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21.1 Introduction

Over the past 60 years, improvements in the diag-
nosis and treatment of pediatric malignancy have
led to increases in both event-free survival (EFS)
and overall survival (OS) for the majority of
childhood cancers. More than 80% of the chil-
dren diagnosed with cancer today will be 5-year
survivors, and many of these will be cured of
their disease [1]. This presents unique new chal-
lenges for both the clinician and the imaging spe-
cialist in determining how best to monitor
patients for disease recurrence. It would seem
sensible and intuitive that diseases that histori-
cally had universally poor outcomes should now
require some type of post-therapy imaging sur-
veillance. Surveillance imaging, by definition,
commences when patients have completed all of
their intended therapy and are either free of
demonstrable disease or have reached a point of
disease stability for which further aggressive
treatment is no longer indicated. For the purposes
of this review, surveillance imaging will refer pri-
marily to those patients who are free of disease at
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completion of therapy. For surveillance imaging
to be useful, of course, it should lead to an
improved survival benefit. To date that is largely
unproven, but the value of surveillance is being
evaluated in many current studies.

Developing an algorithm for both clinical and
imaging surveillance is an essential aspect of
these patients’ follow-up care and demands
knowledge of the patient’s primary disease,
which includes an understanding of the initial
stage of disease, tumor location, presence of met-
astatic disease, and response to initial therapy.
Also important are historical data that inform us
on the likelihood and typical time course of dis-
ease recurrence based on the above characteris-
tics of the tumor. For example, low-stage,
low-grade tumors that have been completely
resected (e.g., stage 1 Wilms tumor) or that have
enjoyed a complete response to therapy (e.g.,
non-bulky stage 2a Hodgkin disease) may require
a less intensive post-therapy surveillance regi-
men. In contrast, a patient with relapsed high-risk
stage 4 neuroblastoma who is now free of disease
following aggressive relapse therapy has a much
greater likelihood of early disease recurrence and
may require more intensive off-treatment imag-
ing surveillance. This approach assumes that
detection of relapse will lead to a better outcome,
but that remains unproven for many pediatric
tumors. What imaging modalities should be used,
how frequently imaging should be performed,
and the relative risks and benefits of different
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surveillance imaging strategies will be the focus
of this review.

A related topic is the approach to imaging sur-
veillance for patients with cancer predisposition
syndromes. The technologic advances in whole
genomic screening techniques, coupled with a rap-
idly expanding list of tumor-specific molecular
genetic markers, have led to the increasing use of
genetic testing to identify inherited gene mutations
that might put a person at higher risk of developing
certain types of cancer. The imaging approaches
used to screen patients with known cancer predis-
position syndromes share many features with the
off-therapy surveillance imaging used to monitor
patients who have already been treated for cancer.
In both instances patients are free of disease but
have a finite risk of developing either new or recur-
rent cancer, and the imaging modalities used and
frequency with which imaging is performed must
be tailored to the specific disease or syndrome [2].
Because of the increasing number of recognized
cancer predisposition syndromes, and the unique
features that characterize many of these syn-
dromes, features that in turn dictate the approach
to radiologic screening, a separate chapter in this
textbook has been dedicated to the imaging of can-
cer predisposition syndromes; the reader is
referred to this section (Chap. 20) for a more com-
prehensive treatise on this important subject.

In order to decide on appropriate methods of
surveillance, it is necessary to study both the con-
tribution and usefulness of radiological and clini-
cal findings. The effects on event-free survival
(EFS) and overall survival (OS) need to be taken
into consideration, and these must be weighed
against the potential disadvantages of the avail-
able radiological techniques. For example, the
more frequent use of imaging surveillance in
low-risk/low-stage patients with a very good
prognosis, for whom treatment intensity is being
reduced and who may thus experience increased
rates of relapse, may be justifiable, despite the
likelihood of a good overall outcome that may
not be affected by earlier detection of recurrence.
In contrast, there are certain high-risk patients for
whom risk of relapse remains high after comple-
tion of therapy and for whom there are no good
alternative treatment options. In these patients,

identifying recurrent disease earlier with frequent
surveillance imaging will likely not impact out-
come, and the approach to imaging surveillance
may require additional consideration. In both
populations of patients, the decision to undertake
a specific surveillance imaging strategy should
follow from a discussion between the treating cli-
nician and the radiologist, so as to balance the
risks and benefits of the various techniques.

In recent years, with improvement in outcome
for children with cancer, the aim has shifted to
reducing treatment-related toxicity and general
long-term comorbidity associated with many of
the therapies used to treat pediatric patients [3,
4]. The result has been a judicious reduction in
the intensity of cytotoxic therapies and a shift
toward use of molecularly targeted agents. At the
same time, radiologists and oncologists have
become increasingly aware of the high cumula-
tive radiation doses children may receive from
CT scans and nuclear medicine studies obtained
during and after their treatment, doses which—
when added to the toxicity of chemotherapy and
radiotherapy—have caused many to express con-
cern that these heavily treated and intensively
imaged children may be receiving unnecessarily
high doses of ionizing radiation as a result of sur-
veillance imaging [5-8].

For children whose cancers have been success-
fully treated, imaging surveillance—when indi-
cated—is only one aspect of comprehensive
end-of-therapy monitoring. The need for regular
clinical follow-up is essential, despite relatively
low overall rates of tumor recurrence detected dur-
ing routine clinic visits. Indeed, one study reported
that 804 clinic visits were needed to detect one
tumor recurrence [9]. Nonetheless, clinic visits are
useful for patient and family reassurance, and in
many instances, the findings on physical examina-
tion, when coupled with other laboratory tests,
complement the results obtained from surveillance
imaging, and together each plays an important role
in pediatric oncology surveillance.

