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Abstract

Purpose 
Neoadjuvant chemoradiotherapy (CRT) before surgery results in a pathological 
complete response (pCR) rate in about 1/3 of the patients, which is correlated 
with survival. It was hypothesised that volumetric tumour response to CRT would 
correlate with outcomes. 

Materials and methods
Patients who completed trimodality therapy, where planning, pre and post 
chemoradiotherapy computed tomography scans were available, and pathology 
was reviewed by a central pathologist, were eligible for analysis. Absolute and 
relative tumour volume change pre-treatment and post treatment were correlated 
with pCR, locoregional recurrence (LRR), disease free survival (DFS) and overall 
survival. 

Results
Fif ty-six patients were analysed. pCR was observed in 30% of patients.  
Median follow up was 20.3 (range 4-89) months. The 2 and 4 year overall survival 
was 61.3% (95% CI: 45-74) and 25.0% (95%CI: 11-41); proportion disease free was 
32.1% (95% CI: 19-46)% and 20.6% (95%CI: 9-36) at 2 and 4 years respectively.  
The median relative volume reduction was 17% (95% CI -24, -3%). Using 20% as  
the criteria, the proportion of patients with pCR of ≥ 20% vs <20% was 13/25  
(52%) vs 4/31 (13%) for those who did not (OR 7.3; 95% CI 2-27). The LRR at 2 and 
4 years was 29.5% (95% CI: 16-43) and 36.2% (95% CI: 23-50). The relative tumour 
reduction ≥ 20% was significantly correlated with LRR (HR 0.24 95% CI 0.07-0.8;  
p 0.02) at 2 and 4 years respectively. 

Conclusions
Relative tumour volume reduction following CRT is correlated with complete 
pathological response and local-regional recurrence. Further investigations are 
warranted to examine the effect of volume change, alone or in conjunction with 
other factors as potential predictors for pathological response. 

Introduction  
Patients with oesophageal cancer face a therapeutic challenge. The adoption of 
more intensive treatments such as combined trimodality treatment has resulted in 
a reduction in mortality (1), although this is associated with significant incremental 
toxicities. The probability and magnitude of benefit from trimodality therapy is 
not uniform for all patients. For example, patients with chemoradiotherapy (CRT) 
responsive disease, exemplified by patients who achieve a complete response 
(CR) after neoadjuvant treatment, enjoy a significantly better outcome with 5 year 
survival rates of 48% for patients with pathological CR (pCR) versus 18% dose who 
are non-responders (2, 3). 
The ability to identify patients who will respond well to trimodality (and other 
sequential combination strategies) has obvious advantages for individualizing 
therapy. For patients who are expected to do well, the treatment can be 
recommended with confidence, whereas for those who are not, alternative 
treatment strategies can be pursued early in the treatment course. 
To date, the strongest predictor of a favourable outcome is the attainment of a 
pCR following neoadjuvant therapy, which unfortunately cannot be established 
until most of the treatment has already been delivered. The ability to predict for 
pCR early in the treatment trajectory has been a focus of research. Early positron 
emission tomography (PET) response has some demonstrated utility (4) while other 
modalities such as change in tumour using endoscopic ultrasound (EUS) has shown 
promise (5). Radiotherapy delivery is accompanied by daily imaging for treatment 
verification. The ability to regularly monitor for tumour geometry has potential 
application towards adaptive therapy. Should tumour shrinkage (especially early 
response) be correlated with treatment outcomes, significant utility could be 
gained towards both chemo and radiotherapy adaption. To provide justification for 
a prospective study to examine early volumetric response and treatment outcomes, 
we designed the current study to first establish the methodology and explore if a 
signal exists between tumour response and outcomes as well as using existing data. 
The hypothesis for the current study is tumour shrinkage following neo-adjuvant 
treatment is related to treatment outcomes. 

