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Background: Following CT, guidelines for staging oesophageal and gastro-oesophageal junction (GOYJ)
cancer recommend endoscopic ultrasonography (EUS), PET-CT and laparoscopy for T3-T4 GOJ
tumours. These recommendations are based on generic utilities, but it is unclear whether the test risk
outweighs the potential benefit for some patients. This study sought to quantify investigation risks,
benefits and utilities, in order to develop pragmatic, personalized staging recommendations.

Methods: All patients with a histological diagnosis of oesophageal or GOJ cancer staged between May
2006 and July 2013 comprised a development set; those staged from July 2013 to July 2014 formed the
prospective validation set. Probability thresholds of altering management were calculated and predictive
factors identified. Algorithms and models (decision tree analysis, logistic regression, artificial neural
networks) were validated internally and independently.

Results: Some 953 patients were staged following CT, by [\®F]fluorodeoxyglucose PET-CT (918), EUS
(798) and laparoscopy (458). Of these patients, 829 comprised the development set (800 PET-CT, 698
EUS, 397 laparoscopy) and 124 the validation set (118 PET-CT, 100 EUS, 61 laparoscopy). EUS utility
in the 71-8 per cent of patients with T2-T4a disease on CT was minimal (0-4 per cent), its risk exceeding
benefit. EUS was moderately accurate for pT1NO disease. A number of factors predicted metastases on
PET-CT and laparoscopy, although none could inform an algorithm. PET-CT altered management in
23.0 per cent, and laparoscopy in 7-1 per cent, including those with T2 and distal oesophageal tumours.
Conclusion: Although EUS provided additional information on T and N category, its risk outweighed
potential benefit in patients with T2-T4a disease on CT. Laparoscopy seemed justified for distal
oesophageal tumours of T2 or greater.
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Introduction

There is consensus internationally regarding initial staging
algorithms for oesophageal cancer. For patients in whom
potentially curative treatment may be both feasible and
appropriate, the Association of Upper Gastrointestinal
Surgeons of Great Britain and Ireland (in conjunction
with the British Society of Gastroenterology and British
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Association of Surgical Oncology), the USA Society of
Thoracic Surgeons and National Comprehensive Can-
cer Network, and the European Society of Medical
Oncology all recommend CT and endoscopic ultrasono-
graphy (EUS) for all patients, followed by PET-CT for
T1b-"T4 disease! *. In the USA and Europe, laparoscopy
is reserved mainly for T3-T4 disease involving the

gastro-oesophageal junction (GQJ), although in the UK
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it is also recommended for distal oesophageal tumours.
These recommendations reflect the complementary roles
of each modality: EUS is most accurate for assignment of
T and N category’, PET-CT for distant metastases®’ and
laparoscopy for peritoneal disease®.

Use of all modalities, however, consumes resources,
delays treatment, and may confer small but clinically signif-
icant risks, while not necessarily altering management deci-
sions. The primary utility of staging modalities is to divide
patients into optimal management groups, identifying
patients with early (T'1a NO intramucosal cancer for endo-
scopic resection (ER); T1bNO for resection of submucosal
cancer without neoadjuvant therapy), locally advanced
(T1IbN1 to T4a; typically resection with neoadjuvant
therapy), and unresectable T4b and metastatic disease.
Use of all modalities provides optimal staging precision
and useful prognostic information (for example, distin-
guishing between T2 N1 and T3 N3 disease), but typically
without altering management. It is not known whether
patient subgroups exist for which these primary test utilities
differ. Similarly, decision analytic metrics are not available
to guide staging (whether this utility justifies test risk).

The primary aim of the present study was to calculate the
net benefits and risks of EUS, PET-CT and laparoscopy,
their primary utilities (probability of altering management)
and probability thresholds (P,; at which test benefit equals
risk), using decision theory in a development data set. A
secondary aim was to determine whether clinical, radiolog-
ical and histopathological factors could be identified that
were related to these endpoints, in order to generate pre-
dictive models to identify patient subgroups for selective
staging. The final aim was then to refine existing staging
algorithms on the basis of optimal pragmatism, maxi-
mal efficiency and minimal patient risk, evaluated using a
validation data set.

Methods

Consecutive patients with oesophageal/GQ]J cancer staged
beyond CT in a UK centre were identified from four paral-
lel databases. These patients represented those either diag-
nosed at the centre, or referred to the central oesophago-
gastric multidisciplinary team from three regional refer-
ring National Health Service (NHS) hospitals. Patients
staged between May 2006 and July 2013 comprised a
development set, and those staged from July 2013 to July
2014 an independent validation set. All investigations
were reported and reviewed by a specialist multidis-
ciplinary team, in accordance with the contemporary
American Joint Committee on Cancer TNM staging man-
uals (6th? or 7th!? edition)®. Patients without unequivocal
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metastases on CT were routinely staged sequentially
using ['*F]fluorodeoxyglucose (FDG) PET-CT, EUS and
laparoscopy, with oesophagogastroduodenoscopy (OGD)
for GOJ tumours and distal oesophageal tumours extend-
ing below the diaphragm. Investigations were performed
out of sequence in a small number of patients to maximize
expediency. Neoadjuvant chemotherapy was considered
for disease beyond T1NO; ER was used from 2008 for
possible T'1a tumours. The study was registered with the
Oxford University Hospitals NHS Trust clinical gover-
nance department as a service provision audit (number
2516), and as such was exempt from ethical approval.

