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  To the Editor, 

 Oesophageal cancer is associated with poor progno-
sis despite evolution in multimodality treatment (sur-
gery, chemotherapy and radiotherapy). Defi nitive or 
pre-operative chemo-radiotherapy is used to treat 
locally advanced inoperable disease [1,2]. Local dis-
ease control specifi cally within the gross tumour vol-
ume (GTV) remains a problem with high local failure 
rates (45 – 58%) [1,3]. Increase in radiation dose is 
an independent predictor of pathological complete 
response; dose escalation to tumours at other sites 
has demonstrated improved local control and sur-
vival [3,4]. To facilitate this, improvement in radio-
therapy delivery is necessary. VMAT has been shown 
to be dosimetrically favourable when compared to 
both three-dimensional conformal (3DCRT) and 
intensity-modulated radiotherapy (IMRT) tech-
niques for radical treatment of distal oesophageal 
and gastro-oesophageal (GOJ) tumours [5]. 

 Conventionally large volumetric expansions are 
applied to the tumour to create the target radiother-
apy volume given: 1) the high risk of submucosal 
microscopic spread along the oesophagus; these 
expansion margins have been validated by clinical 
and pathological studies [6,7]; and 2) to account for 
both inter-and intra-fractional target motion and set 
up variations in order to minimise geographical 
misses [8 – 11]. 

 Tumour shape and position varies during radio-
therapy as a result of normal oesophageal peristalsis, 
adjacent cardiac motion and breathing [9,12]. Stud-
ies in lung cancer, demonstrate the normal distal 
oesophagus has greatest mobility [13,14]. Therefore 
in order to assure target coverage for 95% of 
fractions a 9 – 16 mm margin in the medial to lateral 
direction and a 8 – 12 mm margin in the anterior to 
posterior direction is suggested for treatment of 

oesophageal cancer [11,13,14]. GOJ tumours also 
demonstrate signifi cant degree of motion associated 
with breathing. Two studies have used 4DCT to 
characterise this, both show that the magnitude of 
tumour motion was greatest below the diaphragm 
[15,16]. 

 The radiotherapy planning computed tomogra-
phy (CT) scan is normally acquired with the patient 
breathing freely. 4DCT scanning enables correlation 
of CT data acquisition to the respiratory cycle. Alter-
natively, actual tumour motion during radiotherapy 
treatment delivery caused by breathing can be man-
aged using Active Breathing Control (ABC) (Elekta 
Ltd, Crawley, UK). This technique delivers dose at a 
predetermined point in the breathing cycle. The aim 
of this study is to determine whether ABC gating and 
4DCT improves motion management to individual-
ise patient margins and reduce dose to OARs.   

 Material and methods 

 Patients with pathologically confi rmed lower third 
oesophageal or GOJ tumours suitable for radical 
radiotherapy were recruited from the Royal Marsden 
Hospital, Sutton to an institutional research commit-
tee approved protocol. 

 Nine patients consented to the study between 
June 2008 and November 2010. The patient and 
tumour characteristics are detailed in Supplementary 
Table I (to be found online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2013.776174). 

 For radiotherapy treatment planning purposes an 
initial contrast-enhanced free-breathing helical plan-
ning CT scan (CECT) was acquired with a slice thick-
ness of 2.5 mm on a large bore CT scanner (Philips 
Medical Systems, Cleveland, OH, USA). 4DCT 
image acquisition occurred immediately after this. 
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 The 4DCT data set was rigidly fused with the 
standard free-breathing CECT. The exhale data set 
was chosen to represent breath hold (BH) and was 
considered equivalent to an ABC BH scan. 

 The GTV was defi ned as the volume of the pri-
mary tumour seen on CT with the aid of all available 
diagnostic staging information. The GTV was con-
toured on the axial images of the CECT and on the 
exhale and inhale 4DCT reconstruction using the 
Pinnacle planning software (Philips Medical Systems, 
Madison, WI, USA) v9.0h. To eliminate inter-observer 
variation the same physician performed all outlining. 

 To account for microscopic spread in all cases the 
CTV was created from the GTV by contouring along 
the axis of the oesophagus for 3 cm cranial-caudally 
for squamous cell carcinomas, 3 cm cranially and 
5 cm caudally for adenocarcinomas; with a 0.5 cm 
circumferential margin. To create the standard PTV, 
a 1 cm margin was applied in the superior-inferior 
direction with 0.5 cm circumferentially to account 
for motion, with a uniform 0.5 cm expansion to 
account for set up error. 

