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Abstract

Purpose: To cover the microscopic tumor spread in squamous cell carcinoma of the esophagus (SCC), longitudinal
margins of 3—4 cm are used for radiotherapy (RT) protocols. However, smaller margins of 2-3 cm might be reasonable
when advanced diagnostic imaging is integrated into target volume delineation. Purpose of this study was to compare
the dose distribution and deposition to the organs at risk (OAR) for different longitudinal margins using a DVH- and
NTCP-based approach.

Methods: Ten patients with SCC of the middle or lower third were retrospectively selected. Three planning
target volumes (PTV) with longitudinal margins of 4 cm, 3 ¢cm and 2 ¢cm and an axial margin of 1.5 cm to
the gross target volume (GTV) were defined for each patient. For each PTV two treatment plans with total doses of 41.
4 Gy (neoadjuvant treatment) and 504 Gy (definite treatment) were calculated. Dose to the lungs, heart, myelon and liver
were then evaluated and compared between different PTVs.

Results: When using a longitudinal margin of 3 cm instead of 4 cm, all dose parameters (Dmin, Dmean, Dmedian and
V5-V35), except Dmax could be significantly reduced for the lungs. Regarding the heart, a significant reduction was seen
for Dmean and V5, but not for Dmin, Dmax, Dmedian and V10-V35. When comparing a longitudinal margin of 4 cm to
a longitudinal margin of 2 cm, a significant difference was calculated for Dmin, Dmean, Dmedian and V5-V35 of the
lungs and for Dmax, Dmean and V5-V35 of the heart. Nevertheless, no difference was seen for median heart dose. An
additional dose reduction for V10 of the heart was achieved for definite treatment plans when using a longitudinal
margin of 3 cm. The NTCP-based risk of pneumonitis was significantly reduced by a margin reduction to 2 cm for
neoadjuvant and definite treatment plans.

Conclusion: Reduction of longitudinal margins from 4 cm to 3 cm can significantly reduce the dose to lungs and
Dmean of the heart. Despite clinical benefit and oncologic outcome remain unclear, reduction of the longitudinal
margins might provide the opportunity to reduce side effects of chemoradiation (CRT) for SCC in upcoming studies.
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Introduction

Esophageal cancer (EC) is the eighth most common can-
cer in the world and more than 450.000 new cases are di-
agnosed each year [1]. Since several studies demonstrated
the advantage of neoadjuvant chemoradiation (nCRT)
compared to surgery alone and therefore multimodal ther-
apy became the treatment of choice for patients with lo-
cally advanced squamous cell carcinoma of the esophagus
(SCC) [2-4]. In addition, definite chemoradiation (dCRT)
is recommend for patients unsuitable for surgery or if sur-
gery is refused by the patient [5, 6]

One of the most important challenges when planning
radiotherapy for EC are microscopic tumor spreads that are
not visible by computer tomography and therefore compli-
cate the definition of the clinical target volume (CTV). An
analysis of data from surgical resections identified micro-
scopic intraepithelial and/ or subepithelial tumor extensions
in 46% and 55% of patients, respectively, with less than 5%
risk of positive resection margins at 3 cm [7].

To cover these areas that are at higher risk for micro-
scopic tumor spread, radiotherapy (RT) for EC is typically
done with large longitudinal safety margins, which lead to
a significant dose exposure to the organs at risk (OAR).

While Herskovic et al. [6] even irradiated the whole
esophagus in an early trial, two later studies used cranio-
caudal margins of 5 cm [8, 9]. In the most recent study
by van Hagen et al. [10], which defined a new standard
for nCRT in EC patients, the Planning Target Volume
(PTV) was defined by adding longitudinal margins of
4 cm to the GTV. Today, when planning a neoadjuvant
or dCRT for SCC the German S3-guideline [11] as well
as the North American guidelines [5] recommend to de-
fine the clinical target volume (CTV) by adding a longi-
tudinal safety margin of 3 ¢cm to 4 ¢cm and an axial
margin of 1 cm to 1.5 cm to the GTV. To consider
inter-fractional movement and anatomic changes due to
breathing, another margin of 0.5-1.5 cm should then be
added to the CTV.

Aim of this study is to evaluate the dosimetric effects of
reduced longitudinal margins for nCRT and dCRT of SCC.

Methods

Patient Characteristics

For this study, we evaluated treatment plans with differ-
ent longitudinal margins for 10 patients with thoracic
SCC. All patients had T2-3 NO-1 carcinoma. Patients’
characteristics are shown in Table 1.

