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SUMMARY. Oesophageal cancer is the sixth commonest cause of overall cancer mortality. Clinical staging
utilizes multiple imaging modalities to guide treatment and prognostication. T2NO oesophageal cancer is a
treatment threshold for neoadjuvant therapy. Data on accuracy of current clinical staging tests for this disease
subgroup are conflicting. We performed a meta-analysis of all primary studies comparing clinical staging accuracy
using multiple imaging modalities (index test) to histopathological staging following oesophagectomy (reference
standard) in T2NO oesophageal cancer. Patients that underwent neoadjuvant therapy were excluded. Electronic
databases (MEDLINE, Embase, Cochrane Library) were searched up to September 2019. The primary outcome
was diagnostic accuracy of combined T&N clinical staging. Publication date, first recruitment date, number of
centers, sample size and geographical location main histological subtype were evaluated as potential sources of
heterogeneity. The search strategy identified 1,199 studies. Twenty studies containing 5,213 patients met the
inclusion criteria. Combined T&N staging accuracy was 19% (95% CI, 15-24); T staging accuracy was 29%
(95% CI, 24-35); percentage of patients with T downstaging was 41% (95% CI, 33-50); percentage of patients
with T upstaging was 28% (95% CI, 24-32) and percentage of patients with N upstaging was 34% (95% CI,
30-39). Significant sources of heterogeneity included the number of centers, sample size and study region. T2N0
oesophageal cancer staging remains inaccurate. A significant proportion of patients were downstaged (could have
received endotherapy) or upstaged (should have received neoadjuvant chemotherapy). These findings were largely
unchanged over the past two decades highlighting an urgent need for more accurate staging tests for this subgroup
of patients.
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INTRODUCTION A number of recent studies assessing oesophageal
cancer therapy have shown differing results, espe-
Oesophageal cancer is the seventh most common  cially with regards to the benefits of neoadju-
cause of cancer worldwide and the sixth most vant chemotherapy and radiotherapy. One prospec-
common cause of overall cancer mortality.l Five- tive randomized trial suggested that neoadjuvant
year survival has only shown modest improvement  chemoradiotherapy reduced mortality and increased
since the 1970s despite advances in diagnostic and  disease-free survival in patients with locally advanced
therapeutic options.” The causes for this are likely oesophageal cancer (TINIMO or T2-3 NO-1 MO0).

to be multifactorial but include better access to  However, in patients with T2NO disease, the benefit

patient care and advancements in medical, surgical
and adjuvant therapy.’

Clinical staging is the most accurate reflection of
cancer prognosis; it guides therapy and is a survival
reference point.* Accurate staging has become
increasingly important as the options for therapy have
increased.’

is less clear, with a recent European multicenter
retrospective study demonstrating that neoadjuvant
therapy had no impact on recurrence, disease-free
survival and overall survival.” A major limitation
of those studies has been the variable accuracy
of clinical staging for T2NO disease reported in
the literature. When compared with postoperative
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pathological staging as the reference standard, clinical
staging can be accurate in as low as 6% or as high
as 42% of patients depending on which study is
considered.®1°

Clinical staging of oesophageal cancer uses a num-
ber of modalities.!' ! This includes any combination
of endoscopic ultrasound (EUS), computerized
tomography (CT), ultrasound (US), positron emis-
sion tomography (PET) and laparoscopy. A number
of studies and systematic reviews have evaluated
the accuracy of these tests individually.'*~'® While
this information is useful, it does not accurately
reflect clinical practice when modalities are used in
combination.

Accurate clinical staging of oesophageal can-
cer is vital to ensure that appropriate therapeutic
decisions are made both to direct clinical care
and to enable precision research. Clinical staging
of T2 oesophageal cancer (cT2) is of particular
significance, because patients with cancers that
are >cT2NO undergo different treatment path-
ways to those with <cT2NO, hence this thresh-
old has a significant clinical application. Patients
with >cT2NO are typically offered neoadjuvant
chemotherapy in addition to surgery, patients with
c¢T2NO may be offered surgery alone and patients
with <cT2NO may be offered local therapies includ-
ing surgery or endotherapy including endoscopic
mucosal resection or endoscopic submucosal dis-
section.!!"13 Accurate staging in this setting has
significant implications on mortality and morbidity
outcomes.