This chapter describes the basic principles of
disease surveillance in medicine and places them
in the context of pediatric oncology. Posttreatment
surveillance is discussed with a focus on imaging
and the potential risks related to anesthesia and
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Fig.21.1 Because of Lead time bias
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exposure to ionizing radiation versus the benefits
that accrue from early detection of disease.
Available literature on specific types of malig-
nancy is presented with the aim of elucidating the
usefulness of surveillance with different tumors.
In those situations where radiological surveil-
lance is needed, we suggest to replacing CT with
MRI when appropriate, with the addition of
diffusion-weighted imaging (DWI) [10, 11], and
routine ultrasound examinations wherever
possible.

21.2 Problems with Surveillance

We all know the mantra: early detection is the
best protection. Intuitively, short-term imaging
surveillance should lead to earlier detection of
disease recurrence in posttreatment oncological
patients as compared to clinical surveillance
alone, with a resultant improvement in overall
outcome. This, however, depends on two factors:
firstly that the imaging modality being used for
surveillance (e.g., MRI, ultrasound, CT) has suf-
ficient sensitivity and specificity in detecting dis-
ease before clinical signs or symptoms appear
and secondly that early radiological detection of
disease recurrences improves outcome as com-
pared to clinical detection [12—15].

In evaluating the efficacy of surveillance
imaging for detecting disease and improving
outcome, an understanding of lead-time and
length-time bias is fundamental. Lead-time bias
relates to the time between detection of cancer
by imaging and the time point of clinical detec-
tion. When determining the impact of early
detection on survival, the modality that leads to
earlier detection will always appear to result in a

>
>

longer survival time. Therefore, even if early
detection by imaging surveillance does not actu-
ally improve overall survival, the earlier diagno-
sis by imaging and the resultant increase in time
to progression will appear favorable when com-
pared to clinical surveillance [13—15] (Fig. 21.1).
Diagnosing a disease earlier does not automati-
cally make patients live longer; instead they
merely live for a longer time with the disease
label. Put another way, survival appears longer
because the disease clock starts earlier [16].
Such lead-time bias can be overcome, however,
by analyzing the results by date of birth instead
of age at diagnosis.

Length-time bias refers to the amount of time
needed for a malignancy to manifest clinically,
versus being detected by imaging. If, as typically
is the case for aggressive tumors, this length of
time is less than the interval between surveillance
imaging exams, the cancer will present clinically
and surveillance imaging will have little apparent
impact. Because of this, there will be a bias
toward surveillance imaging detecting malignan-
cies that are inherently less aggressive and
slower-growing (Fig. 21.2). Length-time bias can
therefore result in recurrences detected by sur-
veillance imaging correlating with longer sur-
vival, when in fact surveillance imaging may
simply be detecting less aggressive, more indo-
lent tumors [13-15].

21.3 Lessonsfrom Neuroblastoma
Screening

Experience with historical screening for neuro-
blastoma is instructive in several ways. Survival
rates for affected children depend on factors such
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as the age of the child, which part of the body is
affected, how widely disseminated the tumor is
when diagnosed, and biological parameters. The
overall 5-year survival rate of children aged
1-4 years at diagnosis is around 50-60%. In
addition, it is a well-known idiosyncrasy of neu-
roblastoma, particularly when diagnosed in
infancy, that the tumor can undergo complete
spontaneous regression without treatment.

Neuroblastoma was therefore a tempting tar-
get for screening for four reasons: (1) children
who are diagnosed before the age of 1 year are
known to have a better outlook than those who
are diagnosed later; (2) children with advanced
disease fare much worse than those with early
disease; (3) there was a simple and cheap screen-
ing test that can be carried out by blotting wet
diapers and measuring catecholamines in the
urine; and (4) the test detects nine out of ten chil-
dren with neuroblastoma.

Mass screening of infants for neuroblastoma
at 6 months of age was first introduced in Japan
in 1985 without the benefit of any evidence from
clinical trials. Based on the above considerations,
it seemed a sensible and logical approach to
screen for a tumor which historically often had a
poor prognosis. During the first 3 years of nation-
wide screening, over 337 infants were diagnosed,
97% of whom were alive in 1990 following treat-
ment. But 20 years later, there was no evidence
that neuroblastoma screening had reduced the
number of children dying from this cancer [17].
How could that be?

When the evidence on which screening had
been introduced and promoted in Japan was scru-

Death

tinized, it turned out that there were serious flaws
but a ready explanation. The impressive 97% sur-
vival rate illustrates the effect of length-time
bias—meaning that screening works best at pick-
ing up slowly developing conditions (slow-
growing tumors in this case). By contrast,
fast-growing tumors are, of course, less likely to
be picked up by screening but will lead to clinical
signs in the infant such as abdominal distension
or a palpable mass, either of which will rapidly
be brought to a doctor’s attention. These fast-
growing tumors are potentially much more seri-
ous than slow-growing ones. Slow-growing
neuroblastomas usually have a good outcome,
and spontaneous regression is observed in many
patients up to 18 months of age.

So the 337 cases diagnosed by screening
would mostly have had a good outcome anyway
and would not have included infants with the
worst potential outcomes. Furthermore screening
would have detected some neuroblastomas that
would have disappeared spontaneously. Without
screening no one would ever have known that
these tumors existed; with screening, this overdi-
agnosis turned the affected babies into patients,
who then went on to be exposed to unnecessary
harms  associated  with  treatment and
management.

In addition, the encouraging results from
small studies that had led to the nationwide
screening in Japan had initially been analyzed by
looking at length of survival from the date of
diagnosis of neuroblastoma, not at length of sur-
vival from date of birth. This is important because
diagnosing a disease earlier does not automati-
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cally make patients live longer—they merely live
for a longer time with the disease. Put another
way, survival appears longer because the disease
happened to be picked up earlier. As mentioned
above this is lead-time bias, and it can be over-
come by analyzing results by date of birth instead
of age at diagnosis.

