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ABSTRACT

Background. Esophageal cancer has a poor prognosis,
and many patients undergoing surgery have a low chance
of cure. Imaging studies suggest that tumor volume is
prognostic. The study aimed to evaluate pathological tumor
volume (PTV) as a prognostic variable in esophageal
cancer.

Methods. This single-center cohort study included 283
patients who underwent esophageal cancer resections
between 2000 and 2012. PTVs were obtained from
pathological measurements using a validated volume for-
mula. The prognostic value of PTV was analyzed using
multivariable regression models, adjusting for age, tumor
grade, tumor (T) stage, nodal stage, lymphovascular inva-
sion, resection margin, resection type, and chemotherapy
response, which provided hazard ratios (HRs) with 95 %
confidence intervals (CIs). Primary outcomes were time to
death and time to recurrence. Secondary outcomes were
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margin involvement and lymph node positivity. Correlation
analysis was performed between imaging and PTVs.
Results. On unadjusted analysis, increasing PTV was
associated with worse overall mortality (HR 2.30, 95 % CI
1.41-3.73) and disease recurrence (HR 1.87, 95 % CI
1.14-3.07). Adjusted analysis demonstrated worse overall
mortality with increasing PTV but reached significance in
only one subgroup (HR 1.70, 95 % CI 1.09-2.38). PTV
was an independent predictor of margin involvement (OR
2.28, 95 % CI 1.02-5.13) and lymph node—positive status
(OR 2.77, 95 % CI 1.23-6.28). Correlation analyses
demonstrated significant positive correlation between
computed tomography (CT) software and formula tumor
volumes (r = 0.927, p < 0.0001), CT and positron emis-
sion tomography tumor volumes (r = 0.547, p < 0.0001),
and CT and PTVs (r = 0.310, p < 0.001).

Conclusions. Tumor volume may predict survival, margin
status, and lymph node positivity after surgery for eso-
phageal cancer.

Esophageal cancer is an aggressive disease, and the
majority of patients present with advanced malignancy that
precludes surgical resection.'*Curative treatment in the
United Kingdom is predominantly, but not exclusively,
chemotherapy followed by surgery. Prognosis and man-
agement are often guided by tumor stage at diagnosis, but
emerging evidence suggests that tumor stage after
chemotherapy may be more important prognostically than
that at initial presentation.™*

Improvements in imaging technology have generated
interest in alternative parameters that may improve
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outcome prediction. Tumor volume is one such parameter.
This logic is based on the hypothesis that larger tumors
have an increased probability of lymph node and systemic
metastases, as well as higher rates of incomplete surgical
resection.” Tumor volume may also play a role in the
assessment of tumor response to neoadjuvant chemother-
apy.® 7 Some studies have found tumor volume to be a
prognostic indicator in esophageal cancer.® The focus of
research to date has been on the prognostic role of imaging-
assessed tumor volume. Studies have concluded that tumor
volume, predominantly assessed by positron emission
tomography (PET)/computed tomography (CT), is a sig-
nificant survival indicator. However, it is unclear if tumor
volume assessed by such imaging modalities accurately
reflects pathological tumor volume (PTV).'*!!

PTV, assessed after surgical resection, remains the gold
standard with regard to definitive tumor volume assess-
ment. If PTV measurement is not associated with any
clinically useful outcome measures, then it would seem
unnecessary to pursue research into imaging tumor vol-
umes. We therefore evaluated PTV in relation to the
outcome measures time to death, time to recurrence, mar-
gin status, and lymph node metastasis and correlated PTV
with imaging-assessed tumor volumes.

METHODS
Design

This cohort study was based on a prospectively collected
database of 624 consecutive resections for esophageal or
gastroesophageal junction tumors (Siewert type 1 and 2).
These were performed in a single center (St. Thomas’
Hospital, London) between 2000 and 2012 with follow-up
until February 2014, which has been described in detail
elsewhere.’ Patients who died within 30 days of surgery
(n =5), for whom tumor histology was not squamous,
adenosquamous, adenocarcinoma, or high-grade dysplasia
(n = 11), and who had Siewert type 3 tumors (n = 10) or
incomplete tumor dimension data (n = 315) were excluded.
Thereafter, 283 patients (45 %) remained for the present
study. All patients were managed by an upper gastroin-

testinal  cancer  multidisciplinary  team.  Staging
investigations included esophagogastroduodenoscopy, CT,
endoscopic ultrasound, and, since 2007,'%  F-fluo-