Materials and methods 
A retrospective cohort study design was used. Patients who were enrolled in 
one of two subsequent phase II studies (3, 6), completed trimodality therapy 
(preoperative chemoradiotherapy and surgery) at University Health Network, 
where pre treatment, post chemoradiotherapy diagnostic computed tomography 
(CT) scans, and planning CT scan was available for fusion and analysis, and 
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pathology was available for review by a central pathologist to determine regression 
grade were included. Both studies were approved by the research ethics board.  
The first study started in 2002, the second study started in 2006. A new radiotherapy 
planning system was introduced in 2003, for the purpose of the study; only patients 
that were planned with this system were included. 
Patients were treated with induction (one cycle, week 1,2) cisplatin and irinotecan, 
followed by concurrent chemoradiotherapy (50Gy in 25 fractions, chemo week 
4,5,7,8, radiotherapy week 1-5). Oesophagectomy was performed approximately 
6 weeks post CRT. 
Radiotherapy was delivered using a conformal technique. Gross tumour volume 
was defined as the primary tumour and enlarged nodes based on endoscopic, 
diagnostic, and planning CT findings. Clinical target volume was created using a 
3-4 cm cranial and caudal margin and 1 cm circumferential margin but modified 
to respect normal anatomical boundaries. Planning target volume was created 
allowing for respiratory motion and approximately 0.5 cm margin for interfraction 
motion. 
Pathologic examination of oesophagectomy specimen followed a standardized 
protocol using tumour regression grade (TRG) as described by Mandard (7).  
This grading system is correlated with survival (7). Complete pathohistological 
response (pCR) or grade I regression means that there are no viable residual tumour 
cells present (Appendix A). Staging of the tumour was reported according to the 
6th edition of the TNM classification by Union Internationale Contre le Cancer 
(UICC) (8). 
For patients who had a baseline pretreatment CT-PET, complete metabolic 
response was defined as 18F-fluorodeoxyglucose (FDG) avid or positive before 
therapy and negative after therapy, and partial response as >30% standardized 
uptake values (SUV) decline (9). Second, using SUVs of the primary tumour and 
using the post CRT SUV value of <5 as a threshold of metabolic response (10). 
Pre-treatment and post-treatment diagnostic CT scans were fused with the 
planning CT scan using the Pinnacle planning system (Pinnacle v8.0; Philips Medical 
Systems, Fitchburg, WI) to permit volumetric determination. Fusion is performed 
for the best match within the region of the tumour. The absolute and relative 
volume change was computed from the tumour contours. Tumour volumes were 
delineated by a single observer (FV) using a standardized contouring protocol. 
The circumference of the oesophagus at the pre and post treatment CT scan was 
contoured. Cranial caudal extent of the tumour volume pre-treatment was based 
on pre-treatment oesophagoscopy, EUS and, when available, FDG PET scans. 
These modalities were used to reconstruct the extent of the tumour. In addition, 
we made two methodological assumptions. First when tumours were close to the  
gastro-oesophageal (GE) junction, we assumed the GE junction to be the inferior 
border of the caudal extent, since delineation below this point has a high inter-
observer variability. Second, we assumed the cranial caudal tumour extent to be 

constant pre and post-treatment, given the uncertainty of establishing tumour 
extent following response to treatment. These assumptions are expected to 
minimize observer bias, but would provide a conservative assessment of the degree 
of change.
Patient records were revewed to establish recurrences. The date of recurrence 
was taken as the date of confirmatory investigations used, usually CT scan or 
endoscopy, or the date a clinical diagnosis of disease progression was made in 
the absence of these. 
Patient outcomes of interest included overall survival (OS), probability of local 
regional recurrence (LRR) and disease free interval/survival (DFS). Clinical data 
and outcomes were prospectively collected as part of the research protocol, with 
the exception of volume change. 
The association between tumour volume change and pCR was studied using 
logistic regression. The significance of coefficient was calculated with Wald test. 
OS and DFS were estimated using the Kaplan-Meier method with survival time 
calculated from start of chemotherapy. The association of categorical covariates 
with OS and DFS were tested using log-rank test. 
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FIGURE 1. Flow chart of patient inclusion
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Effects of continuous variables were studied using Cox proportional hazard 
regression. Due to the presence of competing risks (death without LRR),  
the probability of LRR was calculated using the cumulative incidence function. 
Effects of covariates on LRR were tested using the Fine and Gray model (11).  
All p values were two-sided and a value of p ≤ 0.05 was considered statistically significant.  
The statistical software used for this study was SAS software (SAS Institute, Cary, 
NC) and the R software (http://cran.r-project.org/).

Results
Between December 2003 and August 2010, 82 patients participated in a phase II 
study of trimodality treatment at our institute with curative intent. FDG-PET scan 
performed after study enrolment revealed 73 patients without distant metastases. 
Of these, 72 patients started neoadjuvant CRT and 61 patients completed surgery. 
Imaging datasets were incomplete for five of the patients. From this cohort,  
56 patients completed CRT and surgery, and had complete image sets were 
included for analysis (Figure 1).
Clinical data for all (n=56) patients were collected prospectively. Median 
follow up was 20.3 (range 4-89) months. The mean age was 60 (SD ± 8.6) years,  
47 (84%) were men, 40 (71%) had adenocarcinoma and 30 (54%) were located at  
the gastro-oesophageal junction (Siewert II) (Table 1).