By contrast, when unbiased evidence was
obtained from clinical trials done in Canada and
Germany, involving about three million children
in all, researchers were unable to detect any
benefit from screening [17]. But, there were
apparent potential harms that resulted from
screening, including unjustified surgery and
chemotherapy, both of which can have serious
unwanted side effects. In light of this evidence,
infant screening for neuroblastoma in Japan was
stopped in 2004.

At the same time, infants in New South Wales
in Australia were fortunately spared from neuro-
blastoma screening, which had been planned in
the 1980s after the encouraging early Japanese
studies. When an Australian expert reanalyzed
the Japanese results from dates of birth of the
infants rather than from dates of diagnosis, this
analysis did not detect any difference in the sur-
vival rates between the screened and the
unscreened infants. That study convinced the
New South Wales authorities to abandon their
proposed screening program, thereby saving
infants from unnecessary treatments and the
health service from unnecessary expense [16].

The lesson here is we should not assume early
detection is always worthwhile. Screening for
neuroblastoma illustrates how easily one can fall
into the trap of assuming that because a disease
can be detected early, screening must be benefi-
cial. The studies above demonstrate not only how
neuroblastoma screening provided no value in
terms of patient outcome but also how a well-
intentioned but ill-conceived screening program
led to overdiagnosis and in many cases identified
tumors that would have spontaneously regressed.

Going forward the significance of lead-time
bias and length-time bias on the interpretation of
the various other retrospective observational
case-based and small population studies avail-
able in the pediatric oncology literature is uncer-

tain. Prospective randomized studies that seek to
minimize lead-time and length-time bias are
needed to assess the true sensitivity and specific-
ity of the wvarious surveillance imaging
approaches. The degree to which imaging sur-
veillance may improve overall survival will be
similarly challenging to unequivocally demon-
strate, and caution is needed when interpreting
such studies. With these considerations in mind,
the available literature will be presented with a
focus on determining the necessity and useful-
ness of surveillance imaging in pediatric
oncology.

21.4 Risks and Benefits
of Imaging Surveillance

21.4.1 lonizing Radiation Risks

Exposure to low doses of ionizing radiation for
diagnostic imaging (in particular CT and nuclear
medicine) can amount to significant cumulative
radiation doses in childhood malignancy [18—
20]. The cumulative effective dose (CED) varies
depending on diagnosis, local protocols, individ-
ual disease stage, and clinical course. One study
[18] reported the CEDs in a population consist-
ing of 150 patients with five cancer groups (leu-
kemia, lymphoma, brain tumors, neuroblastoma,
and assorted tumors). They found a median CED
of 61 mSv with a range of <1 mSv to 642 mSv.
The leukemia subgroup had the lowest median
CED (5 mSv), while the neuroblastoma and lym-
phoma groups—groups that typically undergo
intensive multimodality imaging throughout their
treatment  course—were  highest (median
213 mSv and 191 mSy, respectively) [18].

Over the past two decades, radiologists have
become increasingly aware of the potential risks
associated with cumulative exposure to ionizing
radiation related to diagnostic imaging examina-
tions. It should be noted at the outset that the
doses associated with diagnostic imaging are
orders of magnitude less than the doses used for
radiation therapy, the latter being doses that are
delivered with therapeutic and potentially curative
intent. This caveat aside, radiologists and clini-
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cians are increasingly mindful of the ALARA (As
Low As Reasonably Achievable) principle, which
asserts that the use of radiation-based imaging
techniques should be justified, the imaging proto-
cols should be optimized, and the doses should be
kept to the minimum needed to achieve the neces-
sary diagnostic goals. This principle is based on
extrapolation from epidemiologic studies that
investigated the potential danger of relatively
“low-dose” radiation exposure. The first study
was the continuing Life Span Study (LSS) of the
survivors of the atomic bombings in 1945 in
Japan. This cohort consisted of approximately
100,000 people, in which 30,000 were exposed to
doses ranging from 5 to 125 mSv (average
34 mSyv) [6, 21]. This lowest-dose subgroup dem-
onstrates a statistically significant ERR (excess
relative risk) of developing cancer following
exposure to doses of ionizing radiation that may
overlap with the CED related to diagnostic imag-
ing. While the validity of extrapolating popula-
tion-based epidemiologic data in order to estimate
lifetime cancer mortality risk attributable to radia-
tion exposures encountered in diagnostic imaging
has been challenged and is vigorously debated,
the notion that cumulative exposures to low doses
of ionizing radiation may have untoward health
effects is supported by a recent study that showed
an increased relative risk (RR) for leukemia and
brain tumors in children with a CED of 30 mGy
and 50-74 mGy, respectively [8]. Another study
followed 680,211 patients and found an increase
in incidence of cancer after CT exposure, where
the average effective radiation dose was estimated
at 4.5 mSv (5). Interestingly, reanalysis of one
population-based cohort revealed that underlying
unreported conditions might have introduced bias
into the cancer risk assessments for CT, resulting
in overestimates of relative risk [22]. Furthermore,
not all cancers have an increased incidence in
patients exposed to low doses of ionizing radia-
tion: a recent epidemiologic study of 178,601
patients showed no association between radiation
dose from pediatric CT scans and risk of develop-
ing Hodgkin lymphoma [23].

