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A B S T R A C T

Purpose

Chi?dren with Hodgkin’s lymphoma (HL) routinely undergo surveillance computed tomography (CT)
imaging for up to 5 years after therapy, resulting in cost and radiation exposure, without clear
benefit. The objective of this study was to determine the contribution of surveillance CT, as
compared with clinical findings, to detection of disease recurrence.

Patients and Methods

Two hundred sixteen patients, age = 21 years old, were treated on the multicenter Pediatric
Oncology Group 9425 ftrial. Data for patients who experienced relapse were retrospectively
reviewed to determine whether imaging or clinical events prompted suspicion of disease
recurrence. Correlation was made to disease stage, time to recurrence, relapse site, and overall
survival (OS).

Results

With a median follow-up time of 7.4 years, 25 (11.6%) of 216 patients had experienced a relapse,
of whom 23 experienced local relapse. Median time to relapse was 7.6 months (range, 0.2 to 48.9
months). Nineteen relapses (76%) were detected based on symptoms, laboratory or physical
examination findings, and two relapses (8%) were detected by imaging within the first year after
therapy. Only four patients (16%) had their recurrence detected exclusively by surveillance
imaging after the first year. Six deaths occurred, all in patients who experienced relapse within the
first year after therapy. No patient with a recurrence after 1 year off treatment has died, regardless
of how the recurrence was detected.

Conclusion
The majority of pediatric HL relapses occurred within the first year after therapy or were detected based on

change in clinical status. Detecting late relapse, whether by imaging or clinical change, did not affect OS.
These findings indicate that CT is overused for routine surveillance of patients with HL.
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particularly for patients with advanced-stage or unfa-
vorable disease. However, it is unclear what role sur-

Children with Hodgkin’s lymphoma (HL) have
excellent overall survival (OS) rates, exceeding
90%.'™* Patients frequently undergo routine surveil-
lance computed tomography (CT) imaging for up to 5
years after completing their chemotherapy. Most pa-
tients with HL who experience relapse do so within the
first 2 years after completing therapy.® Most relapses
are local, occurring at original sites of disease and
within radiation fields. There is little debate about
monitoring for recurrence during the early post-
treatment period when patients are at greatest risk,

veillance imaging (ie, routine imaging that is not
prompted by symptoms or change in clinical status)
plays in detecting disease relapse. Studies in adult pa-
tients with HL have suggested that most relapses are
symptomatic and that routine CT, in addition to being
expensive, has poor specificity and provides minimal
OS benefit.”'° There have been no studies in pediatric
HL investigating the role of routine CT surveillance
imaging for detection of relapse.

There is increasing concern that children
who undergo CT scanning, even with age- and
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weight-adjusted optimal-dose CT scanning, may have an increased
risk of developing cancers later in life that could be attributable to the
CT scans.'' Recent retrospective studies of diagnostic imaging ex-
aminations in pediatric patients with cancer showed the highest
cumulative effective radiation doses in patients with neuroblas-
toma and lymphoma, primarily from CT and nuclear medicine
examinations.*'* Because of the high curability of HL with current
treatment, renewed emphasis has been placed on decreasing long-
term treatment-associated morbidity,” including that related to
radiation from diagnostic imaging.®'>

It was our hypothesis that children with HL undergo a large
number of surveillance CT scans that may not contribute significantly
to detection of relapse or impact OS, resulting in unnecessary cost and
additional radiation exposure. We further hypothesized that the ma-
jority of patients would either have their relapse occur within the first
year or would have their disease suspected or detected based on clinical
and physical examination findings, and not solely based on surveil-
lance imaging. Therefore, the purpose of our study was to determine
the contribution of surveillance CT imaging to detecting disease re-
lapse compared with clinical symptoms and laboratory or physical
examination findings and to determine whether detecting late relapses
had any impact on OS.

Data were reviewed from 216 patients enrolled onto the Children’s Oncology
Group (COG) multi-institutional Pediatric Oncology Group 9425 trial con-
ducted at Pediatric Oncology Group institutions from 1997 to 2001. Written
informed consent for treatment was obtained according to institutional guide-
lines and in accordance with the Declaration of Helsinki. All studies were
approved by the US Department of Health and Human Services. Clinical
results of this trial have recently been published."?