The primary tumor was delineated using all available
diagnostic information (esophago-gastro-duodenoscopy,
endoscopic ultrasound (EUS) and positron emission tom-
ography (PET)). Lymph nodes were considered as meta-
static if PET showed an increased glucose uptake. Primary
tumor and Lymph-node metastases were defined as the
GTV. If the planning CT was performed as a 4-
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Table 1 Patients’ characteristics

Patients’ characteristics Number of cases (%)  Median (IQR)
Tumor extension in cm 6.0 (5.0-6.5)
PET-positive lymph nodes  n = 8 (80%)

Volume of GTV in cm? 203 (13.0-280)

Volume of PTV4 in cm?® 387.2 (323.9-523.9)
3493 (291.3-472.5)
3105 (252.7-419.3)

GTV (Gross tumor volume), PTV (Planning target volume), IQR
(interquartile range)

Volume of PTV3 in cm®

Volume of PTV2 in cm®

dimensional CT, we also delineated an internal target vol-
ume (ITV). Analogous to the CROSS trial a CTV was not
routinely in this study. Instead, the GTV/ ITV was ex-
tended by an axial margin of 1.5 cm and longitudinal mar-
gins of 2 cm, 3 cm and 4 cm. These expanded GTVs/ ITVs
were than adapted according to the individual expertise of
the treating radiation oncologist to generate the final PTVs
with longitudinal margins of 2 cm (PTV 2), 3 cm (PTV 3)
and 4 cm (PTV 4). Thereby, the individual axial safety mar-
gin was the same for each longitudinal margin (PTV2-4).

The lungs, the heart, the liver and the myelon were
delineated manually.

Treatment Planning

For all ten patients a neoadjuvant and a definite treatment
plan was calculated for each PTV with the Eclipse 13.0
planning system (Varian Medical Systems, Palo Alto, CA,
USA). Volumetric-modulated arc therapy (VMAT) plans
with two full arcs (358° rotation) were optimized. Dose
calculation was performed using the Anisotropic Analyt-
ical Algorithm (AAA) and heterogeneity correction. The
prescribed dose for the neoadjuvant treatment plans was
414 Gy with single doses of 1.8 Gy per fraction and
50.4 Gy with single doses of 1.8 Gy per fraction for the
definite treatment plans. All plans were normalized so that
the median dose of the PTV corresponds to the prescrip-
tion dose (41.4Gy or 50.4Gy). The planning goal was to
achieve a homogeneous dose distribution within the PTV
and to reduce the dose to OARs, in particular the lungs,
heart, liver and myelon. To compare dose distribution to
the OARs we analyzed absolute (mean dose (Dmean), me-
dian dose (Dmedian), minimum dose (Dmin) and max-
imum dose(Dmax)) and relative dose parameters (Volume
receiving 5Gy, 10Gy, 15Gy, 20Gy, 25Gy, 30Gy and 35Gy
(V5-V35)) for all treatment plans. The volumes receiving
40 Gy and 45 Gy (V40, V45) of the lungs and the heart
were additionally evaluated for dCRT treatment plans.

NTCP-Calculation
To estimate the clinical effects of the dose differences be-
tween the treatment plans the normal tissue complication
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probability (NTCP) was calculated for the whole lung and
the heart. NTCP was calculated using the Niemierko
model [12]. NTCP calculations were performed with
Matlab software (the MathWorks inc, Natic, Maryland,
USA) using a Matlab program provided by Gay HA et al.
[13]. For that purpose the dose volume histogram for the
heart and the whole lung was transferred from the TPS to
Matlab in tabular form and NTCP values were calculated
for all treatment plans for every patient.

Statistics

Statistical calculations were performed using SPSS 18.0
software (SPSS Inc., Chicago, IL, USA). The distribution
of quantitative data is described by median and interquar-
tile range (IQR). Likewise, qualitative data is presented by

Table 2 Dose parameters for neoadjuvant treatment

Page 3 of 8

absolute and relative frequencies. Statistical hypothesis
testing was performed through t-test for paired samples.
Statistical significance was considered at a p-value <0.05.

Results
Neoadjuvant treatment
Dose parameters of the OAR for neoadjuvant treatment
and different longitudinal margins can be seen in Table
2. In order to evaluate the dosimetric impact of reduced
longitudinal margins, a longitudinal safety margin of
4 cm was compared to longitudinal margins of 3 cm and
2 cm.

For the lungs, all dose parameters except Dmax were
significantly reduced by shorter margins.

Neoadjuvant treatment (414 Gy)

