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Background: The purpose of this prospective randomized trial is to determine which constellation of dose
and corresponding volume of the lung tissue—either a lot to a little or a little to a lot—should be preferred
to ensure the best possible outcome for patients with thoracic carcinomas.

Methods: From Apr 2012 to Oct 2015, 81 patients with NSCLC, SCLC or esophageal carcinoma were
randomized and treated with either a 4-field-IMRT or a VMAT technique with or without additional
chemotherapy. Data regarding clinical outcome, pulmonary function tests (PFT) and quality of life (QoL)
was collected before RT, 6 weeks, 12 weeks and 6 months after treatment, QoL data additionally 1 year post
RT. Follow up CTs were done 12 weeks and 6 months after RT.

Results: There is no significant difference regarding the local (P=0.954) and distant (P=0.206) outcome,
side effects (all P>0.05) or survival (P=0.633) at any follow-up appointment. The comparison of the PFT
shows a statistically significant difference for the DLCO 6 weeks post RT (P=0.028). All other parameters do
not differ significantly at any follow up appointment. Regarding the QoL there is no statistically significant
difference at any follow up appointment (P>0.1). There is a statistically significant difference between the
mean density of the lung parenchyma at 12 weeks (P<0.0005) and 6 months post RT (P<0.0005).
Conclusions: Since there is no significant and relevant difference between both treatment arms regarding
PFT, clinical outcome and QoL it does not seem to relevant how the DVH is shaped exactly as long as
established dose constraints for the organs at risk are respected. As to whether the difference between the

CT density changes is clinically relevant further analysis is needed.
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Introduction

The intensity modulated radiotherapy (IMRT) is one of the
most important technical developments in radiation treatment
in the last decades. It allows delivering a high radiation dose
with a great conformity and precision. Due to the inverse
planning algorithm there are few restrictions regarding
radiation field numbers, sizes and beam angles. This opens up
the question what constellation of treatment fields should be
preferred to ensure the best possible outcome for the patient.
There are widely accepted dose constraints based on critical
values regarding severe treatment related side effects (1-10).
This includes the limitation of mean dose (1,3,5-8,10,11)
or constraints regarding the dose-volume relationship for
organs at risk (1-9,11). However, within these dose constraints
there are numerous ways to shape a dose volume histogram
(DVH). Generally, with the introduction of IMRT and further
treatment techniques like volumetric modulated irradiation
[VMAT, rapid arc® (RA)] the number of treatment angles
seems to increase, resulting in a larger volume that receives a
low dose (“a little to a lot”). Contrary to this, a reduction of
treatment angles leads to a smaller volume receiving a large
radiation dose (“a lot to a little”). This especially applies to
organs at risk that are both large in volume themselves and
largely irradiated in the treatment surrounded tumors, as for
example the lung. The question exactly which constellation
should be preferred —“A lot to a litte or a litde to a lot?”—
has only been the subject of very few studies in the past. They
usually only dealt with certain aspects like treatment-induced
toxicities and the results are inconclusive. Willner ez 4/.
published the results of an analysis of the correlation between
clinical and DVH data (12). They stated that “a lot to a little”
should be preferred in order to reduce the volume receiving
more than 40 Gy, which seems to greater reduction of
radiation pneumonitis (RP) than the corresponding reduction
in the low dose areas. Later there was a critical review on RP
and pulmonary fibrosis by V. Mehta who concluded that a lot
to a little is only safe up to a dose of 10 Gy (6).

In this study we wanted to take a wider approach to answer
the underlying question. So we have performed a prospective
randomized trial focusing on objective and subjective
parameters like clinical outcome, changes in pulmonary
function tests (PFT), radiological changes and quality of life
(QoL).

Methods
Patient characteristics

Eligible for the trial were curatively treatable patients with
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intrathoracical carcinoma (NSCLC, SCLC, esophageal
carcinoma) with a written consent of participation and a
Karnofsky index (KI) of at least 70%. Exclusion criteria
were a lung operation in the patient’s medical history,
a relevant pleural effusion visible in the planning CT, a
forced expiratory volume in 1 second (FEV)) of less than
1 L, the refusal of participation and a KI of less than 70%.
The patients were randomly assigned to the treatment
groups according to their total treatment dose, gender,
concurrent chemotherapy, diabetes mellitus (if medically
treated), arterial hypertension (if medically treated) and
pretherapeutic lung function.

