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Screening for oesophageal cancer: is it timely or

premature?

Oesophageal cancer is currently the sixth leading cause of
cancer death worldwide." More than half of cases are
diagnosed at an advanced stage when surgical removal is no
longer a viable treatment strategy. As a result the overall
five-year survival rate is low, but stage-specific survival rates
vary substantially; after surgical removal of the tumour, the
five-year survival rate has been reported to be greater than
95% for stage 0 disease, 50-80% for stage I disease, 30-40%
for stage IIA disease, and 10-30% for stage IIB disease.” This
raises the possibility that oesophageal cancer may be an
attractive candidate for a screening test, to detect disease at
an early stage when treatment would be more effective.
However, before we endorse screening we should step back
and consider the issue from a critical perspective to
determine whether established criteria related to the
condition, the test, and the treatment are satisfied.’

Because oesophageal cancer is rare, population screening
is only done in a few areas of the world with very high
incidence, such as some parts of northern China where
annual rates among those aged over 55 may approach 200
cases per 100,000 individuals.*® Squamous cell carcinoma
accounts for most cases in these countries, and the major
risk factors are exposures that cause chronic irritation of the
oesophagus, including smoking, heavy alcohol use and
consumption of poorly preserved foods. The incidence of
oesophageal cancer is substantially lower in Western
countries, with annual rates of less than 10 cases per
100,000.¢ These marked geographic differences in incidence
rates necessitate separate evaluation of screening strategies
for high- and low-risk areas; we focus on the latter for the
remainder of this commentary, as they are far more
common than the high-risk pockets. Although still low in
absolute terms, the incidence of adenocarcinoma of the
oesophagus has increased rapidly over the last several
decades in Western populations and now accounts for over
half of cases.” Gastro-oesophageal reflux disease and
Barrett’s oesophagus are both associated with increased risk
of oesophageal adenocarcinoma.®® Obesity is also an
important risk factor,’®!! and a recent report estimated that
it may account for nearly 40% of this malignancy in
Western society.'? Patients with chronic reflux symptoms
are considered for periodic endoscopic screening, and
surveillance endoscopy is typically recommended for those
who are found to have Barrett’s oesophagus.'>'*

There is also growing interest in identifying clinical
biomarkers that would facilitate earlier detection of oeso-
phageal cancer or its precursors. For example, a recent study
in the British Journal of Cancer examined the performance of
an assay for minichromosome maintenance (MCMS5)
protein as a diagnostic and screening tool.'”> Building on
previous work showing overexpression of MCM proteins in
dysplastic squamous epithelium and Barrett’s oesopha-
gus,'®!7 the investigators measured levels of MCMS5 protein
in gastric luminal samples from 40 symptomatic patients; 20
of these 40 had tumour present on biopsy, and they were
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compared with patients who were tumour negative. The
investigators reported fairly high sensitivity and specificity
of the MCM5 test, with a false-positive rate of about 4%
(96% specificity) at a sensitivity of 75%.

In addition, the investigators used their data to compute
the predictive values of the test, reporting a positive
predictive value (PPV) of 94% and a negative predictive
value (NPV) of 84%. Based on these findings, they
concluded that this new protein-based approach would be
a potentially useful screening and diagnostic tool for the
detection of oesophageal cancer. This seems premature,
however, given certain limitations of the study and what is
known about the epidemiology and natural history of
oesophageal cancer.

In this study, all of the patients were undergoing
gastroscopy for known or suspected oesophageal cancer or
for symptoms of dyspepsia. The sensitivity of the test will be
higher in these patients than in asymptomatic individuals
because a greater proportion will be in later stages of disease,
and it will be reduced in a screening setting where the
distribution will be weighted more towards those with no or
early-stage disease.'® This same issue related to the spectrum
of disease manifestation has arisen in evaluations of the
accuracy of other screening tests, such as the Papanicolaou
test for cervical cancer.'® The sensitivity of a given test will
also depend on the timing and frequency of screening. The
yield will be highest when a screening programme is first
introduced into a population, because it will detect some
prevalent cases in later stages of disease, close to the point
where they would be diagnosed symptomatically. It will
tend to decline in subsequent years, when a greater
proportion of screen-detected incident cases will be earlier
in the preclinical phase.?® If a test is meant to be used as a
diagnostic rather than a screening tool, evaluating its
performance in a population with symptomatic disease
may be appropriate. However, this is an important distinc-
tion that should be made explicit, as it relates directly to the
performance of the test.

Furthermore, although a screening test must have fairly
high sensitivity, this is not the only property that determines
its overall effectiveness. The PPV — or the probability of
having disease given a positive test result —also depends on
the prevalence of the disease in the population and the
false-positive rate. In the study described above, the
investigators estimated the predictive values based on the
prevalence of oesophageal cancer in their sample (over
40%), which is artificially high due to the selection of
patients undergoing gastroscopy; hence, this overestimates
the PPV in the general population. Assuming that the
prevalence of oesophageal cancer in Western populations is
approximately 1 in 10,000, the PPV at a specificity of 96%
(4% false-positive rate) would be less than 1%, which is
unacceptably low for a screening test. A high false-positive
rate can also lead to a low PPV, because the number of true
positives will be small relative to the total number who test
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positive. A low PPV may be acceptable to the target
population if the follow-up procedures for a positive test
result are non-invasive and carry minimal risk (e.g.
repetition of the test). In the case of oesophageal cancer,
however, a low PPV would result in many unnecessary
endoscopies and biopsies with associated costs and compli-
cations.

