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Abstract 

Background and Purpose 

To determine the consequences of target volume (TV) modifications, based on 

the additional use of PET information, on radiation planning, assuming 

PET/CT-imaging represents the true extent of the tumour. 

Materials and Methods 

For 21 patients with esophageal cancer, two separate TV’s were retrospectively 

defined based on CT (CT-TV) and co-registered PET/CT images (PET/CT-TV). 

Two 3D-CRT plans (prescribed dose 50.4 Gy) were constructed to cover the 

corresponding TV’s. Subsequently, these plans were compared for target 

coverage, normal tissue dose–volume histograms and the corresponding normal 

tissue complication probability (NTCP) values. 

Results 

The addition of PET led to the modification of CT-TV with at least 10% in 12 of 

21 patients (57%) (reduction in 9, enlargement in 3). PET/CT-TV was 

inadequately covered by the CT-based treatment plan in 8 patients (36%). 

Treatment plan modifications resulted in significant changes (p < 0.05) in dose 

distributions to heart and lungs. Corresponding changes in NTCP values ranged 

from −3% to +2% for radiation pneumonitis and from −0.2% to +1.2% for cardiac 

mortality. 

Conclusions 

This study demonstrated that TV’s based on CT might exclude PET-avid 

disease. Consequences are under dosing and thereby possibly ineffective 

treatment. Moreover, the addition of PET in radiation planning might result in 

clinical important changes in NTCP. 
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Introduction 

Esophageal cancer is an increasing health problem in the Western world. In the 

Netherlands, the incidence has doubled in the last twenty years.1,2 In the last 

decades, surgery has been the primary treatment modality for esophageal 

cancer. However, combined chemoradiotherapy is increasingly applied, either as 

definitive therapy or in the neoadjuvant setting prior to a curatively intended 

surgical .3 

With modern radiation delivery techniques, accurate delineation and 

subsequent adequate irradiation of the tumour volume is a prerequisite for 

successful treatment. However, tumour definition is often hampered by the poor 

discriminative value of the currently used imaging modalities, in particular 

computed tomography (CT) and the inability to relate endoscopic (ultrasound) 

information to CT images. The addition of positron emission tomography (PET) 

information may improve accuracy in the delineation process. 18F-Fluoro-2-

deoxy-d-glucose (FDG) PET provides additional information on the metabolic 

activity i.c. glucose utilization of the tumour. Because FDG-PET adds functional 

information to the anatomical information of CT, tumour visualisation and thus 

tumour delineation may improve. 

Another problem in radiotherapy (RT) is the co-irradiation of normal tissues, 

while irradiating the tumour. Thoracic irradiation may result in heart, lung and 

esophageal injury and subsequent late radiation-induced side effects.4-6 The 

clinical relevance of these side effects is increasing when survival rates improve. 

In the last decades, the overall survival of patients with esophageal cancer, who 

received radiotherapy with curative intent, has improved, especially when 

radiotherapy is combined with concurrent chemotherapy.7,3,8 However, the 

probability of treatment-related side effects has increased as well.9,10 Therefore, 

the reduction of normal tissue co-irradiation and the subsequent normal tissue 

complication probabilities (NTCPs) has become increasingly important. 
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Numerous investigators have shown that the addition of PET, or integrated 

PET/CT, into the radiotherapy planning process results in target volume 

modifications.11-16 These modifications will result in adjustments of radiation 

treatment plans, which might also effect co-irradiation of normal tissues.13 

The purpose of the present study was to determine the changes in tumour 

delineation and subsequent target volumes due to the additional use of PET 

information, compared to the use of CT alone. Secondly, we investigated the 

possible consequences of target volume modifications with regard to co-

irradiation of the normal tissues and the subsequent changes in NTCP values 

based on validated NTCP models. 
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Methods and Materials 

Patients  

The study population was composed of 21 consecutive patients who met the 

following eligibility criteria: histological confirmed esophageal cancer (adeno- or 

squamous cell carcinoma); stage T2-4, N0-1, M0-1a; without recent thoracic 

surgery and/or stenting. 

All patients were staged according to the TNM-system of the Union International 

Contre le Cancer (UICC) [17], based on the following examinations: physical 

examination, endoscopic ultrasonography (EUS), cervical/thoracic/abdominal CT, 

whole body FDG-PET. Fine needle aspiration biopsy or other additional 

investigations were carried out when indicated. 

