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CHAPTER 4

ABSTRACT

Aim
To evaluate the potential of FDG-PET/CT for the detection of interval distant metastases 
after neoadjuvant chemoradiotherapy (CRT) and the prediction of the pathologic 
response to CRT in oesophageal cancer patients.

Methods
In this retrospective study, all oesophageal cancer patients for whom CRT followed by 
surgery was planned between January 2008 and April 2013 and in whom an FDG-PET/
CT was performed before and after CRT were included. For the response analyses, both 
FDG-PET/CTs had to be made on a similar scanner. Metabolic response of the primary 
tumour was assessed using the SUVmax, metabolic tumour volume (MTV) and total 
lesion glycolysis (TLG). These parameters were correlated with the pathologic response 
using the tumour regression grade (TRG) scale according to Mandard.

Results
In 6 of 76 consecutively treated patients (8%) new distant metastases were detected on 
FDG-PET/CT after neoadjuvant CRT; these patients were therefore not operated. Forty-
eight out of 76 patients (63%) were eligible for response analysis. The relative change in 
SUVmax, MTV and TLG was significantly different between patients with a major (TRG 1 
– 2) or minor response (TRG 3 – 5), but not between patients with or without a pathologic 
complete response. The ROC-AUC value for predicting a major response was 0.70 (95% CI 
0.65 - 0.92) for a relative decrease in SUVmax, compared to 0.73 (95% CI 0.58 – 0.88) both 
for MTV and TLG. A relative decrease in SUVmax ≥ 60% had the highest positive predictive 
value (75%).

Conclusions
Futile surgery was prevented in 8% of our oesophageal cancer patients since interval 
metastases were detected on an FDG-PET/CT following neoadjuvant CRT. The accuracy 
for predicting a complete or major pathologic response was limited and does not support 
the use of FDG-PET/CT for refraining from surgical treatment.
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INTRODUCTION

Neoadjuvant chemoradiotherapy (CRT) followed by surgery is increasingly being used 
as the standard treatment for patients with resectable, non-metastatic oesophageal 
cancer.1,2 The pathologic complete response (pCR) rate after CRT is 25 - 30% and a major 
histological response is seen in 40 - 60% of patients.1,3 During or shortly after neoadjuvant 
treatment, distant metastasis may develop, which renders surgical treatment futile. On 
the other hand, the additional benefit of oesophagectomy in patients with a major or 
complete pathologic response has been questioned.4,5 The preferred diagnostic modality 
for re-staging after neoadjuvant CRT is not well defined. For the initial diagnostic 
work-up, 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET) and PET 
combined with computed tomography (CT) have been shown to be the most accurate 
modalities for the detection of distant metastases.6-10 It has been suggested that FDG-
PET/CT may also been of value in detecting interval metastases after neoadjuvant CRT.11-

13 Furthermore, the ability of PET to discriminate responders from non-responders to 
neoadjuvant CRT has been investigated. Reported results are conflicting with a large 
variation in the accuracy of a change in standardized uptake value (SUV) to predict the 
pathologic response to CRT.14-17 In a few studies, more advanced metabolic parameters 
such as metabolic tumour volume (MTV) and total lesion glycolysis (TLG) were evaluated, 
and outperformed SUV for response prediction.18,19 Although promising, these results 
need further validation. Therefore, the aim of this study was to evaluate the potential 
of FDG-PET/CT for the detection of interval metastases after neoadjuvant CRT and to 
compare the accuracy of changes in SUV, MTV and TLG for the prediction of a pathologic 
response to CRT in oesophageal cancer patients. 