From April 2012 to October 2015, 96 patients were
primarily included of which 15 had to be excluded during
the treatment planning process due to violation of dose
constraints (n=6), acute reasons during the treatment
planning process (n=5), withdrawal of the consent of
participation (n=2) or others (n=2). In total 81 patients
were randomized and accepted to the study protocol.
NSCLC patients were treated with a total radiation dose
of 74 Gy, SCLC patients with 60 Gy and patients with
esophageal carcinoma with 66 Gy. Fraction dose was 2 Gy
each. Eligible patients received chemotherapy according to
intradepartmental standards.

During concurrent RCT patients with NSCLC received
cisplatin (80 mg/m’) and vinorelbine (15 mg/m’). Patients
with SCLC received cisplatin (75 mg/m®) and etoposide
(120 mg/m’) simultaneously. Patients with esophageal
carcinomas were treated with cisplatin (75 mg/m’) and
5-Fluoruracil (5 FU) (800 mg/m’°/24 h). If the glomerular
filtration rate was lower than 60 mL/min patients received
Carboplatin AUC 5 instead of Cisplatin. The median age
of patients was 66 years. Most patients had NSCLC (n=35)
or esophageal cancer (n=35), followed by SCLC (n=11). All
patients completed the treatment protocol.

Further patient characteristics are shown in Table 1.

Treatment arms

In both treatment arms established radiation treatment
planning strategies were used. In treatment arm A, patients
received a 4-field-IMRT treatment plan which was delivered
in “sliding window” technique, resulting in the irradiation
of a lower volume with a greater dose (“a lot to a little”). For
treatment arm B volumetric modulated radiation treatment
in “rapid arc”™ (Varian medical Systems) technique was
used (at least one arc), resulting in the irradiation of a
greater volume with a lower dose (“a little to a lot”). The
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Treatment arm

Variables Total (n=81) P value*
A (n=43) B (n=38)

Sex 0.782
Male 35 30 65
Female 8 8 16

Diabetes 0.983
Not present 35 31 66
Present 8 7 15

Hypertension 0.843
Not present 11 9 20
Present 32 29 61

PFT 0.244
Good 19 12 31
Bad 24 26 50

Chemotherapy 0.917
No 12 11 23
Yes 31 27 58

Entity (total radiation dose) 0.671
SCLC (60 Gy) 7 4 11
Esophageal carcinoma (66 Gy) 17 18 35
NSCLC (74 Gy) 19 16 35

Smoking history 0.654
Never 4 2 6
Present 19 20 39
Former 19 15 34
Unknown 1 1 2

UICC stage* (NSCLC/SCLC) 0.176
A 7 2 9
B 14 16 30
v 5 2 7

UICC stage* (esophageal carcinoma) 0.498
IA/IB 1 1
1B 3 1
A 7 11 18
B 1 1
e 0 1
1% 5 3 8

*, Pearson’s Chi-Square-Test.

treatment plans were calculated by a medical physicist using
Eclipse software™ (Varian medical Systems) with an AAA

algorithm for dose calculation. The physicist calculated
both the IMRT and the RA plan not knowing to which plan
the patient has been randomly assigned to.

© Journal of Thoracic Disease. All rights reserved.

All treatment plans had to match intradepartmental dose
constraints and were identically standardized using the
PTV. Dose constraints for the lung were V20 Gy <30%,

V30 Gy <20 Gy and V20 Gy <1,000 mL; for the spinal cord
a maximum dose (D,,,,) <47 Gy; for the esophagus a D,
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Figure 1 Comparison of dose-volume parameters of the lung (with
95% CI).

<74 Gy and for the heart a mean dose <35 Gy, D33, <60 Gy
und Dy, <45 Gy. All these dose values refer to biological
doses. If one of the patients treatment plans was violating
these constraints, the patient was excluded from the study.

Study protocol

The main aspect of this study was the comparison of the
lung function, clinical outcome (survival, distant and local
control, toxicity) and QoL of patients in the two treatment
arms. Additional analyses were performed regarding
the radiological changes in lung tissue after RT and the
comparison of each patient’s IMRT and RA plan to analyze
the impact of the number of treatment angles on the DVH.
During the course of the study each patient should have
attended five appointments at which data were collected.
These appointments were before radiation treatment,
6 weeks, 12 weeks, 6 months and 12 months after RT. Data
of patients that were not able to attend all appointments was
also used for analysis.

For the analysis of the QoL two standardized
questionnaires were used; the EORTC QLQ-C30 and the
EORTC QLQ-LC13 (13,14). QoL data were collected at
all five appointments.