When evaluating the accuracy of clinical staging
tests, pathology is used as the reference standard.
Patients with >T2NOMO disease usually receive
neoadjuvant therapy which may downstage their
cancer prior to surgery; therefore, the postoperative
pathological staging in those patients may not reflect
the true preoperative clinical stage. On the other hand,
patients with <T2NOMO disease usually undergo
endoscopic therapy, and therefore, staging in these
patients is not accurate.'!"!3 For these reasons, we
have decided to only include patients with cT2NOMO
disease.

We believe that this is a significant clinical issue
as 21-30% of patients present with stage 1 or 2
oesophageal cancer.!” Having an accurate staging
test will ensure that these patients receive appropriate
evidence-based treatment.

In summary, precise data on accuracy of clini-
cal staging remain lacking. Moreover, data on the
understaging and overstaging of T2NO oesophageal
cancer are also lacking. This has major implications
for treatment decisions and patient survival among
other factors. We aimed to address these knowledge
gaps by a systematic review and meta-analysis of the
relevant literature.

MATERIALS AND METHODS

This study was conducted according to guidance
provided by the Cochrane Collaboration handbook
for systematic reviews'® and followed a prespeci-
fied protocol. The study was prospectively regis-
tered on the PROSPERO international database
(CRD42019157635).

Search strategy

We searched Ovid MEDLINE, Ovid EMBASE and
The Cochrane Library databases for studies published
from database inception to 1 June 2019 for relevant
articles evaluating staging accuracy in oesophageal
cancer. No restrictions were applied to the search
algorithm (Supplementary Table 1).

Study selection and outcome measures
We included studies that met the following criteria:

® Performed in cohorts of adult patients defined as
18 years or older

® Provided data on T2 oesophageal cancer staging
accuracy

® Used multiple imaging modalities to assess clinical
staging

® Compared clinical staging to pathological staging
as the reference standard test

® Provided sufficient data to allow the calculation of
staging accuracy.

Accuracy was defined as the proportion of patients
with correct clinical staging prior to surgery compared
with postoperative pathological staging as the refer-
ence standard. The primary outcome was diagnostic
accuracy of combined T and N staging. Secondary
outcomes were accuracy of T stage only; percentage
T downstaged; percentage T upstaged and percentage
N upstaged.

We only evaluated patients with ¢cT2NOMO and
were unable to calculate sensitivity and specificity
values as these require the number of false negatives
for a given test. These data were not available, because
incorrectly staged patients as >T2N0 would have typ-
ically undergone neoadjuvant therapy; therefore, their
postoperative pathological staging may not reflect
their preoperative stage.

All titles and abstracts identified by the primary
searches were screened by two reviewers (PW. and
A.H.). Full-text articles of potentially eligible studies
were read and assessed for inclusion. Data were then
independently extracted by P.W. and A.H. before
entry into a standardized pro forma (Excel 2010;
Microsoft, Redmond, Wash). Disparity between the
data collected was resolved by discussion, and if no
agreement was reached, a third investigator (S.S.S.)
was consulted. The corresponding authors of the
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primary studies were contacted to ask for any
missing data.

Variables for each study were collected as follows:
Year of publication, years of recruitment, number of
centers, population studied (age, sex, sample size and
cancer subtype), country of origin, study design and
imaging modalities used.

Study quality was assessed independently by two
investigators (P.W. and A.H.) using the updated ver-
sion of the quality assessment of diagnostic accuracy
studies (QUADAS-2) tool."

Statistical analysis

All outcomes were binary in nature. Meta-analysis
methods were used to pool together the results from
different studies for each outcome. The Freeman-—
Tukey double arcsine transformation was performed
before analysis. This was used to stabilize the vari-
ances when the proportions were close to zero and
one, and a Normal approximation to the binomial
distribution did not hold.

The DerSimonian—Laird random-effects method
was used for the analysis, regardless of the degree of
heterogeneity between the study results.

