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Facts and Myths About Stage Migration: Should the Will Rogers
Phenomenon Ride off into the Distance?
The need for accurate diagnosis is a fundamental tenet of
medical practice. Over the years the diagnostic process
has progressed from simple observation to increasingly
complex paradigms involving investigative procedures
extending from blood tests to advanced imaging technolo-
gies. Each independent piece of information refines the
diagnosis and contributes to guiding therapeutic choices.
Nevertheless, health technology assessment agencies, sup-
ported by some clinical opinion-leaders, maintain that
new technologies should only be approved if it can be
shown that they improve patient outcomes, by which they
generally mean survival as though this is the only beneficial
outcome of an improved diagnosis [1,2].

This type of argument has recently played out in discus-
sions about the benefits of prostate-specific membrane
antigen positron emission tomography (PET)/computed
tomography in various clinical settings for which these
techniques have been shown to be significantly more accu-
rate than conventional investigations [3] and are recom-
mended by expert clinical bodies [4]. It has also been
argued that when an improvement in survival is suggested,
it should be dismissed as being a statistical artifact engen-
dered by stage migration and the so-called Will Rogers phe-
nomenon. This line of argument has led to the suggestion
that before test substitution can be recommended, the crite-
ria for introducing new imaging techniques in oncological
practice should be more stringent and require results from
randomized controlled trials comparing the effectiveness
of the new test to alter outcomes compared with the cur-
rent diagnostic standard [5]. Such a recommendation qual-
ifies as an instance of the ethical principle of
nonmaleficence, which prescribes that patients should not
be worse off as a result of the medical interventions that
ensue from a given diagnosis. In fact, it is supposed that
‘‘seeing more’’ without being able to ‘‘do more’’ results in
overmedicalization of patients and may limit access to
appropriate care [6].

Although we share the preoccupation that patients’ over-
all well-being should be the highest-ranking priority for
physicians, and that nonmaleficence ought to be respected,
we would like to argue here that there might be a logical
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confusion in the above line of argument. The confusion con-
cerns the Will Rogers effect: while we acknowledge that
this is a statistical reality in some cases, it is turned into a
specious argument in many situations. We believe that
the specious argument rests on failing to distinguish
between changes in conceptual structure, biases in study
design, statistical descriptions, and the causal structure of
the phenomenon itself.
1. A change in the conceptual structure

When a new and more accurate diagnostic test is intro-
duced to replace an old one, patients that belonged to a cer-
tain group according to the old test may happen to migrate
to another diagnostic group as an effect of the new diagno-
sis impacts the prognosis of both groups advantageously
without altering the prognosis of the population as a whole.
This phenomenon is also known as stage migration. Migra-
tion on the basis of a change in definition is ubiquitous in
science. Pluto, formerly a planet of the solar system,
migrated to the group of dwarf planets in 2006 as an effect
of a change in the working definition of planets and of more
accurate measurements of its mass, and therefore altered
the number of planets in the solar system and the furthest
distance of a planet from the sun without the solar system
changing in any material way. Migration can thus be a
change in our description of reality and in the way in which
we conceptualize it. Technological progress is one factor
and is especially relevant to the case of oncological imaging,
but it is just one of many, along with conventions, expert
decisions, and all the reasons that bring about changes in
diagnostic and classification systems in medicine. Migration
is not good or bad per se: it does not even make sense to
consider this as a question. If we accept that diagnostic tests
and classification procedures can change with time (or
place, or both), migration happens. The question that should
rather be asked is whether the new conceptual tool—be it a
diagnostic test or a classification system—represents reality
better than the previous tool. Given the importance of accu-
racy in diagnostic tests for defining the presence and extent
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of disease, once this is settled, the issue of migration relates
primarily to its ability to appropriately guide management.
By better detecting or characterizing disease before treat-
ment, the ability to assess the efficacy of those treatments
will also be potentially enhanced.
2. A bias in study design

If a new test is proven to be more accurate, as PET has very
consistently been shown to be, why have many of the med-
ical community been persuaded by the idea that stage
migration is a bad thing to have in medical research? One
reason may be that it may raise issues that force re-evalua-
tion of treatment paradigms developed on the basis histor-
ical studies. Judging outcomes against historical controls
becomes fraught in this setting. For example, the use of flu-
orodeoxyglucose PET scanning in non–small-cell lung can-
cer significantly improved outcomes in stage I–III disease
treated with curative intent compared to a historical cohort
treated in a similar manner on both univariate and multi-
variate analysis [7]. How much of this improvement was
achieved by excluding patients with occult metastatic dis-
ease and how much was due to better targeting of the radi-
ation or selection of higher-risk patients for combined
modality treatment is unclear, but it is often dismissed by
sceptical clinicians as simply an effect of stage migration.