All patients provided informed consent. The 21 patients had a mean age of 63 years 

(range: 48–76 years). Patients and tumour characteristics are listed out in Table 1 

Imaging  

Radiotherapy treatment planning was determined using CT and FDG-PET 

images, made within 2 weeks after the initial diagnosis. 

A 16 or 64 multidetector row spiral CT scanner was used (Somatom Sensation, 

Siemens Medical Systems, Erlangen, Germany). After administration of 

intravenous contrast agents, 3 mm CT images were obtained in cranial–caudal 

direction, including tumour, lymph node areas, lungs and liver. Lymph nodes with a 

diameter of 10 mm or more were considered to be pathological, as well as round, 

hypo dense lymph nodes measuring >5 mm. 

The FDG-PET-scans were performed with an ECAT 951/31 or an ECAT HR+ 

positron camera (Siemens/CTI, Knoxville, TN, USA). The 951/31 acquires 31 

planes over 10.9 cm, while the HR+ acquires 63 planes over a 15.8 cm axial field 

of view. Patients had to fasten for at least 4 h before 130–750 MBq FDG (mean 

362 MBq, depending on body weight) was administered intravenously. Ninety 

minutes after intravenous contrast injection, emission scans were performed for 
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5 min per bed position from the crown to mid-femur. To distinguish tumour 

from normal tissue we used the method described by Nestle et al.18 According to 

this method, FDG-PET images are normalised reference to the physiological  

 

Table 1. Patient characteristics 

Characteristics N=21 (%) 

Sex  

Male 16 (76) 

Female 5 (24) 

Age (years)  

Median 63 

Range 48–76 

Histology  

AC 17 (81) 

SC 4 (19) 

Localisation  

High 3 (14) 

Low 16 (76) 

GEJ 2 (10) 

Clinical stage  

T2N0M0 3 (14)   3 (14) 

T3N0M0 7 (33)  7 (33) 

T3N1M0 8 (38)  8 (38) 

T4N1M0 1 (5) 1 (5) 

Abbreviations: AC, adenocarcinoma; SC, squamous cell carcinoma; GEJ, gastro-esophageal junction. Clinical stage, 

staging based on clinical examination, endoscopic ultrasound, computed tomography, positron emission tomography, 

additional investigations when necessary, but without FDG-PET/CT co-registration. 

 

FDG uptake in the liver. FDG uptake was scored on a four-point scale of 

intensity: ‘normal’ (physiological), ‘slightly increased’, ‘moderate increased’ and 

‘intensely increased’. All ‘moderate increased’ and ‘intensely increased’ lesions 
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were defined as hotspot. Suspect lesions were verified if possible by fine needle 

aspiration biopsy (FNAB). 

FDG-PET images were co-registered with the CT images on a Siemens 

Workstation using the Oncentra MasterPlan 1.5 software program (Nucletron, 

Veenendaal, The Netherlands). An experienced physician carried out the co-

registration process. 

 

Tumour delineation 

All CT images were reviewed by two experienced radiologists, while the FDG-

PET images were reviewed independently by two experienced nuclear 

physicians. 

The tumour volume was defined by an experienced radiation oncologist, using 

additional information of EUS, FNAB outcome, physical examination and 

reports of CT and PET (only for PET/CT delineation). The gross tumour volume 

(GTV) was first delineated on CT images, and second, independent and blinded, 

to the co-registered PET/CT images. The GTV contained the primary tumour 

and pathologic lymph nodes. The clinical target volume (CTV) was obtained by 

adding a 1 cm margin in transversal plane and a 3 cm margin in cranial–caudal 

direction (2 cm margin if the tumour expanded into the stomach) to the primary 

tumour and 1 cm margin around pathological lymph nodes. In addition, the CTV 

was adjusted to anatomical structures such as bones. The planning target 

volume (PTV) was generated by expanding the CTV with 1 cm margins to 

account for setup uncertainties. 

