: Automatic data extraction was successfully used to pool data from four hospitals. MLD
and age were associated with the risk of respiratory-related death within 180 days of the start of RT
and with overall death within 90 and 180 days. A model quantifying the risk of respiratory-related
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death within 180 days was formulated.

Introduction

Fatal treatment-induced complications are rare in modern
radiation therapy (RT). Yet, incidences of fatal complications
are still reported [1,2] and we propose that such mortality
may at least in part be mitigated by increased knowledge of
individualised tolerance doses to organs at risk. However,
estimation of dose-response relationships for rarely occurring
toxicities is challenging since both clinical (patient-, disease-
and treatment-related) risk factors and follow-up data must
be collected for a large patient cohort. For example, assum-
ing 4% incidence and a rule of thumb of at least 20 events
per investigated variable, a sample size above 1500 patients

would be required to estimate the impact of more than
three clinical factors. This sample size is much larger than
typical institutional series, cf, QUANTEC [3], and to manually
collect such large amount of data would be labour-intensive
and time-consuming. Here, we investigate an automatic
method of multi-institutional data collection to alleviate
these problems.

The median overall survival is about 24 months for
patients with locally advanced non-small-cell lung cancer
(NSCLC) following the present standard treatment consisting
of concurrent chemoradiotherapy with prescribed absorbed
doses of 60-70Gy in 2Gy fractions [2,4]. Radiation
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pneumonitis (RP) is a common complication following this
treatment that not only depends on the absorbed dose to
healthy lung tissue, but also has been reported to depend
on other clinical factors such as age, tumour location and
chemotherapy regimen [5,6]. The dose-response relation-
ship for developing lower grades of RP is well studied and
numerous quantitative models have been presented [5].
The risk of early overall death following RT of lung cancer
has also been investigated [2,7,8]. A multivariable model
has been reported [2] and individualised prescription strat-
egies have been suggested to improve outcome [9,10].
Early respiratory- and treatment-related mortality, including
fatal (grade 5) RP that has been reported for the standard
treatment regimen [11-15], has to our knowledge not been
quantified in a risk model.

The aim of this study was to examine the feasibility of
automatic data extraction from existing clinical databases to
investigate the impact of mean lung dose (MLD) and age on
early mortality among consecutively treated patients with
NSCLC at four Scandinavian hospitals. We introduced the
study-specific endpoint ‘respiratory-related death’ and
studied the respiratory-related death within 180 days of the
start of RT as the primary endpoint, but respiratory-related
death within 90 days and the more common endpoints over-
all death within 90 and 180 days were studied as well.

Material and methods
Patient inclusion

We included adult patients diagnosed with NSCLC receiving
standard fractionated (1.7 or 2Gy fractions) curatively
intended RT at the four hospitals, with a delivered total dose
of at least 56 Gy. Treatment years included were 2002-2016
at Sahlgrenska University Hospital (Gothenburg, Sweden),
2012-2016 at Skane University Hospital (Lund, Sweden),
2008-2016 at Herlev and Gentofte Hospital (Herlev,
Denmark) and 2010-2017 at Rigshospitalet (Copenhagen,
Denmark). The included patients were diagnosed with stages
from IA to IV (IASLC staging system, 7th edition [16]), but
most of the patients were diagnosed with locally advanced
disease, i.e., stage IlIA or IlIB, due to involved regional
lymph nodes.

Treatment procedure

The patients were immobilised with a vacuum pillow or
prefabricated breast board, preferably with the arms above
their head, and a computed tomography (CT) scan was per-
formed in treatment position. From 2009 to 2010 onwards,
a positron emission tomography (PET) scan was acquired
for most patients. 4DCT was implemented at the four hospi-
tals between 2009 and 2012. The gross tumour volume
(GTV) was delineated from the CT image series and guided
by the metabolic tumour volume if a PET scan was per-
formed. A clinical target volume (CTV) was created by add-
ing approximately 5-10mm margin to the GTV and
adjusted to avoid, e.g., bones or large vessels. The planning
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target volume (PTV) was created by adding a 4-15 mm mar-
gin to the CTV. The margin included adjustment to tumour
motion according to the 4DCT image series when available.
The total lung tissue, i.e., both lungs excluding the GTV,
was automatically defined using CT numbers according to
local clinical protocols.