rodeoxyglucose PET. Neoadjuvant chemotherapy regimens
evolved during the study period. Combination regimens
were either cisplatin and 5-fluorouracil or epirubicin, cis-
platin, and either 5-fluorouracil or capecitabine. Patients
receiving chemotherapy underwent a restaging CT scan
before surgery. Surgical resection was either via a transhi-
atal or 2-stage esophagectomy performed by 1 of 3 surgeons

within the center. After surgery, definitive pathological
results provided a PTV. Staging was standardized using the
7th edition of the Union for International Cancer Control
Classification and Malignant Tumors tumor, node, metas-
tasis classification system (TNM).'? Survival was recorded
as the date of surgery to the last verified hospital or general
practice attendance, or date of death. Tumor recurrence
required radiologic or histologic disease confirmation as
agreed by the cancer multidisciplinary team. Ethics per-
mission was granted for use of the database.

Study Exposure

PTV was calculated from tumor dimensions documented
in histopathology reports using the following validated
formula: v = (ab)n/6, where v = volume, ¢ = maximum
tumor length, and » = maximum tumor width."> '* At ini-
tial pathological assessment, gross tumor size was recorded
and, in the presence of a significant response to
chemotherapy, dimensions were adjusted to account for
fibrosis. Mandard tumor regression grade was also recorded.

CT tumor volumes were analyzed using open-source,
Mac-based DICOM Viewer (OsiriX 3.9) software.'” Vol-
umes were calculated using both CT volume software and
the validated formula, using longest axial and craniocaudal
tumor dimensions.

PET tumor volumes were obtained from in-house soft-
ware using a technique aligning PET and CT scans to
obtain a region of interest, which was subsequently ana-
lyzed using a Feature Analysis Software Tool with tumor
volume calculated according to standardized uptake value
threshold calculations of 40 %.

Outcome Measures

The primary outcome measures were time to death and
time to recurrence, assessed from the date of surgery to the
date of death or recurrence, respectively. Secondary out-
comes were lymph node positivity and positive resection
margin status (R1 resection), assessed from histopathologic
evaluation. R1 resection included longitudinal and cir-
cumferential resection margin involvement, defined as
tumor at or within 1 mm of the margin.'®

Statistical Analysis

Crude and multivariable analyses were performed using a
Cox’s proportional hazard model for primary outcomes and
logistic regression for secondary outcomes. These provided
hazard ratios (HRs) and odds ratios (ORs) respectively, with
95 % confidence intervals (CIs). Variables included in the
adjusted analysis of time to death and time to recurrence
included age, pathological tumor grade (in 3 groups: complete
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pathological resolution; high grade dysplasia; well differen-
tiated, moderately differentiated, or poorly differentiated),
pathological tumor (T) stage (in 2 categories: TO/1/2 or T3/4),
pathological nodal stage (in 4 categories: NO, 1, 2, 3), lym-
phovascular invasion (positive or negative), resection margin
(RO or R1), resection type (transhiatal esophagectomy or 2
stage), pathological response to chemotherapy (in 6 cate-
gories: complete pathological response, good response,
moderate response, poor response, NoO response, no
chemotherapy) and PTV (divided into quartiles with a further
group of PTV 0 cm’, totaling 5 categories: PTV1 [0 cm?],
PTV2[>0-4.7 cm®],PTV3 [>4.7-11.8 cm® |, PTV4 [>11.8—
28.8 cm’], or PTV5 [>28.8-167.6 cm®]).

Variables included in the adjusted analysis of margin
involvement included tumor (T) stage and resection type.
Variables included for lymph node positivity were
tumor (T) stage, tumor grade, resection type, and lym-
phovascular invasion. Adjusted analyses of these outcomes
were also stratified by tumor (T) stage (T1/2 vs. T3/4).

Correlation between CT, PET, and PTVs was assessed
by Pearson’s correlation coefficients.

All statistical analyses were performed by SAS 9.4
software (SAS Institute, Cary, NC, USA).

RESULTS
Patients

Demographic and clinical characteristics of the 283
included patients are presented in Table 1. The majority
were male (84 %); median age was 64 (range 58—-82) years,
and 201 (71 %) underwent neoadjuvant chemotherapy.
Resected tumors were predominantly located at the gas-
troesophageal junction (76 %) and were adenocarcinomas
(79 %). PTVs ranged 0-167.6 cm®. Twenty-seven patients
had a PTV of 0 cm?, 25 had high-grade dysplasia/complete
pathological resolution and 28 were tumor (T) stage 0. The
discrepancy between these figures is as a consequence of 2
patients with carcinoma-in situ and 1 with node-positive
disease despite no residual primary tumor after
chemotherapy. During follow-up, 146 (52 %) patients died,
and 132 patients (47 %) had disease recurrence, with a
median recurrence time of 12.2 (range 1.4-59.3) months.

