
I N V I T E D P E R S P E C T I V E

Surveillance of Cancer Patients with Imaging: Self-Evident or
Evidence-Based?

One of the few universal findings in
human cancers is the close relationship
between tumor stage at diagnosis and out-
come. This relationship is the basis of the
TNM system, which is used worldwide to
guide cancer therapy. Many solid tumors
can be cured if they have not formed me-
tastases, but only very few when there are
distant metastases. In addition, the size of
the tumor at diagnosis, the degree of in-
filtration of neighboring structures, and
the presence, location, and number of
lymph node metastases are strong prog-
nostic factors in virtually all solid tumors.
Similarly, stage at diagnosis correlates
with outcome in malignant lymphomas.
On the basis of these data, many consider
early detection as perhaps the most impor-
tant goal to improve the outcome of
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cancer patients. Screening of asymptom-
atic subjects has been successful for some
cancers, such as cervical cancer, and has
shown promise in screening high-risk
patients for lung cancer (1,2), but the high
false-positive rate of screening tests in un-
selected populations has made widespread
screening impractical for many malignan-
cies. Patients with a history of cancer not
only are at risk for disease recurrence but
also have a substantially higher risk of de-
veloping second primary tumors. Because
of the higher incidence rates, false-positive
test results are expected to be significantly
lower than in patients without a history of
cancer. As a consequence, it is intuitive to

use surveillance in asymptomatic cancer
patients to detect recurrence or a second
primary tumor at a potentially curable
stage. In fact, virtually all cancer treatment
guidelines include some form of surveil-
lance as part of their recommendations.
The primary goal is to detect recurrent tu-
mors or second primary tumors when they
are small and can be treated with curative
intent using local therapies such as surgery
or radiotherapy. Delayed treatment of re-
currence may result in failure to cure the
patient or excessive morbidity from the
treatment (e.g., in head and neck cancer
recurrence). However, early detection of
incurable metastatic disease potentially
may also be beneficial, if complications
such as fractures due to bone metastases
can be prevented by palliative therapy. Fi-
nally, surveillance is psychologically impor-
tant for many patients to assure them that they
are free of disease and that some unspecific
symptoms do not indicate recurrent cancer.
The use of surveillance appears therefore

so obvious that surprisingly few studies
have tested its actual benefits. Most of
these studies have unexpectedly indicated
that there is no definite benefit to surveil-
lance after primary treatment of several
cancers (3,4). The perhaps best-studied ex-
ample is the use of bone scans in patients
with a history of breast cancer. Bone me-
tastases are common in patients with breast
cancer, and untreated bone metastases can
cause debilitating complications. Bone
scans can detect asymptomatic bone me-
tastases in the whole body. Radiotherapy
is a well-established palliative therapy for
bone metastases and can effectively treat
the symptoms and complications. How-
ever, 2 randomized trials—each including
more than 1,000 patients—found no evi-
dence that bone scintigraphy and chest
radiography in asymptomatic patients im-
proved overall survival or quality of life
(5,6). Progression-free survival was shorter
in patients receiving routine follow-up with
chest radiography and bone scanning but
did not lead to improved overall survival
(6). A more recent Finish randomized trial
including 472 breast cancer patients found
that neither the frequency of visits nor the

intensity of diagnostic examinations (in-
cluding blood counts, erythrocyte sedimen-
tation rate, liver enzymes, tumor marker
CA 15-3, chest radiography, liver ultra-
sound, and bone scanning) had any effect
on disease-free or overall survival of pa-
tients (7). This unexpected finding has
been explained by the limited diagnostic
accuracy of the studied imaging tests and
by the fact that metastatic breast cancer is
incurable and that, therefore, early detec-
tion of metastatic disease does not lead to
improved survival (8).
This example illustrates that the clinical

impact of surveillance imaging depends
not only on the diagnostic accuracy of the
imaging test but also on the availability of
effective therapies for recurrent disease.
Furthermore, the clinical utility of surveil-
lance imaging may be limited by the pat-
tern of metastatic spread. If metastases
develop simultaneously at several sites,
surveillance imaging may have less impact
on patient outcome than in the case of
recurrences at a limited number of sites
(“oligometastatic disease”). In the latter
case, surgery or radiotherapy may be cura-
tive, whereas in the former case, palliative
systemic chemotherapy may be the only
therapeutic option. Therefore, the impact
of surveillance imaging is expected to be
more significant in oligometastatic disease.
Another factor is the time to recurrence