Patients

Patients were = 21 years old and had either intermediate-risk (stage
IB, ITA/TIIA1 with large mediastinal adenopathy, or IITIA2) or high-risk
(stage IIB, IIIB, or IV) disease. All patients had biopsy-proven classic HL;
patients with lymphocyte-predominant HL were excluded. Patients were
treated with doxorubicin, bleomycin, vincristine, etoposide, prednisone,
and cyclophosphamide (ABVE-PC) chemotherapy, either three or five
cycles depending on their early response, followed by radiation therapy, as
described.'® Rapid early response (RER) was defined as = 50% reduction
in the sum of the products of the perpendicular diameters of measurable
lesions and negative gallium scan after three chemotherapy cycles. Slow
early response (SER) was failure to achieve RER. RER patients received
involved-field radiation; SER patients received two additional cycles of
ABVE-PC (five total cycles) followed by radiation.

Response assessments included chest x-ray, CT scan, and gallium scan
(until negative) and were obtained at the end of three cycles of chemotherapy,
after completion of chemotherapy, and after radiation therapy. Surveillance
CT scans were required per protocol at 0, 6, 12, 24, and 30 months after
completing all chemotherapy and radiation therapy. When relapses occurred,
relapse data forms and imaging studies were submitted to the COG study
center. Imaging studies from the time of relapse were available for 22 patients
and were centrally reviewed to confirm site(s) and pattern of relapse.'*

Relapse data forms were retrospectively reviewed to determine symp-
toms, physical examination findings, and laboratory findings reported at the
time of relapse. If no symptoms or changes in clinical status were reported, sites
were asked to affirm that the patients were indeed asymptomatic at the time of
relapse. Only patients who experienced disease recurrence after showing an
objective response to therapy were considered to have experienced relapse and
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are included in the study population evaluated here. Patients who were either
nonresponsive or who experienced disease progression on therapy were not
considered to have experienced relapse for the purposes of this study.

Statistical Methods

OS was defined as time from treatment start to death from any cause.
Postrelapse survival among patients who experienced a relapse was defined as
time from disease relapse to death from any cause. The Kaplan-Meier method
was used to compute the survival estimates. The log-rank test was used to
investigate differences in survival curves. The Wilcoxon rank sum test was used
to compare the distribution of time to relapse between RER patients with
relapse and SER patients with relapse. Differences with P = .05 were consid-
ered statistically significant. Analysis for this report was performed based on
the data available in the COG Statistics and Data Center as of October 2007.

Of 219 patients initially enrolled, 216 were eligible, with 53 patients
(25%) having intermediate-risk disease and 163 patients (75%) hav-
ing high-risk disease. With a median follow-up of 7.4 years, events
have been reported in 35 patients (16%). Ten of these patients expe-
rienced events that were not related to disease relapse and were ex-
cluded from further analysis, including two patients who had
nonresponsive or progressive disease on study, five patients with sec-
ond malignancies, and two patient deaths (one occurring on study; the
other unrelated, occurring years off study). One additional patient was
taken off study for toxicity. The remaining 25 patients experienced
relapse after showing an objective response to therapy and constitute
the study population evaluated here (Table 1).

All 25 patients who experienced relapse had complete data sheets
submitted. Nineteen patients had recurrence suspected based on re-
ported change in clinical symptoms, laboratory values, or physical
examination findings (Table 2). Symptoms/clinical findings included
eight patients with palpable adenopathy, two with recurrent “B”
symptoms and adenopathy, and eight with combinations of pain,
weight loss, adenopathy, and/or abnormal laboratory values. Six pa-
tients were asymptomatic at the time of relapse and had their disease
detected based on routine imaging. Two of these relapses occurred
within the first year after completion of therapy, the time when pa-
tients are at greatest risk of disease recurrence. Only four patients who
experienced relapse after the first year and who did not have new
clinical symptoms, laboratory findings, or physical examination find-
ings had their relapses detected solely based on routine surveillance
imaging. Asymptomatic late relapses occurred in both intermediate-
stage (IIA, n = 1) and advanced-stage disease (IIB,n = 1;IVB,n = 2).
One additional patient had disease recurrence detected on a CT per-
formed for unrelated symptoms (question of pneumonia). Relapses
were detected by both CT and gallium scintigraphy (Table 1). Twenty-
one of 25 relapses were biopsy confirmed; two patients had positive
correlative gallium imaging. For the remaining two patients, disease
recurrence was treated presumptively.