CT was performed locally (367) or regionally (586) at
three referring hospital trusts using a standard protocol®
(11 scans were performed elsewhere). (| FJFDG PET-CT
was carried out using a General Electric Discovery STE
16-slice instrument (General Electric Healthcare, Milwau-
kee, Wisconsin, USA) (scanner 1; 60 min after 400 MBq
["®F]FDG) before November 2009, and thereafter a
Discovery 690 64-slice system (scanner 2; 90 min after
4 MBgq/kg ["*F]FDG), without intravenous contrast using
standard iterative reconstruction, and reported indepen-
dently by two dedicated PET-CT radiologists. EUS and
ER were performed locally using 5-10-MHz radial or
linear echoscopes (Hitachi, Wellingborough, UK), by one
of three consultants and reported using the contemporary
TNM edition and British Society of Gastroenterology
guidelines!!. Miniprobe EUS was performed using 20-Hz
high-frequency catheter probes (Olympus UM-2R; Olym-
pus, Southend-on-Sea, UK). ER was achieved using
multiband ligation mucosectomy (Duette™; Cook Med-
ical, Limerick, Ireland). Nodal stage was determined by
ultrasonography, with fine-needle aspiration (FNA) if
the result was considered likely to alter management.
Potential bias was assessed for referring centre and PET
scanner, but not EUS operator, as possible T'1 N0 tumours
were referred selectively for EUS with or without ER. At
laparoscopy, visual examination of the peritoneal cavity
was carried out without opening the lesser sac. Lavage
cytology was not undertaken routinely.

Data collected were: patient age at diagnosis, sex, endo-
scopic findings, radiological findings (CT, EUS, PET-CT
TNM staging; PET-CT maximum standardized uptake
value (SUVmax), length, presence of avid nodes; additional
PET-CT findings; subsequent investigations), patholog-
ical (pretreatment cell type; grade!®; pathological stage,
grade) and multidisciplinary team management decisions.
Two TNM editions were used within this period; N sta-
tus and overall stage were classified using the sixth edition
as insufficient data were available for conversion to the
seventh edition. Management was uniform for both (for
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example, patients with M1a nodes based on the 6th edition
were considered for radical treatment).

The primary utility of EUS was considered to be that
altering management by identifying or refuting T'1 NO or
T4b disease, or unsuspected metastases (distant organ, or
nodal outside a standard resection field). For PET-CT,
this was by identifying and confirming metastases, or
unsuspected lesions altering management following appro-
priate specific investigation. The latter included treatment
of a synchronous cancer or detection of high-risk lesions
such as colonic polyps requiring surveillance (for example
3—4 adenomatous polyps, or those larger than 1cm!?).
For laparoscopy, this was the identification of unresectable
disease, either metastatic or T4b, with histopathological
confirmation.

Statistical analysis

Analysis was performed using R version 3.0.213. P <0-050
was corrected for multiple comparisons by the Bonfer-
roni method!*. Multivariable logistic regression included
all variables following exclusion of perfect separators. Con-
tinuous variables were assessed (kernel density plots) and
transformed (age?; logSUVmax).

Decision analytic measures and cost analysis

P, values were calculated to inform decision-making and
models" (Appendix SI, supporting information'®—31).
Decision curve analysis (DCA) was performed to calculate
the effect of varying P, (0-496-2-719 per cent) reflecting
EUS perforation risk (0-02—1-00 per cent)*.

Model and algorithm development, validation
and performance

Modelling was undertaken to corroborate proposed algo-
rithms for selective EUS, PET-CT and laparoscopy,
and to determine whether unidentified interactions could
refine them. Three modelling techniques were used: logis-
tic regression models (LRMs; backwards stepwise binary
logistic), decision tree analysis (D'TA; recursive partition-
ing) and artificial neural networks (AINNSs; feed-forward
back-propagation multilayer perceptron; Appendix S1, sup-
porting information). Internal validation was carried out
using bootstrapping/random forests (Appendix S1, support-
ing information); temporal validation was undertaken using
the temporal validation data set.
Performance was  quantified using
(observed : expected ratio), accuracy (Brier and x scores),
discrimination (area under the receiver operating charac-
teristic (ROC) curve), and utility (sensitivity, specificity,

calibration
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positive (PPV) and negative (NPV) predictive values, and
Peirce’s net benefit*®). Sensitivities and specificities were
compared using McNemar’s # test (DTComPair version
1.0.331).

Results

A total of 953 consecutive patients were staged following
CT by PET-CT (918), EUS (798) and laparoscopy (458).
Of these, 829 comprised the development data set (800, 698
and 397 respectively) and 124 the validation set (118, 100
and 61) (Table 1).

PET-CT

Some 800 PET-CT examinations were performed in
the development data set. Previous CT had suggested
metastatic disease in 100 of these patients. This was con-
firmed in 57 (57-0 per cent) and refuted in 43 (43-0 per
cent). In 28 (49 per cent) of the 57 patients with con-
firmed metastases, additional unsuspected metastases were
demonstrated. Metastases were identified in 104 (14-9 per
cent) of the 700 patients without a previous suggestion
of metastatic disease, In total, therefore, metastatic dis-
ease was demonstrated in 161 patients (144 unequivocal,
17 requiring confirmatory biopsy). Five further lesions
were biopsied, which demonstrated benign disease (4) and
chronic lymphocytic leukaemia (1).