While applying the principles of ALARA
seems appropriate and supports the accepted eth-
ical and moral imperatives to do what is best for

the patient, the discussion around whether low-
dose radiation is truly harmful is still under dis-
cussion [21, 24]. Proponents of the linear
no-threshold (LNTH) model argue that biologic
injury from ionizing radiation is directly propor-
tional to dose, that risk increases with cumulative
exposure, and that there is no dose threshold
below which risk is absent. Others have argued
that the risks of ionizing radiation cannot be eval-
uvated by traditional epidemiologic methods
because the data are imprecise and contain meth-
odological errors. Such studies refute the validity
of the LNTH model at effective doses below
100 mSv, submitting that a finite, although not
universally agreed upon, radiation threshold must
be achieved for risk to be present. Supporters of
this so-called threshold model also point to evi-
dence that biological repair mechanisms exist to
correct radiation-induced DNA damage [25, 26].

While the acceptance of a single unifying
hypothesis for carcinogenesis risk from exposure
to low doses of radiation inducing cancer seems
unlikely in the near future, given the ongoing
debate in the literature, adherence to the ALARA
principle needs to be upheld as long as the effects
of low-dose radiation are not fully understood.
CT remains a very effective modality for diag-
nosing and characterizing many pediatric malig-
nancies. With the introduction of improved CT
detector technology and advanced iterative
reconstruction techniques, we can now push the
ALARA principles toward routinely achieving
high-quality diagnostic CT scans at sub-mSv
effective doses. This is particularly important for
situations where CT is the best modality for opti-
mal imaging (e.g., for lung nodule detection) or
analysis of comorbidity of treatment (e.g., chest
fungal infection). These are situations when we
should not refrain from performing CT but should
rather strive toward optimizing our CT technique.
With regard to surveillance imaging, the question
is not only whether surveillance imaging should
be performed, but also how. Whenever imaging is
necessary, the modality that is the most effective
at identifying and characterizing disease with the
least toxicity should be used [3]. For example,
initial and follow-up CT—when appropriate—
can often be replaced by ultrasound and
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MRI. Particularly with the increasing use of
ultrasound contrast agents, diffusion-weighted
MR imaging (DWI), and development of new
fast, sensitive, and tissue-specific MR imaging
techniques, other imaging modalities frequently
provide diagnostic information that is similar or
superior to CT with no associated radiation bur-
den [10, 11, 20].

A comprehensive discussion of second malig-
nant neoplasms (SMNs) is outside of the scope of
this review but bears mention since they can
occur in survivors of pediatric cancer and are
most likely related to the cumulative toxicities
that accompany treatment with cytotoxic chemo-
therapy and radiation therapy. The degree to
which the relatively low cumulative effective
doses of ionizing radiation derived from repeated
diagnostic imaging examinations contribute to
increases in the attributable risk of developing a
SMN is unknown, but should not be discounted.
SMNs are not tumor recurrence per se. These
malignancies are unrelated histologically to the
first cancer that was treated and may occur many
years after the first tumor treatment. Survivors of
childhood cancer are reported to have a life
expectancy which is 4-18 years shorter com-
pared to the normal population, with 50% of non-
recurrence mortality caused by another cancer
(20). Chemotherapy causes less treatment-related
risks for SMN than radiotherapy but appears to
potentiate the effect of irradiation (21). One
paper studying Hodgkin lymphoma (HL) post-
treatment SMN reported breast carcinoma as
most common, followed by thyroid carcinoma,
bone, colorectal, lung, and stomach tumors.
Younger age and use of radiation therapy were
important risk factors; the risk of an SMN was
10% at 20 years and 26% at 30 years (22).
Abdominopelvic radiation therapy has been
shown to increase the risk of gastrointestinal car-
cinoma and colorectal carcinoma in patients who
as children had Wilms tumor or HL (23). Despite
the importance of SMNss in the overall long-term
health and well-being of pediatric cancer survi-
vors, because of the relatively low incidence of
SMNss and their long latency period for develop-
ment, routine imaging surveillance is not advo-
cated for early detection of SMN, with reliance

rather on regular thorough clinical examination
for follow-up.

21.4.2 Sedation Risks

Risks associated with diagnostic imaging are not
limited to ionizing radiation. There is increasing
awareness that repeated exposures to sedation
and anesthesia are associated with potential risks
in the pediatric population. These risks include
the immediate or short-term risk of anesthesia
exposure and long-term neurocognitive effects
related to repeated exposures to sedation/anes-
thesia. The immediate, or short-term, risks relate
primarily to medical management issues that
accompany an episode of sedation or anesthesia
and include airway management, hemodynamic
instability, allergic reactions, as well as managing
the coexisting medical issues that are common-
place in children being treated for cancer. Long-
term neurocognitive deficits related to exposure
to sedation/anesthesia medications have been
increasingly recognized as leading to potential
adverse health outcomes. While these concerns
are based primarily on preclinical data, there are
some human epidemiologic studies that suggest
there may be detrimental effects in patients who
have had anesthesia early in life. The FDA,
acknowledging these concerns, has warned that
“repeated or lengthy use of general anesthetic
and sedation drugs during surgeries or proce-
dures in children younger than 3 years or in preg-
nant women during their third trimester may
affect the development of children’s brains,”
although they do note that further research is
needed to fully characterize how early life anes-
thetic exposure affects children’s brain
development.

These concerns are particularly important for
surveillance imaging [27]. Weighing the relative
risks of carcinogenesis from ionizing radiation
against the potential risks of anesthesia is chal-
lenging and demands a thoughtful approach from
both the clinician and the radiologist. It has been
our tendency to simply replace CT imaging, when-
ever possible, with MRI, an approach that may not
be best for every patient. This is particularly true
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when CT and MRI exams are diagnostically
equivalent and an ultrafast sub-mSv CT scan can
be performed without sedation versus an MRI that
requires 30-60 min of sedation and/or general
anesthesia to obtain a high-quality motion-free
exam. In addition, a contrast-enhanced MRI scan
carries with it another complicating factor, namely
gadolinium deposition in the brain, with its
unknown long-term consequences [28].