Three-dimensional conformal radiotherapy (3DCRT), inten-
sity-modulated radiotherapy (IMRT) or volumetric modulated
arc therapy (VMAT) treatment technique was used with a
photon energy of 6 MV. Treatment planning was done in the
Eclipse (Varian Medical Systems, Palo Alto, CA, USA) or
Oncentra Masterplan (Elekta AB, Stockholm, Sweden) treat-
ment planning system (TPS), and the analytical anisotropic
algorithm (AAA), Acuros XB, or the pencil beam/pencil beam
enhanced dose calculation algorithm was used. Prescription
doses were 56-84Gy in 2Gy fractions or 61.2-64.6Gy in
1.7 Gy fractions, and the planning aim was to cover the PTV
with 95% of the prescribed dose. Treatments were delivered
with five or six fractions of 2Gy per week or with 10 frac-
tions of 1.7 Gy per week (twice daily).

Most patients were given concurrent chemoradiotherapy
with a platinum doublet. The pharmaceutical agents and
schedules have varied somewhat during the period, but the
majority were treated with cisplatin or carboplatin combined
with a taxane (docetaxel or paclitaxel) or vinorelbine, usually
for three courses where the RT started concurrently with the
second cycle.

Outcome measures and cause of death assessment

Dates of death were manually collected from national regis-
tries or hospital medical records for all identified patients. Our
aim for the respiratory-related endpoints was to study respira-
tory-related death caused by RT. For all patients deceased
within 180 days of the start of RT, the cause of death was
retrospectively assessed by one oncologist at each hospital.
Effort was put into minimising the uncertainty in the assess-
ment by performing a study-dedicated evaluation based on
all available documents such as medical records, radiology
reports and post-mortem reports. The evaluation was based
on detailed written instructions with examples to minimise
inter-oncologist interpretation differences. All causes of death
were assigned to one of the following categories:

Disease-related cause of death (lung cancer).
Respiratory-related causes of death.

Other causes of death.

Unknown cause of death.

ONnwx>

Respiratory-related causes of death include, besides RP,
also other respiratory-related causes of death such as pneu-
monia, pulmonary embolism or chronic obstructive pulmon-
ary disease (COPD).

The primary endpoint was defined as respiratory-related
death (category B) within 180 days of the start of RT. Three
secondary endpoints were defined as respiratory-related
death (category B) within 90 days of the start of RT, overall
death (all categories) within 180 days of the start of RT, and
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overall death (all categories) within 90 days of the start
of RT.

Automatic data extraction

Scripting is a programming-based method for automatic exe-
cution of tasks, such as reading from a database and writing
information to a file. In this study, the programming lan-
guage C# was used to write a script that accesses the local
databases belonging to the oncology information system
(OIS). All four hospitals used the same OIS (ARIA, Version
13.6 or 15.5; Varian Medical Systems, Palo Alto, CA, USA). The
script was written in Visual Studio (Version 14.0; Microsoft,
Redmond, WA, USA), from where both the Eclipse scripting
application programming interface (ESAPI) and structured
query language (SQL) could be combined to find and access
data in the database. Using these two methods, information
which is usually viewed in different modules of ARIA, eg.
information on calculated dose distributions and information
on delivered fractions at the treatment machine, could be
accessed with the same script. The aim of our script was to
automatically extract data for all patients without manually
having to open each patient in ARIA.

All patients meeting the inclusion criteria were automatic-
ally identified by the script. Age at the start of RT (hence-
forth referred to as age), fraction dose, number of delivered
fractions, treatment length and history of previous RTs were
automatically extracted for each identified patient by the
script. In this study, we define the MLD as the mean dose to
the anatomical region including both lungs in combination
but excluding the GTV. For each patient, the delivered MLD
was calculated by multiplying the planned MLD per fraction
with the number of delivered fractions before automatic
extraction. The same script could be used at all hospitals by
making small adjustments to different hospital-specific
nomenclatures.

For patients treated multiple times with RT for NSCLC, only
the first course of treatment was used for the analysis in our
study. Patients previously treated with RT to an unspecified
anatomical region were manually reviewed in Eclipse to deter-
mine if that treatment delivered dose to the thoracic region.
For 11 patients with treatment plans created in Oncentra
MasterPlan, the dose distribution did not exist in ARIA where-
fore the MLDs were manually extracted from Oncentra
MasterPlan. Variations between hospitals regarding the use of
different dose calculation algorithms [17] and/or different pro-
tocols for image guidance were not accounted for.

Errors in the automatically extracted data were minimised
by performing both quality controls (QCs) included in the
script as well as QCs on the extracted data. The script was
iteratively developed as we gained insight on how OIS infor-
mation had been entered with regards to, for instance,
nomenclature, and how clinical practices had changed over
time. One example is that automatic QCs were included in
the script to verify that manual correction for attenuation in
the treatment couch, which was done within a short time
period at Sahlgrenska University Hospital, had been correctly
applied. At each hospital and for each extracted parameter,

we manually confirmed agreement between the extracted
value and the value as seen in ARIA for randomly selected
patients. We also manually reviewed the patients with the 10
lowest and 10 highest calculated MLDs at each hospital. QCs
of the lung delineations included visual examination in
Eclipse of all patients identified by the script as having only
one delineated lung. This was done to assure that these
patients only had one lung with low CT numbers due to for
instance pneumonectomy, pneumothorax or atelectasis and
not two functioning lungs but only one delineated.

