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Oncological imaging: tumor surveillance in children
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Abstract As the need for accurate diagnostic imaging
often continues throughout a cancer survivor’s life, imaging
methods with the least toxicity must be used so as to
provide needed information without contributing to long-
term sequelae that might compound toxicities inherent with
the primary disease and its treatment. In this regard, the
costs, benefits and potential risks of post-therapy monitor-
ing for disease recurrence warrant periodic review. Unfor-
tunately, few analyses are available regarding the impact of
surveillance imaging on the detection of disease recurrence,
salvage rates of relapse disease and long-term survival
outcomes for pediatric cancer survivors. This review will
examine the role and limitations of surveillance imaging in
pediatric oncology.
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Introduction

Diagnostic imaging provides information critical to patient
care, detection of disease and treatment-related toxicity,
monitoring of disease response to therapy, and designing of
clinical protocols. The dramatic advances in imaging
technology coupled with the development of new drug
therapies, tumor-specific treatment regimens, and improved
surgical and refined radiation oncological techniques have

led to a rapidly growing cohort of survivors of childhood
cancer. In the United States alone, the number of survivors
is estimated to approach 330,000 [1]. Thus, the potential
impact of imaging monitoring and imaging-induced patient
exposures to ionizing radiation is growing. This issue is of
particular concern in this increasing population of young
people who undergo prolonged and repeated imaging.

This paper will discuss surveillance imaging in pediatric
oncology, its roles and limitations, and briefly review the
available literature as it relates to pediatric oncology.

Roles of surveillance imaging

Imaging plays a key role in the diagnosis, staging and
monitoring of treatment response. Not always appreciated,
however, is the ongoing use of diagnostic imaging for
several years after treatment completion to detect disease
recurrence, disease progression and development of second
malignancies [2–6]. The strategies of such regimens—
frequency, modality, duration—vary widely among institu-
tions, diagnoses and cooperative groups [7, 8].

In addition to disease detection and monitoring, diag-
nostic imaging is critical to the identification of late effects
of therapy. Thus, as the need for accurate diagnostic
imaging often continues throughout the patient’s life.
Imaging methods with the least toxicity are of growing
importance and must be used so as to provide needed
information without contributing to long-term sequelae that
might compound toxicity inherent with the primary disease
and its treatment. In this regard, the costs, benefits and
potential risks of post-therapy monitoring for disease
recurrence warrant periodic review. Unfortunately, few
analyses of the impact of surveillance imaging on the
detection of disease recurrence, salvage rates of relapse
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disease and long-term survival outcomes are available,
particularly for pediatric cancer survivors [9, 10].

Monitoring varies widely with primary diagnosis and
patient demographics at diagnosis (such as age, gender,
race, genetic risk), treatment exposures, etc. Surveillance
imaging for detection of disease recurrence might identify
relapse before clinical symptoms develop [11]. The rate of
salvage is partially dependent upon tumor type and grade
and partly upon tumor burden at the time of relapse [12,
13]. Intuitively, for some tumors, the earlier detection
would be expected to contribute to improved salvage rates.
However, for some diseases such as sarcoma, Hodgkin
disease [14–16] and others [12], detection of recurrence
prior to development of symptoms has not improved
salvage.

The usefulness of ongoing surveillance imaging remains
controversial [9, 12, 13, 17] Chong et al. [18] recently
reported on the radiation exposure burden placed on
survivors of various cancers. Five-year cumulative esti-
mates of individual radiation exposures were calculated to
range from 10 mSv to 642 mSv (median, 61 mSv) resulting
from 690 imaging procedures. Of these, only 34% of
studies were protocol-driven; the remaining studies were
optional procedures nearly evenly divided between those
for clinical care and surveillance studies. These investiga-
tors found that children treated for neuroblastoma had the
highest median cumulative exposure to ionizing radiation
(214 mSv) but also found that patients treated for
lymphoma bore a considerably greater burden (median
cumulative exposure of 61 mSv) than patients treated for
other malignancies [18].

In addition to detection of disease relapse, surveillance
imaging might be directed toward identification of second
malignant neoplasms [19] and late toxicities [20, 21]
resulting from the primary disease and its treatment.
However, the reported prevalence and severity of detected
involvement varies widely because of inconsistent methods
of detection [22]. One example is monitoring for osteonec-
rosis (ON). ON is reported to be one of the most common
treatment-associated toxicities in patients treated for acute
lymphoblastic leukemia (ALL) [23–26]. The Children’s
Oncology Group (COG) has developed extensive risk- and
disease-specific evidence-based long-term follow-up guide-
lines for ALL that incorporate clinical, laboratory and
imaging assessments [27].