METHODS

Patients
In this retrospective study, all oesophageal cancer patients who had undergone 
neoadjuvant chemoradiotherapy between January 2008 and April 2013 at our institute 
and in whom a FDG-PET/CT-scan was performed before and after CRT were included 
(Figure 1). In all patients, the diagnosis of oesophageal cancer was confirmed by 
oesophagogastroduodenoscopy and histological examination of biopsy samples. 
Routine staging before treatment included endoscopic ultrasonography (EUS), FDG-PET/
CT and contrast-enhanced CT. If distant metastasis was suspected on diagnostic imaging, 
histological or cytological examination of the lesion was usually performed to confirm 
the presence of metastatic disease. After completion of neoadjuvant chemoradiotherapy, 
re-staging was done using a FDG-PET/CT-scan. If the pre-treatment FDG-PET/CT was 
performed in a referring hospital on a different type of scanner than the one in our 
institute (a Philips Gemini TF), the patient was excluded from the response analyses to 
avoid increased heterogeneity in metabolic measurements. This study was performed in 
accordance with institutional ethical guidelines based on good clinical practice. 
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Treatment
Patients with oesophageal cancer of at least clinical stage T2N0 and no signs of distant 
metastases or local irresectability were eligible for neoadjuvant CRT followed by surgical 
resection. From January 2008 until August 2010, CRT consisted of a radiation dose of 
50 Gray (Gy) in 25 fractions of 2 Gy. Radiotherapy was combined with two cycles of 
intravenous cisplatin 75 mg/m2 (day 1 of the first and last week of radiotherapy) and 
intravenous 5-fluorouracil (5-FU) 800 mg/m2 (days 1-4 of the first and last week of 
radiotherapy) which was administered continuously. For patients with hearing loss 
or diminished renal function (glomerular filtration rate < 60ml/min), cisplatin was 
considered contraindicated. In these patients, CRT consisted of a radiation dose of 50.4 

Gy in 28 fractions, combined with carboplatin targeted at an area under the curve (AUC) 
of 2 and paclitaxel 50 mg/m2, administered intravenously on days 1, 8, 15, 22 and 29 and 
36. Since August 2010, patients have been treated according to the regimen used in the 
CROSS-trial1 This regimen consisted of a radiation dose of 41.4 Gy in 23 fractions of 1.8 Gy, 
combined with carboplatin (AUC 2) and paclitaxel 50 mg/m2, administered intravenously 
on days 1, 8, 15, 22 and 29. Oesophageal resection was preferably performed 5 to 6 weeks 
after the completion of CRT via a transhiatal or transthoracic approach dependent on the 
location of the tumour.

FDG-PET/CT image acquisition
In our institute, an FDG-PET/CT is standard practice in the initial staging prior to the start 
of neoadjuvant CRT. If patients are eligible for surgical treatment after CRT, a second FDG-
PET/CT is made for re-staging purposes. Patients were prepared with a 6-hour fasting 
period. An FDG dose of 180–240 MBq was administered intravenously, depending on 
body mass index. The FDG-PET/CT was acquired after a resting period of 60 min with a 
whole body PET/CT scanner (Gemini TF, Philips, Cleveland, OH). All FDG-PET acquisitions 
were combined with low-dose CT for anatomical correlation and attenuation correction. 

FDG-PET/CT response analyses
Patients were included in the response analyses if both FDG-PET/CTs were made on a 
similar scanner (a Philips Gemini TF). All PET-derived parameters were measured using 
the Tumour Tracking application (Philips IntelliSpace Portal software, Philips, Best, The 
Netherlands). First, a volume of interest (VOI) was manually drawn around the most 
FDG-avid part of the tumour on the pre-CRT FDG-PET/CT. Next, the metabolic tumour 
volume (MTV) was automatically delineated using a region-growing algorithm based on 
a minimum SUV threshold. For this, different SUV thresholds (2.0, 2.5, 3.0 and 50% of 
the SUVmax) were evaluated. If tumour delineation extended to nearby FDG-avid organs 
(e.g. heart or liver) on axial FDG-PET/CT fusion images, this was manually corrected using 
the CT-scan as reference. SUVmax and SUVmean were measured in the MTV. Total lesion 
glycolysis (TLG) was calculated by multiplying the MTV with the SUVmean. The VOI was 
automatically copied from the pre-CRT to the post-CRT scan to ensure that the length of 
the VOI on the post-CRT FDG-PET/CT was similar to the length of the tumour as delineated 
on the pre-CRT FDG-PET/CT. All other measurements were performed as indicated above. 
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Pathologic response assessment
Staging was performed according to the 7th edition of the TNM classification.20 Each 
surgical resection specimen was reviewed by an experienced pathologist. Pathologic 
response was classified in five categories as proposed by Mandard et al.:21 Tumour 
regression grade (TRG) 1, no residual cancer cells; TRG 2, rare residual cancer cells; TRG 
3, fibrosis outgrowing residual cancer; TRG 4, residual cancer outgrowing fibrosis; TRG 5, 
absence of regressive change. A pathologic complete response (pCR) was defined as the 
absence of residual tumour cells in the resection specimen, including the lymph nodes. 
Patients with a complete response at the primary tumour site but residual vital tumour 
cells in one ore more lymph nodes were classified as TRG 2.  