With these considerations in mind, when
developing a surveillance strategy, the modalities
chosen should reflect an understanding of the
underlying disease, the sensitivity and specificity
of the different imaging modalities for the disease
being imaged, and the potential risks and benefits
of the options available for surveillance imaging.

21.5 Surveillance for Relapse
in Children with Malignancy

Advances in treatment have led to prolonged EFS
and in many cases improvements in OS for many
pediatric malignancies. This has resulted in a here-
tofore unprecedented need to re-evaluate the strat-
egies we employ when monitoring for tumor
recurrence [29]. For surveillance to be useful and
justifiable, there should be evidence not only that
the chosen imaging modality has sufficient sensi-
tivity and specificity for detecting disease but also
that early detection of recurrence leads to improved
outcome. The most recent and relevant literature
on surveillance imaging are reviewed below, with
a focus on those pediatric malignancies for which
posttreatment surveillance imaging either has
been, or is becoming, an important consideration.

21.5.1 Neurological/CNS Tumors

Surveillance imaging for neurological tumors is
most effectively performed with MRI [15]; how-
ever when to initiate imaging surveillance and
with which frequency remain the subject of inves-
tigation. One study [15] reported medulloblas-
toma relapse detection by MRI in 17 out of 24
patients, with prolonged median survival from the
time of relapse to 44 months, as compared to the
seven patients whose relapse was identified based

on clinical symptoms and who died between
scans. They found that the relapses detected by
surveillance imaging were less advanced, and
more amenable to salvage therapy, accounting for
the improvements in outcome. Another study [30]
had similar results, showing longer time to recur-
rence in those patients for whom initial relapse
was detected by imaging surveillance compared
to clinical relapse. These patients included chil-
dren with malignant glioma (7.8 months versus
4.3 months, p = 0.041) and medulloblastoma
(23.6 months versus 8.9 months, p = 0.0006) but
not ependymoma (19.5 months versus
13.3 months, p = 0.19). This was confirmed in a
study that reported longer post-treatment EFS and
longer OS for the cohort of medulloblastoma
patients whose disease recurrence was detected
by surveillance imaging as compared to those
who presented with clinical symptoms. The mean
EFS for patients whose asymptomatic recurrence
was detected by imaging was 26.1 months, with a
mean OS from the time of recurrence of 8.0
months. This contrasted with mean EFS of 19.1
months and OS of 3.6 months for patients with
symptomatic recurrence [31].

Surveillance imaging for CNS tumors, there-
fore, appears to detect at least a portion of the
asymptomatic relapses. These comprise approxi-
mately one-third of relapses, which in turn may
create opportunities for alternative therapies or
investigational agent trials [30]. All studies
showed a longer time to relapse and longer sur-
vival when relapses were detected by imaging.
Two studies found that detection rates for asymp-
tomatic tumor recurrences were 1.59-2.1% for
surveillance imaging [31, 32]; the degree to which
this reflects early detection of less aggressive dis-
ease is uncertain. This has led some to speculate
that longer survival might in part be a reflection of
lead-time and length-time bias [31], with more
indolent tumors presenting later than more aggres-
sive tumors, and thus some question whether first
year imaging surveillance is truly effective [30].

21.5.2 Hodgkin Lymphoma

Young patients diagnosed with Hodgkin lym-
phoma (HL) enjoy early event-free and overall
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survival rates that often exceed 90%. As such,
the usefulness and cost-effectiveness of surveil-
lance imaging for HL have been reassessed.
One study [33] reported a relapse rate of 11.6%
in 216 children with HL, with a median time to
relapse of 7.6 months. Detection of disease
relapse was based on clinical examination in
76% and by surveillance imaging in 24% of
patients. Surprisingly, the primary determinant
of overall survival was time to relapse, not how
the relapse was detected. Deaths only occurred
in children whose relapses occurred during the
first year following completion of therapy.
Patients whose relapses occurred beyond
1 year, regardless how those relapses were
detected, responded to salvage therapy with no
impact on OS. Another study [34] found that
only 9% of relapses were detected with CT in a
young adult age group (median age 33 years);
however this accounted for 29% of the total
cost of follow-up. A study of non-HL patients
found that CT also had a low relapse detection
rate of 5.7% in asymptomatic patients [35], and
a similarly low rate has been reported in adult
HL surveillance studies [36]. Rathore et al. [37]
reported relapses in 13 of 99 children (13%), 11
of which occurred within 5 months of treat-
ment. They also reported a low detection rate of
relapse based on surveillance imaging of 1.3%
(17 out of 1358 scans).

The mean radiation dosages reported in a
pediatric HL. surveillance study ranged from
31.97 to 51.35 mSv depending on disease stage
and treatment protocol [37]. As described above,
these exposures, while relatively low when com-
pared to the doses delivery for radiotherapy, may
still be contributing to an excess relative risk of
developing delayed secondary tumors and a
decreased lifetime expectancy [29, 38]. This was
reaffirmed by an earlier study [39] which reported
an 18.5-fold increased risk of developing SMNs
compared with the general population in 1380
children with HL during long-term follow-up
(median 17.0 years). The degree to which the
additional exposure to ionizing radiation from
multiple CT scans and nuclear medicine studies
during the off-therapy surveillance period con-
tributed to the SMNSs is uncertain.

A study comparing MRI and PET/CT showed
that there was very good agreement between
MRI and the enhanced PET/CT for nodal and
extranodal staging (k = 0.96 and 0.86, respec-
tively). They found that sensitivity and specificity
of MR were 98% and 99% for nodal disease and
91% and 99% for extranodal disease [40].
Although not widely employed for HL imaging
or surveillance, with improvements in MR imag-
ing techniques in the thorax (which is the primary
site of disease in the majority of patients with
HL), MRI is increasingly being used in place of
CT whenever possible. Fortunately, HL patients
tend to be adolescents and older teenagers and
thus do not require anesthesia for MRI.