PTV in Relation to Time to Death and Time to
Recurrence

On crude analysis, both PTV (HR 2.30, 95 % CI 1.41—
3.73 and HR 1.87, 95 % CI 1.14-3.07) and tumor (T) stage
(HR 2.55, 95 % CI 1.83-3.55 and HR 3.06, 95 % CI 2.15—
4.36) were strong predictors of overall mortality and dis-
ease recurrence, respectively (Figs. 1, 2; Table 2).

TABLE 1 Patient demographics and characteristics (n = 283)

Characteristic Value
Age in years, median (range) 64 (32-82)
Sex
Male 239 (84 %)
Female 44 (16 %)
Tumor location
Esophagus 69 (24 %)
Gastroesophageal junction Siewert type 1 95 (34 %)
Gastroesophageal junction Siewert type 2 119 (42 %)
Postoperative histology
Adenocarcinoma 224 (79 %)
Squamous cell carcinoma 34 (12 %)
High-grade dysplasia, complete pathological 25 (9 %)
response
Tumor grade
Well differentiated 6 (2 %)
Moderately differentiated 158 (56 %)
Poorly differentiated 94 (33 %)
Complete pathological resolution 14 (5 %)
High-grade dysplasia 11 (4 %)
Neoadjuvant chemotherapy
Yes 201 (71 %)
No 82 (29 %)
Resection type
Two stage 152 (54 %)
THO 131 (46 %)
Pathological tumor volume
1 (0 cm?) 27 (10 %)
2 (>0-4.7 cm?) 66 (23 %)
3 (>4.7-11.8 cm®) 62 (22 %)
4 (>11.8-28.8 cm®) 64 (22.5 %)
5 (>28.8-167.6 cm®) 64 (22.5 %)
Tumor (T) stage
TO 28 (10 %)
Tl 47 (17 %)
T2 83 (29 %)
T3 112 (40 %)
T4 13 (4 %)
Nodal (N) stage
NO 123 (43 %)
N1 62 (22 %)
N2 53 (19 %)
N3 46 (16 %)
Lymphovascular invasion
Positive 130 (46 %)
Negative 153 (54 %)
Resection
RO 173 (61 %)
R1 110 (39 %)
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TABLE 1 continued

Characteristic Value
Death within 5 years
Yes 146 (52 %)
No 137 (48 %)
Recurrence within 5 years
Yes 132 (47 %)
No 151 (53 %)
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FIG. 1 Kaplan-Meier 5-year overall mortality curve for PTV
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FIG. 2 Kaplan-Meier 5-year disease recurrence curve for PTV

On multivariable analysis, higher HRs were seen with
increasing PTV; this reached statistical significance, in
relation to overall mortality, in one of the subgroups (HR
1.70, 95 % CI 1.09-2.38) (Table 2). Pathological tumor
(T) stage (HR 1.60, 95 % CI 1.09-2.38), N stage (HR 2.15,
95 % CI 1.28-3.62), lymphovascular invasion (HR 1.54,
95 % CI 1.04-2.26), and poorly differentiated tumors (HR

1.54, 95 % CI 1.06-2.22) were other significant predictors
of worse overall mortality. These results were replicated
when the surgery alone, and chemotherapy and surgery
groups were analyzed separately (data not shown).

Regarding disease recurrence, PTV was not statistically
significant in multivariable analysis (HR 1.15, 95 % CI
0.67-1.97), whereas pathological tumor (T) stage (HR
1.68, 95 % CI 1.12-2.53) and N stage (HR 2.04, 95 % CI
1.19-3.51) were (Table 2).

PTV in Relation to Margin Involvement and Lymph
Node Positivity

On unadjusted analysis, a significant, albeit non-linear,
association was demonstrated between increasing PTV and
both R1 resection (HR 4.50, 95 % CI 2.13-9.48) and
positive nodal status (HR 2.72, 95 % CI 1.31-5.62)
(Table 3).