PTV2 PTV3 PTV4
Mean + SD Mean + SD Mean + SD p-Value® p-Value®
Myelon
Dmax (Gy) 31.65 + 429 31.99 + 4.02 3268 +4.13 0.036 0.173
Liver
Dmean (Gy) 050 = 1.01 0.71 £1.33 095 £ 1.54 0.020 0.033
Dmedian (Gy) 0.18 + 0.20 0.29 £ 0.39 049 £ 0.85 0.203 0.179
Heart
Dmin (Gy) 091 + 227 097 £ 220 103 + 196 0.591 0.393
Dmax (Gy) 2595 + 19.04 3554 + 13.99 4125+ 598 0.118 0.021
Dmean (Gy) 648 = 591 7.83 £6.27 883 £6.13 0.036 0.009
Dmedian (Gy) 495 + 519 6.11 £ 585 647 + 586 0.256 0.059
V5 (%) 3581 + 3794 4522 + 3864 53.14 + 39.64 0.002 0.001
V10 (%) 26.15 £ 29.53 3325 £ 31.89 37.34 = 3039 0174 0.016
V15 (%) 13.94 + 1565 1777 £17.00 19.59 + 1583 0.270 0.023
V20 (%) 797 £9.09 1021 £ 9.85 11.20 £ 9.16 0.295 0.027
V25 (%) 505+ 585 648 + 6.30 718 £ 599 0.238 0.026
V30 (%) 347 £ 408 443 + 437 503 + 430 0.135 0.021
V35 (%) 2.50 £ 3.01 3.16 £3.23 3.69 £ 3.29 0.068 0.018
Lungs
Dmin (Gy) 019+ 0.12 024 £ 0.16 032 +022 0.007 0.003
Dmax (Gy) 4245 +0.19 4248 £ 0.28 4262 £ 052 0357 0.340
Dmean (Gy) 9.28 £ 1.85 1033 + 1.83 11.02 + 1.86 <0.001 <0.001
Dmedian (Gy) 6.89 + 392 851 £ 341 9.60 £ 246 0.011 0.001
V5 (%) 6173 + 1757 69.24 + 17.61 74.24 + 1825 <0.001 <0.001
V10 (%) 42.74 £ 929 4843 £ 967 52.59 + 1047 0.003 <0.001
V15 (%) 2084 £ 6.11 2355 + 637 2542 £ 572 0.004 <0.001
V20 (%) 9.50 £ 3.51 10.70 + 3.67 1141 £ 345 0.011 <0.001
V25 (%) 468 + 164 531+ 1.70 564 £ 1.60 0.017 <0.001
V30 (%) 269 £ 0.75 3.05 £ 0.76 325£0.72 0.012 <0.001
V35 (%) 1.74 = 040 195+ 039 2.08 £ 040 0.017 <0.001

24 cm margin vs. 3 cm margin, ® 4 cm margin vs. 2 cm margin, Gy Gray, cm centimeters
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Regarding the heart, a significant dose reduction was
seen for Dmean and V5 when comparing longitudinal
margins of 4 cm to longitudinal margins of 3 c¢cm. In
contrast to that, no significant difference was seen for
Dmin, Dmax, Dmedian and V10 - V35. When using lon-
gitudinal margins of 2 cm a significant dose reduction
was observed for Dmean, Dmax and V5-V35, whereas
there was no significant difference for Dmin and Dme-
dian. While Dmean of the liver was significantly reduced
by longitudinal margins of 3 cm and 2 cm, there was no
significant difference for Dmedian. In contrast to that, a

Table 3 Dose parameters for definite treatment
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significant reduction of the Dmax of the myelon was
seen for longitudinal margins of 3 cm. However, this dif-
ference was not significant when comparing longitudinal
margins of 4 cm to longitudinal margins of 2 cm.

Definite treatment
Results for definite treatment plans and different longi-
tudinal margins can be seen in Table 3.

Dose distribution to the OARs was higher for definite
treatment plans than for neoadjuvant treatment plans.
When comparing longitudinal margins of 4 cm to

Definite treatment (504 Gy)

PTV2 PTV3 PTV4
Mean + SD Mean + SD Mean + SD p-Value® p—VaIueb
Myelon
Dmax (Gy) 3649 £ 3.09 3721 £304 37.77 £3.05 0.146 0.130
Liver
Dmean (Gy) 061 +£1.24 085 £ 1.62 1.16 + 1.88 0.017 0.032
Dmedian (Gy) 022+ 025 0.34 + 048 0.59 + 1.04 0.196 0.179
Heart
Dmin (Gy) 110 £ 276 1.18 + 2.68 1.25 + 239 0.557 0.384
Dmax (Gy) 3148 + 2331 4093 £17.28 5023 £7.33 0.056 0.021
Dmean (Gy) 765 + 741 9.26 + 7.86 10.73 £ 748 0.015 0.003
Dmedian (Gy) 6.02 £ 6.33 736 +£7.16 786 £7.14 0212 0.059
V5 (%) 3748 + 3856 45.89 + 40.15 55.13 £ 3955 <0.001 0.001
V10 (%) 3127 + 3549 3771 £37.10 45.18 + 36.98 0.008 0.007
V15 (%) 19.52 £ 21.85 24.16 + 2436 27.50 £ 2224 0.163 0.020
V20 (%) 11.76 £13.25 14.52 £ 14.79 1646 + 13.39 0.181 0.024
V25 (%) 755+ 863 9.34 +9.62 10.60 + 8.71 0.179 0.027
V30 (%) 520 £ 6.02 644 + 6.68 737 £6.15 0.145 0.026
V35 (%) 378 £443 467 +4.89 545 £ 464 0.089 0.022
V40 (%) 287 £ 341 352 +375 4.20 + 367 0.046 0.019
V45 (%) 219 + 268 267 +293 323 +£295 0.030 0.018
Lungs
Dmin (Gy) 022 +£0.15 029 £ 020 039 + 027 0.004 0.002
Dmax (Gy) 50.79 + 2.99 51.72 £ 040 51.80 £ 0.67 0.711 0313
Dmean (Gy) 11.10 +£ 248 1239 + 227 1337 £ 227 <0.001 <0.001
Dmedian (Gy) 831 + 486 9.96 + 4.16 11.65 + 3.00 0.004 0.001
V5 (%) 63.61 + 18.19 70.52 + 1849 76.20 + 1829 <0.001 <0.001
V10 (%) 5067 + 12.94 5746 + 1330 6333 + 1445 <0.001 <0.001
V15 (%) 3032 + 843 3501 £7.59 3812+ 7.26 0.001 <0.001
V20 (%) 15.96 + 5.76 1842 + 535 20.04 + 4.95 0.001 <0.001
V25 (%) 833 +338 962 +3.26 1037 £ 3.1 0.004 <0.001
V30 (%) 465 +1.77 542 +1.75 583 £1.63 0.008 0.001
V35 (%) 287 £ 087 338+ 090 363 £ 083 0.009 0.001
V40 (%) 1.90 + 0.56 230+ 050 247 £048 0.011 0.011
V45 (%) 1.23 £ 050 1.56 + 0.30 1.68 + 032 0.027 0.046