Heterogeneity, subgroup analyses and publication bias

The heterogeneity between studies was assessed based
on the significance of the between-study heterogeneity
and also on the size of the I? value. Low, moderate and
high inconsistency were associated with 72 values of
25%, 50 and 75, respectively.”’ Additional subgroup
analyses were performed to examine if any factors
could explain the heterogeneity between studies. We
evaluated several factors a priori including: publica-
tion date (before and after January 2015), date of
first recruitment (before and after 2000), number of
centers (single vs. multicenter), sample size (<100 vs.
>100), geographical location of study (USA, Europe
or Asia) and main histological subtype included (ade-
nocarcinoma or squamous cell carcinoma). Publica-
tion bias was assessed with the use of a Funnel plot
and by the Egger test. A P value of <0.10 was consid-
ered to represent possible publication bias.

When calculating heterogeneity, the dates used
were chosen to achieve a near equal split before and
after the declared date.

RESULTS

Characteristics of included studies

After duplicates were removed, the search strategy
identified a total of 1,199 studies which were all
screened by title and abstract. Fifty-six potentially
eligible articles were identified which were all read
in full. Twenty studies’ '*?!-3® met the inclusion
criteria (n=5,213 patients) (Fig. 1). Of these studies,

16 (n=4,182 patients)®'0-1-2%25.27-36 reported the
accuracy of combined T and N staging. Eighteen
studies (n=4,471 patients)’ 10-21-23.26-36  provided
data on the accuracy of T stage and 18 studies
(n= 5,180 patients),’”>8-10:21-25.27-36 presented data for
the accuracy of N stage.

A summary of the included studies is shown in
Table 1. The characteristics of the patients included
in the studies are shown in Table 2. Supplementary
Figure 1 displays the outcomes of the QUADAS-
2 quality assessment.!” No studies were high risk
for bias.

Outcomes
T&N staging

Combined T and N staging was accurate in 19%
of patients [95% confidence interval (CI), 15-24; 16
studies; n = 4,182 patients; I> = 88%; P < 0.01] (Fig. 2
and Table 3).

Sources of heterogeneity in accuracy of T&N
staging included: number of centers [single center
(13%; 95% CI, 9-18; I*> =29%) vs. multicenter
studies (27%; 95% CI, 20-34; I =95%); P=0.01];
sample size [n <100 patients (13%; 95% CI, 9-18;
I? =29%) vs. n > 100 patients (27%; 95% CI, 20-34;
I? =95%); P=0.01]; study region [USA (17%; 95%
CI, 13-23; 1> =89%) vs. Asia (19%; 95% CI, 10—
28; n=2 studies) vs. Europe (38%; 95% CI, 32-46;
n=1 study); P < 0.01] and most common histological
subtype included in each study [adenocarcinomas
(12%; 95% CI, 7-18; I> =20%) vs. mixed histological
types (22%; 95% CI, 15-31; I> =95%) vs. SCC
(19%; 95% CI, 10-28; n=2 studies) vs. unknown
histological types (26%; 95% CI, 23-29%; n=2
studies); P <0.01)] (Supplementary Table 2). There
was no significant evidence of publication bias
(P=0.11) (Supplementary Fig. 2).

T stage accuracy

T staging was accurate in 29% of patients (95% CI, 24—
35; 18 studies; n =4.,471 patients; I> =91%; P < 0.01)
(Fig. 3A).

Sources of heterogeneity in T stage accuracy
included: number of centers [single center (23%;
95% CI, 17-28; I* =31%) vs. multicenter stud-
ies (36%; 95% CI, 28-44; I’ =96%); P=0.01]
(Supplementary Table 3). There was no significant
evidence of publication bias (P =0.20) (Supplemen-
tary Fig. 3).

T downstaging

The percentage of patients downstaged after surgery
was 41% (95% CI, 33-50; 18 studies; n=4,471
patients; I> =96%; P < 0.01) (Fig. 3B).

Sources of heterogeneity in T downstaging included:

number of centers [single center (53%; 95% CI, 44-62;
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Fig. 1 Flow diagram of the search strategy and selection of studies.