On multivariable analysis, PTV demonstrated signifi-
cance in 2 subgroups, PTV 4 (HR 4.10 95 % CI 1.80-9.33)
and PTV 5 (HR 2.28, 95 % CI 1.02-5.13), and a non-sig-
nificant association was found with an R1 resection in the
remaining group, PTV 3 (HR 1.34, 95 % CI 0.59-3.07).
When stratified by tumor (T) stage, PTV demonstrated
significance in both subgroups for an R1 resection (T1/2:
HR 4.24, 95 % CI 1.34-13.48 and T3/4: HR 7.10, 95 % CI
2.02-25.06). Pathological tumor (T) stage (HR 6.34, 95 %
CI 3.56-11.51) was also a significant predictor of an R1
resection.

PTV (HR 2.77, 95 % CI 1.23-6.28), pathological
tumor (T) stage (HR 1.81, 95 % CI 1.01-3.23), and lym-
phovascular invasion (HR 2.42, 95 % CI 1.35-4.36) were
significant independent predictors of positive lymph nodal
status. After stratifying by tumor (T) stage, there was a
non-significant trend between increasing PTV and node-
positive status for both T1/2 and T3/4 tumors (HR 2.17 and
3.11, respectively). A similar but non-significant trend was
demonstrated with increasing tumor grade and node posi-
tive status. Lymphovascular invasion was a significant
predictor of positive nodal status in T3/4 tumors alone (HR
4.21, 95 % CI 1.65-10.74).

Imaging-Assessed Tumor Volumes and Correlation
Analyses

Of the 283 patients with PTVs, 123 had staging CT
tumor volumes, 115 staging PET tumor volumes, and 68
had restaging CT tumor volumes after neoadjuvant
chemotherapy.

Correlation analysis of 231 tumor volumes, measured by
both CT volume software and by a validated formula,
demonstrated a significant strong positive linear correlation
(r =0.927, p < 0.0001).
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TABLE 2 Univariate and multivariable time to death and time to recurrence analyses

Characteristic Variable Time to death Time to recurrence

Hazard ratio 95 % confidence interval Hazard ratio 95 % confidence interval

Crude
Tumor stage T0/1/2 1.00 (Ref)
T3/4 2.55
PTV* 1 0.30
2 1.00 (Ref)
3 1.53
4 2.30
5 2.08
Adjusted
Tumor (T) stage TO/1/2 1.00 (Ref)
T3/4 1.60
PTV* 1 1.03
2 1.00 (Ref)
3 1.53
4 1.70
5 1.35
Age 1.01
Tumor grade CPR, HGD, well differentiated 0.24
Moderately differentiated 1.00 (Ref)
Poorly differentiated 1.54
Nodal (N) stage NO 1.00 (Ref)
N1 2.40
N2 2.15
N3 3.21
Lymphovascular invasion Negative 1.00 (Ref)
Positive 1.54
Resection margin RO 1.00 (Ref)
R1 091
Chemotherapy response ~ Complete pathological 2.48
response
Good response 0.97
Moderate response 0.68
Poor response 1.00 (Ref)
No response 1.35
No neoadjuvant chemotherapy 0.59
Resection type Two stage 1.00 (Ref)

THE 1.08

- 1.00 (Ref) -
1.83-3.55 3.06 2.15-4.36
0.11-0.87 0.14 0.03-0.59
- 1.00 (Ref) -
0.92-2.57 1.14 0.67-1.95
1.41-3.73 1.87 1.14-3.07
1.27-3.40 2.04 1.25-3.32
- 1.00 (Ref) -
1.09-2.38 1.68 1.12-2.53
0.30-3.50 0.67 0.14-3.17
- 1.00 (Ref) -
0.90-2.58 1.06 0.61-1.84
1.09-2.38 1.15 0.67-1.97
0.80-2.27 1.25 0.74-2.10
0.99-1.03 1.00 0.98-1.02
0.03-1.94 0.50 0.11-2.34
- 1.00 (Ref) -
1.06-2.22 1.10 0.75-1.63
- 1.00 (Ref) -
1.44-3.99 1.71 0.99-2.93
1.28-3.62 2.04 1.19-3.51
1.87-5.51 2.92 1.65-5.20
- 1.00 (Ref) -
1.04-2.26 1.41 0.93-2.13
- 1.00 (Ref) -
0.59-1.41 1.04 0.66-1.64
0.21-29.00 0.00 0.00
0.36-2.63 0.89 0.30-2.63
0.43-1.06 0.71 0.45-1.33
- 1.00 (Ref) -
0.65-2.79 1.16 0.56-2.42
0.37-0.96 0.44 0.26-0.76
- 1.00 (Ref) -
0.76-1.52 1.04 0.72-1.49