%4 ¢cm margin vs. 3 cm margin, P4 cm margin vs. 2 cm margin, Gy Gray, cm centimeters
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longitudinal margins of 3 cm and 2 c¢m, again a significant
reduction of all dose parameters except the Dmax was seen
for the lungs. In addition to Dmean and V5 a significant re-
duction was seen for V10, V40 and V45 of the heart when
comparing a longitudinal margin of 4 ¢cm to a longitudinal
margin of 3 cm in definite treatment plans. When the lon-
gitudinal margin was reduced to 2 c¢m, there was a signifi-
cant reduction of all dosimetric parameters except Dmin
and Dmedian. Comparable to the neoadjuvant treatment
plans a significant reduction was seen for Dmean but not
for Dmedian of the liver. In addition, there was also no sig-
nificant difference for the Dmax of the myelon.

NTCP

The probability of normal tissue complications for the
heart (pericarditis) and the lungs (pneumonitis) are dem-
onstrated in Table 4.

No significant differences were observed for the risk of
pericarditis when comparing longitudinal margins of
4 cm to longitudinal margins of 3 cm or 2 ¢cm. In con-
trast to that there was a significant difference for the risk
of pneumonitis (0.06% vs. 0.02%; p = 0.031 and 0.29% vs
0.10%; p = 0.032) between longitudinal margins of 4 cm
and longitudinal margins of 2 ¢cm for neoadjuvant and
definite treatment plans. In addition, there was also a
strong trend for a decreased risk of developing any kind
of pneumonitis when longitudinal margins of 4 cm were
compared to longitudinal margins of 3 cm.

Discussion

Chemoradiation plays an important role within multi-
modal treatment concepts for advanced SCC. While nCRT
is considered the standard of care for patients with locally
advanced SCC, dCRT is the only curative therapeutic op-
tion for patients unsuitable for surgery [5, 6, 10, 14].

When defining CTV and PTV a compromise has to be
made between the risk of local treatment failure and the
risk of treatment-related toxicities. Thereby the CTV
has to include the primary tumor and lymph node me-
tastases. In case of SCC, there are two uncertainties ne-
cessitate large cranio-caudal safety margins. The first one
is, that identification of the macroscopic primary tumor
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with CT is often difficult and reveals a high inter-observer
variability [15]. However, in recent years modern imaging
techniques like PET/CT or magnetic resonance imaging
have demonstrated their potential to improve tumor sta-
ging and target delineation for SCC [16—19] and therefore
longitudinal safety margins have already been reduced in
the past [6, 8, 10]. This is especially important because in
contrast to other tumor entities no elective nodal irradi-
ation (ENI) is performed for SCC [20, 21] and therefore,
the extension of the primary tumor is directly associated
with the extension of the CTV and the PTV.

The second uncertainty is caused by microscopic
tumor spread. In esophageal cancer, microscopic, sube-
pithelial tumor extension along the esophagus is com-
monly observed. However, a randomized phase-III trial
by Gao et al. [22] demonstrated that the longitudinal
microscopic tumor spread is smaller than 3 cm in more
than 94% of patients. Furthermore, a study by Button et
al. [23] who used EUS for the definition of the GTYV, re-
vealed that the rate of local failure after definite chemo-
radiation with longitudinal margins of 3 cm was similar
to other studies, using larger longitudinal margins. In
this study, only three patients (2%) had a tumor recur-
rence adjacent to the radiation field. Despite this limited
results reduced longitudinal margins seem to be feasible
in neoadjuvant or definite chemoradiation for SCC and
In the future modern imaging-techniques might help to
identify tumor extensions and offer the opportunity to
reduce the longitudinal margins in the clinical routine.