 Using the 4DCT data set, two additional PTVs 
were generated. A composite volume using GTV 
inhale and GTV exhale was created. This was edited 
using all of the 10 respiratory phases to create an ITV. 
This was expanded as above to create the CTV. A 
further 0.5 cm isotropic margin was added to account 
for set up error in order to create the 4D PTV. 

 The GTV at exhale was expanded as above to 
create the CTV, with an additional 0.5 cm isotropic 
margin to account for set up error to create the 
breath hold PTV (BH PTV). 

 Organs at risk (heart, both lungs and spinal cord) 
were contoured on the free breathing CT. 

 To quantify target volume motion the centre of mass 
(COM) coordinates were calculated using Pinnacle 
for all GTVs at maximal inhalation and exhalation. 

 Patients were planned using in house software 
AutoBeam v5.1 [17]. The objectives and dose con-
straints used for the VMAT inverse planning are 
outlined in Table I. The dose prescribed was 54 Gy 
in 30 daily fractions (1.8 Gy per fraction). 

 Three VMAT plans were created for each patient 
using the standard PTV, 4D PTV and BH PTV 
(Supplementary Figure 1, to be found online at 
http://informahealthcare.com/doi/abs/10.3109/0284
186X.2013.776174). 

 Each plan was evaluated in accordance with 
ICRU recommendations [18 – 20] using dose-volume 
histograms (DVHs). 

 To assess the uniformity of the absorbed dose dis-
tribution within the target volume dose homo geneity 
index (HI) was calculated as follows: 
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 A value of HI of 0 indicated a homogeneous dose 
distribution [20]. 

 To assess conformity of the high dose region to the 
target volume the van ’ t Reit conformation number 
(CN) was used [21]: 
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 where TVri represented the target volume (TV) 
covered by the reference isodose (95% in this case); 
TV was the PTV volume being assessed and Vri was 
the total volume encompassed by the reference iso-
dose (95%). A value close to 1 represented high 
conformity [20]. 

 Dose to critical normal tissue, specifi cally vol-
ume of lung irradiated to 5 Gy and 20 Gy (V5 and 
V20); mean cardiac dose and heart volume irradi-
ated to 30 Gy and 40 Gy (V30 and V40); maximum 
spinal cord dose and volume of liver irradiated to 
30 Gy (V30) were calculated for each plan from 
DVH data. 

 Data were analysed using SPSS statistical soft-
ware v17 (IBM software). Wilcoxon signed ranks test 
(with a signifi cance level of 0.05) was used to com-
pare the measured change in tumour volumes and to 
evaluate change in normal tissue irradiation between 
the three plans.   

 Results 

 The mean GTV volumes on the standard free breath-
ing CECT scan (GTV standard) was 59.3 cm 3  (range 
27.8 – 109.8 cm 3 ). The mean GTV on maximal inha-
lation was 57.3 cm 3  (range 22.8 – 94.8 cm 3 ) and mean 
GTV on maximal exhalation was 56.7 cm 3  (range 
26.9 – 97.9 cm 3 ). No signifi cant difference in volume 
between CECT GTV and inhale and exhale 4DCT 
GTV was seen. 

 The mean GTV centroid displacement in each 
direction is presented in Supplementary Table II 

  Table I. Objectives and constraints for oesophageal VMAT 
planning.  

Objectives
   Minimise RMS *  dose 

around PTV
54 Gy Weight 100

   Minimise PTV volume 
irradiated to

57 Gy Weight 20

   Maximise PTV volume 
irradiated to

51 Gy Weight 20

Constraints
   Spinal cord Maximum dose  �    45 Gy
   Lungs V20Gy  �    20%
   Liver V30Gy  �    30%
   Heart Mean dose  �    25 Gy
   PTV Maximum dose  �    58 Gy

     * RMS (root mean square).   
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(to be found online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2013.776174). Greatest 
overall motion was seen in the superior to inferior 
direction (mean 1.02 cm, range 0.29 – 1.54 cm). 

 The population mean PTV for the standard plan, 
4D plan and BH plan were 690 cm 3  (range 215 –
 1109 cm 3 ), 534 cm 3  (range 150 – 839 cm 3 ) and 508 
cm 3  (range 139 – 823 cm 3 ), respectively. The reduc-
tion in PTV was statistically signifi cant between the 
standard PTV and 4D PTV (p    �    0.008), standard 
PTV and BH PTV (p    �    0.008) and 4D and BH PTV 
(p    �    0.008). 4D and BH PTVs were reduced by a 
mean ( �    SD) of 22.6% ( �    4.5%) and 26.4% ( �    4.3%), 
respectively, when compared with the standard PTV. 
Figure 1 represents the comparative individual volume 
reduction in PTV.  