Statistics
The absolute values of SUVmax, MTV and TLG on the post-CRT FDG-PET/CT, as well as the 
relative changes in these parameters were compared between patients with a pCR and 
those without a pCR (no-pCR) and between patients with a major response (TRG 1-2) and 
those with a minor response (TRG 3-5), using the Mann-Whitney-U test. The area under 
the receiver operating characteristic curve (ROC-AUC) was used to asses the ability of 
these parameters to discriminate between pCR and no-pCR patients, as well as between 
major and minor responders. Sensitivity, specificity, positive predictive value and 
negative predictive value were calculated for different cut-off points of relative decrease. 
All tests were two-sided and a P value < 0.05 was considered statistically significant. SPSS 
statistical software (SPSS, Chicago,IL, version 20.0) was used for analysis. 

RESULTS

FDG-PET/CT for re-staging 
In 76 patients who had undergone neoadjuvant CRT, FDG-PET/CT-scanning was  
performed before and after neoadjuvant treatment (Figure 1). Pre-treatment patient 
characteristics are shown in Table 1. All patients completed neoadjuvant CRT as 
planned. In one patient who had an excellent clinical response but a poor physical 
condition, surgical treatment was omitted following the patients’ wish. In 6 of 76 
patients (8%), distant metastases were detected on the FDG-PET/CT after completion 
of CRT, and surgical treatment was not performed. Histology of the tumour in these 
patients was squamous cell carcinoma (two patients), adenocarcinoma (two patients) 
or undifferentiated carcinoma (two patients). Each of them had been diagnosed with 
clinical stage III (cT3N+M0) disease prior to neoadjuvant CRT. In three patients, distant 
metastases detected on the post-CRT FDG-PET/CT were confirmed with histological or 
cytological examination. The other three patients had multiple sites of distant metastases 
on FDG-PET/CT and no histological confirmation was obtained. These six patients had 
all died at the time of analysis, with a median survival of 3.4 months (95% CI 1.4 – 5.3 
months) after the end of CRT. 
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In 48 patients, both FDG-PET/CTs were made on a Gemini TF scanner. These patients 
were included in the response assessment analyses. Clinicopathological characteristics 
are shown in Table 2. A pCR was seen in 11 of 48 patients (23%). In 14 of 48 patients 
(29%), no vital tumour cells were found at the primary tumour site, but in three of these 
14 patients, residual tumour cells were found in one of the resected lymph nodes. 

SUV, MTV and TLG for response prediction
After visual evaluation of tumour delineation with the different thresholds, a SUV 
threshold of 2.5 and 50% SUVmax were found to be the most representative. Response 
prediction using a SUV threshold of 2.5 rendered the most accurate results and only these 
are shown. Moreover, this threshold has also used in previous studies with oesophageal 
cancer patients.19,22 The absolute values of SUVmax, MTV and TLG were less accurate for 
predicting a pathologic response compared to the relative changes in these parameters. 
Therefore, only the results with the relative changes in SUVmax, MTV and TLG are shown. 
When comparing patients with no-pCR to patients with a pCR, no significant differences 
in the relative changes of SUVmax, MTV and TLG were found (Figure 2a). In contrast, all 
metabolic parameters showed a significant difference between patients with a major 
response and those with a minor response (Figure 2b). The ROC-AUC value for predicting 

Fig. 1. Flow diagram of patient inclusion

CRT, Chemoradiotherapy
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Table 1. Oesophageal cancer patients included in re-staging analysis