While the combination of PET-/ and CT-imaging
leads to a very high diagnostic sensitivity of 93% [24]
and is able to detect unexpected distant metastases [25],
PET has a low spatial resolution which impedes the de-
tection of small, early stage carcinomas and limits the
evaluation of the depth of invasion (T-stage) [26]. The
low spatial resolution of PET also compromises the de-
tection of peritumoural lymph node metastases and be-
nign inflammation can lead to false-positive results in
both the esophagus and the lymph nodes [25, 27]. In
contrast to that, EUS is recommended to define T-stage.
Comparative analyses demonstrated the superiority of
EUS over PET/CT in terms of T-staging [28], while no

Table 4 NTCP for neoadjuvant treatment (41.4Gy) and definite treatment (504 Gy)

PTV2 PTV3 PTV4
Mean + SD Mean + SD Mean + SD p-Value® p-Value®
Neoadjuvant treatment (41.4 Gy)
Risk of pericarditis (%) 0.00 + 0.00 0.01 = 0.00 0.01 = 0.00 0.183 0.169
Risk of pneumonitis (%) 0.02 £ 0.03 0.04 + 0.06 0.06 + 0.08 0.059 0.031
Definite treatment (504 Gy)
Risk of pericarditis (%) 0.00 £+ 0.01 0.01 £ 0.02 0.01 +£0.02 0111 0.172
Risk of pneumonitis (%) 0.10 £ 0.16 0.18 £ 0.26 029 £ 037 0.063 0.032

“Margin 4 cm vs. Margin 3 cm, b Margin 4 cm vs. Margin 2 cm
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significant difference was found between PET/CT and
EUS regarding the accuracy for lymph node metastases
[29]. However, both modalities are not appropriate to
detect small or occult lymph node metastases [30, 31].
Distant lymph node metastases can be seen in up to 37%
of patients which is especially important because ENI is
not routinely done in SCC patients [32]. On the other
hand, a large body of literature highlights the use of ENI
which does not alter the oncological outcome in SCC
patient undergoing radiotherapy [20, 33, 34].

In this planning-study, we analyzed the dosimetric impact
of reduced longitudinal margins for patients treated with
nCRT or dCRT. While a reduced longitudinal margin of
3 c¢m for nCRT leads to a significant reduction of almost all
dose parameters of the lungs, a significant dose reduction
was only determined for Dmean and V5 of the heart. It is
most likely that this difference is based on the anatomical
location. In contrast to the lungs, the heart is more exposed
when the target volume reaches the lower part of the
thorax and therefore dose distribution strongly depends on
the localization and extension of the tumor. Therefore, rela-
tively high inter-individual deviations and intra-individual
differences are unlikely to show significant differences. This
fact is also underlined by the high standard deviations,
which are almost as high as the mean values for most dose
parameters of the heart. Nevertheless, when comparing a
halved longitudinal margin of 2 ¢cm to a longitudinal margin
of 4 cm the absolute intra-individual differences become
higher and therefore a statistic significant reduction of most
dose parameters is determined for the heart. The fact that a
decrease of the median doses to the heart and the liver has
not reached significance even when reducing the longitu-
dinal margin to 2 cm can also be explained by this.

Our results determine that even a reduction of the lon-
gitudinal margin of just 1 cm can significantly reduce the
dose to the lungs. However, absolute differences are small
and clinical relevance should be discussed critically.

At first, we have to point out that clinical impacts
were just analyzed theoretical by using the Niemierko
NTCP-model [12]. Despite the problems with this ap-
proach, it was the only method to evaluate side effects
for reduced margins, because at the moment all patients
are treated analogue to the CROSS-protocol. However,
with a focus to the lungs, several studies demonstrated
that mean lung dose and different dose-volume histo-
gram (DVH) parameters like V20 or V30 are associated
with the risk of developing a radiation pneumonitis [35,
36]. In an analysis by Kumar et al. [35] mean V20 for
the lungs was 24.9% for patients treated with intensity
modulated radiotherapy and 45% of these patients had
acute symptomatic pneumonitis. Despite V20 in these
patients was higher than in our study, there is a remark-
able difference between the incidence of pneumonitis in
the analysis be Kumar et al. and the risk of pneumonitis
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as calculated by the NTCP model. It was shown before,
that the inclusion of non-dosimetric risk factors can
modify the results calculated by NTCP models [37].
Therefore, another explanation might be that our results
underestimated the actual risk of radiation pneumonitis
depending on further non-dosimetric risk factors. For
example, one of these additional risk factors is the simul-
taneous chemotherapy. In a study by Shi et al. [38] that
analyzed 94 patients with non-small cell lung cancer
treated with simultaneous chemoradiation, V10 of the
lungs was independently associated with the risk of radi-
ation pneumonitis. Thereby, the risk of severe radiation
pneumonitis was 5.7% in patients with V10 < 50% and
29.2% in patients with V10 > 50%, respectively. Consid-
ering that, we want to point out V10 of the lungs for pa-
tients with neoadjuvant treatment. While mean V10 was
52.6% when 4 cm longitudinal margins were used, mean
V10 was 48.4% and 42.7% for longitudinal margins of
3 c¢cm and 2 cm. This is another hint that risk of radi-
ation pneumonitis might be significantly decreased by
using smaller longitudinal margins.

Considering SCC patients one has to keep in mind that
these patients often receive concomitant chemotherapy
with paclitaxel. This is important because chemotherapy
with taxanes is a known risk factor for pneumonitis [39]
and the time period between radiation and beginning of
taxan therapy was associated with the risk of pneumonitis
in patients with metastatic or recurrenct EC after radi-
ation therapy [40]. Because concomitant chemotherapy is
not considered by the NTCP-model, the calculated risk of
pneumonitis is probably underestimated.