I? = 65%) vs. multicenter studies (29%; 95% CI, 19—
40; I> =98%); P <0.01)]; most common histological
subtype included in each study [adenocarcinomas
(55%; 95% CI, 45-65; I> = 36%) vs. mixed histological
types (33%; 95% CI, 21-46; I> =95%) vs. SCC (52%;
95% CI, 38-66; n = 3 studies) vs. unknown histological
types (33%; 95% CI, 29-36%; n = 2 studies); P < 0.01)]
and sample size [n < 100 patients (52%; 95% CI, 44—
61; I =62%) vs. n >100 patients (27%; 95% CI,
17-38; 1> =98%); P < 0.01] (Supplementary Table 4).
There was evidence of publication bias as the Egger
Test P-value was 0.02 (Supplementary Fig. 4).

T upstaging

The percentage of patients T upstaged after surgery
was 28% (95% CI, 24-32; n=18 studies; 5,184
patients; I =86%, P < 0.01) (Fig. 4A).

Sources of heterogeneity in T upstaging included:
number of centers [single center (22%; 95% CI, 16—
29; I* =50%) vs. multicenter studies (32%; 95% CI,
27-38; I” = 93%); P =0.03)]; study region [USA (29%;
95% CI, 24-32; I* =85%) vs. Asia (14%; 95% CI,
8-22; n=3 studies) vs. Europe (31%; 95% CI, 16—

*| - Full text not available in English (n=1)
- Review articles (n = 6)

48; n=13 studies); P < 0.01]; most common histolog-
ical subtype included in each study [adenocarcinomas
(22%; 95% CI, 16-28; I* =0%) vs. mixed histological
types (32%; 95% CI, 27-37; I> = 86%) vs. SCC (14%;
95% CI, 8-22; n =3 studies) vs. unknown histological
types (40%; 95% CI, 37-44%; n =2 studies); P < 0.01)]
and sample size [r < 100 patients (21%; 95% CI, 15—
27; I =51%) vs. n >100 patients (34%; 95% CI,
28-39; I? =93%); P=0.01] (Supplementary Table 5).
There was no significant evidence of publication bias
(P=0.55) (Supplementary Fig. 5).

N upstaging

The percentage of patients N upstaged after surgery
was 34% (95% CI, 30-39; 18 studies; n=15,180
patients; 1> =86%; P < 0.01) (Fig. 4B).

Sources of heterogeneity in N upstaging included:
study region [USA (33%; 95% CI, 29-38; I> =88%)
vs. Asia (29%; 95% CI, 20-40; n=2 studies) vs.
Europe (47%; 95% CI, 42-51; n =2 studies); P < 0.01]
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Table 2 Summary of characteristics of patients included in the analysis

Author and year Country Mean age, (years) % Male % Adeno % SCC
Nishimaki TY 1999 Japan 62 88.0% 0.4% 96.4%
Rice TW3! 2007 USA 65 NS 97.0% 3.0%
Crabtree TD et al.?® 2011 USA NS NS 100.0% 0.0%
Stiles BM32 2011 USA 62.5 81.4% 71.6% 28.4%
Chen WH?? 2012 Taiwan 60.9 78.6% 0.0% 100.0%
Zhang JQ3* 2012 USA 69 85.7% 100.0% 0.0%
Crabtree TD?° 2013 USA 63.8 83.2% 86.3% 13.7%
Shin S$3¢ 2014 Korea 63.1 95.0% 1.3% 97.5%
Tekola BD?! 2014 USA NS 89.5% NS NS
Hardacker TJ?? 2014 USA 62.5 82.9% 82.9% 17.1%
Speicher PJ?* 2014 USA 66 82.5% N/S N/S
Dolan JP3 2016 USA 68 94.0% 93.8% 6.3%
Markar SR7 2016 France NS 80.7% 49.5% 50.5%
Samson P 2016 USA 65.6 82.3% 69.3% 30.7%
Luu C% 2017 USA 64.9 82.0% 92.8% 72.0%
Winiker M2¢ 2018 Switzerland 65 74.5% 59.0% 41.0%
Goense L9 2018 Netherlands 66 77.0% 81.0% 19.0%
Shridhar R?7 2018 USA 67 80.4% 87.5% 12.5%
Barbetta A3 2018 USA 64 78.0% 100.0% 0.0%
Atay SM?® 2019 USA 66 78.0% 88.0% 12.0%
Adeno, adenocarcinoma; NS, not stated; SCC, squamous cell carcinoma.
%