CRT, Chemoradiotherapy 5-FU, 5-fluorouracil

 

 

Characteristic N (%) 
All patients 76 (100) 
Sex 

-‐ Male  
-‐ Female 

 
60 (79) 
16 (21) 

Age (median, range) 
-‐ < 60 years 
-‐ ≥ 60 years 

63 (46 – 80) 
27 (36) 
49 (64) 

Tumour location 
-‐ Middle  
-‐ Distal 
-‐ Oesophagogastric junction 

 
   8 (29) 
46 (61) 
22 (10) 

Histology 
-‐ Squamous cell carcinoma 
-‐ Adenocarcinoma 
-‐ Undifferentiated 

 
14 (18) 
60 (79) 

2 (3) 
cT-classification 

-‐ T2 
-‐ T3 
-‐ T4 

 
11 (14) 
62 (82) 

3 (4) 
cN-classification 

-‐ N0 
-‐ N+ 

 
23 (30) 
53 (70) 

Time between end CRT and  
post-treatment FDG-PET/CT (days) 

-‐ Median (range) 
-‐ 14 – 20 days 
-‐ 21 – 27 days 
-‐ ≥ 28 days 

 
 

27 (7 – 54) 
11 (14) 
34 (45) 
31 (41)   

Neoadjuvant chemoradiotherapy 
-‐ 50 Gy/25 fractions + 5-FU/cisplatin 
-‐ 41.4 Gy/23 fractions + carboplatin/paclitaxel 
-‐ 50.4 Gy/28 fractions + carboplatin/paclitaxel 

 
21 (28) 
50 (66) 

5 (6) 
  

5-FU, 5-fluorouracil a pCR was 0.68 (95% CI 0.50 – 0.87) for a relative decrease in SUVmax, 0.63 (95% CI 0.45 
– 0.80) for a relative decrease in MTV and 0.65 (95% CI 0.47 – 0.83) for a relative decrease 
in TLG. The ROC-AUC value for predicting a major histological response was 0.70 (95% CI 
0.55 – 0.86) for a relative decrease in SUVmax and 0.73 (95% CI 0.58 – 0.88) both for MTV 
and TLG (Figure 3). If patients with a squamous cell carcinoma (N = 9) were excluded, 
the ROC – AUC value for predicting a major response was 0.70 (MTV) and 0.68 (TLG). In 
Table 3, the accuracy to discriminate between a major and minor response by a decrease 
in SUVmax, MTV and TLG using different cut-off points is shown. A relative decrease in 
SUVmax ≥ 60% had the highest positive predictive value (75%). 
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Table 2. Oesophageal cancer patients included in response assessment analysis 
 

Characteristic N (%) 
All patients 48 (100) 
Sex 

-‐ Male  
-‐ Female 

 
38 (79) 
10 (21) 

Age 
-‐ Median (range)  

 
63 (46 – 80) 

Tumour location 
-‐ Middle  
-‐ Distal 
-‐ Oesophagogastric junction 

 
18 (38) 
22 (46) 
  8 (16) 

Histology 
-‐ Squamous cell carcinoma 
-‐ Adenocarcinoma 

 
  9 (19) 
39 (81) 

cT-classification 
-‐ T2 
-‐ T3 
-‐ T4 

 
  8 (17) 
37 (77) 

3 (6) 
cN-classification 

-‐ N0 
-‐ N+ 

 
17 (35) 
31 (65) 

Time between end CRT and  
post-treatment FDG-PET/CT (days) 

-‐ Median (range) 
-‐ 14 – 20 days 
-‐ 21 – 27 days 
-‐ ≥ 28 days 

 
 

27 (14 – 43) 
3 (6) 

25 (52) 
20 (42)   

Neoadjuvant chemoradiotherapy 
-‐ 50 Gy/25 fractions + 5-FU/cisplatin 
-‐ 41.4 Gy/23 fractions + carboplatin/paclitaxel 
-‐ 50.4 Gy/28 fractions + carboplatin/paclitaxel 

 
14 (29) 
32 (71) 

2 (4) 
pT-classification 

-‐ T0 
-‐ T1 
-‐ T2 
-‐ T3 

  
14 (29) 