The median time to relapse from end of treatment was 7.6
months (range, 0.2 to 48.9 months). Sixteen (64%) of 25 patients
experienced relapse within the first year after therapy. Most patients
who experienced a relapse were successfully treated with salvage ther-
apy, with 5-year event-free survival of 84% and 5-year OS of 95%
reported for the entire patient population.'> The majority of the re-
lapses were identified at previously involved sites of disease or at both
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Table 1. Patient Characteristics
Patient Time to Relapse Detection of Method of Biopsy
No. Stage Histology Response (months) Relapse Detection Type of Symptom(s) Relapse Site Local Relapse Proven
1 1A NS RER 43.0 Sx CT/Ga Chest/shoulder pain Mediastinum Yes Yes
2 IVB MC RER 33.8 Sx Ga Adenopathy Axilla Yes Yes
3 A NS RER 12.4 Sx CT Adenopathy Axilla Yes Yes
4 IVB NS SER 1.2 Imaging Ga NA Cervical/supraclavicular Yes Yes
5 I1IB LP RER 10.6 Sx CT/Ga Adenopathy Axilla/supraclavicular Yes Yes
6 1A NS RER 48.9 Imaging CT NA Mediastinum Yes Yes
7 IVB NS RER 5.4 Sx Ga Adenopathy Axilla Yes Yes
8 IVB NS RER 1.6 Sx Ga “B” symptoms/adenopathy Cervical Yes Yes
9 IVB NS RER 4.6 Sx CT “B” symptoms/adenopathy Paratracheal/axilla/liver/ Yes Yes
spleen
10 VB NS RER 20.6 Imaging CT NA Periaortic Yes Yes
11 IVB NS RER 4.8 Sx None Adenopathy Cervical Yes Yes
12 1B NS SER 0.2 Sx None Adenopathy Inguinal Yes Yes
13 IVA NS SER 2.2 Sx CT/Ga Adenopathy Cervical Yes Yes
14 IIB NS RER 20.2 Imaging CT NA Mediastinum Yes NA
15 IVB NS SER 39.6 Imaging  Ga/MRI/PET NA Axilla/mediastinum/bone Yes Yes
16 1A MC RER 20.4 Sx CT Chest pain/ESR Supraclavicular Yes Yes
17 IVB NS SER 0.6 Sx CT/Ga Adenopathy Preauricular/cervical Yes Yes
18 IVB NS SER 7.4 Sx CT ESR/weight loss Mediastinum Yes Yes
19 IVA NS RER 7.6 Sx CT ESR Lung No (lung nodule) Yes
20 IVB NS RER 26.6 Sx CT Pneumonia Axilla No (RT axilla) Yes
21 A NS SER 6.0 Imaging CT/Ga NA Mediastinum/cervical Yes No
22 IIB NS RER 41 Sx CT/Ga ESR Mediastinum Yes Yes
23 IVB NOS SER 1.9 Sx CT/PET/Ga ESR Mediastinum/lung Yes No
24 I1A NS RER 7.8 Sx None, PE  ESR, adenopathy, chest  Cervical Yes Yes
pain
25 IVB NS SER 121 Sx CT Pain, adenopathy, alkaline Bilateral axilla, mediastinum, Yes NA
phosphatase effusion
Abbreviations: CT, computed tomography; ESR, erythrocyte sedimentation rate; Ga, gallium scan; LP, lymphocyte predominant; MC, mixed cellularity; MRI,
magnetic resonance imaging; NA, not applicable; NOS, not otherwise specified; NS, nodular sclerosis; PE, physical examination; PET, positron emission tomography;
RER, rapid early response; RT, right; SER, slow early response; Sx, symptoms.

new and previous sites (Table 3). Only two (8%) of the 25 relapses
were exclusively outside the original sites of disease.

Relapses occurred at approximately the same rate (11% to
12%) in patients with intermediate-stage (six of 53 patients) and

Table 2. Symptoms of Patients at the Time of Relapse
No. of Patients
Symptom (N = 25)
Clinical symptoms/laboratory findings at time of relapse 19
Palpable lymph node enlargement 8
Recurrent “B” symptoms and lymph node enlargement 2
Pain, elevated ESR or alkaline phosphatase, lymph
node enlargement 2
Chest pain, shoulder pain 1
Chest pain, elevated ESR 1
Weight loss, elevated ESR 1
Elevated ESR 3
Unrelated symptoms (pneumonia) 1
Clinically asymptomatic at time of relapse 6
Time to relapse < 1 year 2"
Time to relapse > 1 year 4t
Abbreviation: ESR, erythrocyte sedimentation rate.
“One patient with stage IIA disease and one patient with stage IVB disease.
TOne patient with stage IIA disease, one patient with stage |IB disease, and
two patients with stage IVB disease.