and the growth rate of recurrent tumors. If
the risk for recurrent disease declines
slowly over time, surveillance imaging will
have to be performed over long periods and
surveillance may not be cost-effective. Con-
versely, if recurrent tumors grow rapidly,
they may not be detected early enough to
be treated with curative intent. Finally, use
of surveillance imaging is unlikely to be
cost-effective and may even be harmful to
the patient if the overall risk for recurrence
is low. In this case, false-positive results
may cause many unnecessary invasive pro-
cedures for verification of the imaging
findings. Furthermore, radiation exposure
by repeated follow-up imaging may not be
negligible, at least in children and young
adults (9). Thus, choosing the right popu-
lation for surveillance would seem highly
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appropriate. Effective therapies for recur-
rent disease should be available, the risk of
recurrence should be substantial, and the
impact of failing to detect recurrence early
should be major.
Considering these various factors, colo-

rectal cancer appears well suited for surveil-
lance imaging. Recurrences are frequently
local or in the liver, and the risk of re-
currence increases with stage at diagnosis.
If recurrent tumors or metastases are com-
pletely resected, long-term progression-
free survival and even cure can be
achieved. Consequently, surveillance using
tumor markers, CT, ultrasound, and endos-
copy is commonly applied clinically after
curative resection of colorectal cancer.
However, even for this disease, data on
the benefits of routine surveillance are
conflicting (3). A recent systematic review
has concluded that the status of “evidence
is still weak” for the benefits of surveil-
lance after curative resection of colorectal
cancer (3): “the efficacy of each of the var-
ious elements of surveillance is not well
supported in isolation, and the [random-
ized controlled trials] performed to date
have significant heterogeneity in terms of
the follow-up programs applied.” Thus,
there is a lack of evidence not only for
PET/CT imaging for surveillance but also
for other imaging modalities and, strictly
speaking, the concept of surveillance in
general. However, it is important to note
that in the single prospective randomized
trial of PET in colorectal cancer surveil-
lance, the recurrences were detected earlier
in the group having imaging surveillance,
and surgery for recurrent disease was per-
formed more frequently on those in the
PET group (15/23 [65%] vs. 2/21 [9.5%],
P , 0.0001). The frequency of curative
resection of recurrences was higher in the
PET group (43.8% vs. 9.5%, P , 0.01).
These data suggest that PET is useful in
the follow-up of patients with colorectal
cancer, but the data are limited by study
sample size (n 5 65 per group) (10).
At first glance, the obvious approach to

studying the clinical benefits of surveil-
lance imaging is a randomized controlled
trial with overall survival as the endpoint
or with important intermediate endpoints
such as those in the colorectal cancer trial.
More careful consideration, however, indi-
cates that randomized trials will be chal-
lenging and must be carefully designed to
provide relevant information. The impact
of surveillance imaging will depend not
only on the accuracy of the imaging test
but also on the pattern of recurrence and

the availability of effective treatments in
cases of recurrence. All 3 parameters can
easily change over time. Imaging modali-
ties undergo rapid technologic improve-
ments, new approaches to treatment of the
primary tumor may affect the pattern of
recurrence, and therapy for recurrence may
become more effective or less toxic. Thus,
at the completion of a randomized trial the
results may no longer be considered as
relevant to current practice. Furthermore,
patients may not accept random assign-
ment to a follow-up strategy that involves
only limited surveillance. This points to
the need to do adequately sized multicenter
trials that accrue rapidly while imaging
and treatments are relatively stable. Fi-
nally, it is not clear who would fund
randomized trials of surveillance imaging,
because large patient populations would be
required for each cancer type and these
trials may have to be repeated when there
are changes in the treatment of the disease
at the time of diagnosis or at the time of
recurrence. However, given the investment
that society makes in cancer therapy and
imaging, having well-designed and -powered
trials in higher-risk groups of asymptom-
atic patients in diseases for which effective
salvage therapies exist would be a rational
societal investment. Head and neck cancer
and colorectal cancer at high risk of re-
currence are prime candidates for ade-
quately powered prospective trials that
can be completed in a reasonable period.
Expecting a single answer regarding the

value of surveillance imaging, and con-
cluding that it is overall not useful, may be
akin to throwing the baby out with the
bathwater. It is quite possible that in sev-
eral diseases, such as advanced head and
neck cancer and colorectal cancer, surveil-
lance is highly rational and appropriate. By
contrast, it may not be useful in low-risk
breast cancer or high-risk lung cancers. An-
swers from the past, however, must con-
tinue to be reassessed as treatments improve.
Clearly, we cannot afford to do prospec-