Because the majority of pediatric HL relapses
occur within the first year after therapy, this time
period should be the focus of end-of-therapy
imaging surveillance. Based on the principle that
surveillance imaging should be cost-effective and
sensitive for disease detection and that early
detection of relapse should improve overall out-
come, the evidence that has emerged over the
past 5 years indicates that CT scanning has been
overutilized in the management of HL, with little
impact on outcome. With the majority of HL
relapses occurring clinically and with radiation
doses employed for lymphoma being among the
highest in pediatric oncology, an alternative strat-
egy for imaging surveillance in HL has been pro-
posed [33]. This surveillance scheme for routine
post-therapy surveillance in HL has been incor-
porated into ongoing Children’s Oncology Group
HL protocols, with a substantial reduction in
post-therapy CT scanning being embraced by
both clinical oncologists and radiologists [4].

21.5.3 Neuroblastoma

Posttreatment survival and risk of recurrence in
neuroblastoma (NBL) vary greatly, depending on
stage and risk classification at the time of diagno-
sis, with a reported range of 27.3-58.9% [41, 42].
For example, stage 4S (MS) represents a subset of
low-risk disease—occurring in children under
1 year with a localized primary site of disease and
metastases limited to the liver, skin, and up to
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10% of bone marrow. These children were recog-
nized as having an excellent overall outcome,
often without the need for chemotherapy or surgi-
cal resection of the primary mass [43]. These chil-
dren have relatively frequent monitoring early on
in the course of treatment/observation but then
require only minimal disease surveillance once
response has been established. In contrast, for
higher-stage, high-risk patients (risk stratification
being determined based on age, disease stage, his-
tology, and molecular pathology), certain end-of-
therapy surveillance imaging protocols require
children to receive numerous CT or MR scans and
MIBG evaluations, as often as every 3 months for
the first year, followed by biannual and eventually
annual surveillance for up to 5 years [1]. One
study reported a CED of 214 mSv [18], which is
higher than many children received during the
atomic bombings in Japan in 1945 [6, 21], poten-
tially increasing the risk of SMN and a resulting
shortened life span [39].

For neuroblastoma patients with higher-risk dis-
ease, the value of early relapse detection is uncer-
tain. In one study, median progression-free survival
following relapse was reported as 8.4 months for
high-risk patients and 11.8 months for those with
intermediate-risk disease [44]. In the high-risk
group, 80% of the relapses occurred within 2 years,
compared to 50% for the intermediate-risk group.
Given results such as these for difficult to treat can-
cers such as neuroblastoma, where salvage regi-
men options are limited and are often not curative
[1], the impact on survival following early detec-
tion of recurrence is unclear.

As with many pediatric malignancies, relapse
in neuroblastoma often presents with symptoms or
is identified by laboratory or non-CT imaging
techniques such as routine outpatient ultrasound.
In one study of patients with non-thoracic primary
neuroblastoma, thoracic relapses were rare, and
the majority presented with symptoms or were
identified by other non-CT imaging modalities;
only 14% of the thoracic recurrences were detected
in asymptomatic children [41], indicating that
elimination of routine surveillance chest CT imag-
ing can substantially decrease radiation exposure
without compromising disease detection. Another
study [42] noted that 74% of patients had clini-

cally evident recurrence or that relapse was
detected by X-ray, ultrasound, or urinary catechol-
amines. Sixteen percent of relapses were detected
by MIBG scintigraphy, with only 10% using
cross-sectional imaging (CT/MRI), although it
should be noted that monitoring tumor markers
alone (VMA and HVA) is not sufficiently sensitive
to serve as the only means of monitoring for
relapse [45]. Patients with neuroblastoma are
heavily treated and are at increased risk of devel-
oping treatment-related morbidities, including
development of second malignancies. As such,
efforts have been made to understand the impact of
reducing the intensity of routine CT imaging sur-
veillance. One study reported a CED from imag-
ing in neuroblastoma of 214 mSv [18], while other
studies have shown that reducing or eliminating
routine CTs from surveillance imaging protocols
could lead to dose savings of 30—40% [41].

Because the extent and frequency of surveil-
lance imaging for children with neuroblastoma
are so variable, it is difficult to present a single
evidence-based recommendation for disease sur-
veillance. It seems reasonable, following the prin-
ciples outlined in this review, that for low-risk
abdominal NBL and stage 4S disease, the poten-
tial for recurrence can be reliably monitored in
most cases with ultrasound, combined with clini-
cal observation and tumor markers. Monitoring
children with high-risk disease is more challeng-
ing. Patients who achieve early complete response
to chemotherapy and surgical resection based on
MIBG and CT/MRI have better outcomes as com-
pared to those with residual MIBG avid disease. A
response-based algorithm could therefore be con-
sidered, reserving more intensive surveillance for
those patients with greater likelihood of relapse.
Whether this could be accomplished with a single
comprehensive whole-body examination remains
to be determined [43, 46].

While the utility of surveillance imaging for
neuroblastoma patients continues to be the sub-
ject of debate [42, 47], there is currently no com-
pelling data to support the elimination of imaging
surveillance in low-/intermediate-risk patients,
for whom treatment intensity is being reduced and
who may experience increased rates of relapse, or
in high-risk patients, for whom risk of relapse
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after completion of therapy remains high. In both
populations of patients, however, it is unclear
which poses a greater risk to the patient: the
cumulative radiation dose from surveillance CT
scans performed on modern equipment with low-
dose techniques or—as was noted earlier—the
multiple exposures to anesthetics for serial MRI
examinations. Further work is clearly needed.