Some 119 non-metastatic lesions were identified in 103
patients. Seventy-eight patients were investigated, con-
firming significant pathology in 17 (2-1 per cent): nine
synchronous cancers involving the thyroid (2), colon (2),
lung (2), prostate (2) and bladder (1), and eight patients
with high-risk colonic polyps. In six patients (0-8 per cent),
PET-CT also staged known synchronous cancers. Conse-
quently, PET-CT altered management in 23-0 per cent:
confirming metastases (7-1 per cent), identifying unsus-
pected metastases (13-0 per cent) and additional pathology
(2-1 per cent), and staging synchronous cancers (0-8 per
cent).

Higher SUVmax was associated with squamous cell carci-
noma (SCC), advanced stage, female sex and younger age;
longer length with advanced stage; and FDG-avid nodes
with SCC, advanced stage and age. The later PET-CT
scanner was associated with a marginally higher SUVmax
and avid nodes, but all reported associations were indepen-
dent of this (Tables S1-S3, supporting information).

Predicting unsuspected metastases
Analysis was restricted to the 700 patients with CT
MO examinations (7able S4, supporting information), to
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Table 1 Patient and tumour characteristics

Development Validation
set (n1=829) set (n=124)
Age (years)*$ 66 (13, 29-88) 68 (13, 40-80)
Sex ratio (F: M) 204:625 35:89
Cell type
Adenocarcinoma 639 (77-1) 104 (83-9)
Squamous cell carcinoma 165 (19:9) 18 (14-5)
Adenosquamous carcinoma 7 (0-8) 2(1-6)
Neuroendocrine carcinoma 3(0:4) 0(0)
Small cell carcinoma 3(0:4) 0 (0)
Undifferentiated 12 (1-4) 0 (0)
Grade
Well 71 (8-6) 5 (4-0)
Moderate 347 (41-9) 58 (46-8)
Poor 389 (46-9) 60 (48-4)
Undifferentiated 22 (2:7) 1(0-8)
Tumour site
Proximal 23 (2:8) 1(0-8)
Mid 67 (8:1) 12 (9-7)
Distal 237 (28-6) 42 (33-9)
Siewert 1 197 (23-8) 38 (30-6)
Siewert 2 195 (23-5) 16 (12.9)
Siewert 3 105 (12-7) 14 (11-3)
Multifocal 5 (0:6) 1(0-8)
Pretreatment stage (TNM 6th edition)
| 52 (6-3) 11 (8-9)
A 157 (18-9) 21 (16-9)
1B 57 (6-9) 15 (12.1)
N 373 (45-0) 55 (44-4)
\% 190 (22-9) 22 (17-7)
Impassable at OGD
No 699 (84-3) 107 (86-3)
Yes 130 (15-7) 17 (137)
Management decisions
Palliative (performance status) 143 (17-2) 12 (9:7)
Palliative (incurable) 185 (22-3) 22 (17-7)
Endoscopic therapy 26 (3-2) 11 (8-9)
Surgery 58 (7-0) 5 (4-0)
Neoadjuvant therapy + surgery 378 (45-6) 67 (54-0)
DCRT 37 (4-5) 7 (5-6)
Died during staging 2(0-2) 0(0)

Endoscopic ultrasonography

Not requested 127 (15-3)1 24 (19-4)%
Performed (passable) 543 (65-5) 75 (60-5)
Performed (impassable + miniprobe) 49 (5-9) 1(0-8)
Performed (impassable, no miniprobe) 106 (12-8) 24 (19:4)
Abandoned 4 (0-5) 0 (0)

Values in parentheses are percentages unless indicated otherwise; *values
are median (i.q.r., range). Endoscopic ultrasonography not requested
owing to: tmetastases on PET-CT (79) or laparoscopy (5), patient
choice (22), prohibitive anatomy (10), decision to proceed to radical
chemoradiotherapy irrespective of findings (7), death during staging (2)
and unclear reasons (2); ¥metastases on PET-CT (10) or laparoscopy (1),
patient choice/performance status (9), prohibitive anatomy (1) and
decision to proceed to definitive chemoradiotherapy (DCRT) (3). OGD,
oesophagogastroduodenoscopy. §P < 0-001 (Shapiro—Wilk test).
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identify variables associated with the demonstration of
metastases on PET-CT. Although advancing EUS T and
CT N category independently predicted metastases, no
factors could be used to identify patients with a probability
below the Pt (0-083 per cent), that is patients in whom the
risk of demonstrating metastases was sufficiently low not
to justify the risk of PET-CT. Although there was zero
incidence in EUS T'1 disease, the 95 per cent c.i. was broad
(0-6-12 per cent), suggesting that, contrary to common
clinical practice, PET-CT may have utility in tumours
staged by EUS as T'1.

Endoscopic ultrasonography

T1NO

In the development study, Tx/T'1 NO disease was reported
in 51 (7-3 per cent) of 698 patients. In four tumours impass-
able to the standard echoscope, possible T1 NO disease was
demonstrated in the visualized tumour. However, in none
was T1NO status confirmed by miniprobe. T1NO disease
was associated with earlier CT T category, CT NO status
and a passable tumour at OGD (Table 2).

Of 128 patients with possible T1 disease on CT, 49 (38-3
(95 per cent c.i. 30-0 to 46-9) per cent) were identified by
EUS, and two of 501 with CT T2-T4a disease (0-4 (0 to
1-5) per cent). There was zero incidence in the 69 patients
with possible T4b disease on CT (95 per cent c.i. 0 to 4-4
per cent) and 81 with impassable tumours at OGD (95 per
cent c.i. 0 to 3-7 per cent). Multivariable regression was
therefore not possible for impassable tumours. Earlier CT
T category independently predicted EUS T1NO disease
(Tible 2).