4 (8) 
  8 (17) 
22 (46) 

pN-classification 
-‐ N0 
-‐ N+ 

 
29 (60) 
19 (40) 

Pathologic response 
-‐ pCR 
-‐ TRG 2a 
-‐ TRG 3 
-‐ TRG 4 
-‐ TRG 5 

 
11 (23) 
  8 (17) 
22 (46) 
  6 (12) 

1 (2) 
 
5-FU, 5-Fluorouracil; pCR, pathologic complete response; TRG, Tumour regression grade 

a Patients with a complete response at the primary tumour site but residual vital tumour cells in one 
ore more lymph nodes were classified as TRG 2.    

 

Table 2. Oesophageal cancer patients included in response assessment analysis

5-FU, 5-Fluorouracil; pCR, pathologic complete response; TRG, Tumour regression grade
a Patients with a complete response at the primary tumour site but residual vital tumour cells in one ore more 
lymph nodes were classified as TRG 2. 
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DISCUSSION

In the current study, interval metastases were detected on FDG-PET/CT in 6 of 76 patients 
(8%) originally also staged using an FDG-PET/CT. This is in line with the results from two 
previously published studies.11,12 In a study by Blom et al, four out of 50 patients (8%) 
had interval metastases on post-CRT FDG-PET/CT scanning and the authors concluded 
that an FDG-PET scan should be performed routinely after neoadjuvant therapy.11 In 
contrast, in a recently published prospective study, FDG-PET after neoadjuvant CRT had 
questionable clinical benefit.23 In two of 53 patients (4%) who underwent pre- and post-
CRT FDG-PET, interval metastases were detected on the post-CRT FDG-PET. Surprisingly, 
four of the 60 initially included patients who had no signs of distant metastases on the 
baseline FDG-PET were diagnosed with metastatic disease on the planning CT prior to CRT. 
In another four patients, metastatic disease that was not seen on the post-CRT FDG-PET 
was detected during surgery. The location of the distant metastases was not described 
in the paper. In the light of the conflicting results between this prospective study and 
the available retrospective data, including the current study, larger prospective studies 
evaluating the benefit of FDG-PET/CT after neoadjuvant treatment for the detection of 
interval metastases are needed. 
A pathologic complete response to neoadjuvant CRT is seen in 25 - 30% of oesophageal 
cancer patients. Especially squamous cell carcinomas seem to respond well with a pCR 
rate of approximately 50%.1,3 In two randomized trials, definitive CRT was compared 
with neoadjuvant CRT followed by surgery in patients with oesophageal squamous 
cell carcinoma.5,24 In both studies there was no significant difference in overall survival 
between the two treatment arms. However, patients treated with CRT plus surgery 
developed fewer locoregional recurrent disease. Therefore, a more accurate selection of 
patients with a low risk on locoregional recurrence is needed. Similarly, Monjazeb et al. 
retrospectively compared patients treated with definitive CRT to patients treated by CRT 
followed by surgery.13 In this study, 75% of the included patients were diagnosed with 
oesophageal adenocarcinoma. In patients with a clinical complete response to CRT on 
a post-CRT FDG-PET (defined as a SUVmax < 3), the local failure rate was comparable in 
both patient groups. Still, a pathologic major response was seen in only 53% of patients 
with a SUVmax < 3 who had undergone surgery. This suggests that the selection of 
patients with a major response to CRT was far from optimal in this study. 

So far, the reported accuracy to predict the pathologic response varies considerably 
between studies.23,25-27 In most studies, the SUVmax on pre- or post-treatment PET, as 
well as a (relative) change in SUVmax were tested for their ability to discriminate patients 
with a response from those with no response. In some studies there was no correlation 
between a relative decrease in SUVmax and the response to CRT.23,26 In other studies, 
SUVmax was able to predict the pathologic response but the accuracy varied from 67% to 
88%.25,27 Given these conflicting results, other FDG-PET/CT-derived metabolic parameters 
besides SUVmax have been investigated. Since SUVmax is defined as the uptake value of a 
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Figure 2a. Relative changes in SUVmax, MTV and TLG on the pre- and post-treatment FDG-PET/CT for patients with no pCR 
compared to patients with a pCR

Figure 2b. Relative changes in SUVmax, MTV and TLG on the pre- and post-treatment FDG-PET/CT for patients with a minor 
pathologic response compared to those with a major pathologic response.