Study ES (95% Cl) Weight

Atay 2019 - 14.03 (11.26, 17.35) 9.03

Barbetta 2018 —_— i 8.75 (4.30, 16.98) A0

Chen 2012 - * > 42.86(21.38,67.41)  3.29

Crabtree 2011 + : 5.56 (0.99, 25.76) 3.83

Crabtree 2013 ,  —— 27.39 (23.60, 31.53) 9.02

|

Dolan 2016 * " 6.25 (1.11, 28.33) 357

Goense 2018 1 —_— 38.33 (31.54, 45.61) 8.27

Hardacker 2014 — 8.57 (2.96, 22.38) 5.37

Luu 2017 e 20.69 (9.85, 38.39) 4.93

1

Rice 2007 —_— 13.21 (6.55, 24.84) 6.29

Shin 2014 —'—E— 15.15 (8.44, 25.69) 6.74

Shridhar 2018 : - 30.71 (28.64, 32.85) 9.39

Speicher 2014 i - 26.72 (23.74, 29.92) 9.21

Stiles 2011 —_— 12.50 (5.46, 26.11) 5.67

Tekola 2014 + : 16.67 (7.34, 33.56) 5.01

Zhang 2012 - + 28.57 (11.72, 54.65)  3.29

Overall <> 19.40 (14.87,24.35)  100.00

T T T T T T
10 20 30 40 50 60

% Accuracy of combined T/N stage

Fig. 2 Forest plot for combined T/N stage accuracy.
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A 5
%
Study ES (95% Cl) Weight
Atay 2019 —— 23.65 (20.13, 27.57)  7.60
Barbetta 2018 —_— - 17.50 (10.72, 27.26) 6.36
Chen 2012 ' > 50.00 (26.80, 73.20) 3.37
Crabtree 2011 T 27.78 (12.50, 50.87) 3.84
Crabtree 2013 : — 40.04 (35.76, 44.48) 7.59
Dolan 2016 ' 18.75 (6.59, 43.01) 3.62
Goense 2018 ! — 52.78 (45.50, 59.94) 713
Hardacker 2014 —_— 17.14 (8.10, 32.68) 5.10
Markar 2016 —"'_ 26.67 (21.87, 32.09) 7.39
Nishimaki 1999 . 43.48 (25.63, 63.19) 4.31
Rice 2007 — 16.98 (9.20, 29.23) 5.79
Shin 2014 _"_?_ 22.73 (14.29, 34.17) 6.11
Shridhar 2018 ' - 43.59 (41.34, 45.86) 7.82
Speicher 2014 —- 26.72 (23.74, 29.92) Y74l
Stiles 2011 B 30.00 (18.07, 45.43) 5.33
Tekola 2014 H 20.00 (9.51, 37.31) 4.82
Winiker 2018 1 = 10.00 (1.79, 40.42) 2.76
Zhang 2012 : 2 50.00 (26.80, 73.20) 3.37
Overall e 29.44 (23.73, 35.48) 100.00
T T T lI T T T T
1 20 30 40 50, 60 70
% Accuracy of T stage
B %
Study ES (95% Cl) Weight
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Fig. 3 Forest plots for secondary outcomes. (A) T stage accuracy. (B) T downstaging.
Table 3 Meta-analysis results for all studies combined
Outcome Number of studies Heterogeneity P-value Pooled % I* (95% CI)
Combined T/N stage 16 < 001 88% 19% (15%, 24%)
accuracy
T stage accuracy 18 < 001 91% 29% (24%, 35%)
T downstaged 18 < 001 96% 41% (33%, 50%)
T upstaged 19 < 001 86% 28% (24%, 32%)

N upstaged 18 <001 86% 34% (30%, 39%)
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T T T — T T T T

0 10 20 70

30 40 50 60
% N upstaged

Fig. 4 Forest plots for secondary outcomes. (A) T upstaging. (B) N upstaging.