21.5.4 Wilms Tumor

Survival of Wilms tumor patients is one of the
best in pediatric oncology. Overall 10-year sur-
vival rates for stages 1-3 range from 96% to
89%, decreasing to 81% for stage 4 (hematoge-
nous metastases to the lungs and liver) and 78%
forstage 5 (bilateral renal tumor) [48]. Differences
in treatment between Europe and America may
impact local recurrence rates and strategies for
end-of-therapy surveillance. The International
Society of Pediatric Oncology (SIOP), based in
Europe, prefers preoperative chemotherapy prior
to surgery, resulting in downstaging of some
patients, which in turn makes surgical resection
easier with less risk of tumor spillage. Children
who are downstaged from stage 3 will avoid
radiotherapy and thus avoid the potential long-
term sequelae related to radiotherapy [47]. When
compared to COG studies, in which up-front sur-
gical resection, followed by chemotherapy and
radiation, is the preferred approach, SIOP studies
report slightly higher recurrence rates, although
these radiotherapy-naive patients do appear to
have high salvage rates [49].

Recurrence in Wilms tumor occurs most fre-
quently in the lungs [50-52], with abdominal and
pelvic recurrences seen in only ~10% of patients
[50]. Survival after relapse of Wilms tumor is
50-80% depending on therapy [50, 52]. One
study [53] reported recurrence in 10/53 patients
receiving 210 CT examinations. Eight of the
recurrences were apparent through clinical symp-
toms, radiographs, or ultrasound. Only two
patients with recurrence in the chest were found
by CT and not by plain radiograph, although the
relationship between early detection of pulmo-
nary recurrence by CT and survival in these

patients was not established. Another study [54]
reported on 80 patients who underwent a total of
605 routine pelvic surveillance CTs. Sixteen chil-
dren (15%) relapsed after a median of 11.3 months
(range 5 months to 7.3 years) after diagnosis, of
whom four died. Three of the 16 patients had
relapses detected on pelvic CT; however these
patients also had clinical evidence of recurrence
and all survived. These authors concluded that
pelvic CT could be omitted from routine Wilms
tumor follow-up, a conclusion supported by
another more recent study [55]. Omitting pelvic
CT would have saved on 30.5-44.9% of radiation
dose (depending on age). In this study two addi-
tional patients died of SMN, and one developed a
desmoid tumor of the abdominal wall.

Despite the low incidence of asymptomatic
pelvic and chest recurrences, routine chest and
abdominal CT or MRI has historically been an
integral part of Wilms tumor trials in the
Children’s Oncology Group [56]. However, in a
recent COG study of 281 patients with relapsed
unilateral favorable histology Wilms tumor
treated on the fifth National Wilms Tumor Study
(NWTS-5) protocol, detection of relapse with CT
was not associated with improved survival com-
pared to detection with CXR/US, and the authors
concluded that eliminating CT scans from sur-
veillance programs would result in substantial
reduction in radiation exposure and health-care
costs without compromising overall survival
[57]. Whether these recommendations can be
extended to higher-risk patients or incorporated
into risk-adapted off-treatment monitoring pro-
grams remains to be studied.

Based on available data, therefore, it seems
appropriate to refrain from routine chest CTs and
abdomen/pelvic CTs in low risk, low stage Wilms
tumor, with abdominal US or MRI as a reason-
able surveillance imaging alternative if indeed
surveillance imaging is indicated. In agreement
with this approach, the SIOP recommendations
for nonmetastatic Wilms tumor surveillance are
to follow up with chest X-rays and abdominal
ultrasound. We are not aware of any evidence to
suggest that patients with Wilms tumors in SIOP
trials relapse with more advanced disease [56],
based on delays in detection.
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21.5.5 Hepatoblastoma

As with many other pediatric solid tumors, chil-
dren with hepatoblastoma often undergo frequent
and long-term surveillance imaging, which can
contribute to significant cumulative exposures to
ionizing radiation, in addition to repeated expo-
sures to sedation and anesthesia agents. One
study [58] reported a median recurrence time
after initial diagnosis of 12 months (range
4-115 months) in 12% of patients after complete
remission, resulting in 59 patients with recur-
rence. Twenty-seven of these children had recur-
rences in the lung, 21 in the liver, and five in both
the liver and lung. Fifty out of 59 patients had
increased alpha fetoprotein (AFP) at the time of
recurrence. Thirty-one out of 59 patients achieved
secondary complete remission, and 3-year OS
was 43%. Another study [59] found increased
AFP in the 5/26 patients in whom recurrence was
identified; none of the patients, despite intensive
surveillance imaging, had their recurrences
detected by imaging alone, prior to AFP eleva-
tion. They reported two false-positive AFP levels
and 15 false-positive imaging exams, and when
compared to either FDG PET/CT or CT, AFP
elevation was significantly more accurate in
detecting recurrence. Another small study [60] in
which no recurrences were detected by pelvic CT
further supports the recommendations to reduce
the use of routine CT for hepatoblastoma surveil-
lance. Rather, serum AFP appears to be the pre-
ferred method of surveillance in children with
hepatoblastoma. It is important to note, however,
that imaging surveillance, ideally with MRI for
liver tumors, must still be tailored to the individ-
ual patient and should be considered in high-risk
patients for whom early detection of relapse may
affect surgical resectability and impact survival
[59, 61].