Some 675 of 698 patients subsequently underwent
PET-CT (including 38 patients staged by EUS as
T1NO). There was zero incidence of EUS T1NO disease
among the 259 patients with FDG-avid nodes (95 per cent
ci. 0 to 10-9 per cent). In addition to this, multivariable
regression demonstrated shorter avid length and earlier

CT T category to predict T'1 NO disease.

T4

Among 69 patients with T4b disease suggested on CT, this
was confirmed in 26 (38 per cent) patients (4 miniprobe
EUS) and refuted in 31 (3 miniprobe EUS). A further
12 patients with impassable tumours were managed as
T3. No additional patients were identified. On muld-
variable analysis (unadjusted for CT T category as a
perfect separator) cell type (SCC and adenosquamous
carcinoma), site (non-GQOJ tumour), impassability and
longer PET length independently predicted T4b disease
(Table 3).
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Table 2 Factors associated with T'1 NO disease on endoscopic ultrasonography: overall and multivariable logistic regression

Age (years)*t
Sex
F
M
Cell type
Adenocarcinoma
Squamous cell carcinoma
Adenosquamous carcinoma
Neuroendocrine carcinoma
Small cell carcinoma
Undifferentiated
Grade
Well
Moderate
Poor
Undifferentiated
Tumour site
Proximal
Mid
Distal
Siewert 1
Siewert 2
Siewert 3
Multifocal
Impassable (OGD)
No
Yes
CT T category
Possible T1
T2-T4a
Possible T4b
CT N category
NO
N1
CT centre
OUH
Centre 1
Centre 2
Centre 3
Other
SUVmax*

Not performed
PET length (cm)*

Not performed
PET avid nodes

No

Yes

Not performed
PET scanner

1

2

Not performed

EUS T1NO (n=51)
69 (59-72, 32-84)

12 (24)
39 (76)

46 (90)
5(10)
0(0)

26 (51)

8 (16)

13 (25)
1)
3(6)
4.15

(2:50-5-13,
2.50—11-80)

13 (25)
1.00

(0-1.78,

0-6-90)

13 (25)

38 (75)
0(0)
13 (25)

14 (27)
24 (47)
13 (25)
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EUS>T1N1 (n=647)

66 (64—75, 29-88)

158 (24-4)
489 (75-6)

494 (76-4)
133 (20-6)

160 (24-7)

160 (24-7)

80 (12-4)
4(0-6)

(
(
173 (26-7)
(
(

566 (87-5)
81 (12:5)

79 (12.2)
499 (77-1)
69 (10-7)

274 (42-3)
373 (57-7)

226 (34-9)
157 (24-3)
150 (23-2)
92 (14-2)

22 (3-4)
10-50
(7-08-15.9,
2.50-52-60)
10 (1-5)
5-40

(3-70-7-00,

0-20-00)
10 (1-5)

376 (58-1)
259 (40-0)
12 (1:9)

304 (47-0)
331 (51-2)
12 (1-9)

P (corrected o= 0-0042)§

0-0199 1-00 (1-00, 1-00)
1-000#
Reference
0-70 (0-18, 2-80)
0-209
Reference
0-21 (0-02, 2-20)
n.a.
n.a.
n.a.
n.a.
0-525
Reference
2.54 (0-32, 20-10)
3.03 (0-37, 24-76)
0-00 (0, )
0-050
n.a.
Reference
0-71 (0-03, 14-71)
1.67 (0-07, 39-77)
0-42 (0-02, 9-88)
2-16 (0-50, 9-25)
n.a.
0-002
n.a.

<0-001
Reference
0-03 (0-00, 0-16)
n.a.
<0-001
Reference
0-75 (0-08, 7-39)
0-954
2.61 (0-62, 10-95)
Reference
2-16 (0-50, 9-25)
0-44 (0-03, 6-24)
29-4 (0-58, 1503-75)

<0-0019 0-06 (0-00, 3-37)

<0-0019

0-53 (0-29, 0-95)

<0-001 n.a.

n.a.
Reference
2-11 (0-67, 6-66)

Multivariable odds ratiof

P
0-649

Reference
0-617

Reference
0-192
n.a.
n.a.
n.a.
n.a.

Reference
0-367
0-302
0-996

n.a.
Reference
0-822
0-750
0-591
0-534
n.a.

n.a.

Reference
<0-001
n.a.

Reference
0-803

0-188
Reference
0-301
0-542
0-100
0-168

0-034

n.a.