Figure 3. Receiver operating characteristic (ROC) curves for predicting a major pathologic response to neoadjuvant CRT for 
a relative decrease in SUVmax, MTV and TLG

SUV, standardized uptake value; MTV, metabolic tumour volume; TLG, total lesion glycolysis; pCR, pathologic complete response

SUV, standardized uptake value; MTV, metabolic tumour volume; TLG, total lesion glycolysis; ROC-AUC, area under the curve of the receiver 
operating characteristic; CI, confidence interval
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single voxel, this parameter is prone to the influence of image noise. In contrast, MTV and 
TLG integrate data from the whole tumour and are therefore more robust parameters. 
In head and neck squamous cell carcinoma, MTV has been shown to predict clinical 
outcome in patients who are treated with definitive CRT.28 In a study including non-small 
cell lung cancer patients treated with CRT, a relative change in TLG, and not SUVmax, was 
predictive for survival.29 Also, in two previous studies with oesophageal cancer patients, 
changes in MTV and TLG were more accurate for predicting pathologic response than a 
change in SUVmax.19,22 In the current study, changes in SUVmax, MTV and TLG correlated 
with pathologic response. However, none of the parameters was very accurate in 
predicting a pCR (ROC - AUC < 0.7). MTV and TLG had a marginally higher accuracy than 
SUVmax in predicting a major response to CRT. To be useful in clinical decision-making, a 
test assessing the response after neoadjuvant CRT should have a high positive predictive 
value (PPV). This prevents patients with a minor response, in whom surgical treatment 
has a potential greater benefit, to be incorrectly classified as a having a major response. 
A decrease of ≥ 60% in SUVmax identified 12 patients as major responders. Of these, 9 
had a pathologic major response and 3 had a minor response (PPV 75%). Although this 
figure is superior to the response assessment in previous studies in which CRT alone is  

 

 
SUV, standardized uptake value; MTV, metabolic tumour volume, TLG, total lesion glycolysis; PPV, positive 
predictive value; NPV, negative predictive value. 
 

Table 3. Accuracy to discriminate between a major and minor response to neoadjuvant CRT for 
different cut-off points of a relative decrease in SUVmax, MTV and TLG 

 

Relative decrease in     

SUVmax Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

≥ 40% 63 60 52 72 

≥ 50% 53 79 63 72 

≥ 60% 47 90 75 72 

≥ 70% 26 90 63 65 

MTV     

≥ 60% 79 69 63 83 

≥ 70% 58 76 61 73 

≥ 80% 42 83 62 69 

≥ 84% 32 90 50 62 

TLG     

≥ 60% 84 59 57 85 

≥ 70% 74 66 58 79 

≥ 80% 63 79 67 77 

≥ 90% 26 86 56 64 

Table 3. Accuracy to discriminate between a major and minor response to neoadjuvant CRT for different 
cut-off points of a relative decrease in SUVmax, MTV and TLG

SUV, standardized uptake value; MTV, metabolic tumour volume, TLG, total lesion glycolysis; PPV, positive 
predictive value; NPV, negative predictive value
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compared to CRT followed by surgery,5,13 these results do not justify the use of FDG-PET/
CT after neoadjuvant CRT other than for the detection of distant metastases. 
There are some limitations to our study, in addition to those related to a retrospective 
data analysis and the inclusion of a limited number of patients. It is well known that a 
radiation oesophagitis can lead to an increased FDG-uptake, mimicking residual tumour. 
Therefore, we limited the length of the VOI on the post-CRT FDG-PET/CT to the length of 
the tumour as delineated on the pre-CRT FDG-PET/CT. Still, the effects of inflammation 
may have compromised the accuracy of the metabolic measurements. 