The primary tumour length was measured in cranial–caudal direction, based on 

CT and PET/CT co-registration. Volumetric analysis of the GTV’s and CTV’s 

was performed to determine the proportion of PET-positive disease that was 

excluded if CT information alone was used for tumour definition. The CT-based 

and PET/CT-based volumes were quantitatively compared by means of an index 

of conformality, as described by Gondi et al.12 This index represents the ratio of 
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the intersection of two volumes of interest to their union, i.e., the percentage of 

the total volume that overlaps. A value of 1 implies that the volumes are equal, 

while a value of 0 indicates that there is no overlap between the two volumes. 

We used the same principle to calculate the percentage of PET/CT-GTV located 

outside the CT-GTV. The Geographic Miss Index (GMI) was estimated by 

dividing PET/CT-GTV minus the intersection, by the PET/CT-GTV in total. In 

this case, a value of 0 indicates that the PET/CT-based GTV is covered totally by 

the CT-based GTV, while a value near 1 implies that the PET/CT-GTV is 

completely different from the CT-GTV. Similarly, we quantified the proportion 

of PET/CT-GTV excluded by the CT-CTV. This type of geographic mismatch 

might result in inadequate dose coverage of the primary tumour, assumed that 

PET/CT represents disease extension best. PET-avid disease incorporated by 

the CT-based CTV seemed more relevant than inclusion by the CT-PTV; in this 

study, set up uncertainties are irrelevant, since they are identical (same 

patient). 

Organs at risk, such as lungs, heart, liver and spinal cord, were outlined on CT 

images. The heart was contoured to the level of the pulmonary trunk superiorly, 

including the pericardium, excluding the major vessels. Lungs were considered as 

one organ. 

 

Radiotherapy planning 

3D-conformal RT (3D-CRT) plans were made, using 1.8 Gy per fraction to a total 

dose of 50.4 Gy. A commercial treatment planning system (Pinnacle TPS version 

8.0d, Philips Radiation Oncology Systems, Milpitas, CA) was used to design a 

RT plan that would cover 98% of the PTV with at least 95% of the prescribed 

dose. A 3-field technique (anterior, posterior and left lateral) was applied in all 

patients using two small additional manually shaped beams, if necessary. The 

iso-centre and dose-specification point were placed centrally in the PTV. Wedges 

and MLC shielding were applied to fit the 95%-isodose closely around the PTV 
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in three dimensions, and to obtain a uniform dose distribution according to the 

recommendations of the International Commission on Radiation Units and 

Measurements (ICRU).19 

If possible without reducing the target coverage, the following dose constraints 

were maintained; spinal cord < 50 Gy; mean lung dose (MLD) < 20 Gy, lung V20 

< 30%, heart V40 < 30% and liver V30 < 60%. 

First, RT planning was based on CT-based target volume definition (CT-PTV). 

Second, the plans were modified to cover PET/CT-PTV (Fig. 1). In case planning 

optimisation was not compromised, factors as wedge fractions, beam weighting 

and the dose- normalisation point were kept constant. 

Figure 1. Dose coverage in PET/CT- and CT-based treatment plans 

 

Yellow, CT-based PTV, orange, PET/CT-based PTV. The CT-based plan covers the CT-PTV contour, but shows under 

dosing of the PET/CT-PTV. The PET/CT-based plan covers the PET/CT-PTV, while the CT-PTV is incorporated by the 

PET/CT-radiation field as well. 

 

Treatment planning evaluation  

To assess the implications of normal tissue irradiation, treatment planning 

software (Pinnacle TPS version 8.0d, Philips Radiation Oncology Systems, 

Milpitas, CA) was used to obtain several dosimetric values from the dose–

volume histograms (DVHs), including the mean heart dose, proportion of heart 
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receiving  40 Gy (V40), mean lung dose, spared lung volume (receiving  5 Gy) 

and relative volume of lung receiving  20 Gy (V20). 

Target coverage was determined by evaluating proportions of CT- and PET/CT-

based PTV receiving at least 95% of the prescribed dose. Coverage was 

considered inadequate if less than 96% of the target volume received 95% of the 

prescribed dose. This threshold was set at 96% instead of 98% to discard small 

neglectable differences between the treatment plans. Validated NTCP models 

were used to evaluate the potential clinical relevance of changes of NTCP values 

for the comparison of CT- and PET/CT-based treatment plans. 