(Supplementary Table 6). There was no significant
evidence of publication bias (P =0.63) (Supplemen-
tary Fig. 6).

DISCUSSION

Principal findings

To our knowledge, this is the first systematic review
and meta-analysis evaluating the accuracy of current
clinical staging tests of T2 oesophageal cancer. We
only included studies using multimodality staging in
order to reflect current day-to-day clinical practice.
We demonstrate that combined T/N staging was
accurate in only 19% of patients. The proportion of

patients with an accurate T stage was 29%. Percentage
of patients who had T downstaged, T upstaged or
N upstaged was 41, 28 and 34%, respectively. Small
(n < 100 patients), single-center studies reported lower
accuracy compared with larger (n> 100 patients),
multicenter studies. The latter study design has fewer
biases and is therefore more likely to be representative
of the truth rather than chance findings. Of note,
we found no significant improvement in accuracy
in the more recent studies (published after January
2015 and recruitment started after January 2000)
compared with older studies (published before
January 2015 and recruitment started before January
2000). These dates were chosen to provide an equal
split between earlier and later studies. There was
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considerable heterogeneity between studies for all
primary and secondary outcomes. This suggests
that the study results should be interpreted with
caution. We explored this further through subgroup
analyses.

The inaccuracy of staging T2 disease is thought
to stem from missed occult nodal metastases, largely
at EUS, resulting in staging of the discase (N stage)
prior to surgery and subsequent upstaging (N stage)
following surgery.”> However, our study shows that
the accuracy for T stage only is equally poor (29%)
with even higher rates of downstaging to T1 (41%)
than upstaging (28%). The separation of muscle layers
with EUS remains very challenging. In one study, 44%
of EUS-staged cT2 OACs found to be pT1 tumors
and curative endoscopic resection was achieved in
more than a third of these cases.”’ Similarly, our data
suggest that a significant proportion of patients are
perhaps over-treated with surgery instead of being
offered organ-sparing endoscopic therapy. Similarly,
a significant proportion is being undertreated and
potentially missing out of life prolonging neoadjuvant
therapy.

Increasing the rates of EUS-guided FNA has been
suggested as a way to improve node detection,*® while
the use of higher frequency probes may improve
the detection of tumor depth; however, both these
techniques will increase the technical complexity
of the procedure and their efficacy has not been
proven.’* There are significant resources being
applied to improving outcomes for oesophageal
cancer patients.*’ In order for this research to be
precise and for the findings from this research to
be applicable to clinical practice, the clinical stage
of the patients included in these studies must be
accurate. EUS has been used in GI imaging since
the 1980s.*' It is used both for diagnostic and
therapeutic reasons. Despite reported high sensitivity
and specificity of EUS in T and N stage, limitations
remain such that it does not really accurately stage the
patient.!3-14:16 Accuracy is highly operator dependent
and yet despite improvements in the technology
continues to be poor for T2 tumors.*” Furthermore,
~30% of oesophageal tumors are not traversable
with the EUS probe at diagnosis** and performing
FNA for a node in the vicinity of a tumor remains
challenging.

New technologies to aid staging include biomark-
ers and magnetic resonance imaging (MRI). Despite
the advances in biomarker research, none has
become clinically viable for detection and staging of
oesophageal cancers.*** MRI has been shown to
be sensitive for T stage but is subject to significant
technical challenges®® such as movement artifact,
MRI bore diameters and the longer imaging times.*’
Significant improvements have been made with
respiratory and cardiac gating.** Optical coherence
tomography is an advanced imaging technique that

uses the reflection of infrared light from the target
tissue [KAUL]. Unfortunately, the light is only able
to penetrate 3 mm, so it is unsuitable for providing
accurate tumor stage.

Study strengths and limitations

Our study includes a large number of patients with
T2 oesophageal cancer, which allows clinical staging
accuracy to be assessed with high precision.