PTV pathological tumor volume, CPR complete pathological resolution, HGD high-grade dysplasia, THE transhiatal esophagectomy
* PTV 1 (0 cm?), PTV 2 (>0-4.7 cm®), PTV 3 (>4.7-11.8 cm®), PTV 4 (>11.8-28.8 cm®), PTV 5 (>28.8-167.6 cm’)

For 115 patients with both diagnostic staging CT and
PET scans, correlation analysis demonstrated a significant
positive linear correlation (r = 0.547, p < 0.0001). Cor-
relation analysis of 68 restaging CT tumor volumes and
PTVs demonstrated a significant moderately positive linear
correlation (r = 0.310, p < 0.001).

DISCUSSION

Results from this study indicate that larger PTVs may
predict survival, margin involvement, and lymph node
positivity in esophageal cancer, irrespective of tumor (T)
stage. However, not all subgroups reached significance in
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TABLE 3 Crude and adjusted analyses of positive resection margin and lymph node positivity

Characteristic Variable Positive resection margin (R1) Lymph node positive
Odds ratio 95 % confidence interval Odds ratio 95 % confidence interval
Crude
PTV* 1 NA NA 0.13 0.04-0.48
2 1.00 (Ref) - 1.00 (Ref) -
3 1.59 0.74-3.38 1.00 0.50-1.99
4 4.50 2.13-9.48 2.72 1.31-5.62
5 2.88 1.38-6.03 3.47 1.63-7.37
Adjusted®
PTV? 1 NA NA 1.01 0.21-4.87
2 1.00 (Ref) - 1.00 (Ref) -
3 1.34 0.59-3.07 0.87 0.41-1.84
4 4.10 1.80-9.33 2.28 1.04-5.02
5 2.28 1.02-5.13 2.77 1.23-6.28
Stratified by tumor stage T1/2
PTV? 1 NA NA 1.23 0.23-6.47
2 1.00 (Ref) - 1.00 (Ref) -
3 0.85 0.22-3.28 1.36 0.52-3.58
4 2.52 0.76-8.34 2.66 0.94-7.52
5 4.24 1.34-13.48 2.17 0.78-6.03
Stratified by tumor stage T3/4
PTV* 1 - - - -
2 1.00 (Ref) - 1.00 (Ref) -
3 1.79 0.59-5.45 0.41 0.12-1.44
4 7.10 2.02-25.06 1.54 0.42-5.65
5 1.51 0.53-4.35 3.11 0.72-13.43

PTV pathological tumor volume, NA not applicable

T PTV 1 (0 cm®), PTV 2 (>0-4.7 cm®), PTV 3 (>4.7-11.8 cm®), PTV 4 (>11.8-28.8 cm?), PTV 5 (>28.8-167.6 cm®)

® Positive resection margin (R1) adjusted for tumor (T) stage and transhiatal esophagectomy/2-stage resection; lymph node positive adjusted for
tumor (T) stage, tumor grade, lymphovascular invasion, and THE/2-stage resection

the multivariable model, suggesting that numerous
parameters contribute to prognosis, some of which may
have strong interrelations.

Some aspects of methodology merit further discussion.
This was a comparatively large study, in terms of patient
numbers, from a prospectively maintained database with
mature follow-up data. Nevertheless, the statistical power
was limited, and statistically negative associations with
substantially increased point HRs should be interpreted
cautiously. Patients underwent either a transhiatal or
transthoracic esophagectomy. Although radicality of
resection, specifically lymphadenectomy, may differ
between approaches, studies, including this one, have
consistently demonstrated no survival difference.'”'®
Adjusting for surgical approach did not affect the influence
of tumor volume or our outcome measures. Furthermore, it
is unlikely that surgical approach per se would alter the
recorded PTV.