The NTCP for symptomatic radiation pneumonitis, lungs considered as one 

organ, was calculated with model parameters (TD50 = 29.9 Gy, m = 0.41, n = 1, 

α/β = 3 Gy) derived from the meta-analysis published by Semenenko and Li.20 

This model was based on cumulative experience at various institutions. The 

NTCP for cardiac mortality after 10–15 years was calculated based on a 

seriality model derived by Gagliardi et al.6 Therefore the following parameter 

values were used; D50 = 52.3 Gy, γ = 1.28, s = 1, α/β = 3 Gy. 

Both models consider three parameters; the dose giving 50% complication 

probability (TD50), volume dependence (n/s) and the steepness value of the 

dose–response curve (m/γ). Influence of altered fractionation dose was taken 

into account, with a reference dose of 2 Gy. 

 

Statistical analysis 

For comparison of the CT- and PET/CT-based plans, various dosimetric 

parameters were analysed using SPSS 16.0 software. The Wilcoxon signed rank 

test was used to determine the statistical significance of the differences between 

these parameters. Tumour lengths were compared the same way. P-values 

<0.05 were considered statistically significant. 
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To give insight in the real differences between the two treatment plans, we 

divided the ones showing an increase from the ones showing a reduction in 

order to avoid mediation of the differences. 
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Results 

Tumour delineation 

The addition of PET resulted in a change in average tumour length of 73 mm 

(range: 32–140 mm) on CT to 65 mm (range: 23–135 mm) on co-registered 

PET/CT (p = 0.02). 

The addition of PET reduced the tumour length in 11 of 21 patients (52%) with a 

mean reduction of 17 mm (SD: ±13 mm), while increased tumour length was 

seen in 5 patients (24%) with a mean increase of 6 mm (SD: ±4 mm). To avoid a 

partial volume effect, differences smaller than 3 mm (slide thickness) were 

considered equal. This was the case in 5 other patients (24%). Adjustment of the 

GTV with more than 10% was seen in 62% of the cases; 9 patients (43%) showed 

a GTV reduction, while in 4 patients (19%) the addition of PET resulted in an 

enlargement of the GTV. 

Adjustments regarding GTV were mainly seen at the caudal/cranial extent of 

the tumour. Therefore, we did not analyse the volumes separately. Volume 

modifications correlated with length modifications and were considered in the 

volume indexes. 

The mean GTV Conformality Index (CI) was 0.68 (range: 0.01–0.94; SD ±0.22); 

68% of the PET/CT- and CT-GTV’s overlapped. The CTV- and PTV-CI’s were 

0.78 (range: 0.22–0.97; SD ±0.16) and 0.81 (range: 0.31–0.96; SD ±0.14), 

respectively. 

Assuming that PET/CT represents the true extent of the tumour, exclusion of 

PET/CT-based disease by CT-based target volumes would be more interesting 

than the conformality of CT- and PET/CT-based volumes. Therefore the GTV 

Geographic Miss Index (GMI) was calculated. The average GTV-GMI was 0.16; 

16% (range: 0–99%; SD ±0.24) of the PET-avid disease was located outside the 

CT-GTV. In 13 patients (61%) more than 5% of the PET/CT-GTV was excluded 

by the CT-based GTV. The mean CTV and PTV GMI were 0.10 (range: 0.01–

0.76; SD ± 0.14) and 0.08 (range: 0.01–0.65; SD ±0.17). 
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To determine the possible inadequate dose coverage of the PET-based tumour 

volume, PET/CT-GTV and CT-CTV (counting for microscopic tumour spread) 

were compared, showing in one patient a PET-tumour volume exclusion of 60%. 

 

Treatment planning evaluation: dose coverage by CT-based plans 

For all patients, 98.0–98.5% of the CT-PTV received 95% of the prescribed dose. 

The PTV’s based on PET/CT were, however, inadequately covered by the CT-

based treatment plan in 8 of 21 patients (38%). The median coverage, receiving 

95% of the prescribed dose, was 92%. In three cases (14%) the coverage was 

below 90%, of which one was even below 42%, demonstrating the importance of 

accurate tumour delineation. Geographic mismatches can result in inadequate 

coverage’s, resulting in under dosing (Fig. 1) of the tumour and thereby possibly 

ineffective treatment. 