Reference
0-203

Values in parentheses are percentages unless indicated otherwise; values are *median (i.q.r., range) and 195 per cent c.i. The analysis was done following
exclusion of perfect separators. EUS, endoscopic ultrasonography; n.a., not applicable; OGD, oesophagogastroduodenoscopy; OUH, Oxford University
Hospitals; SUVmax, maximum standardized uptake value. $P < 0-001 (Shapiro—Wilk test). §Pearson’s y* test, except [{Mann—Whitney U test and

#Fisher’s exact test.
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Table 3 Factors associated with T4b disease on endoscopic ultrasonography: overall and binary logistic regression

Age (years)*t

Sex
F
M
Cell type
Adenocarcinoma
Squamous cell carcinoma
Adenosquamous carcinoma
Neuroendocrine carcinoma
Small cell carcinoma
Undifferentiated
Grade
Well
Moderate
Poor
Undifferentiated
Tumour site
Proximal
Mid
Distal
Siewert 1
Siewert 2
Siewert 3
Multifocal
Impassable (OGD)
No
Yes
CT T category
Possible T1
T2-T4a
Possible T4b
CT N category
NO
N1
CT centre
OUH
Centre 1
Centre 2
Centre 3
Other
SUVmax*

PET length*

PET avid nodes

No

Yes

Not performed
PET scanner

1

2

Not performed

EUS T4b (n=26)

675
(58-3-69.8,
48.0-80-0)

2(8)
24 (92)

7(27)
17 (65)
1(4)
0(0)

1(4)

0(0)
4 (15)
12 (46)
8 (31)

2(8)

2(8)
12 (46)
7(27)
3(12)
0(0)
1)
1)

17 (65)
9 (35)

0(0)
0(0)
26 (100)

12 (46)
14 (54)

(9-70-16.80,
2.90-32.50)
7.00
(5-93-8.28,
2.00-14-40)

12 (46)
12 (46)
2(8)

17 (65)
727
2(8)

EUS <T4b (n=672)

66
(59-8-72-3,
44.0-83.0)

168 (25-0)
504 (75-0)

533 (79-3)
121 (18.0)

61 (9-1)
282 (42-0)
313 (46-6)

16 (2-4)

12 (1-8)
48 (7-1)
187 (27-8)
174 (25-9)
168 (25-0)
80 (11-9)
3(0:5)

600 (89-3)
72 (10-7)

128 (19.0)
501 (74-6)
43 (6-4)

311 (46.3)
361 (53.7)

243 (36-2)
156 (23-2)
159 (23.7)
90 (13-4)

24 (3-6)
10-30
(7-00-15.90,
2.50-52.60)
5.00

(3-50-7-00,

0-20-00)

402 (59-8)
247 (36.8)
23 (3-4)

301 (465)
348 (53-8)
23 (3-6)

P (corrected a=0-0042)§

Multivariable odds ratiof

0-475¢ 1.00 (1-00, 1-00)

0-059#
Reference
0-49 (1-72, 1-40)
<0-001
Reference
4.98 (1-27, 19-49)
541 (2-68, 1091-91)
n.a.
n.a.
n.a.
<0.001
Reference
0-25 (0-05, 1-18)
0-20 (0-04, 1-10)
0-00 (0, )
<0-001
Reference
1-24 (0-20, 7-89)
0-31 (0-05, 2-07)
0-05 (0-00, 0-68)
n.a.
0-13 (0-01, 2-30)
0-52 (0-02, 14-68)
0-002
Reference
4.15(1-31, 13:12)
<0-001
n.a.
n.a.
n.a.
1-000#
Reference
0-90 (0-30, 2-70)
0-664
0-44 (0-12, 1-57)
Reference
0-22 (0-04, 1-06)
0-44 (0-08, 2-51)
1-42 (0-12, 17-60)
0-062q 0-36 (0-12, 1-11)

<0-001q 1-63 (1-29, 2-06)

0-337# Reference
1-03 (0-32, 3-34)

Reference
0-36 (0-12, 1-10)

1493

0-790

Reference
0-182

Reference
0-021
0-009

n.a.
n.a.
n.a.

Reference
0-081
0-065
0-991

Reference
0-865
0-228
0-025

n.a.
0-164
0-699

Reference
0-015

n.a.
n.a.
n.a.

Reference
0-846

0-205
Reference
0-059
0-358
0-785
0-074

<0-001

Reference
0-965

Reference
0.074

Values in parentheses are percentages unless indicated otherwise; values are *median (i.q.r., range) and 195 per cent c.i. The analysis was done following
exclusion of perfect separators. EUS, endoscopic ultrasonography; n.a., not applicable; OGD, oesophagogastroduodenoscopy; OUH, Oxford University
Hospitals; SUVmax, maximum standardized uptake value. $P < 0.001 (Shapiro—Wilk test). §Pearson’s y* test, except {Mann—Whitney U test and

#Fisher’s exact test.
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Table 4 Apparent, internally validated and temporally validated performance metrics of existing and novel algorithms, plus decision tree
analyses, logistic regression models and artificial neural networks in predicting T1NO, T4b and pT'1 NO disease by endoscopic

ultrasonography

Algorithm/model Sensitivity Specificity PPV NPV

EUS T1 NO (n =51 development; n=11 temporal validation)
Default 1-000 0-000 0-738 0-000
Novel (apparent) 0-961 0-878 0-383 0-997
Novel (internal) 0-941 0-881 0-384 0-995
Novel (independent) 1.000 0-855 0478 1-000

Models before PET-CT
DTA 1 (apparent) 0-961 0-878 0-383 0-997
DTA 1 (internal) 0-941 0-881 0-384 0-995
DTA 1 (independent) 1-000 0-855 0-478 1-000
LRM1 (apparent) 0-980 0-535 0-157 0-997
LRM 1 (internal) 0-980 0-535 0-157 0-997
LRM 1 (independent) 1-000 0-723 0-324 1-000
ANN 1 (apparent) n.a. n.a. n.a. n.a.
ANN 1 (internal) n.a. n.a. n.a. n.a.
ANN 1 (independent) n.a. n.a. n.a. n.a.