It is well known that modern radiation techniques like
VMAT can improve dose conformity as well as homo-
geneity and also can decrease the OAR doses compared
to only 3D conformal radiotherapy [41-45]. However, in
this study all treatment plans were calculated for VMAT,
which might also explain the low OAR doses and the
resulting low risk of side effects.

Nevertheless, our data demonstrate that all relevant
dose parameters for the lungs could significantly be re-
duced when comparing a longitudinal margin of 3 cm to
a longitudinal margin of 4 cm. In addition there was a
strong trend towards a significant reduction of the risk
to develop a radiation pneumonitis (p = 0.059).

When talking about calculating the risk of side effects
by using NTCP models it is important to notice, that es-
pecially for patients undergoing neoadjuvant chemoradi-
ation and subsequent surgery the risk of side effects not
only depends on radiation dose or chemotherapy. In-
stead, nCRT is known to increase the risk of postopera-
tive pulmonary complications. In a study by Wang et al.
[46] V5 was an independent predictor of postoperative
pulmonary complications. In our analysis, the mean V5
was reduced by 5% when longitudinal margins were



Munch et al. Radiation Oncology (2017) 12:128

reduced to 3 cm. Therefore, NTCP models alone are
probably insufficient to calculate the risk of side effect.
However, smaller longitudinal margins might also lead
to a reduced incidence of postoperative pulmonary
complications.

Regarding the heart, previous studies identified
Dmean, V30 and Dmedian as relevant parameters to
predict the risk of pericardial effusion after RT [47-49].
Of these, at least Dmean was significantly reduced by
shorter longitudinal margins. As for the lungs, dose pa-
rameters as well as the resulting risk for pericardial effu-
sion were very low compared to the literature. We think
that this is the reason why no difference in the risk of
pericardial effusion was seen, even when reducing the
longitudinal margin to 2 cm.

Another aspect is that smaller CTVs might give us the
opportunity to increase tumor control by using higher
radiation doses without increasing toxicity. However,
when thinking about dose escalation we have to keep in
mind that the CROSS trial [10] revealed excellent results
for nCRT with a relatively small radiation dose while the
best dose concept for dCRT is still a matter of debate.

Conclusion

Reduction of longitudinal margins leads to significant lower
OAR doses, especially for the lungs. However, absolute dif-
ferences are small and clinical relevance is difficult to
assess. Nevertheless, shorter longitudinal margins seem to
be feasible for SCC and prospective trials involving modern
diagnostic imaging should evaluate clinical outcome.

Abbreviations

AAA: Anisotropic analytical algorithm; CRT: Chemoradiation; CTV: Clinical
target volume; dCRT: Definite chemoradiation; Dmax: Maximum dose;
Dmean: Mean dose; Dmedian: Median dose; Dmin: Minimum dose;

DVH: Dose-volume histogram; EC: Esophageal cancer; ENI: Elective nodal
irradiation; GTV: Gross target volume; IQR: Interquartile range; ITV: Internal
target volume; nCRT: Neoadjuvant chemoradiation; NTCP: Normal tissue
complication probability; OAR: Organs at risk; PET: Positron emission tomography;
PTV: Planning target volume; RT: Radiotherapy; SCC: Squamous cell carcinoma of
the esophagus; VMAT: Volumetric-modulated arc therapy; Vx: Volume (of the
whole organ) receiving more than x Gray

Acknowledgements
Not applicable

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors

Availability of data and materials
The present data is summarized in this paper. The complete dataset can be
retrieved from the authors upon formal request from interested readers

Authors’ contributions

SM and MO developed the study design, collected, and interpreted data,
performed statistical analysis and drafted the manuscript. SC contributed
significantly to the discussion and interpretation of the results DH made
substantial contributions to conception and design of the study, analyzed
and interpreted data and revised the manuscript. All authors read and
approved the final manuscript.

Page 7 of 8

Ethics approval and consent to participate
The study was performed in accordance with the ethics standards at the
Technical University of Munich (TUM) (ethical vote N° 300/169).

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

1Departmem of Radiation Oncology, Klinikum rechts der Isar, TU Minchen,
Ismaninger Str. 22, 81675 Munich, Germany. °German Cancer Consortium
(DKTK), Partner Site Munich, Munich, Germany. 3Institute of Innovative
Radiotherapy (iRT), Helmholtz Zentrum Minchen, Ingolstadter Landstra3e 1,
85764 Neuherberg, OberschleiBheim, Germany.

Received: 18 April 2017 Accepted: 10 August 2017
Published online: 15 August 2017

References

1. Ferlay J, Soerjomataram |, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M,
Parkin DM, Forman D, Bray F. GLOBOCAN 2012 v1.0, Cancer Incidence and
Mortality Worldwide: IARC CancerBase No. 11 Lyon. France: International
Agency for Research on Cancer; 2013. Available from: http://globocan.iarcfr

2. Kranzfelder M, et al. Meta-analysis of neoadjuvant treatment modalities and
definitive non-surgical therapy for oesophageal squamous cell cancer. Br J
Surg. 2011,98(6):768-83.