The PET/CT-based GTV was inadequately covered by the CT-based plan in one 

patient, with 80% coverage. 

 

Treatment planning evaluation: normal tissue radiation exposure 

Dose coverage of the corresponding PTV’s maintained between 98.0% and 

98.5%, for both CT- and PET/CT-based treatment plans. The radiation dose did 

not exceed the normal tissue tolerance doses, except for the heart V40 in 6 

patients, where PTV overlapped with the heart. 

DVH analysis was performed to determine the consequences of tumour volume 

modifications for normal tissues. An overview of the normal tissues radiation 

exposure, comparing CT- and PET/CT-based plans, is shown in Table 2. 
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Table 2. Mean dose delivered to normal tissues; differences between CT- and PET/CT-

based treatment plans 

Normal tissue N CT-based plan 

(Gy ± SD) 

PET/CT-based 

plan 

(Gy ± SD) 

Difference 

(absolute) 

(Gy ± SD) 

p-Valuea 

Normal tissue 

radiation exposure 

     

Lung      

V20-all (%) 21 19.4 (±5.7) 18.2 (±4.7) -1.2 0.06 

V20-increase (%) 6 15.3 (±5.6) 17.1 (±6.0) 1.8 0.03 

V20-decrease (%) 11 21.9 (±5.0) 18.7 (±4.4) -3.2 0.00 

MLD-all (Gy) 21 10.8 (±2.7) 10.3 (±2.3) -0.3 0.08 

MLD-increase (Gy) 6 9.0 (±2.9) 9.7 (±3.1) 0.7 0.03 

MLD-decrease (Gy) 11 11.9 (±2.2) 10.5 (±2.0) -1.4 0.00 

Heart      

V40-all 21 28.4 (±11.1) 26.3 (±10.8) -2.1 0.07 

V40-increase (%) 5 24.5 (±11.1) 27.3 (±11.9) 2.8 0.04 

V40-decrease (%) 13 32.3 (±10.5) 27.9 (±11.1) -4.4 0.00 

Liver      

V30 (%)  21 9.3 (±5.6) 8.3 (±5.9) -1.0 0.10 

Spinal cord    -0.5  

Dmax (Gy) 21 44.6 (±4.0) 44.1 (±3.6)  0.78 

Abbreviations: V20, percentage of total lung volume receiving >20 Gy; MLD, mean lung dose; V40, percentage of total 

heart volume receiving >40 Gy; V30, percentage of total liver volume receiving >30 Gy. Dmax, maximum dose 

delivered to spinal cord. a Wilcoxon signed rank test. 

 

On average, the incorporation of PET information in the radiation planning did 

not result in statistically significant differences in any of the dosimetric factors 

analysed. However, significant differences in heart and lung radiation exposure 

between the CT- and PET/CT-based treatment plans were revealed when we 

separated the cases with increased values from the ones with decreased values. 

Differences were largest for V40 heart, showing a mean decrease of 4.4% and a 

mean increase of 1.7%. 
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Modifications in normal tissue dose distribution resulted in the corresponding 

NTCP changes (Table 3). The absolute difference in NTCP value for 

symptomatic radiation pneumonitis ranged from +2% to −2.7%. Eleven of 21 

cases (52%) showed a mean reduction of the NTCP value of 1.4% (SD: ±0.8). An 

increase in NTCP was seen in 6 patients (29%), with a mean value of 0.7% (SD: 

±0.7). Individually, the differences can be of great importance as is 

demonstrated in Fig. 2. Moreover, the relative differences were large and ranged 

from +34.3% to 28.9%. For the risk of cardiac mortality, modifications in normal 

tissue dose distributions resulted in a mean NTCP reduction of 0.5% in 13 

patients (62%) (range: 0.11–1.20). The NTCP value increased in 6 patients 

(range: 0.05–0.23), with a mean value of 0.1%. 
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Discussion 

In this study, the addition of PET revealed possible geographic misses when the 

radiotherapy planning was based on CT alone. PET-avid disease (GTV) was 

excluded by the CT-based GTV with more than 5% in 13 patients (61%). 