Models after PET-CT
DTA 2 (apparent) 1.000 0-840 0-331 1-000
DTA 2 (internal) 0-944 0-866 0-225 0-996
LRM 2 (apparent) 0.947 0-734 0-310 0-991
LRM 2 (internal) 0.947 0-734 0-310 0-991
ANN 2 (apparent) 0.974 0-835 0-261 0-998
ANN 2 (internal) 0.974 0-835 0-261 0-998

EUS T4b (n =26 development; n =0 temporal validation)
Default 1.000 0-000 0-038 0-000
Novel (apparent) 1-000 0-936 0.377 1-000
Novel (internal) 0-962 0-926 0-333 0-998
DTA (apparent) 1-000 0-936 0-377 1-000
DTA (internal) 0-962 0-926 0-333 0-998
ANN (apparent) 1-000 0-700 0-114 1-000
ANN (internal) 1.000 0-702 0115 1.000

pT1NO
Default 1.000 0-000 0-564 0-000
DTA (apparent) 1-000 0-348 0-580 1-000
DTA (internal 0-667 0-708 0-741 0-630
LRM (apparent) 1-000 0-111 0-590 1-000
LRM (internal) 1-000 0-111 0-590 1-000
ANN (apparent) n.a. n.a. n.a. n.a.
ANN (internal) n.a. n.a. n.a. n.a.

Brier K O:E AUC Net benefit Total cost (€)
n.a. 0-000 0-731 0-500 0-050 534803
0-046 0-495 0-398 0-919 0-071 118671
0-137 0-493 0-349 0-928 0-067 128971
0-048 0-581 0-478 0-928 0-107 n.a.
0-046 0-495 0-398 0919 0-071 118671
0-137 0-493 0-349 0-928 0-070 128971
0-048 0-581 0-478 0-928 0-107 n.a.
0-055 0-152 0-160 0-758 0-068 324243
0-055 0-152 0-160 0-758 0-068 324243
0-052 0-379 0-324 0-861 0-107 n.a.
n.a. n.a. n.a. n.a. n.a. n.a.
n.a. n.a. n.a. n.a. n.a. n.a.
n.a. n.a. n.a. n.a. n.a. n.a.
0-031 0-436 0-331 0-920 0-072 159368
0-038 0-401 0-298 0-907 0-051 179967
0-049 0-359 0-301 0-953 0-100* (0-069) 179967
0-052 0-036 0-301 0-946 0-100* (0-069) 179967
0-022 0-354 0-261 0-904 0-069 169667
0-018 0-354 0-261 0-904 0-068 169667
n.a. n.a. n.a. 0-500 0-009 534803
0-038 0-522 0-377 0-968 0-035 52867
0-029 0-466 0-333 0-944 0-034 91995
0-038 0-522 0-377 0-968 0-035 52867
0-029 0-466 0-333 0-944 0-034 91995
0-019 0-147 0-114 0-849 0-028 52867
0-085 0147 0-115 0-851 0-028 52867
n.a. n.a. n.a. 0-500 0-466 n.a.
0-200 0-333 0-580 0-790 0-470 n.a.
0-421 0-370 0-889 0-685 0-308 n.a.
0-102 0-139 0-583 0-556 0-440 n.a.
0-102 0-139 0-583 0-556 0-440 n.a.
n.a. n.a. n.a. n.a. n.a. n.a.
n.a. n.a. n.a. n.a. n.a. n.a.

*LRM net benefit derived on smaller subset; adjusted benefit for whole cohort in parentheses. PPV, positive predictive value; NPV, negative predictive
value; 0: E, observed : expected; AUC, area under curve; EUS, endoscopic ultrasonography; n.a., not applicable; internal, internal validation; independent,
independent validation; DTA, decision tree analysis; LRM, logistic regression model; ANN, artificial neural network.

Metastases
Possible M1 nodal metastases were identified by EUS in

five patients; they were excluded by FNNA cytology in three
and confirmed in two (both evident on PET-CT).

Utility

EUS altered management decisions in 77 patients (11-0 per
cent). Although PET-CT was typically performed before
EUS, in a limited number it was performed on the same
or subsequent days. Metastases were demonstrated in 96
patients (14-2 per cent) by further staging with PET-CT
with or without laparoscopy. In patients downstaged by

© 2015 BJS Society Ltd
Published by John Wiley & Sons Ltd

EUS from possible T4b disease, metastases on PET-CT
were subsequently demonstrated in ten of 43 patients.

Stratification by CT T category demonstrated distinct
utilities: in patients with Tx/possible T'1 (early) disease
(128, 18-3 per cent), EUS confirmed T1NO in 49 (383
per cent). In patients with possible T4b disease (69, 9-9 per
cent) EUS was confirmatory in 26 (38 per cent). However,
in 501 patients (71-8 per cent) without possible T'1 or T4b
disease on CT, EUS altered management in just two (0-4
per cent). In the 81 patients with impassable tumours, EUS
altered management in three (4 per cent), confirming T4b
with miniprobe EUS.
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Comparison with pathological staging

Among 367 patients who underwent resection, 81 (22-1
per cent) received no neoadjuvant therapy, of whom 19
underwent ER, 7 ER plus surgery and 55 surgery. Of the
51 EUS T1NO tumours, 46 were resected (17, 7 and 22
respectively). Of the 17 patients who had ER alone, pT1
disease was confirmed in 11. Among the 29 treated with
surgery with or without ER, pT'1 NO disease was confirmed
in 24. Five tumours were upstaged by T category, two also
to N1 disease. Five other tumours staged by EUS as greater
than T'1 NO were downstaged to pT'1 NO, from EUS T3 (3)
and EUS T1 N1 (2).