Www.jco.org

advanced-stage disease (19 of 163 patients) and among SER pa-
tients (nine of 77 patients) and RER patients (16 of 132 patients).
The distribution of relapses reflected the frequency with which
these disease stages and response groups were represented in the
study population (Table 3). Similarly, relapses occurred across all
of the HL histologies, with the same frequency represented by the
respective histologic subtype in the study population. The presence
of bulk disease did not significantly distinguish the population of
patients who experienced relapse. There was a significant differ-
ence (P = .044) in time to relapse between RER patients and SER
patients; the median time to relapse was 11.5 months (range, 1.6 to
48.9 months) for RER patients and 2.2 months (range, 0.2 to 39.5
months) for SER patients.

To examine the contribution of surveillance imaging to OS, we
separated the population of patients who experienced relapse into the
following three groups: relapse within 12 months after therapy, de-
tected either by imaging or clinical change; relapse after 12 months,
detected by clinical change; and relapse after 12 months, detected only
by imaging. As shown in Figure 1A, six patients died, all of whom had
experienced relapse within the first 12 months after therapy. There
were no deaths in patients who experienced relapse after 12 months,
regardless how their relapse was detected. Although the number of
patients is relatively small, the difference in survival rate between
patients who experienced relapse early (ie, within the first year after
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Table 3. Comparison of Patients With Relapse With Total Patient Cohort
Patients
With
All Patients Relapse
(N =216) (n = 25)
Characteristic No. % No. %
Site of relapse
Local 22 88
Distant 2 8
Both 1 4
Risk category of patients at diagnosis
Intermediate stage 53 25 6 24
1B 1 1 0 0
1A 34 16 5 20
1A 18 8 1 4
Advanced stage 163 75 19 76
1B 49 22 2 8
1B 37 17 2 8
IVA 26 12 2 8
IVB 51 24 13 52
Bulky disease
Yes 125 58 17 68
No 79 42 8 32
Early response group
SER 77 39 9 36
RER 132 61 16 64
Histology
NS 185 86 21 84
LP 3 1 1 4
MC 19 9 2 8
NOS 9 4 1 4
Abbreviations: LP, lymphocyte predominant; MC, mixed cellularity; NOS, not
otherwise specified; NS, nodular sclerosis; RER, rapid early response; SER,
slow early response.

completing therapy) and those who experienced relapse later was
significant (P = .04).

Recurrence of disease was not the only cause of death. Six deaths
were reported among the remaining study cohort of 191 patients who
did not experience relapse and were the result of treatment toxicity,
second malignancy, or other unspecified causes. However, when com-
pared with the six deaths that occurred in the 25 patients with a relapse,
the difference is statistically significant (P < .001) and indicates that
early disease recurrence, independent of the method of detection, was
still the most important predictor of OS (Fig 1B).

Children treated for HL have excellent long-term survival. As a result,
there has been a shift in treatment paradigm, with emphasis on reduc-
ing treatment-related toxicity and late effects. Concurrently, there has
been increasing concern that use of CT for routine post-treatment
surveillance imaging exposes a large number of patients to potentially
unnecessary radiation to detect a small number of relapses, with little
effect on OS. In the study reported here, the majority of the relapses
were detected within 12 months after completing therapy, in agree-
ment with other studies indicating that most relapses occur within 2
years after completing therapy.>'> Routine surveillance imaging per-

2638 © 2012 by American Society of Clinical Oncology

Fig 1. (A) Overall survival (OS) for patients with a reported relapse (n = 25).
Patients were grouped as follows based on method of relapse detection: group
1 (relapse within the first 12 months, detected either by imaging, symptoms [Sx],
or clinical findings); group 2 (relapse after 12 months, detected by Sx or clinical
findings); and group 3 (relapse after 12 months, detected by imaging only, no Sx
or clinical findings). Six patients died, all of them from group 1. The differences
in postrelapse OS curves between group 1 and group 2 and between group 1 and
group 3 are not statistically significant (P = .12 and P = .16, respectively) because
of the small sample size. Combining groups 2 and 3, the difference between
group 1 (relapse < 12 months) and groups 2 and 3 (relapse > 12 months)
resulted in P = .04. (B) OS for patients with a relapse (n = 25) versus the
remaining study cohort (n = 191). Six deaths were reported among the 25
patients with a relapse, and six deaths were reported among the remaining
patients. The difference is statistically significant (P < .001).