 Plan evaluation and target coverage 

 A summary of the PTV statistics is presented in 
Table II. There was no signifi cant difference in target 
coverage characteristics including HI and CN between 
the three plans. There was a reduction in the mean 
(range) PTV 95% coverage from 95% (85 – 100%) 
for the standard plan, 91% (84 – 100%) for the 4D 
plan and 91% (84 – 98%) for the BH plan. This was 
because following optimisation of the standard plan 
the same parameters were applied to the 4D plan and 
BH plan to ensure any changes seen were as a result 
of the new margins and not because of alteration in 
the prescription point etc. All plans were clinically 
acceptable and implementable. 

 All plans satisfi ed the specifi ed dose constraints. 
There was a reduction in mean lung V20 from 15.6% 
(range 8.3 – 30.9%) to 10.0% (range 4.8 – 17.3%) 
(p    �    0.02) in the 4D plan and to 9.5% (range 

4.2 – 18.7%) (p    �    0.01) in the BH plan when com-
pared to the standard plan (Figure 2). There was 
12% reduction in mean lung V5 when 4D plan was 
compared to standard (p    �    0.28). The BH plan 
reduced mean V5 by 2.7% when compared to stan-
dard plan (p    �    0.52), but was 11% greater when 
compared to 4D plan (p    �    0.31). 

 For the 4D and BH plans there was a reduction 
in the volume of heart irradiated to higher doses 
( �    30 Gy), known to correlate with cardiac toxicity 
[22]. At V30, there was 21% reduction (p    �    0.01) in 
the irradiated volume using the 4D plan and 26% 
reduction (p    �    0.01) using the BH plan when com-
pared to the standard plan. At V40, both the 4D plan 
and the BH plan provided further reduction of 28% 
(p    �    0.007) and 30% (p    �    0.007), respectively, when 
compared to standard plan. 

 Signifi cant improvement in liver V30 and spinal 
cord maximum point dose (up to 26%) with 4D and 
BH plans were also seen. A summary of the normal 
tissue DVH is presented in Supplementary Table III 
and an example DVH is shown in Supplementary 
Figure 2 (to be found online at http://informahealth
care.com/doi/abs/10.3109/0284186X.2013.776174).    

 Discussion 

 The ICRU 62 recommends explicit inclusion of 
tumour motion in the radiotherapy treatment 
planning process. If greater than 5 mm motion is 
observed in any direction or if signifi cant normal 
tissue sparing can be achieved, respiratory manage-
ment techniques are recommended [19,23]. Given 
the established motion of the distal oesophagus and 
GOJ with breathing we advocate 4DCT guided or 
gating  techniques to be incorporated into radio-
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  Figure 1.     PTV volume as compared to standard PTV (SP).  
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therapy treatment delivery to tumours in this region 
[13 – 16]. 

 Population-based expansions in most instances 
overestimate tumour motion which leads to unneces-
sary normal tissue irradiation. In this study individu-
alised expansions based on actual tumour motion 
demonstrate statistically signifi cant reduction in dose 
delivered to all pre-defi ned OARS when the standard 
plan is compared to the 4D plan. When the BH plan 
is compared to standard plan there is signifi cant 
reduction in lung V20, mean heart dose, heart V30 
and V40, liver V30 and maximum cord dose. When 
the BH plan was compared to the 4D plan a further 

signifi cant reduction was seen in mean heart dose 
(2% p    �    0.024), liver V30 (11% p    �    0.012) and max-
imum cord dose (4% p    �    0.021). 

 Breath hold was performed in maximum exhala-
tion for this study including GOJ and distal tumours 
because the liver position was more reliably  reproduced. 
This did not adversely affect dose to the liver as target 
constraints were comfortably met for both 4D and BH 
plans (mean liver V30 for 4D plan was 6.8% (range 
0 – 15) and BH plan 6.1% (range 0 – 14)). In a dosi-
metric study of respiratory gated radiotherapy for 
oesophageal tumours, breath hold in inspiration 
has been found to reduce cardiac V40 and lung V20 

  Table II. Summary of target coverage.  