CONCLUDING REMARKS

In the current study, re-staging with FDG-PET/CT after neoadjuvant CRT detected interval 
metastases in 6 of 76 oesophageal cancer patients (8%). A relative change in SUVmax, 
MTV or TLG had limited value for the prediction of a pathologic complete response to 
neoadjuvant CRT. A subset of patients with a major response to CRT could be identified, 
but the positive predictive value was too low to justify the use of FDG-PET/CT for the 
decision to refrain from surgical treatment. 



75

PET/CT AFTER NEOADJUVANT CHEMORADIOTHERAPY FOR OESOPHAGEAL CANCER

REFERENCES

1. van Hagen P, Hulshof MC, van Lanschot JJ, et al. Preoperative chemoradiotherapy for esophageal or 
 junctional cancer. N Engl J Med 2012; 366:2074-84.
2. Sjoquist KM, Burmeister BH, Smithers BM, et al. Survival after neoadjuvant chemotherapy or 
 chemoradiotherapy for resectable oesophageal carcinoma: an updated meta-analysis. Lancet Oncol 
 2011; 12:681-92.
3. Courrech Staal EF, Aleman BM, Boot H, et al. Systematic review of the benefits and risks of neoadjuvant 
 chemoradiation for oesophageal cancer. Br J Surg 2010; 97:1482-96.
4. Castoro C, Scarpa M, Cagol M, et al. Complete Clinical Response After Neoadjuvant Chemoradiotherapy 
 for Squamous Cell Cancer of the Thoracic Oesophagus: Is Surgery Always Necessary? J Gastrointest Surg 
 2013; 17:1375-81.
5. Bedenne L, Michel P, Bouche O, et al. Chemoradiation followed by surgery compared with 
 chemoradiation alone in squamous cancer of the esophagus: FFCD 9102. J Clin Oncol 2007; 25:1160-68.
6. Chatterton BE, Ho Shon I, Baldey A, et al. Positron emission tomography changes management and 
 prognostic stratification in patients with oesophageal cancer: results of a multicentre prospective study. 
 Eur J Nucl Med Mol Imaging 2009; 36:354-61.
7. Barber TW, Duong CP, Leong T, et al. 18F-FDG PET/CT has a high impact on patient management and 
 provides powerful prognostic stratification in the primary staging of esophageal cancer: a prospective 
 study with mature survival data. J Nucl Med 2012; 53:864-71.
8. van Vliet EP, Heijenbrok-Kal MH, Hunink MG, et al. Staging investigations for oesophageal cancer: a meta-
 analysis. Br J Cancer 2008; 98:547-57.
9. Gillies RS, Middleton MR, Maynard ND, et al. Additional benefit of (1)(8)F-fluorodeoxyglucose integrated 
 positron emission tomography/computed tomography in the staging of oesophageal cancer. Eur Radiol 
 2011; 21:274-80.
10. Noble F, Bailey D, Tung K, et al. Impact of integrated PET/CT in the staging of oesophageal cancer: a UK 
 population-based cohort study. Clin Radiol 2009; 64:699-705.
11. Blom RL, Schreurs WM, Belgers HJ, et al. The value of post-neoadjuvant therapy PET-CT in the detection 
 of interval metastases in esophageal carcinoma. Eur J Surg Oncol 2011; 37:774-78.
12. Bruzzi JF, Swisher SG, Truong MT, et al. Detection of interval distant metastases: clinical utility of 
 integrated CT-PET imaging in patients with esophageal carcinoma after neoadjuvant therapy. Cancer 
 2007; 109:125-34.
13. Monjazeb AM, Riedlinger G, Aklilu M, et al. Outcomes of patients with esophageal cancer staged with 
 [(1)F]fluorodeoxyglucose positron emission tomography (FDG-PET): can postchemoradiotherapy FDG-
 PET predict the utility of resection? J Clin Oncol 2010; 28:4714-21.
14. van Heijl M, Omloo JM, van Berge Henegouwen MI, et al. Fluorodeoxyglucose positron emission 
 tomography for evaluating early response during neoadjuvant chemoradiotherapy in patients with 
 potentially curable esophageal cancer. Ann Surg 2011; 253:56-63.
15. Cuenca X, Hennequin C, Hindie E, et al. Evaluation of early response to concomitant chemoradiotherapy 
 by interim 18F-FDG PET/CT imaging in patients with locally advanced oesophageal carcinomas. Eur J 
 Nucl Med Mol Imaging 2013; 40:477-85.
16. Westerterp M, Omloo JM, Sloof GW, et al. Monitoring of response to pre-operative chemoradiation in 
 combination with hyperthermia in oesophageal cancer by FDG-PET. Int J Hyperthermia 2006; 22:149-60.
17. Schmidt M, Bollschweiler E, Dietlein M, et al. Mean and maximum standardized uptake values in 
 [18F]FDG-PET for assessment of histopathological response in oesophageal squamous cell carcinoma or 
 adenocarcinoma after radiochemotherapy. Eur J Nucl Med Mol Imaging 2009; 36:735-44.
18. Roedl JB, Colen RR, Holalkere NS, et al. Adenocarcinomas of the esophagus: response to 
 chemoradiotherapy is associated with decrease of metabolic tumor volume as measured on PET-CT. 
 Comparison to histopathologic and clinical response evaluation. RadiotherOncol 2008; 89:278-86.
19. Jayachandran P, Pai RK, Quon A, et al. Postchemoradiotherapy positron emission tomography predicts 
 pathologic response and survival in patients with esophageal cancer. Int J Radiat Oncol Biol Phys 2012; 
 84:471-77.
20. Sobin L, Gospodarowicz M, Wittekind C, eds. International Union Against Cancer (UICC) TNM 
 Classification of Malignant Tumors. 7th ed. Oxford, UK: Wiley-Blackwell; 2009.