formed beyond 1 year after completing therapy detected relapses in
only four patients who did not have concurrent clinical findings to
prompt suspicion for relapse. All deaths as a result of recurrent disease
occurred in patients who experienced relapse with the first year after
completion of therapy; detecting recurrence beyond 1 year had no
effect on OS. On the basis of these findings, it is our conclusion that CT
is overutilized for the routine surveillance of patients with HL, with
little impact on overall outcome in patients who do not experience an
early relapse.

The current protocol of 216 patients required five off-therapy CT
scans. Therefore, approximately 1,080 CT scans were obtained to
detect four asymptomatic late relapses. Extrapolating to the recently
completed COG intermediate-risk HL study AHODO0031, in which
more than 1,700 patients were treated, approximately 10,000 surveil-
lance CT scans are being performed after 1 year after completion of
therapy to detect what we anticipate will be a small number of late
relapses. This approach bears reconsideration, because most patients

JOURNAL OF CLINICAL ONCOLOGY
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who experience relapse can be successfully treated with salvage ther-
apy, with more than 90% OS. Furthermore, as was shown here, the use
of surveillance imaging to detect asymptomatic late relapses did not
impact OS.

The risk of surveillance imaging in terms of radiation exposure
can be estimated.® For example, the 1,700 patients enrolled onto
AHODO0031 are required to undergo six surveillance CTs. If we as-
sume, conservatively, CTs limited only to the thorax, there is an
additional cumulative exposure of 30 mSv (5 mSv/chest CT) attribut-
able to the surveillance imaging. Using Biological Effects of Ionizing
Radiation VII estimates, assuming a median age of 15 years and equal
numbers of males and females,' this added exposure results in an
additional lifetime attributable risk of cancer incidence equal to
0.48%, indicating that at least eight new cancers can be expected to
occur within the population of 1,700 patients as a result of surveillance
imaging. Undoubtedly these risk estimates must be interpreted with
caution. Biological Effects of Ionizing Radiation VII assumes normal
patient populations, with no other exposures contributing to baseline
lifetime cancer risk,'® and does not account for the additional attrib-
utable risk imposed by chemotherapy, radiation therapy, and exten-
sive diagnostic staging and early response assessments. Although we
expect populations of patients such as ours to have higher baseline
rates of cancer occurrence,'” along with increased incidences of sec-
ond malignancies and other late effects,'®'” any additional risk attrib-
utable to surveillance imaging should be minimized.

Significant financial cost is also incurred by surveillance imaging,
with only a modest projected gain in quality-adjusted life-years com-
pared with routine clinical follow-up.'® On the basis of the earlier
AHODO0031 example, a conservative estimate of the cost for six additional
surveillance chest CT scans, using a 2011 Centers for Medicare and Med-
icaid Services reimbursement rate of $341.13 per chest CT, is an additional
$2,046 per patient. Even with this conservative price estimate (private
third-party payers may reimburse at rates substantially higher than the
Medicare rate), the aggregate cost of these scans to the health care system is
at least $3.48 million for the 1,700 patients enrolled.

Radiation dose and cost considerations notwithstanding, certain
experimental treatment protocols may justify more intensive post-
treatment monitoring if higher rates of relapse are anticipated. Al-
though some have hypothesized that the majority of the unnecessary
surveillance imaging is driven by treatment protocols, a recent study
reported that only 34% of 690 imaging procedures performed on
patients with lymphoma were protocol required.”® The remainder of
the scans were discretionary investigations; approximately 40% of
these surveillance studies were obtained when recurrence risk was low
and without an indication in the medical record, emphasizing the
need for more thoughtful approach to imaging in these patients.