As for lung function the following parameters were
analyzed: vital capacity (VC), total lung capacity (TLC),
FEV,, diffusion capacity for carbon monoxide (DLCO) and
blood gas analysis. Lung function data was collected before
RT, 6 weeks, 12 weeks und 6 month after RT. Clinical data
regarding distant and local control, toxicity and survival
were collected at all five appointments. For the analysis of

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Schréder et al. Dose-volume relations in thoracic radiotherapy

radiological changes, the treatment planning CT and the
restaging CTs 12 weeks and 6 months after RT were used.
The CT analysis mainly focused on lung density changes
after RT.

Statistical analysis

For the comparison of treatment plans a Wilcoxon test for
paired samples was used. The lung function was analyzed
using U-Test for the comparison of the treatment arms.
For the comparison of the QoL data was transformed to
two overall values according to (15). These QoL values
where compared using the U-Test. For the clinical outcome
Chi-Square test was used and for the radiological changes
the #-test. Regarding survival Kaplan Meier curves where
generated and compared using the Log-Rank test. For
statistical analysis, SPSS version 22 was used.

Statement of ethics approval

We received an approval by the ethics committee of the state
chamber of physicians of Brandenburg (“Landesirztekammer
Brandenburg”) on 05/03/2012 [reference S 10(a)/2012].
Additionally every patient had to give a written consent of
participation before being included into the study.

Results

Comparison of the DVH of the IMRT and RA treatment
plans

The dose-volume relations of the lung were compared
in 5 Gy steps. The mean irradiated volume differed
statistically significant for nearly all dose values with the
mean volume being greater at lower doses for rapid arc
plans and greater at higher doses for IMRT plans. Only at
25 Gy the values did not differ significantly which is not
surprising considering that both curves intersect at 23.4 Gy.
Figure 1 shows the dose-volume curves of the lung for both
treatment arms. As for the other thoracic OAR like heart
and esophagus the DVH differed significantly for the mean
heart dose and the D33% (both bigger for IMRT), but not
for the D50% and maximum dose of the esophagus.

Comparison of lung function parameters

The comparison of lung function tests showed a statistically
significant difference between the treatment arms for the
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Table 2 PET values post RT, median values (median % of pre-treatment values) with associated P values
6 weeks post RT 12 weeks post RT 6 months post RT
A B P A B P A B P
FEV, (%) 196 (97.1) 2.01(98.8) 0.994 1.71(94.7) 1.81(97.1) 0.799 1.51(89.7) 1.73(91.7) 0.377
VC (%) 2.95(96.1)  3.27 (100.0) 0.272 2.80(97.3) 2.82(99.6) 0.344 2.86 (95.5) 2.76(96.1) 0.956
TLC (%) 568(95.2) 6.05(97.1) 0.804 573(92.9) 6.01(93.1) 0.445  5.16(86.3) 5.92(92.5) 0.782
DLCO (mmol/min/kPa) (%)  3.83 (86.1) 3.54(74.5) 0.028* 3.80(80.8) 3.91(79.0) 0.945  3.99(80.1) 3.91(76.0) 0.665
pCO, (MmHg) (%) 38.0(99.8) 38.8(101.8) 0.522 38.4(98.1) 40.3(107.1) 0.321  40.0(104.2) 37.9(100.2) 0.068
pO, (MmHg) (%) 59.7 (104.0) 60.4(96.6) 0.336 65.7(96.3) 62.0(95.5) 0.523  59.3(95.8) 59.9(97.0) 0.473
*, P<0.05.
Survival Teatment severe side effects (up to 9%). Up to 15% of patients with
101 wer preexisting dysphagia even experienced improvement.
osl e e vents Regarding RT induced side effects there were no significant
differences between the treatment arms. There is a
,‘_é’ 064 difference in the time course of the RT induced toxicities.
5 The prevalence of dysphagia peaked at the end of RT and
§ 0.4 R 6 weeks after RT whereas RP peaked later at 12 weeks after
treatment.
02 The median survival time was 36 weeks. At the time of
00, analysis 37 patients were still alive. There was no statistically
5 s 00 s 20 significant difference in survival between the treatment arms
Time (weeks) (P=0.633). Figure 2 shows the Kaplan-Meier curve.

Figure 2 Comparison of overall survival of patients (n=81).

DLCO 6 weeks post treatment with the decline in DLCO
being greater in the RA arm. All other parameters did not
differ significantly at any follow up appointment. Tuble 2
shows the results of the U-tests.