3. Shapiro J, et al. Neoadjuvant chemoradiotherapy plus surgery versus surgery
alone for oesophageal or junctional cancer (CROSS): long-term results of a
randomised controlled trial. Lancet Oncol. 2015;16(9):1090-8.

4. Sjoquist KM, et al. Survival after neoadjuvant chemotherapy or
chemoradiotherapy for resectable oesophageal carcinoma: an updated
meta-analysis. Lancet Oncol. 2011;12(7):681-92.

5. Ajani JA et al. Esophageal and esophagogastric junction cancers, version 1.
2015. J Natl Compr Cancer Netw. 2015;13(2):194-227.

6. Herskovic A, et al. Combined chemotherapy and radiotherapy compared
with radiotherapy alone in patients with cancer of the esophagus. N Engl J
Med. 1992;326(24):1593-8.

7. Tsutsui S, et al. Resection margin for squamous cell carcinoma of the
esophagus. Ann Surg. 1995,222(2):193-202.

8. Minsky BD, et al. INT 0123 (Radiation Therapy Oncology Group 94-05) phase
Il trial of combined-modality therapy for esophageal cancer: high-dose
versus standard-dose radiation therapy. J Clin Oncol. 2002,20(5):1167-74.

9. Stahl M, et al. Chemoradiation with and without surgery in patients with
locally advanced squamous cell carcinoma of the esophagus. J Clin Oncol.
2005;23(10):2310-7.

10.  van Hagen P, et al. Preoperative chemoradiotherapy for esophageal or
junctional cancer. N Engl J Med. 2012;366(22):2074-84.

11. Porschen, R, et al, S3-Leitlinie Diagnostik und Therapie der
Plattenepithelkarzinome und Adenokarzinome des Osophagus (Langversion
1.0 - September 2015, AWMF-Registernummer: 021/0230L) Z Gastroenterol,
2015. 53(11): p. 1288-1347.

12. Niemierko A, Goitein M. Modeling of normal tissue response to radiation:
the critical volume model. Int J Radiat Oncol Biol Phys. 1993;25(1):135-45.

13. Gay HA, Niemierko A. A free program for calculating EUD-based NTCP and
TCP in external beam radiotherapy. Phys Med. 2007;23(3-4):115-25.

14. Tepper J, et al. Phase Il trial of trimodality therapy with cisplatin,
fluorouracil, radiotherapy, and surgery compared with surgery alone for
esophageal cancer: CALGB 9781. J Clin Oncol. 2008;26(7):1086-92.

15. Sillah K, et al. Computed tomography overestimation of esophageal tumor
length: Implications for radiotherapy planning. World J Gastrointest Oncol.
2010;2(4):197-204.

16.  Rollins KE, et al. PET-CT offers accurate assessment of tumour length in
oesophageal malignancy. Eur J Radiol. 2015;84(2):195-200.

17. Schreurs LM, et al. Impact of 18-fluorodeoxyglucose positron emission
tomography on computed tomography defined target volumes in radiation


http://globocan.iarc.fr

Munch et al. Radiation Oncology (2017) 12:128

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

treatment planning of esophageal cancer: reduction in geographic misses
with equal inter-observer variability: PET/CT improves esophageal target
definition. Dis Esophagus. 2010;23(6):493-501.

Hou DL, et al. Improved longitudinal length accuracy of gross tumor
volume delineation with diffusion weighted magnetic resonance imaging
for esophageal squamous cell carcinoma. Radiat Oncol. 2013;8:169.

Riddell AM, et al. The appearances of oesophageal carcinoma demonstrated
on high-resolution, T2-weighted MRI, with histopathological correlation. Eur
Radiol. 2007;17(2):391-9.

Yamashita H, et al. Involved-field radiotherapy (IFRT) versus elective nodal
iradiation (ENI) in combination with concurrent chemotherapy for 239 esophageal
cancers: a single institutional retrospective study. Radiat Oncol. 2015;10:171.

Li M, et al. Involved-field radiotherapy for esophageal squamous cell
carcinoma: theory and practice. Radiat Oncol. 2016;11:18.

Gao XS, et al. Pathological analysis of clinical target volume margin for
radiotherapy in patients with esophageal and gastroesophageal junction
carcinoma. Int J Radiat Oncol Biol Phys. 2007;67(2):389-96.

Button MR, et al. Study to determine adequate margins in radiotherapy
planning for esophageal carcinoma by detailing patterns of recurrence after
definitive chemoradiotherapy. Int J Radiat Oncol Biol Phys. 2009;73(3):818-23.
Cheung, GS.M, Contribution of PET&#x2013,CT in radiotherapy planning of
oesophageal carcinoma: A review. Radiography. 19(3): p. 259-269.

van Westreenen HL, et al. Systematic review of the staging performance of
18F-fluorodeoxyglucose positron emission tomography in esophageal
cancer. J Clin Oncol. 2004;22(18):3805-12.

Munden RF, Macapinlac HA, Erasmus JJ. Esophageal cancer: the role of
integrated CT-PET in initial staging and response assessment after
preoperative therapy. J Thorac Imaging. 2006;21(2):137-45.

Rice TW. Clinical staging of esophageal carcinoma. CT, EUS, and PET. Chest
Surg Clin N Am. 2000;10(3):471-85.