tive randomized trials of screening in all
patient groups, and only a small number of
trials may be possible. A more realistic
approach is to study the diagnostic accu-
racy of surveillance imaging and to de-
termine how often a positive finding on
surveillance imaging was true-positive, how
often disease recurrence was diagnosed by
imaging only, and how often the recurrent
disease was amenable to (potentially) cu-
rative therapy. These kinds of questions
can be addressed in significantly smaller ran-
domized or nonrandomized trials. However,

as pointed out by Patel et al. (11) in this
issue of The Journal of Nuclear Medicine,
as well as by others (3,4), it is necessary to
better standardize the design and endpoints
of these studies. The conventional design
of diagnostic accuracy studies mandates
a single unbiased reference test that is eval-
uated independently from the index test
(12). By definition, such a test does not
exist for whole-body imaging of cancer.
It is not possible to do an autopsy in a living
patient to secure a gold standard. Strictly
speaking, it is therefore impossible to per-
form a high-quality study on the diagnostic
accuracy of surveillance imaging with whole-
body PET/CT (13).
Although the terms sensitivity and spec-

ificity are frequently applied to whole-body
staging, they are not well defined in this
setting because there is no reference test
to exclude metastases. Furthermore, there
is frequently the problem that a study is
both true-positive and false-positive. For
example, an imaging test may indicate
the presence of a lung lesion and a liver
lesion, both of which are suggestive of met-
astatic disease. If histologic evaluation
confirms the presence of a liver metastasis
but the lung lesion turns out to be a granu-
loma, it becomes arbitrary whether the re-
sult for this patient should be classified as
true-positive or false-positive. Researchers
have used various approaches toward deal-
ing with this problem and have added re-
gion-based or lesion-based analyses for
whole-body imaging studies. However, these
are not standardized, and the reported values
for sensitivity and specificity of different
studies may therefore not be comparable.
Sometimes, as well, the additional finding
on PET is a new primary tumor unrelated
to the original.
A further problem is the reference stan-

dard used to exclude metastatic disease.
Frequently, the findings of all available im-
aging modalities and follow-up are used to
exclude metastatic disease. However, the
“available imaging modalities” and their
quality frequently vary across studies, and
the length of follow-up may be different.
Thus, the reported sensitivities cannot be
compared. Perhaps even more importantly,
the sensitivities become dependent on the
diagnostic performance of the other imag-
ing modalities. For example, somatostatin
receptor scintigraphy was reported to pro-
vide a sensitivity of more than 90% for
detection and staging of various neuroen-
docrine tumors when it was introduced in
the early 1990s (14). More recent studies
have found a much lower sensitivity, because
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CT and MR imaging have made consider-
able progress and the total number of
lesions has become much higher (15).
Because of these fundamental problems,

it may be better to avoid the terms sensi-
tivity and specificity in imaging studies for
whole-body cancer staging or surveillance.
A more robust approach to data analysis
could be the systematic validation of dis-
crepant findings of 2 tests for whole-body
staging or surveillance. In this approach,
all cases that were positive with one test
but negative with the other would be ver-
ified with a reference test, preferably a bi-
opsy. Using this approach, the relative di-
agnostic accuracy of the 2 tests can be
compared, even if the true sensitivity and
specificity are unknown (16).
In conclusion, the use of imaging for

surveillance clearly needs further study.
Future trials evaluating 18F-FDG PET/CT
or other imaging modalities for surveillance
should take into account the probability of
recurrence, the distribution of metastatic
disease, and the availability of effective
therapies for recurrent disease. In addition,
the risks of a delay in appropriate therapy
must be considered. Patients with head and
neck cancer who lose their larynx or
tongue, when an earlier detection of recur-
rence could have conserved their organ, do
not necessarily show up in studies in which
survival is the only outcome assessed. In
appropriately selected high-risk popula-
tions, 18F-FDG PET/CT may improve out-
come and be cost-effective, as is suggested
by the limited data in colorectal cancer.
It will be challenging and prohibitively ex-
pensive to prove this hypothesis for all can-
cers in randomized trials. However, several
randomized trials on patients in whom the
risk of recurrence is high and effective
alternative therapies are available would
seem appropriate for consideration. It will

be also important to systematically com-
pare the accuracy of 18F-FDG PET/CT–
based surveillance with surveillance strat-
egies that are generally accepted as being
the standard of care. For these trials to be
successful, it will be crucial to establish
a standardized methodology to assess the
diagnostic performance and impact of 18F-
FDG PET/CT, as the commonly used para-
digms of diagnostic accuracy studies are not
well applicable to whole-body staging and
surveillance. Ultimately, such data can lead
to risk-of-recurrence/benefit-of-early-ther-
apy/risk-of-delayed-diagnosis–adapted al-
gorithms in which surveillance is used for
precisely defined patient groups who likely
may benefit.
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