Treatment
All patients completed trimodality treatment for oesophageal cancer. The 
median time from CRT to post-treatment CT was 3 weeks (range 1-7) and to post-
treatment PET 4 weeks (range 3-8). Oesophagectomy was performed at a median 
of 7 weeks (range 5-19). A median of 26 (range 1-55) lymph nodes was resected. 
Seventeen patients (30%) had no viable tumour cells seen on final pathology 
(i.e. grade 1 regression) while 39 patients with a non-CR (Mandard grade 2-5).  

Absolute, relative volume change and pCR
The mean tumour volume was 53.4 (SD ±35.7) cm3 pre treatment and 40.6 cm3 
(SD ± 25.4) post treatment. The mean volume change was -12.8 cm3 (SD ± 21.7).  
The mean absolute volume change for patients with a grade 1 regression was - 
21.3 cm3 (SD ±26.4) compared to -9.1 cm3 (SD ± 18.5) in patients with a non-CR 
(p=0.07) (Figure 2). 
The relative tumour volume change was calculated as a ratio of the absolute 
volume change divided by the baseline tumour volume. The mean relative 
volume change was -14% (SD ± 31) and the median -17% (95% CI: -24, -3).  

TABLE 1
Distribution of patient and disease characteristics of 56 patients

†TNM staging according to the 6th edition of the UICC staging system

Category Number (%)

Gender

    Male  47 (84%)

    Female 9 (16%) 

Pathology

    Squamous cell carcinoma 16 (29%)

    Adenocarcinoma 40 (71%) 

Age at diagnosis 60 (43-77) years

Clinical stage

    IIA 24 (43%)

    IIB 10 (18%)

    III 21 (38%)

    IV (M1a) 1 (2%) 

Location

    Thoracic oesophagus 26 (46%)

    Gastro-oesophageal junction 30 (54%)

Pre treatment (Clinical) stage†

0    (T0N0M0) 0

I     (T1N0M0)  0

IIA  (T2-3N0M0) 24

IIB  (T2N1M0) 10

III   (T3N1M0) 21

IV   (M1a) 1

Post treatment (Pathological) stage

0    (T0N0M0) 17

I     (T1N0M0)  6

IIA  (T2-3N0M0) 11

IIB  (T2N1M0) 8

III   (T3N1M0) 13

IV   (M1) 1 
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Patients with a pCR had a median reduction of -41% (95% CI: -53, -23) compared to 
-6% (95% CI: -17, 6) in the non-CR patients (p=0.004). We used the ‘rounded’ median 
value of relative volume change of 20% as a threshold to divide our population into 
a “significant change” group versus others. 
When relative reduction in tumour volume was ≥ 20%, 13/25 (52%) had a pCR vs 
4/31 (13%) for those with less response. The OR was 7.3 (95% CI 2-27; p=0.006). 
Presented as characteristics of a diagnostic test, relative volume change of ≥ 20% 
had a sensitivity, specificity, PPV and NPV of 77%, 69%, 52% and 87% respectively 
for predicting pCR. 

Relative volume change and long term clinical outcomes
With a median follow up of 20.3 (range 4-89) months, 29/56 (52%) patients had 
died, with 26 patients dying of oesophageal cancer and three patients dying 
of other causes (1 cerebrovascular event, one postoperative cardiac arrest and 
one postoperative pneumonia). Thirty-two patients had recurred, of which  
17 (30%) had a locoregional recurrence. Median OS was 26.4 months  
(95% CI 22-41). Proportion alive at 2 and 4 year were 61.3% (95% CI: 45-74) 
and 25.0% (95%CI 11-41). Corresponding proportions who were disease free 
were 32.1% (95% CI: 19-46) and 20.6% (9-36). Proportion of patients with local 
regional recurrence at 2 and 4 years were 29.5% (95% CI: 16-43) and 36.2%  
(95% CI: 23-50). Twelve (71%) of the 17 patients with a pCR had no evidence 
of disease at the time of analysis, compared to 31% in patients without a pCR 
(p<0.001). When the relationship between relative volume change and local-
regional recurrence was explored, the hazard of having local regional recurrence 
for patients with a ≥ 20% relative tumour reduction was found significantly 
lower than those with less tumour shrinkage with a hazard ratio (HR) of 0.24  
(95% CI 0.07-0.84; p=0.02) (Figure 3).
We also examined the relationship between volume change and disease free and 
overall survival. While there was a trend in favor of patients with volume reduction 
≥ 20%, this was not statistically significant (HR 0.66 95% CI: 0.3-1.3, p=0.23 and HR 
0.7 95% CI: 0.3-1.5, p=0.34 respectively) (Figure 4). 
Table 2 summarized all the relationship between relative tumour shrinkage of  
≥ 20% and pathological response, disease free survival and overall survival.  