Geographic mismatches can result in inadequate coverage’s, resulting in under 

dosing of the tumour and thereby possibly ineffective treatment. In this study, 

PET/CT-based target volumes (PTVs) were inadequately covered by CT-based 

radiation plans in 8 patients (38%). 

In the current study, the term ‘geographic misses’ was based on the assumption 

that PET/CT represents the true extent of the tumour. However, the question 

arises whether this is justified as data from well-designed studies on this 

subject are very limited. One study reported an incremental effect of PET on the 

accuracy of initial staging over CT of 14%.21 Others reported a significant 

positive correlation between PET-based tumour length, estimated for different 

SUV thresholds, and pathologic findings.22,15 Mamede et al.  also found a 

correlation between PET-based tumour length and the tumour length based on 

EUS, the gold standard for T staging.22 Konski et al. also demonstrated that 

EUS measurements of tumour length closely approximated PET tumour 

measurements.14 In that study, they used a SUV threshold for malignancy of 

2.5. These results indicate that PET-based GTV definition is more accurate than 

CT-based GTV definition. 

Leong et al. also evaluated the impact of FDG-PET on CT-based radiotherapy 

treatment planning.11 They found an exclusion of PET-avid disease in 11 

patients (69%), with a median exclusion of PET/CT-GTV of 38%. Discordances 

between PET/CT- and CT-based GTV resulted in an inadequate coverage of the 

PET/CT-PTV by the CT-plan in 38% (6/16) of the patients. Similar results were 

found in the current study. 
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Internal mobility of the tumour due to breathing movements can cause 

differences in tumour localisation if images are acquired at different times 

during the respiratory cycle. PET is performed over many respiratory cycles, 

while in the current study CT imaging was performed in several seconds, 

capturing part of the respiratory cycle. However, these differences are expected 

to be rather small and will be mainly seen in the distal esophagus.23 To avoid 

these differences in tumour localisation, 4D-PET/CT-imaging should be used to 

synchronise the respiratory cycle. 

The addition of PET information may either result in a reduction of tumour 

volume or an enlargement. Several other studies described similar 

modifications.11-16 Vrieze et al. claimed however, that GTV should not be reduced 

based on negative PET findings, because of the low sensitivity of FDG-PET in 

esophageal cancer.16 Enlargement of the GTV was justified, based on the high 

specificity of PET. However, Vrieze et al. focused on the detection of pathologic 

lymph nodes regions, instead of tumour extent. 

PET had trouble to distinguish adjacent lymph nodes from primary tumours 

with high FDG-accumulation. CT can make characterization of the FDG-activity 

easier by providing an anatomical context. Sensitivity for diagnosing lymph 

node metastases improved significantly by using PET/CT, compared to PET 

alone.24,25,21 CT, on the other hand, has limited ability detecting normal-sized 

pathologic lymph nodes. In these cases, the addition of the functional 

information of PET can improve the sensitivity. However, tumour involved 

lymph nodes <5 mm are difficult to detect by PET.26 Combined PET/CT resolves 

most of the individual shortcomings of PET and CT, and showed to be more 

sensitive in the diagnostic process than these images modalities individually. 

Therefore it is not right to claim that the addition of PET should not lead to a 

reduction of the GTV’s of lymph nodes, based on the limited sensitivity of PET 

alone compared to CT alone. 
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Usable SUV thresholds, based on a certain SUV-level or a percentage of the 

maximal SUV, to distinguish pathologic from normal tissue, could not be 

determined for esophageal cancer.15,27 SUV measurements are influenced by 

many factors, such as patient preparation procedures, scan acquisition, image 

reconstruction and data analysis settings, which make them less accurate and 

less reproducible. Therefore, visual interpretation was used for target volume 

delineation in the current study. 

Assuming that PET/CT represents the true extent of the tumour, tumour 

definition based on CT can result in geographic misses, with consequently under 

dosing of the tumour and thereby possibly ineffective treatment. Button et al. 

described sites of first recurrences of esophageal cancer after irradiation with 

EUS and CT-based treatment plans.28 The relapses were mainly seen within the 

radiation field (within PTV); 65% of the relapses were local recurrences. Only 3 

patients (4%) developed regional recurrences outside the radiation field. These 

results suggest that the target volumes were adequately defined in the fast 

majority of cases. Only 3 cases could be considered possibly preventable by the 

additional use of PET. However, localisation of the relapses was considered in 

relation to the PTV (within or without the PTV), accounting for patient set up 

variations. Because of these variations, the real irradiation dose in the PTV is 

always lower. Therefore, in order to get a more accurate picture on the real 

percentage of the possibly preventable recurrences, the number of recurrences 

outside the CTV rather than outside the PTV is most relevant. 