One naturally assumes that close imaging surveillance will lead to
earlier detection of relapse and improved OS. However, earlier studies
in adults suggested that clinical history and physical examination are
more reliable in detecting relapse than routine imaging surveillance,”®
with no difference in outcome between patients with early versus late
detection of relapse.” Our results are in agreement with these adult
studies and consistent with reports investigating salvage therapy in
children and adolescents, in which relapses occurring more than 1
year after completion of therapy did not predict poor OS, as opposed
to refractory or progressive disease during initial therapy.*"**

In many pediatric cancers, and in HL in particular, new response-
based treatment paradigms emphasize early response to chemothera-
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py as a means of identifying patients with chemotherapy-sensitive
disease, in whom treatment intensity could be reduced. Extending this
paradigm to imaging surveillance, patients who have an RER to chem-
otherapy, and a lower likelihood of relapse, may require much less
frequent radiologic follow-up. Slow responders to therapy, in con-
trast, may benefit from more intensive surveillance early on, with
reduction in imaging as the risk of relapse decreases over time. Our
results support this, showing no benefit from long-term surveillance
imaging on OS.

There is currently no established role for the use of fluorodeoxy-
glucose (FDG) positron emission tomography (PET) or PET CT in
routine surveillance.”>** FDG-PET imaging is primarily used for stag-
ing and early response assessment and for confirmation of sites of
suspected relapse, although use of early PET response data may help
direct surveillance imaging to patients at greatest risk.*>*°

There were limitations to our study. Although this was a retro-
spective review, relapse imaging studies were centrally reviewed in the
majority of patients. Relapse data sheets were complete for all of our
patients, and the majority of the relapses were biopsy confirmed.
There are other factors contributing to cumulative radiation exposure
in the cohort of patients studied here. Because of the retrospective and
multi-institutional nature of this work, it was not possible to deter-
mine the total number of imaging studies (CT, nuclear medicine) each
patient received while undergoing treatment. Estimates of such cumu-
lative exposures have been reported elsewhere and are likely to be
similar.® Although we provided a rough estimate of cost incurred by
performing tests that may not contribute meaningfully to patient
outcome (surveillance chest CT), a more rigorous assessment of such
costs, both in absolute dollars and in terms of risk-adjusted life-years,
has been recently reported.'’

This study, examining the role of surveillance imaging in a large
cohort of patients with intermediate- and advanced-stage HL treated
on a multi-institutional study, identifies an opportunity to reduce
both unnecessary medical expense and radiation exposure by decreas-
ing the number of imaging studies being routinely performed on
patients with HL. Given these findings, we recommend reducing the
routine use of CT surveillance imaging to the initial 12 months after

History/PE/routine labs: every 3 months for 1 year, then every
6 months for 2 years; once per year thereafter

Off-therapy Hodgkin's lymphoma imaging surveillance

0 12 24 36 48 60 months
End of Rx > o H——
T T T CXR CXR
CT* CT CT
FDG/PETt

Fig 2. Proposed surveillance scheme for routine post-therapy monitoring in
Hodgkin’s lymphoma. (*) CT or MRI, provided the treating institution has
demonstrated feasibility and efficacy of MRI at detecting known sites of disease
at diagnosis or on interim early response assessment. Off-therapy computed
tomography (CT) or magnetic resonance imaging (MRI) should be limited to initial
sites of involvement (ie, stage IIA patients with disease limited to the mediasti-
num would have routine surveillance imaging limited to the thorax). (1) Fluoro-
deoxyglucose (FDG) positron emission tomography (PET) or PET/CT should only
be obtained off therapy if still positive during on-therapy monitoring. Patients with
persistent FDG-avid disease after completion of therapy should be considered for
retrieval therapy rather than further routine surveillance. CXR, chest x-ray; Rx, therapy.
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therapy. Consideration could also be given to further reductions for
patients with low-stage/low-risk disease and for patients who have
RER to therapy based on sensitive functional imaging techniques,
such as FDG-PET,*" although such response-based reductions in
surveillance should probably be performed in the context of a clinical
trial. This approach (Fig 2) could include limiting scanning to original
site(s) of disease, where relapse is most likely, incorporating chest x-ray,
physical examination, and other routine laboratory tests into the disease
surveillance regimen and reserving CT scans for new clinical concerns. In
all cases, CT dose should be reduced to the lowest achievable dose using
the As Low As Reasonably Achievable (ALARA) principle. In many insti-
tutions, faster magnetic resonance imaging sequences and parallel imag-
ing techniques have allowed magnetic resonance imaging to effectively
replace CT.*” Finally, a comprehensive outcome analysis is needed to
determine whether surveillance imaging of any kind is a cost-effective
means of monitoring a disease for which late, clinically occult relapses are
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