Composite metabolic-volume response and pCR
Fifty-one (87%) of the patients had metabolic response evaluation with pre and 
post-treatment FDG-PET scan. 49/51 patients had FDG avid disease pre treatment. 
A complete metabolic response as defined by the diagnostic radiologist was 18% 
(9/51). When using our alternative definition of post treatment SUV <5, the number 
was identical. Metabolic response alone did not correlate with pCR. 
In an attempt to explore the potential value of combining relative volume change 
and metabolic response to predict of pCR, we divided our study cohort into two 
groups using a composite response criterion. The proportion of patients with 
shrinkage of ≥ 20% and post treatment standardized uptake value of <5 (composite 
responders) was 29%. The OR of prediction for pCR for responders versus non-
responders was 8.7 (95% CI 2-35; p=0.002). This was slightly higher than using 
volume response alone OR 7.3 (95% CI 2-27; p=0.006). 

FIGURE 2. Relative volume change† by patient.

†Relative volume change represents the ratio of the absolute volume change divided by the baseline 
tumour volume. 
Each bar represents an individual patient. Patients with ≥ 20% tumour volume change versus patients 
with <20% tumour volume change: OR = 7.3 (95% CI 2-27, p = 0.006) for having a pCR
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Outcomes   OR or HR 
  of tumour shrinkage ≥ 20%  
   and outcome of interest  
Pathological complete response OR 7.3 (95% CI 2.0-27.1  p=0.0064
Sensitivity†  77%
Specificity†  69%
PPV†  52%
NPV†  87% 
Local regional control HR 0.24 (95% CI 0.07-0.84)  p=0.0167
Disease free survival HR 0.66 (95% CI 0.34-1.29)  p=0.23
Overall survival HR 0.7 (95% CI 0.33-1.49)  p=0.36
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FIGURE 4. Kaplan-Meier curves of disease free and overall survival stratified by volume change

Abbreviations: 
CI: confidence interval, HR: hazard ratio. 

TABLE 2

Summary of relationship between tumour shrinkage ≥ 20% and clinical outcomes of interest

† Test characteristics of tumour shrinkage as a predictor of pCR. 
Abbreviations: NA: not applicable, CI: confidence interval, HR: hazard ratio, NPV: negative predictive 
value, OR: odds ratio, pCR: pathological complete response, PPV: positive predictive value. 