Standard plan 
mean (SD)

4D plan 
mean (SD)

BH plan
(SD)

PTV 95% coverage 95.0 ( �    6.3) 91.0 ( �    5.3) 91.0 ( �    6.3)
PTV max dose (Gy) 58.0 ( �    1.2) 58.0 ( �    1.2) 58.3 ( �    1.4)
PTV min dose (Gy) 47.0 ( �    1.5) 43.8 ( �    3.3) 44.5 ( �    6.1)
PTV mean (Gy) 54.0 ( �    0.2) 54.0 ( �    0.004) 54.0 ( �    0.01)
D2 (Gy) 57.4 ( �    1.0) 57.6 ( �    1.2) 57.6 ( �    1.1)
D5 (Gy) 57.0 ( �    0.9) 57.1 ( �    1.0) 55.5 ( �    5.5)
D50 (Gy) 54.0 ( �    0.3) 54.1 ( �    0.3) 54.1 ( �    0.3)
D98 (Gy) 50.6 ( �    1.2) 49.3 ( �    1.6) 49.2 ( �    1.9)
CN 0.7 ( �    0.1) 0.8 ( �    0.1) 0.8 ( �    0.1)
HI 0.1 ( �    0.03) 0.2 ( �    0.04) 0.2 ( �    0.05)

    CN, conformity number; HI, homogeneity index number.   
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  Figure 2.     DVH Analysis (a) mean cardiac dose and (b) Lung V20.  
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(24). Adequate volume of unexposed lung sparing 
is also important. Volumes of lung irradiated to 
5 Gy and greater are associated with signifi cant 
postoperative pulmonary morbidity, including pneu-
monia and acute respiratory distress syndrome in 
those who receive neoadjuvant chemoradiotherapy 
prior to defi nitive surgery [25]. Radiotherapy tech-
niques such as VMAT create a low dose bath out-
side the PTV as compared to 3DCRT. For the 
study population, the 4D plan improved the lung 
V5 as compared to the standard plan but the BH 
plan created in exhalation had worse lung V5 than 
the 4D plan. 

 Patients with oesophageal cancer commonly have 
co existent chronic obstructive airways disease (COPD) 
and other signifi cant co-morbidity. All these factors 
may impact on confi dently reproducing initial breath-
ing patterns [26]. They may also make clinical imple-
mentation of gating techniques unacceptable and 
intolerable for the patient. Other physiological activ-
ity including peristalsis, organ fi lling and adjacent 
organ movement (cardiac and stomach) contributes 
to oesophageal motion. In this study tumour motion 
was comparable to previous work. Lateral tumour 
motion was greatest to the right, probably refl ecting 
impact of liver movement. Although 4DCT gener-
ates a composite volume of tumour position over 
time, margins based on gated techniques alone do 
not control for this. 

 Normal tissue sparing demonstrated with respira-
tory adaptive techniques will be increasingly important 
with the integration of new concurrent chemotherapy 
regimes which are known to reduce normal tissue 
 tolerance [27]. Biological agents such as epidermal 
growth factor receptor (EGFR) inhibitors, anti Her-2 
antibody and anti vascular endothelial growth factor 
receptor (VEGFR) antibody are all under investigation 
for the treatment of upper GI malignancies. Therefore 
additional dose sparing gains to OARs may be impor-
tant in future treatment development with novel radio-
sensitising agents with overlapping toxicities. 

 High risk of local regional relapse after chemo-
radiotherapy justifi es investigation of dose escalation 
within clinical trials using modern radiotherapy 
techniques. Combining these techniques with respi-
ratory gating could facilitate the reduction of dose 
received by normal tissue and allow safe delivery of 
higher doses. 

 Respiratory adapted radiotherapy delivery appears 
to be clinically justifi able and has been demonstrated 
to be an important consideration in other tumour 
types such as lung and liver radiotherapy. Further 
work however needs to be done to verify if the motion 
as measured by the planning 4DCT has the same 
characteristics and refl ects motion occurring during 
radiotherapy delivery.               
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                             Papillary thyroid adenocarcinoma with occipital lobe metastasis 
48 years after original diagnosis: Case report      
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 To the Editor, 
 Papillary thyroid carcinoma generally follows an 
indolent course, and distant metastases are rare 
[1 – 3]. Distant metastases to the brain are extremely 
rare, and typically occur secondary to previously 
existing metastases [4]. Even more extraordinary is 
the development of brain metastases nearly fi ve 

decades after the original diagnosis. To our knowl-
edge, this is the longest known interval between 
original diagnosis and intracranial spread in patients 
with this disease. We describe a 74-year-old male who 
presented with occipital lobe metastases and sus-
pected lung and mediastinal metastases 48 years 
after the original diagnosis of papillary thyroid 
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