21.5.6 Bone and Soft Tissue
Sarcomas

Surveillance imaging recommendations follow-
ing treatment of osteosarcoma, Ewing sarcoma,
rhabdomyosarcoma, and other more rare pediat-

ric sarcomas are based mainly on results from
both adult and pediatric trials. The only prospec-
tive randomized controlled trial that included
children and examined the impact of surveil-
lance imaging in sarcoma patients was published
by Puri et al. [62]. The purpose of this study,
which included 500 nonmetastatic extremity sar-
coma (bone and soft tissue) patients (median age
20 years, range 3—65 years), was to determine the
impact of a less intense post-therapy follow-up
regimen on 3-year OS. This study showed no dif-
ference in outcome for patients undergoing sur-
veillance with chest radiographs at 3 or 6 month
intervals versus those receiving a more intensive
CT surveillance regimen at similar 3 or 6 month
intervals; local control/primary site imaging was
similar for all groups. Furthermore, almost 90%
of the local recurrences were identified clinically.
Although this study included both children and
adults, their findings provide a high level of evi-
dence to justify eliminating chest CT from rou-
tine follow-up in nonmetastatic sarcoma patients
and provide further evidence to support the use of
clinical exam findings and symptoms for initial
detection of local disease recurrence.

Another study [63] of adult sarcoma patients
found a 47% relapse rate in patients with a soft
tissue extremity sarcoma (mean age 51, range
13-88). Local recurrences were detected clini-
cally in 30/31 patients; MRI identified one local
recurrence. Twenty-eight patients developed iso-
lated lung metastases; these were detected by
CXR in 19 patients, chest CT in three patients,
and clinically in 11 patients. More than 80% of
the relapses occurred in the first 2 years of fol-
low-up. In some settings (i.e., nonmetastatic
localized disease), therefore, clinical examina-
tion appears to be an important means of detect-
ing relapse. However, in a study of mixed soft
tissue or bone sarcoma patients, only half (14/29)
of the relapses that occurred were detected clini-
cally [64], although this study did not find that
regular imaging surveillance improved OS.

Korholz et al. [65] looked specifically at a
population of pediatric osteosarcoma patients.
Twenty-eight of their 72 patients demonstrated
recurrence, of which 90% occurred within 3 years
following primary therapy. Recurrence was
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detected primarily by clinical examination, CXR,
and chest CTs. Bone scintigraphy was important
for detection of distant metastases; routine radio-
graphs of the primary tumor site did not detect
any recurrence. While they recommended routine
CXR, chest CT, and clinical examination for at
least the first 3 years, they noted that the impact
of early recurrence detection on overall survival
was uncertain. The COG bone tumor committee
recommendations for imaging osteosarcoma and
Ewing sarcoma call for a fairly intensive, albeit
decreasing frequency of chest CT scans, per-
formed every 3 months in the first year, every
6 months in the second and third years, and yearly
in the fourth and fifth years, followed by yearly
chest radiographs during post-chemotherapy sur-
veillance [66]. The committee acknowledged,
however, that there was a “lack of evidence to
support this guideline,” responding to concerns
raised by Dauer et al. [12] who stated that fre-
quent and repeated chest CTs during post-
chemotherapy surveillance for osteosarcoma are
not adequately justified.

Another challenge is when and how to incor-
porate new imaging modalities into existing sur-
veillance regimens and whether to eliminate
historical modalities. For example, FDG-PET
imaging has been required along with a bone
scan for metastatic disease evaluation in several
trials of pediatric bone and soft tissue sarcoma.
However, a study that compared FDG PET/CT
and bone scintigraphy in 29 children (mean age
12 + 5 years), of whom 72% had bone sarcoma
and 28% a soft tissue sarcoma, found an accuracy
of 100% for FDG PET/CT, compared to 82-90%
for bone scintigraphy, providing compelling evi-
dence for eliminating bone scintigraphy from
surveillance regimens [67].

The soft tissue sarcomas present a separate
challenge when developing evidence-based sur-
veillance imaging recommendations, given the
different histologic subtypes, age at diagnosis,
location of primary disease, and presence of both
locoregional nodal and metastatic spread.
Children with rhabdomyosarcoma were specifi-
cally studied by Lin et al. [68]. OS was compared
between recurrence detected clinically (28/47
children) and by imaging (15/47 children). Three-

year survival rates in this cohort of patients were
poor, and did not differ significantly (p = 0.38)
between the groups, with 20% 3-year OS for
imaging-based detection and 11% for clinical
detection.

21.6 Conclusion

Surveillance imaging plays an important role in
the end-of-treatment care of patients with cancer.
As more patients become long-term survivors of
their childhood malignancies, we must continu-
ally work to improve our approach to imaging
these patients, being mindful of the risks and
benefits that accompany any radiologic examina-
tion. Although disease surveillance has received
much recent attention, the available evidence on
how to best perform routine surveillance imaging
is limited and largely based on small retrospec-
tive observational studies; more prospective stud-
ies are clearly needed. Going forward it would be
ideal, albeit difficult to implement, if posttreat-
ment surveillance studies were established
whereby children are randomized to clinical and
imaging surveillance versus clinical surveillance
alone (omitting repeated radiologic imaging)
[47]. While some families find a normal follow-
up surveillance study to be reassuring, this needs
to be balanced with the need for and hazards of
ionizing radiation, potential for follow-on testing
related to false-positive results, and, particularly
in young children, risks of repeated anesthesia.

There are some unfortunate children who
present with high-risk metastatic disease for
which, if relapse occurs after completion of treat-
ment, there is no further salvage therapy avail-
able. While this represents a minority of pediatric
oncology patients, it may be appropriate to con-
sider sparing these families the additional burden
of repeated surveillance imaging that will have
little impact on outcome.

As we have emphasized here, evidence has
begun to emerge showing little to no benefit
from routinely performed surveillance imaging
in patients who are otherwise asymptomatic,
particularly when viewed against the yardstick
of disease-free survival. For many reasons, it
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can still be argued that early detection of dis-
ease when it is likely to occur is important, both
for individual patients and in certain diseases
where retrieval therapies exist. However, the
choice of imaging modality, surveillance imag-
ing frequency, and duration of surveillance
should be part of a thoughtful consideration
between the patient, the radiologist, and the
treating oncologist, to ensure the most appro-
priate use of imaging for a given patient’s
disease.
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