We acknowledge that use of a control group, or part of a
cohort, that dates back to a point in time before the diag-
nostic change and any consequent stage migration took
place may introduce a chronological bias. A bias is a system-
atic error in study design that leads to incorrect associations
between interventions and outcomes. Biases should be
avoided, and can be avoided, to a certain extent, if we recog-
nize their risk in advance. Thus, the chronological bias that
may be caused by stage migration should be avoided, and
can be avoided, by recognizing its risk in advance. But this
is a contingent methodological problem that can be solved
[8].
3. A statistical effect

The Will Rogers effect is a statistical anomaly whereby
migration of some members of a group to another raises
the average value of both groups. The name of the effect
comes from the comedian Will Rogers, to whom this witty
remark is attributed: ‘‘When the Okies left Oklahoma and
moved to California, they raised the average intelligence
level in both states.’’

In oncology, the effect most often relates to survival as
assessed by Kaplan-Meier analysis. For example, if the dom-
inant effect is upstaging of disease, as it tends to be with a
more sensitive test such as PET imaging, when patients with
the worst prognosis assigned to an intermediate disease
stage on conventional analysis transition to a group previ-
ously assigned as having the worst prognosis, the prognosis
of the group they leave is enhanced. Simultaneously, since
their survival is, in turn, likely to be superior to that of
patients previously in that group by virtue of having a smal-
ler burden of disease, the prognosis of the group they join is
correspondingly also improved. The major impact is not on
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overall survival of the group, which is not necessarily
impacted by the scan result, but rather on the proportion
of the cohort in each prognostic group, with more patients
represented in each progressively worse prognostic group
[9].

The corollary of this that fewer patients may get an
attempt at cure, but those who do have a higher chance of
being cured, while the impact of systemic treatments in
those with metastatic disease may appear to be superior
to historical controls. Improved specificity works in the
opposite direction, potentially migrating patients with
false-positive results to a less advanced stage, and if their
prognosis was, nevertheless, worse than that for the group
they joined, they would worsen the prognosis of both
groups. When a test is both more sensitive and more speci-
fic, and correspondingly more accurate, individual patients
may migrate in both directions, diluting the prognostic
effects of this stage migration and in such cases the net
effect will be influenced by the dominant direction of
migration.

Is the Will Rogers effect good or bad? It is neither: it is
simply a consequence of applying statistics to phenomena
that reflect averages within groups. In fact, the title of a
famous article published in 1985 already made it clear: it
is a source of misleading statistics for survival in cancer
[10]. Just like ignoring that fact that stage migration can
lead to a chronological bias in study designs, ignoring the
Will Rogers effect may lead to misinterpretation of the sig-
nificance of study results. But again, this is a problem of
study design, not a problem of diagnostic tests.
4. The structure of reality

We have shown that the introduction of new and more
accurate imaging techniques brings about a change in our
conceptual framework in the way in which we represent
reality. However, it does not change reality. Classifying
Pluto as a dwarf planet did not cause it to shrink. Analo-
gously, the migration of many asymptomatic COVID-19
patients from the nondiseased group to the diseased group
after the introduction of new molecular tests did not make
COVID-19 more or less deadly than before. Similarly, more
frequent diagnosis of metastatic disease does not change
the fact that the metastases were already present and that
the eventual outcome for the patient will be determined
by the efficacy of the treatments delivered when metastatic
disease eventually becomes clinically apparent. This is the
level of reality, not to be confused with the conceptual
description or statistical representation. The problem to
focus on is not stage migration or the Will Rogers effect,
but rather the efficacy of treatments. Will Rogers often
played a Western cowboy role in movies, and we suggest
that his legacy in the medical literature should also ride
off into the sunset.
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