A number of patients, with incomplete tumor dimen-
sions, were excluded from the initial cohort. Although this
reduced patient numbers, the retrospective nature of the
study meant that their omission did not introduce data bias.
It did, however, highlight the need for consistency in
pathology reporting, much of which has improved over the
study duration. For patients with complete tumor dimen-
sions, a validated conical formula was used to assess PTVs.
This formula was further validated by the strong positive
correlation between formula and software CT tumor vol-
umes seen in this study. However, it was unable to adjust
for non-uniform tumor dimensions and made assessment of
multifocal tumors complex. A degree of post resection and
post fixation esophageal shrinkage also occurs.'® Although
we were unable to mitigate for this, all specimens under-
went an identical preparation process using formalin
fixation. Whilst this may affect absolute PTV measure-
ment, it should not have affected the study results, as
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specimen shrinkage should be proportional, and positive
linear relations on correlation analyses are unaffected by
scale. Nonetheless, we acknowledge that tumor volumes
are not absolute but rather are the most accurate approxi-
mation possible within the confines of the study.

To our knowledge, this study is the first to assess the
relation between PTV and mortality in esophageal cancer
and to correlate imaging and PTVs. Imaging-assessed
tumor volume has previously been studied in a prognostic
capacity and also to quantify response to neoadjuvant
chemotherapy. A study of PET parameters, including
metabolic tumor volume, in esophageal carcinoma patients
demonstrated a significant prognostic role for tumor vol-
ume.® This study differed from ours in that the majority of
tumors (96 %) were squamous cell carcinomas. Further
studies from the United Kingdom, France, and the United
States using PET, endoscopic ultrasound, and PET/CT
tumor characteristics have consistently demonstrated
imaging-assessed tumor volumes and lengths to be inde-
pendent survival indicators in esophageal cancer.'® ' 2°
Furthermore, the demographics of these study populations,
with adenocarcinoma the predominant histology, more
closely reflect ours. A further study of PET/CT and
pathological tumor lengths demonstrated positive correla-
tion between variables, indicating, like our study, that
imaging-assessed parameters appear to reflect their patho-
logical counterparts.”'

Although imaging tumor volume may be a significant
prognostic indicator, PTV remains the gold standard with
regard to definitive tumor volume measurement. Its ability
to predict prognosis is vital in assessing whether the use of
a surrogate, such as imaging volume, is worthy of further
investigation. Our correlation results validate imaging
tumor volume as a surrogate and suggest that its further
investigation is justified.

In this study, PTV mirrored the aforementioned results
of imaging tumor volume, with worse survival observed in
patients with larger tumor volumes. However, not all
subgroups achieved statistical significance on adjusted
analysis. The approach to tumor volume analysis in this
study, however, differed from previous series. As a rela-
tively unknown variable, we undertook categorical PTV
analysis, prospectively dividing it into quartiles and com-
paring it alongside tumor (T) stage. In previous studies,
threshold tumor volumes were defined retrospectively, an
inherent source of bias, using 2 volume groups.”'' We
believe our approach to be a more robust assessment of
tumor volume.

We hypothesized that larger volume tumors would have
an increased likelihood of positive resection margins and
nodal spread, giving rise to worse survival. In this study,
nodal status was the strongest predictor of both overall
mortality and disease recurrence. Of particular interest,

therefore, was that PTV appeared to be associated with
lymph node—positive status and involved resection mar-
gins, independent of other known confounders.

The majority of tumors considered for resection may be
classified as locally advanced, i.e. T3 and lymph node
positive, mandating a multimodal therapeutic approach.
This poses several pertinent questions. Why are outcomes
in patients with similarly staged tumors difficult to predict?
Is this observed diversity purely a manifestation of tumor
biology and an individual’s response to chemotherapy? Is
there truly a difference between a “big” and “little” T3?
Results from this study suggest that TNM staging, although
important, remains a relatively crude classification which
may be enhanced by supplementary prognostic parameters.
The potential role for tumor volume in risk stratifying
selected patients for resection margin or lymph node
involvement would be of great interest. In the United
Kingdom, this could directly influence management, as a
patient with a higher-volume tumor at risk of margin
involvement could be selected for neoadjuvant chemora-
diotherapy and a 2-stage resection to mitigate this risk.
Furthermore, we hypothesize that changes in tumor volume
may be clinically useful as a surrogate for response to
chemotherapy, therefore justifying its further study. Both
of the above may conceivably be used to support the
modern philosophy of individually tailored therapy.

In conclusion, this study highlights an interesting role
for PTV in predicting survival, lymph node positivity, and
R1 resection in esophageal malignancy. Its use would be
alongside pathological tumor (T) stage and nodal stage,
both confirmed as significant indicators of overall mortality
and disease recurrence. These findings justify ongoing
radiologic measurement of tumor volume in a research
setting. Whether this may be incorporated into algorithms
for personalized esophageal cancer treatment in the future
remains to be seen.
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