Patient exclusion

Exclusion criteria were previous RT to the thoracic region,
treatment longer than 70 days, and missing data. Patients
found ineligible in any of the QCs were also excluded. When
analysing the risk of respiratory-related death, we excluded
patients who died from other causes than respiratory-related
(categories A, C and D).

Statistical analysis

Logistic regression was performed using the function fitgim
in MATLAB (Version R2017b, MathWorks, Natick, MA, USA).
Using this function, the impact of each of the k investigated
variables on the risk is assessed by its estimated regression
coefficient f;, j=1,2,...,k. fitghm estimates the regression
coefficients using maximum likelihood estimation that maxi-
mises the log-likelihood function LL calculated according to:

LL(Bos By s BilX) = Z:M: 1’”[F(X;\ﬁ0,ﬁ1,...,ﬁk)]
3 00— F KB, By i)

where f, is the intercept coefficient and the risk for the i
patient is given by:
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Here, Xi=xX;1, X;2, ... Xx is the i™ row of X, containing the
known variable values for the i patient. Patients i=1,...,M
had an endpoint equal to 1 (deceased patients) and patients
i=M+1,...,N had an endpoint equal to 0. The odds ratio
(OR) of each variable equals e,

The analysis was performed according to a predefined
statistical analysis plan. For each endpoint with at least 20
events, the OR and the corresponding 95% confidence inter-
val (Cl) for the continuous variables MLD and age at the start
of RT were estimated by performing uni- and bivariable
logistic regression (k=1 and k=2). For reporting purposes
only, the Akaike information criterion (AIC) was calculated for
each logistic regression according to:

AIC = 2k — 2max(LL).

No variable selection was done. Using the likelihood ratio
test, we considered a variable with a p-value less than .05 to
be statistically significant. For the primary endpoint respira-
tory-related death within 180 days of the start of RT, the
bivariable model with MLD and age as variables was further



investigated. The 95% Cl of the model was calculated using
random sampling with replacement (bootstrapping) with
10,000 bootstrapped data sets. The 2.5™ and 97.5™ percen-
tiles of the bootstrapped models were used as the limits of
the 95% Cl of the model. The model was considered statistic-
ally significant if the p-value of the model was less than .05
in the likelihood ratio test. The discriminatory power of the
model was studied using the area under the receiver operat-
ing characteristics (ROC) curve.

Results

Automatic data extraction was successfully used to extract
data belonging to the 1851 patients that fulfilled the inclu-
sion criteria. Out of these, 50 patients were removed accord-
ing to the exclusion criteria, 16 patients removed for reasons
detected in one of the QCs, and another 130 patients
excluded when studying early respiratory-related mortality
(Figure 1). This resulted in 1785 patients eligible for analysis
of early overall mortality, and 1655 patients for analysis of
early respiratory-related mortality. Treatment characteristics
of the patients included in the analysis are presented in
Table 1. The respiratory-related mortality within 90 and
180 days of the start of RT was 0.9% (15/1655) and 3.6% (60/
1655), respectively. The corresponding numbers for the over-
all mortality within 90 and 180 days were 2.5% (45/1785)
and 10.6% (190/1785). The distribution of estimated causes
of death is visualised in Figure 2 for deaths occurring within
90 and 180 days of the start of RT.

The results of the uni- and bivariable analyses of MLD and
age are presented in Table 2. Respiratory-related death
within 90 days was not analysed as the number of events
was below 20. Higher MLD and older age were associated
with an increased risk of overall death within 90 and
180 days of the start of RT, and respiratory-related death
within 180 days of the start of RT.

A statistically significant logistic model (p<.001) quantify-
ing the risk of respiratory-related death within 180 days of
the start of RT as a function of MLD and age was formulated
as:

1
1 + e_(ﬁo + Bwp MLD + Page Age)

F(MLD, Age) =

where fo=—10.613, fpmp=0.129 and fpge=0.074.

As an example of the risks of respiratory-related death
within 180 days of the start of RT as estimated by the model,
combinations of MLD and age associated with a risk of 3%
and 10% are illustrated in Figure 3(A) with iso-probability
curves. The agreement between modelled and observed
respiratory-related mortality within 180 days is visualised in
Figure 3(B). The area under the ROC curve was 0.72.