Excluding the 17 patients who, after EUS, underwent ER
without surgical resection (in whom pN status could not be
assessed), EUS was 83 per cent sensitive and 84 per cent
specific for pT1NO (PPV 83 per cent; NPV 84 per cent).
Factors associated with pT1NO disease are presented in
Tuble S5 (supporting information).

Endoscopic ultrasonography and decision theory

There was one instance of perforation (0-1 per cent). The
P, for EUS T1NO disease was 0-95 per cent (the prob-
ability of identifying T1NO disease at which the benefit
of EUS equals its risk). As the probability in patients with
impassable tumours (0 per cent) or T2-"T4a disease on CT
(0-4 per cent) was lower, the risk of EUS to these patients
outweighed its potential benefit of altering management.
The P, for EUS T4b disease was 2-02 per cent (based on
T4 disease overall).

Staging laparoscopy

Some 397 patients underwent laparoscopy, and metastases
were demonstrated in 28 (7-1 per cent). In 341 patients
undergoing laparoscopy without feeding jejunostomy there
was one major complication (pneumonia, 0-3 per cent) and
four minor complications (1-2 per cent, urinary retention).
Metastases were demonstrated in two (4 per cent) of 54
distal oesophageal tumours not involving the GOJ endo-
scopically. An impassable tumour, undifferentiated grade,
possible T4b disease on CT, and lower SUVmax pre-
dicted unsuspected peritoneal metastases (1able S6, sup-
porting information). No factor could identify patients
below the P, (0-38 per cent).

Refinement of existing algorithm

As a result of the findings that the incidence of T1NO
disease on EUS among patients staged as T2-T4a by CT
was minimal, and insufficient to justify the EUS test risk, it
is proposed that EUS should be reserved only for patients

© 2015 BJS Society Ltd
Published by John Wiley & Sons Ltd
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EUS for T1 NO?

CT CT
Possible T1 T2-T4b
n=128 n =570

Yes No

Probability T1 NO 38:3% Probability T1 NO 0-4%

Fig. 1 CT-guided algorithm (and decision tree analysis 1) for
performing endoscopic ultrasonography (EUS) for T1NO
disease before PET—CT. Numbers relate to development set

with possible T1 or T4b disease on CT. This would have
been 96-1 per cent sensitive and 87-8 per cent specific for
T1NO, and 100 per cent sensitive and 93-6 per cent specific
for T4b disease on EUS, with very high NPV (99-7 and 100
per cent respectively) (1able 4).

Compared with existing practice there was no significant
change in sensitivity, but specificity improved (P <0-001)
and net benefits increased. This would be accompanied by
a 71-8 per cent reduction in examinations, procedural risk
and expenditure. DCA demonstrated minimal change in
net algorithm benefits with extreme variations in perfora-
tion risk (Fig. S1, supporting information).

The zero incidence of T1INO disease in impassable
tumours also suggests that EUS could be omitted in these
patients. However, this would have applied to only two of
128 patients with possible T'1 disease on CT. Similarly, the
zero incidence in patients with FDG-avid nodes applied
to only 17 patients with FDG-avid nodes staged by CT as
possible T1 disease, for whom confirmatory assessment by
EUS with or without FNA may be warranted (Fig. I)

This CT-guided algorithm was validated internally
(using bootstrapping) and independently. Internal valida-
tion demonstrated minimal overfitting and sampling bias;
the adjusted T1NO sensitivity was 94-1 per cent and the
specificity 88-1 per cent; for T4b, respective values were
96-2 and 92-6 per cent (Table 4). Independent validation
demonstrated 100-0 per cent sensitivity and 85-5 per cent
specificity for T1NO (11 EUS T1 NO).

Validation of new endoscopic ultrasonography
algorithm

Some 91 patients in the validation set underwent PET-CT
and EUS. No patient was staged by EUS as having T1NO
disease among the 60 with avid nodes. Twelve had possible

T4b disease on CT; seven underwent EUS refuting T4b
and EUS was omitted in five. EUS was performed in
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EUS
for T1 NO?
CT CT
Possible T1? T2-T4b?

Avid nodes No avid nodes SUVmax < 6-38 SUVmax > 6-38
n=17 n=96 n=75 n=419
Probability Probability Probability Probability
T1 NO 0% T1 NO 44-5% T1NO27% T1 NO 0%

FDG-avid FDG-avid
length < 3-4 cm length > 3-4 cm
n=42 H n=233
Probability Probability
T1 NO 4-8% T1 NO 0%
NoEUS | | EUS | | No EUS

Fig. 2 Decision tree analysis 2 for performing endoscopic ultrasonography (EUS) for T1 NO disease after PET-CT. SUVmax,
maximum standardized uptake value. Numbers relate to development set

[er]

v J

v

| PossibIeT1?|

| To-Tab? |

Passable at OGD?

EUS £ FNA T1b/N1

+ staging ER

A 4

T1a NO

| Possible T4b? |
1
1
1
1
|
1
v v
PET-CT - ----—---- .
1
1
v
EUS +
| Distal oesophagus/GOJ? |<— miniprobe
(if ?T4b)

A 4

Laparoscopy

Fig. 3 Pragmatic algorithm for staging oesophageal cancer. OGD, oesophagogastroduodenectomy; EUS, endoscopic ultrasonography;
FNA, fine-needle aspiration; ER, endoscopic resection; GOJ, gastro-oesophageal junction

eight of 17 patients with impassable tumours; two were
downstaged from possible T4b disease.