In our study, the majority of patients are from
Western populations with adenocarcinoma. This
accurately reflects the demographic of oesophageal
cancer patients seen in Europe and the USA, but
perhaps not in Asia.

Three studies included in the review primarily
included patients with SCC histological subtype. We
note that although the total number of included
patients in these studies is 103, the T&N staging
accuracy was similar across these three studies to
studies primarily including adenocarcinomas, namely,
19% (95% CI, 10-28%) for SCC studies compared
with 12% (95% CI, 7-18%) for adenocarcinoma
studies (P < 0.01).

It should also be noted that the majority of the
studies are from tertiary referral centers. This is
probably an accurate representation of the clinical
pathway as oesophagectomies are increasingly done
in high-volume centers.*’ A large proportion of the
cases reviewed came from four large USA-based
studies. These studies were all retrospective and
used databases to collect the published data. This
may limit some of the applicability of our findings
to populations outside of the USA. Unfortunately,
the time lag between index test (clinical staging)
and reference standard (pathological staging) was
rarely published, which could lead to an incorrect
assessment of clinical staging accuracy due to
disease progression in the interim. While unlikely,
this could lead to clinical understaging of the
disease status as T and N stage could progress
during the time interval between clinical staging and
surgery.

Values of heterogeneity indicate an inconsistency
between the different studies, which will compromise
any reliable conclusions that can be drawn from this
analysis. This issue is particularly evident in multicen-
ter studies. There was a significant reduction in het-
erogeneity when calculations are restricted to smaller
(n < 100) and single center studies.

Eighteen of the twenty included papers have been
published in the past decade and use all imaging
modalities currently available in clinical practice,
which increases the clinical relevance and external
validity of this work.

Unfortunately, most of the studies included did not
publish some data that have been associated with the
accuracy of staging such as FNA and tumor length.
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Implications for clinical practice

Patient care and prognosis is fundamentally based
around the staging of their cancer at diagnosis. If this
staging is inaccurate, we may be offering incorrect
therapies or denying patients the correct therapies.
The latter may be ineffective or even harmful. For
understaged patients, they may go on to have surgery
with curative intent despite having more advanced dis-
ease. These patients may suffer unnecessary postop-
erative complications leading to significant mortality
and morbidity as well as being exposed to long-lasting
deterioration in the quality of life.’%->!

Individuals who have T or N upstaging following
pathological assessment would have not received
neoadjuvant therapy and are therefore deprived of
the additional survival benefit this therapy confers.
The survival benefit of giving adjuvant chemother-
apy after surgical resection remains unproven.’> >
Similarly, individuals that have T downstaging fol-
lowing pathological assessment may have potentially
been candidates for organ preserving endoscopic
therapy rather than subjecting them to unnecessary
oesophagectomy.

CONCLUSIONS

The accuracy of clinical staging for oesophageal
T2 cancers remains poor and is largely unchanged
in recent years.’’ Patients that were downstaged
after surgery may have successfully been treated
with endotherapy. The 28% of patients who were
upstaged would have been offered neoadjuvant
therapy according to current guidelines.'! '3

These data reinforce the need for further research
directed at improving T2 oesophageal cancer stag-
ing. In addition, this may indicate a greater need
beyond T2NO disease. Our rationale for reviewing
T2NO oesophageal cancer was to enable direct
comparison between clinical staging and pathological
staging in patients not undergoing neoadjuvant
therapy. This is not possible for patients with clinical
staging >T2NO cancer (due to the downstaging
effects of neoadjuvant therapy), and therefore, it
remains a possibility that the inaccuracy we have
detected may also affect patients with more advanced
cancers.

It is possible that MRI may offer reliable staging
in the future but the technical challenges of adapting
this technology need to be resolved. Translational
technologies such as X-ray phase contrast imaging
which has been used in breast cancer imaging
may provide more accuracy than those currently
used.”>® Ongoing work looking at adapting cur-
rent imaging techniques with postprocessing tech-
niques such as radiomics and artificial intelligence
has shown promise in enhancing CT, MRI and
PET.”’

SUPPLEMENTARY DATA

Supplementary data mentioned in the text are avail-
able to subscribers in DOTESO online.
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