Discussion

Automatic data extraction was successfully developed and
implemented, and resulted in a large study population of
1851 consecutively treated patients from four hospitals. The
collected data were used to investigate the impact of MLD
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Assessed for eligibility
(n =1851)

Excluded from analysis

(n = 50):

- Previous RT to the

> thoracic region (n = 24)

- Treatment longer than
70 days (n = 2)

- Missing data (n = 24)

Found ineligible in
QC process (n = 16):
- Incorrect lung
delineations (n = 10)
- Incorrectly
included (n = 6)

v

Analysed for early mortality

(n = 1785)
v v
v v
Death No death Death No death
within within within within
90 days 90 days 180 days 180 days
(n = 45) (n = 1740) (n = 190) (n = 1595)

Excluded from analysis
of respiratory-related
mortality (n = 130):
- Disease-related
» death(n=79)
- Other cause of
death (n = 28)
- Unknown cause
of death (n = 23)

A 4
Analysed for respiratory-
related mortality (n = 1655)
I

‘_+_*;_+_*

Respiratory Respiratory
-related No death -related No death
death within death within
within 90 days within 180 days
90 days (n = 1640) 180 days (n = 1595)
(n=15) (n =60)

Figure 1. Consort diagram for the study population.

and age on early mortality. Both MLD and age were found
to impact early respiratory-related mortality as well as early
overall mortality.

The scripting capability of ARIA was used to automatically
extract data at the four hospitals. Advantages of using script-
ing to extract data compared to manual extraction are the
time efficiency and that human errors in interpretation and
handling of OIS and TPS data are mitigated. However, the
data in a database with a well-defined structure are not
necessarily consistent. If the data are consistent or not
depends to a large extent on how the database content has
been created by the users and how this has changed over
time. Data extraction by automatic methods therefore
requires a thorough understanding of this. Furthermore, any
clinical database will also contain inconsistencies and
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Table 1. Treatment characteristics of the patients included in the analysis.

Patients analysed for early
mortality (n=1785)

Patients analysed for early
respiratory-related
mortality (n = 1655)

Gender (number of patients)

Male 932
Female 853
Median (range) age (years) 67 (28-90)
Age at start of RT (number of patients)
28-40 years 1
41-50 years 80
51-60 years 368
61-70 years 728
71-80 years 524
81-90 years 74
Treatment year (number of patients)
2002-2007 282
2008-2010 338
2011-2013 520
2014-2017 645
Total dose (number of patients)
Fractions of 1.7 Gy:
57.8-62.9 Gy 7
64.6 Gy 301
66.3-69.7 Gy 2
Fractions of 2.0 Gy:
56-58 Gy 8
60-62 Gy 308
64-66 Gy 823
68-70 Gy 328
72Gy 4
84 Gy 4
Median (range) mean lung dose (Gy) 16 (1-32)
Mean lung dose (number of patients)
0-5 Gy 59
6-10 Gy 210
11-15 Gy 637
16-20 Gy 556
21-25Gy 283
26-30 Gy 37
31-32Gy 3

(52.2%) 861 (52.0%)
(47.8%) 794 (48.0%)
67 (28-89)

(0.6%) 10 (0.6%)
(4.5%) 78 (4.7%)
(20.6%) 342 (20.7%)
(40.8%) 675 (40.8%)
(29.4%) 485 (29.3%)
(4.1%) 65 (3.9%)
(15.8%) 245 (14.8%)
(18.6%) 318 (19.2%)
(29.1%) 488 (29.5%)
(36.1%) 604 (36.5%)
(0.4%) 5 (0.3%)
(16.9%) 265 (16.0%)
(0.1%) 2 (0.1%)
(0.4%) 6 (0.4%)
(17.3%) 296 (17.9%)
(46.1%) 770 (46.5%)
(18.4%) 305 (18.4%)
(0.2%) 3 (0.2%)
(0.2%) 3 (0.2%)
16 (1-32)
(3.3%) 57 (3.4%)
(11.8%) 205 (12.4%)
(35.7%) 593 (35.8%)
(31.1%) 507 (30.6%)
(15.9%) 258 (15.6%)
(2.1%) 32 (1.9%)
(0.2%) 3 (0.2%)

RT: radiation therapy.

All dose data in the table are based on the actually delivered treatment fractions.