FIGURE 3. Cumulative incidence curves of local regional recurrence stratified by tumour volume 
change
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Discussion
This study is a proof of principle that volumetric change is correlated to pathological 
outcome and LRR and might have a complimentary role for response monitoring 
to more established parameters such as FDG-PET scan. Our results showed a 
promising role for volumetric measurements of tumour shrinkage in predicting 
for pathological outcome. Relative tumour shrinkage of ≥ 20% after neoadjuvant 
chemoradiotherapy was significantly correlated with pCR (OR 7.3 95%CI 2-27; 
p=0.006) and local-regional recurrence (HR 0.24; 95% CI 0.1-0.8; p=0.02) (Fig 3). 
Various diagnostic imaging modalities have been investigated for its value in 
predicting response to treatment, and in particular, the assessment of response to 
neoadjuvant therapy (e.g. neoadjuvant chemoradiotherapy). FDG-PET response 
is perhaps the most promising to date. In a systematic review conducted by 
Suttie et al (12), 22 studies were identified examining the role of FDG response in 
predicting subsequent pathological response and survival. Five of these explored 
its value early on during therapy. Rebollo Aguirre et al (13) used a more stringent 
selection criterion and included only seven prospectively conducted studies of 
which only one evaluated early response (4). While the literature is promising, 
the characteristics of PET uptake change in the primary tumour between pre 
and post neoadjuvant therapy and its ability to predict subsequent pathological 
response was quite variable across the studies. The range of sensitivity, specificity, 
positive predictive value and negative predictive values were 27-93%, 42-95%, 
71-93% and 71-94% respectively. The significant heterogeneity would suggest 
additional refinement of this approach is needed, for it to have the potential for 
clinical application towards individualized therapy. 
Shrinkage of tumour, and improvement of dysphagia is an obvious clinical 
change observed when tumour is responding to treatment, although physical 
change has not been found to perform well in predicting for outcome (10, 14, 15).  
Recent reports using endoscopic ultrasound (5) has performed more favourably 
then CT scans (14). However, the use EUS is more dependent on operator and have 
greater procedural demand on the patient. In contrast, CT scans is widely used in 
staging and restaging of tumour, are an integral part of interpreting PET images 
and is the central modality for designing radiotherapy planning. It is possible that 
the lack of relationship is related to the methods employed in quantifying tumour 
shrinkage in the past. In our study, we arrived at our volumetric measurements using  
multi-slice CT. We eliminated the uncertainty that existed in trying to quantify the 
cranial caudal extension of the tumour, by keeping the cranial caudal extent of the 
region of interest constant. In essence, we focused our change measurement on  
the axial change along the length of the oesophagus that contained the tumour in 
the pre-treatment state. Using our methodology, we were able to demonstrate a 
significant correlation between tumour shrinkage and subsequently pathological 

response. A sensitivity, specificity, PPV and NPV of 77%, 69%, 52% and 87% respectively 
was observed in our dataset. Whether even earlier evaluation of volume changes  
(i.e. mid radiation therapy) have even better predictive value remains to be proven 
but deserves further investigation. 
Given the promise of both volume change and metabolic change in predicting 
outcomes, it is possible that integrating both measures could provide a more robust 
measure. Roedl et al described quantifying tumour length by automated tumour 
delineation using SUV values (16).  Using a SUV of 2.5 as the criteria for active tumour 
a sensitivity of 91% and specificity of 92% was found for predicting for treatment 
response (<10% viable cells) and disease free survival (n = 46). Diameter-SUV index 
(17) (where diameter was the area delineated by an isocontour with a SUV of 2.5, 
and the mean SUV value was the average SUV value within the corresponding 
region of interest) was found to have a sensitivity and specificity of 93 and 91% for 
predicting pathological response, and correlated significantly with disease free 
survival. Other threshold SUV values post CRT (SUV 4 or 5) are also commonly 
reported (10). The concept of metabolic tumour volume change has been found to 
be predictive of outcomes in other cancers such as lung (18). Since not all tumours 
are metabolically active, the incorporating two different dimensions of response 
(volume and metabolic change) as a strategy to improve the accuracy of response 
detection is sound. In our study, no statistically significant correlation between 
metabolic response alone or combined with volume change was identified in our 
dataset. However, the integration of metabolic and volume response deserves 
further evaluation. 
The best and most robust predictive model may in fact be build upon metabolic, 
physical and pharmacogenomic markers. Several possible molecular markers or 
gene signature have shown significant promise. Promising markers for response 
prediction would be the type I tyrosine kinase family (EGFR and Her2Neu) (19, 20), 
survivin (inhibitor of apoptosis protein gene family), (21) ERCC1 (nucleotide excision 
repair (22) and VEGF (angiogenesis) (20). Whether these are best utilized in the 
upfront selection of treatment strategy, or holds predictive value in confirming 
treatment utility or role of postoperative adjuvant therapy based on change are 
just some of the many questions that would require further investigation. 
Our study has several limitations. Our study design is retrospective with a relatively 
small sample size and a lack of blinding of the investigator conducting the 
contouring. Nevertheless, our analysis is intended to be exploratory, looking for a 
signal to support further investigation. A prospective study to develop a predictive 
model with a multidimensional approach of molecular markers, gene expression 
profile, metabolic response and volumetric change is underway. 
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APPENDIX A. Mandard tumour regression grading system. 

Tumour regression grade Description

Grade 1 pCR Absence of residual tumour, and fibrosis  
  extending through  the different layers of the 
  oesophageal wall

Grade 2 Rare residual tumour scattered throughout the
  fibrosis 

Grade 3 Increase in the number of residual tumour cells,  
  but with  predominance of the fibrosis

Grade 4 Residual tumour outgrowing the fibrosis

Grade 5 Absence of any tumour regression