Modelling

The optimal model for identifying T1 NO disease by EUS
before PET-CT was a decision tree (D'TA 1); this reserved
EUS for those with possible T'1 disease on CT, and was

© 2015 BJS Society Ltd
Published by John Wiley & Sons Ltd

identical to the pragmatic CT-guided algorithm (Fig. I and
Table 4; Table S7, supporting information). After PET-CT,
the optimal model was a modified decision tree (DTA 2);
this reserved EUS for patients with possible T1 disease
on CT without FDG-avid nodes, or CT T2-T4a disease
with SUVmax below 6-38 and length less than 3-4cm on
PET-CT (Fig. 2). This was 100 per cent sensitive and
84-0 per cent specific with minimal overfitting on internal
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validadon (7able 4). This could not be validated indepen-
dently, as no patient in the validation set with CT T2-T4a
disease had EUS T1 NO disease. DCA demonstrated vari-
ation in EUS perforation rate to have minimal effects on
model net benefits (Fig. S1, supporting information)

Again, the optimal model for identifying T4b disease by
EUS was a decision tree identical to the proposed algo-
rithm; this reserved EUS for patients with possible T4b
disease on CT (100 per cent sensitivity) (7able 4). ANNs
could be generated, but no model had clinical utility. Sim-
ilarly, no model had clinical utility in predicting pT1NO
disease, and unsuspected metastases on PET-CT and at
laparoscopy.

Suggested staging algorithm

Based on these findings, the following staging algorithm is
proposed when considering patients for resection (Fig. 3).
Following CT, EUS (with or without FNA or staging ER)
should be reserved for patients with either: Tx/possible T'1
disease on CT, passable at OGD; or possible T4b disease
without metastases on PET-CT. For all other patients
EUS can be omitted, thereby reducing risk, delay and
expenditure.

Discussion

This study sought to quantify the staging utilities of EUS,
PET-CT and laparoscopy for oesophageal/GOJ cancer,
within the context of risk, benefit and probability thresh-
olds. A number of factors predicted EUS T1NO and T4b
disease, identifying patients above and below these thresh-
olds. Although EUS provided additional precision and
information regarding T and N categories over CT and
PET-CT, this had no added utility in the majority of
patients. For these patients, EUS risk exceeded potential
benefit (as defined by its primary utility). This pragmatic
algorithm was validated internally and independently.

The main findings regarding utilities of EUS, PET-CT
and laparoscopy, and CT T category grouping and impass-
able tumours, are likely to be robust, owing to the size of
the cohorts. Although the lower resolution of CT confers
lower sensitivity and specificity for T and N category than
EUS*% it typically demonstrates early Tx/possible T,
possible T4b or locally advanced T2—T4a disease, and this
appears sufficient to guide use of EUS. As the relative mer-
its and results of investigations vary with local resources,
imaging and software platforms, however, external evalua-
tion of these algorithms is required to assess generalizabil-
ity. These recommendations are based on pragmatic defi-
nitions of the primary utilities of EUS: the identification of

© 2015 BJS Society Ltd
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patients for endoscopic resection and neoadjuvant therapy.
The benefit of the latter in patients with T2 NO disease has
not been established unequivocally (as reflected by varia-
tions in study protocols). In selected patients, EUS may
also have secondary utilities, such as providing additional
prognostic or anatomical information (for example, distin-
guishing between T2 NO and T'3 N3 disease). Owing to the
limitations of predicting outcome on the basis of EUS T
and N categories before potentially downstaging neoad-
juvant therapy, such information is likely to alter man-
agement infrequently. However, in such instances EUS
may have a role to play in patients with T2-T4a disease
on CT.

Although variables were associated with metastases on
PET-CT and at laparoscopy, comparable groups could
not be identified. No benefit was seen for PET-CT in
the few tumours staged as T1NO, but owing to the sig-
nificant EUS false-positive rate (8-9 per cent) the possi-
bility of metastases in this group exists, reinforcing the
need for staging ER*. Indeed, PET variables could predict
false-positive T'1 NO disease. Notably, there was benefit of
laparoscopy for T2 and distal oesophageal tumours, which
conflicts with American and European guidelines!' —3. The
study also confirmed that adenocarcinoma and SCC dif-
fer in their FDG avidity®, and identified novel associations
with FDG-avid nodes, SUVmax and length. The role of
miniprobe EUS in impassable tumours remains unclear.
There was benefit in patients with possible T4b disease
on CT, but none for those without, although the 95 per
cent c.i. for the latter (0 to 3-70 per cent) exceeded the
P,. Although the present study is retrospective, bias was
minimized by collecting data from four parallel databases
to ensure accuracy and that no data were missing. Hav-
ing CT performed in multiple centres was not a significant
confounder and was adjusted for. The advantages and dis-
advantages of DTA, LRM and ANN were mitigated by
comparing all three.

On the basis of pragmatic primary staging utilities, the
risk of EUS typically exceeded its benefit in patients with
either T2-T4a disease on CT, impassable tumours at
OGD or FDG-avid nodes on PET-CT. Laparoscopy was
beneficial in patients with distal oesophageal tumours and
‘T2 disease. There may be further roles for D'TA and LRMs
in guiding further selection of patients with oesophago-
gastric cancers for specific treatment pathways.
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