Patients deceased
within 90 days (n = 45)

Il Discase-related
[ Respiratory-related
[ oOther

[J Unknown

Patients deceased
within 180 days (n = 190)

Figure 2. Distribution of estimated causes of death for patients deceased within 90 and 180 days of the radiation therapy start.

mistakes. This might result in failure to identify eligible
patients or that the extracted data are incorrect. While it is
difficult to certify that all patients are identified, the correct-
ness of the extracted data can be substantiated by perform-
ing QCs. In addition to QCs evaluating the reasonableness of
the extracted data and the manual verification of extreme
parameter values and randomly selected patients, we
handled some deviating clinical practices during the studied
time period within the script. We identified 16 patients in dif-
ferent QCs that were ineligible for analysis: 10 patients with
incorrect lung delineations and six patients that did not

meet the inclusion criteria. This might seem as a very low
number for a study population of 1851 patients but can
partly be explained by the iteratively developed script where
issues were addressed early in the process.

In this study, we found that the risk of the previously
unstudied endpoint early respiratory-related death within
180 days of the start of RT is associated with the MLD. The
decision to use the mean dose to both lungs in combination
as a parameter in the analysis instead of using dose parame-
ters related to, for example, the ipsilateral or contralateral
lung separately was guided by our clinical practice and
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Figure 3. (A) Iso-probability curves representing 3% and 10% risk of respiratory-related death within 180 days of the start of radiation therapy as a function of
mean lung dose and age. The shaded areas correspond to the 95% confidence intervals. (B) Calibration plot comparing modelled and observed respiratory-related
mortality within 180 days. Patients are stratified into seven equally large bins according to their modelled mortality. The positions of the bins on the horizontal
axis are at the mean modelled mortality in each bin. The vertical error bars are the 95% binomial confidence intervals, the numbers above are the observed data

in each bin (events/total) and the blue line is the identity line.

previous reports in the literature [5,7,18-20]. The MLD has
been found to impact both various grades of RP as well as
early overall death following RT of lung cancer [5,7,18-21].
The risk of overall death within 90 and 180 days was associ-
ated with the MLD in our study as well. The volume of the
target is associated with the MLD, which could mean that
disease-related death also is associated with MLD. We found
that one of the most common causes of death, even in this
early period after RT, was due to the disease. Therefore, early
overall mortality might not be suitable to use as a substitute
for early treatment-related mortality.

In our study cohort, older patients had a higher risk of all
considered endpoints compared to younger patients. In two
previous studies, age was not found to be associated with
fatal RP [12] or with overall death within 90 days from treat-
ment completion [8]. Both studies also included other clinical
factors in their analysis. Ambiguous reports of the relationship
between age and early mortality might be an effect of age
being correlated to for instance comorbidities or performance
status. Such correlations make it challenging to distinguish
the impact of age itself, even in multivariable analyses.

The classification of early respiratory-related death caused
by RT includes uncertainties that to some extent will be
caused by the difficulty of interpreting the actual cause of
death. We made an effort to classify all disease-related
causes of death as belonging to category A. The respiratory-
related deaths may include, besides RP, also other respira-
tory-related causes of death, such as pneumonia, pulmonary
embolism or COPD. It is difficult to know whether if, or to
what extent, the RT contributed to make those respiratory-
related comorbidities fatal. The way we defined these end-
points, we believe that it is more likely that we have
included causes of death that were not treatment-related
than it is that we have missed to include respiratory-related
causes of death.

The fact that we consider a long period of time, in our
case 16 years, may introduce uncertainties in the results.
There are variations in treatment procedures over the years
which we have not considered in the modelling, for example,
delivering VMAT instead of 3DCRT, and changes in imaging

procedures such as the introduction of 4DCT for treat-
ment planning.

There are multiple clinical risk factors whose relationship
to early respiratory-related mortality and early overall mortal-
ity would be of interest to quantify, such as pulmonary func-
tion, comorbidity, performance status, BMI, as well as dose
parameters besides the MLD, e.g., the mean heart dose.
Unfortunately, there are currently limitations in using auto-
matic methods to extract some parameters. All clinical sys-
tems do not allow for automatic extraction of data and in
those cases time consuming manual data collection is
required. Furthermore, for inclusion of dose parameters, it is
required that the organ of interest has been delineated in a
systematic way for all patients. In our case, for example, the
heart was not delineated routinely in the early treatment
years. Including the dose to the heart in the analysis would
therefore require substantial delineation effort. However, the
inclusion of age in our model results in further individualised
risk stratification beyond wusing a strictly MLD-based
model [5].

Conclusions

Automatic data extraction was successfully used to pool data
from four hospitals, and a model quantifying the risk of early
respiratory-related death after RT of NSCLC based on MLD
and age could be created. In our study population, the MLD
and age were associated with the risk of respiratory-related
death within 180 days of the start of RT as well as with the
risk of overall death within 90 and 180 days.
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