76

CHAPTER 4

21. Mandard AM, Dalibard F, Mandard JC, et al. Pathologic assessment of tumor regression after 
 preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations. Cancer 1994; 
 73:2680-86.
22. Roedl JB, Colen RR, Holalkere NS, et al. Adenocarcinomas of the esophagus: response to 
 chemoradiotherapy is associated with decrease of metabolic tumor volume as measured on PET-CT. 
 Comparison to histopathologic and clinical response evaluation. Radiother Oncol 2008; 89:278-86.
23. Piessen G, Petyt G, Duhamel A, et al. Ineffectiveness of 18F-Fluorodeoxyglucose positron emission 
 tomography in the evaluation of tumor response after completion of neoadjuvant chemoradiation in 
 esophageal cancer. Ann Surg 2013; 258:66-76.
24. Stahl M, Stuschke M, Lehmann N, et al. Chemoradiation with and without surgery in patients with locally 
 advanced squamous cell carcinoma of the esophagus. J Clin Oncol 2005; 23:2310-17.
25. Cerfolio RJ, Bryant AS, Ohja B, et al. The accuracy of endoscopic ultrasonography with fine-needle 
 aspiration, integrated positron emission tomography with computed tomography, and computed 
 tomography in restaging patients with esophageal cancer after neoadjuvant chemoradiotherapy. J 
 Thorac Cardiovasc Surg 2005; 129:1232-41.
26. Levine EA, Farmer MR, Clark P, et al. Predictive value of 18-fluoro-deoxy-glucose-positron emission 
 tomography (18F-FDG-PET) in the identification of responders to chemoradiation therapy for the 
 treatment of locally advanced esophageal cancer. Ann Surg 2006; 243:472-78.
27. Mamede M, Abreu EL, Oliva MR, et al. FDG-PET/CT tumor segmentation-derived indices of metabolic 
 activity to assess response to neoadjuvant therapy and progression-free survival in esophageal cancer: 
 correlation with histopathology results. Am J Clin Oncol 2007; 30:377-88.
28. Tang C, Murphy JD, Khong B, et al. Validation that metabolic tumor volume predicts outcome in head- 
 and-neck cancer. Int J Radiat Oncol Biol Phys 2012; 83:1514-20.
29. Usmanij EA, Geus-Oei LF, Troost EG, et al. 18F-FDG PET Early Response Evaluation of Locally Advanced 
 Non-Small Cell Lung Cancer Treated with Concomitant Chemoradiotherapy. J Nucl Med 2013; 54:
 1528-34.