Lowe V], et al. Comparison of positron emission tomography, computed
tomography, and endoscopic ultrasound in the initial staging of patients
with esophageal cancer. Mol Imaging Biol. 2005;7(6):422-30.

Rasanen JV, et al. Prospective analysis of accuracy of positron emission
tomography, computed tomography, and endoscopic ultrasonography in
staging of adenocarcinoma of the esophagus and the esophagogastric
junction. Ann Surg Oncol. 2003;10(8):954-60.

Luketich JD, et al. Minimally invasive surgical staging is superior to
endoscopic ultrasound in detecting lymph node metastases in esophageal
cancer. J Thorac Cardiovasc Surg. 114(5):817-23.

Lerut T, et al. Histopathologic validation of lymph node staging with
FDG-PET scan in cancer of the esophagus and gastroesophageal
junction: A prospective study based on primary surgery with extensive
lymphadenectomy. Ann Surg. 2000;232(6):743-52.

Tachibana M, et al. Esophageal cancer with distant lymph node metastasis:
prognostic significance of metastatic lymph node ratio. J Clin Gastroenterol.
2000;31(4):318-22.

Li DJ, et al. Patterns of failure after involved field radiotherapy for locally
advanced esophageal squamous cell carcinoma. J BUON. 2016;21(5):1268-73.
Zhao KL, et al. Three-dimensional conformal radiation therapy for
esophageal squamous cell carcinoma: is elective nodal irradiation
necessary? Int J Radiat Oncol Biol Phys. 2010;76(2):446-51.

Kumar G, et al. Analysis of dose-volume parameters predicting radiation
pneumonitis in patients with esophageal cancer treated with 3D-conformal
radiation therapy or IMRT. Jpn J Radiol. 2012;30(1):18-24.

Nomura M, et al. Predictive factors for radiation pneumonitis in
oesophageal cancer patients treated with chemoradiotherapy without
prophylactic nodal irradiation. Br J Radiol. 2012;85(1014):813-8.

Tucker SL, et al. Analysis of radiation pneumonitis risk using a generalized
Lyman model. Int J Radiat Oncol Biol Phys. 2008;72(2):568-74.

Shi A, et al. Analysis of clinical and dosimetric factors associated with severe
acute radiation pneumonitis in patients with locally advanced non-small cell
lung cancer treated with concurrent chemotherapy and intensity-
modulated radiotherapy. Radiat Oncol. 2010;5:35.

Yasuda K, et al. Phase Il trial of weekly paclitaxel in previously untreated
advanced non-small-cell lung cancer. Oncology. 2003;65(3):224-8.

Kishida, Y, et al, Risk Analysis of Pneumonitis in Taxane Therapy After
Chemoradiotherapy for Patients With Metastatic or Recurrent Esophageal
Cancer. Am J Clin Oncol; 2015.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 8 of 8

Munch, S, et al,, Comparison of dosimetric parameters and toxicity in
esophageal cancer patients undergoing 3D conformal radiotherapy or
VMAT. Strahlenther Onkol, 2016.

Lim 1, et al. Prognostic significance of pretreatment (1)(8)F-FDG PET/CT in
patients with relapsed/refractory B-cell non-Hodgkin's lymphoma treated by
radioimmunotherapy using (1)(3)(1)l-rituximab. Acta Haematol. 2013;130(2):74-82.
Zhang T, et al. Double-arc volumetric modulated therapy improves dose
distribution compared to static gantry IMRT and 3D conformal radiotherapy
for adjuvant therapy of gastric cancer. Radiat Oncol. 2015;10:114.

Wolff D, et al. Volumetric modulated arc therapy (VMAT) vs. serial
tomotherapy, step-and-shoot IMRT and 3D-conformal RT for treatment of
prostate cancer. Radiother Oncol. 2009,93(2):226-33.

Fakhrian K, et al. Advanced techniques in neoadjuvant radiotherapy allow
dose escalation without increased dose to the organs at risk : Planning
study in esophageal carcinoma. Strahlenther Onkol. 2013;189(4):293-300.
Wang SL, et al. Investigation of clinical and dosimetric factors associated
with postoperative pulmonary complications in esophageal cancer patients
treated with concurrent chemoradiotherapy followed by surgery. Int J
Radiat Oncol Biol Phys. 2006;64(3):692-9.

Martel MK, et al. Fraction size and dose parameters related to the incidence
of pericardial effusions. Int J Radiat Oncol Biol Phys. 1998:40(1):155-61.
Hayashi K, et al. Predictive factors for pericardial effusion identified by heart
dose-volume histogram analysis in oesophageal cancer patients treated
with chemoradiotherapy. Br J Radiol. 2015;88(1046):20140168.

Wei X, et al. Risk factors for pericardial effusion in inoperable esophageal
cancer patients treated with definitive chemoradiation therapy. Int J Radiat
Oncol Biol Phys. 2008;70(3):707-14.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Patient Characteristics
	Treatment Planning
	NTCP-Calculation
	Statistics

	Results
	Neoadjuvant treatment
	Definite treatment
	NTCP

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