The addition of FDG-PET will probably not improve the delineation of T1-

tumours; PET has trouble detecting these tumours, especially of T1a (remaining 

within the muscularis mucosae).21,26 As no gain was expected for T1-tumours, 

they were excluded from this study. 

GTV modifications by the use of PET/CT, resulted in adjusted CTV’s and PTV’s 

and the subsequent radiation treatment plans, resulting in changes in dose 

distributions to heart and lungs. We found significant reductions of V20 lung, 
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MLD and V40 heart when PET was added to CT. In individual cases, these 

reductions can be of clinical relevance, as illustrated by the NTCP models of 

Semenenko and Li and Gagliardi et al.20,29 However, the impact in terms of 

changes in NTCP values, resulting of dose–volume modifications, depends on 

the range in which these changes occur and the corresponding steepness of the 

NTCP curve. In this cohort, we found a MLD reduction in the 7–14 Gy dose 

range, resulting in a NTCP reduction within a range of 1–3%. In case of dose 

escalation to 60 Gy (radiotherapy only) the impact on the estimated NTCP 

values will be much larger, because the MLD changes are seen in a higher dose 

range, corresponding to the increased prescribed dose. 

Chemotherapy seems also associated with the incidence of radiation 

pneumonitis. Studies comparing radiotherapy with concurrent 

chemoradiotherapy suggest that chemotherapy can be a risk factor for grade 2 

pneumonitis.10,9 This implies that minimization of radiation dose to the organs 

at risk, would be even more beneficial when concurrent chemotherapy is given. 

NTCP models have their shortcomings, as well as the models used in the 

current study. The NTCP model by Semenenko is based on lung cancer patients. 

Although these patient groups seem comparable, because of their intra thoracic 

tumours, other factors such as co-morbidity are probably different in these 

groups, which might affect the NTCP as well. For cardiac mortality, we used the 

model of Gagliardi, in the absence of a NTCP model based on patients with 

esophageal cancer. Gagliardi based his NTCP model on data sets of breast 

cancer patients, who were irradiated. However, the irradiation technique for 

beast cancer differs from the one used for esophageal cancer. Subsequently, the 

dose distribution to the heart will be different, which might have consequences 

for the NTCP values. Since it remains to be clarified which parts of the heart 

are involved in developing cardiac toxicity, the estimated NTCP values in this 

paper should be interpreted with great caution. 
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For more accurate estimation of the NTCP, more research regarding side effects 

after the irradiation of esophageal tumours is required. Enlargement of the GTV 

(based on PET/CT) will increase co-irradiation of normal tissues and therefore 

the estimated complication risks. In our study, enlargement of the target 

volume and consequently the changes in NTCP were limited. However, if we 

enlarge the target volumes according to Vrieze et al., the changes in normal 

tissue dose distribution will be much larger. In clinical practice, this method is 

probably seen more often, based on the uncertainty of the radiation oncologist. 

However, PET/CT seems to improve the confidence of the oncologist regarding 

their contours.30 

In case of GTV enlargement, it would be relevant to determine whether possible 

benefits of more (accurate) irradiation outweigh to the increased complication 

risks. Effects of GTV enlargement on locoregional control and survival are 

however unknown. More research regarding treatment outcome and possible 

side-effects/complication risks needs to be done. 

 

 

Conclusions 

This study demonstrated that tumour volumes based on CT might exclude PET-

disease, resulting in a geographic miss. Consequences for treatment plans are 

under dosing and thereby possibly ineffective treatment. Moreover, the results 

showed that the addition of PET led to changes in dose distributions to normal 

tissues, which might be of clinical importance in individual cases. To determine 

whether the changes based on the addition of PET to CT will result in higher 

probabilities on local control, prospective studies are needed in which recurrence 

analysis, i.e., relating local recurrence position to dose distributions, are 

investigated 
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