Comparison of QoL

Regarding the QoL there was no statistically significant
difference between the summarized value for the QLQ-C30
and the QLQ-LCI13 at any follow up appointment (P>0.1).
Also there was no significant change of the QoL values over
the course of the trial (P=0.418 for QLQ-C30 and P=0.387
for QLQ-LC).

Comparison of clinical outcome and survival

The mean follow up was 52 weeks. There was no significant
difference regarding the local and distant outcome of patients
in the two treatment arms at any follow up appointment
(P=0.954 and P=0.206). Overall there were only a few
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Comparison of radiological changes

There was a statistically significant difference between the
mean density of the lung parenchyma at 12 weeks (P<0.0005)
and 6 months (P<0.0005) post RT. The mean density
change at 12 weeks was 142.0 HU for IMRT and 70.7 HU
for RA patients. At 6 months these values were 106.3 HU
for IMRT patients and 60.9 HU for RA patients. Figure 3
shows the mean changes in lung density for both treatment
arms at 12 weeks and 6 months after treatment.

Discussion

No difference was found between patients treated with
4-field IMRT (a lot to a little) or RA (a little to a lot)
regarding lung function, QoL and clinical outcome during
the time of the trail.

The comparison of the DVH of patients proves though
that there is a statistically significant difference of the
dose distribution between the treatment arms for each
patient. So it can be stated that there is at least a significant
mathematical difference between both treatment arms.

7 Thorac Dis 2016;8(8):2053-2060
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Figure 3 Comparison of lung density changes in the follow-up CT
Scans 12 weeks and 6 months after RT (with 95 % CI).

The only significant difference in lung function after
treatment was found for the DLCO 6 weeks post RT which
is interesting since the DLCO is the only parameter that
decreases in almost every patient and changes statistically
significant over time. This has also been stated in previous
studies (16-26). Ventilation parameters on the other hand show
a larger variety, possibly due to the re-opening of atelectasis
(20,23). It is interesting though that the difference in DLCO is
only significant at 6 weeks post RT and no longer at 12 weeks
or 6 months. This might be due to the fact that in total a larger
volume is irradiated when using RA. With the DLCO values
at 6 weeks for RA having a larger decline than those for IMRT
one could argue that the total irradiated lung volume including
the low dose areas has an influence on possibly partially
transient early lung tissue injuries.

Some previously published results indicate that post
treatment lung function is depending on certain dose
parameters, but that usually refers to specific values like
the mean lung dose and V20 Gy (20,27). There is no
information as to the shape of the DVH within those. So
it might not be surprising that there is only one significant
difference between the treatment arms since all treatment
plans in this trial had to fulfill the same dose requirements
regarding V20 Gy, V30 Gy and the mean lung dose.

Also the results regarding QoL are not surprising.
Although one of the most important parameters for the
patient it strongly depends on factors like symptom burden
and treatment related side effects, which show no significant
difference between the groups themselves (28,29). Also
because it is subjective there are great interindividual and
intraindividual differences, which might explain the fact
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that there are no statistically significant changes of the QoL
during course of the trial according to the GLM.

Perhaps more importantly there was also no difference
in clinical outcome, side effects or survival. Generally only
a few patients experienced severe side effects during or after
treatment. For the prevention of RP or dysphagia there are
well-established dose constraints that had to be matched
during treatment planning (6,8). If patients did not match
those they were excluded from the investigation. Therefore it
is not surprising that the overall toxicity burden was low (30)
and did not differ between the treatment groups.

Also regarding survival no difference between the
treatment arms could be found. The overall survival in this
cohort is probably most dependant on entity, which did not
differ between the treatment arms.

The analysis of the CT scans post RT reveals that there
is a statistically significant difference between the treatment
arms. Further analysis of this data is needed though to
evaluate on how CT density changes translate into clinically
relevant correlates like RT induced lung tissue damage
and PFT changes. Early density changes are an indicator
for RP and can be visible even though there are no clinical
symptoms. Changes in density as a result of fibrosis are
likely to occur later after treatment, being that fibrosis is
usually a late RT induced toxicity.

Also there seems to be a correlation between CT density
changes and PFT changes which mainly affects the decline
of the DLCO, most likely because both parameters are an
indicator for local tissue damage.

Conclusions

Since there is no significant and relevant difference between
both treatment arms regarding PFT, clinical outcome and
QLQ it doesn’t seem to be relevant how the DVH is shaped
exactly as long as certain established dose constraints are
respected. As to whether the difference between the CT
density changes is not only significant but also clinically
relevant further analysis is needed.
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