One way to increase the PPV would be to only screen
individuals who have been classified as high risk, such as
those with chronic reflux symptoms and/or Barrett’s
oesophagus, because the prevalence of disease would be
higher in these groups. However, although these conditions
are associated with high relative risks of developing
oesophageal cancer, the absolute risk for an individual is
still very low (only about 0.5% per year), which would yield
a PPV of less than 10%. Other risk factors could be used in
conjunction with reflux severity to create a risk profile that
would help identify those most likely to benefit from
screening. For example, age is often an initial criteria for
cancer screening,?! and gender and body mass index are
other factors that could potentially be used to identity those
at highest risk for developing oesophageal adenocarcinoma.
A re-analysis of data collected from a Swedish nationwide
case—control study, however, suggests that this type of
approach to endoscopic screening would still result in a
very low yield.?”> Even risk factors that are strongly
associated with disease, with relative risks as high as 200,
tend to perform poorly as screening tests, leading to low
detection rates.??

Importantly, another problem with the high-risk strategy
that has been described by Rose is that a large proportion of
cases would be missed it only high-risk individuals were
screened.?* This is particularly relevant to our discussion of
oesophageal cancer because less than 5% of patients with
oesophageal cancer are known to have Barrett’s oesophagus
prior to diagnosis of their cancer,®® suggesting that this
condition is a marker of increased risk rather than an
obligate precursor lesion. In addition, approximately 40% of
patients have no history or symptoms of reflux.® These
issues raise concerns about taking the high-risk approach to
screening for oesophageal cancer, whether through endo-
scopic methods, assays for MCM proteins, or other techni-
ques.

An alternative strategy for increasing the PPV would be to
reduce the false-positive rate (i.e. increase the specificity). For
quantitative tests, this can be done by modifying the cut-off
point for what constitutes a positive test result; the
investigators who conducted the study of the MCM5 protein
test used several different cut-off points, such as >1500,
>5000, and =>7500cells/well. However, increasing the
specificity will lead to corresponding decreases in sensitivity.
A balance between sensitivity and specificity must be
achieved to maximize the area under the receiver—operating
characteristic (ROC) curve and the predictive value of the test.

Does screening/surveillance and treatment of early-stage
oesophageal cancer lead to reduced mortality? This is a
crucial question for evaluating any potential screening test,
but the evidence here is inconclusive. Oesophagectomy is
currently the standard of care for localized disease, and
other treatments such as radiotherapy and chemotherapy
have not been clearly shown to offer substantial survival
benefits over surgery alone.> Although patients with
oesophageal cancer detected in endoscopic surveillance
programmes are diagnosed at earlier stages and have longer
life expectancies than patients whose cancers were detected
when they presented with symptoms, these results could be
affected by lead time and length bias and do not provide
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direct evidence of decreased mortality.?® A 10-year cohort
study of endoscopic surveillance among over 400 patients
with Barrett’s oesophagus cancer failed to show a mortality
reduction,?” and there is general controversy about whether
this is an effective strategy.?®?° Further studies are needed
to examine the issue of whether earlier treatment leads to
reduced mortality. Because individuals who choose to be
screened may differ in important ways from those who do
not, a randomized controlled trial of screening/surveillance
for oesophageal cancer would be the most persuasive form
of evidence, but no such study has been conducted at this
point.

Given the low incidence of oesophageal cancer in Western
populations and the lack of direct evidence showing that
screening and surveillance can reduce mortality, it is
premature to recommend population screening at this point
in time, using assays for MCMS5 protein or other methods;
primary prevention through reduction of obesity, smoking,
and alcohol consumption is currently the best available
strategy. Established guidelines for evaluating the perfor-
mance of screening tests should be considered and met
before screening for any disease is recommended.’ In
particular, more information about the natural history of
oesophageal cancer is needed to determine whether there is
a detectable preclinical phase during which treatment is
more effective than at a later stage. Furthermore, although
sensitivity and specificity are important test characteristics,
they may vary substantially depending on the spectrum of
disease in the population. If a test is being considered for
screening as well as diagnostic purposes, its performance
must be examined in asymptomatic individuals (screening)
as well as in those who present with clinical symptoms
(diagnostic). Moreover, estimated predictive values of
screening tests should be based on the prevalence of disease
in the relevant population, rather than in a highly selected
sample. Failure to abide by these principles and to minimize
other potential sources of bias that can affect these types of
studies may lead to non-reproducible results and subse-
quent disappointment about the actual performance of the
test, which has occurred in the past with other proposed
molecular markers for cancer diagnosis.>°?? We must
exercise caution, therefore, when interpreting results to
avoid making recommendations before the time is right.
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