Need for outcomes analysis of surveillance imaging
studies

Technology advances more rapidly than our ability to fully
assess its clinical utility. Not uncommonly, new imaging
modalities are incorporated into clinical trials prior to full

investigation of their impact on clinical management of
diseases. Few modality-specific outcomes publications are
available. It falls within our responsibility as imagers and
collaborators in study designs to engage the oncological
community and direct assessment of the sensitivity and
specificity of a given modality, its frequency of use and
impact on tumor response assessments. Only through such
analyses can we minimize radiation exposures, optimize
disease detection and monitoring, and impact resource
utilization.

In order to determine the timing of surveillance that will
maximize detection while minimizing excessive imaging-
associated exposures, analysis of historical data related to
risk factors associated with relapse, the time to relapse and
method(s) by which relapse was or was not detected must
be analyzed [8].

Limited investigations reveal an overall lack of consen-
sus regarding the timing and utility of post-therapy
surveillance imaging. Lee et al. [9], focusing their retro-
spective analysis on nearly 200 adult patients in first
remission after being treated for classic Hodgkin disease,
found surveillance imaging detected 12 cases of recurrent
Hodgkin disease and four cases of second malignant
neoplasms. The positive predictive value of CT and PET-
CT were not significantly different (P=0.73; 28.6% and
22.9%, respectively). Further, they estimated the cost to
detect a single event to be $100,000 with radiation
exposures of 146.6 mSv per patient [5]. Other studies
investigating the use of surveillance CTs in detecting
relapse adult lymphomas have reported similar results
[14–16, 28, 29].

In an additional retrospective study of more than 700
children in first complete remission from a variety of
malignancies, Biasotti et al. [12] found the median age to
relapse being 12 months (range, 3–87 months). Of the 739
patients who completed therapy, six developed a second
malignant tumor and 173 developed relapse of their
primary disease. Seventy-five percent of relapses were
suspected clinically, 16% were identified by imaging and
9% by laboratory results. They further pointed out that
routine scheduled surveillance appointments failed to detect
half of the relapse cases they report [12]. Similarly, Howell
et al. [17] reported 37 recurrences of solid tumors in a
cohort of 186 pediatric patients followed for a median of
almost 6 years. More than half of the recurrences were
symptomatic. They further estimated that for every recur-
rence, 42 routine MR examinations, 129 CT examinations
and 257 chest radiographs were performed [17].

In contrast to the above examples, a review of nearly 300
cases of relapse of malignant glioma, medulloblastoma and
ependymoma in pediatric patients treated on one of 10
Pediatric Oncology Group (POG) protocols found that
nearly one-third (99/291) of relapses were detected by
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surveillance imaging; 192/291 were detected clinically [8].
However, other investigators found that a multidisciplinary
clinical evaluation was a sensitive means for detecting
recurrence of brain tumors and thus raised the question of
the utility of routine imaging surveillance [30].

Not only must the potential impact of repeated exposures
to ionizing radiation be considered [31–37] but also the
potential impact of repeated contrast administration, anes-
thesia risks [8, 38], costs of time, resources and funds [8, 9,
11, 17] and the impact of false-positive and false-negative
findings.

Future considerations

Refinement of US and MR techniques to maximize
information obtained and expand their use in surveillance
would obviate patient exposure to ionizing radiation.
Current investigations into the technical aspects and value
of whole-body MR indicate that such imaging can play a
valuable role in the care of children [39–41]. As drug
therapies are developed, additional potentially unseen
challenges will require further reassessment and modifi-
cation of surveillance imaging as well as development of
specialized imaging techniques. Targeted surveillance
imaging for patients treated with targeted therapy might
prompt refinement of imaging needs. New imaging modal-
ities—functional imaging, biological imaging, etc.—will be
incorporated into developing treatment regimens but their
roles and efficacy at specific treatment time points must be
assessed with an ongoing trials-based approach.

Conclusion

Of the few outcomes studies evaluating routine surveillance
imaging in detecting disease relapse after completion of
therapy for pediatric cancers, most indicate little if any
significant improvement in salvage rates between relapse
detected by imaging and that by clinical suspicions. The
role of surveillance imaging, laboratory investigation and
clinical examination for detecting toxicities as reported in
the COG long-term follow-up guidelines is based upon
hypothesis-driven publications and undergoes continuous
review [27].

As pediatric radiologists, we must develop the most
sensitive, specific and innovative methods of anatomical
and functional imaging for longitudinally determining
tumor response to therapy, detecting tumor recurrence and
detecting second malignant neoplasms and late affects
resulting from disease and its therapy. To contribute
optimally to study designs and the use of diagnostic
imaging tools, we must be abreast of new disease-specific,

patient-specific and risk-adapted protocols in the design of
imaging surveillance. These aspects must all be considered
in the context of optimizing cure and identifying and
minimizing adverse toxicities related to medical imaging,
recognizing the growing survivorship and directing the
utilization of resources. Our contributions to the care of
these young patients must adhere to the dictum of “As Low
As Reasonably Achievable” (ALARA).
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