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Abstract

Outcomes in pediatric B-Non-Hodgkin Lymphoma have improved with intensive chemotherapy
protocols, with long-term survival now over 80%. However, long-term adverse effects of therapy
and poor outcomes for patients who relapse remain challenges. In this study, we aimed to evaluate
the potential risks and benefits of routine relapse surveillance imaging after the completion of
therapy. We reviewed 44 B NHL patients diagnosed and treated at Texas Children’s Cancer
Center in the period between 2000 to 2011. All cross-sectional diagnostic imaging examinations
performed for disease assessment after completion of chemotherapy were reviewed and
cumulative radiation dosage from these examinations and the frequency of relapse detection by
these examinations were recorded. Only 3 patients of the 44 relapsed (6.8%), though none of the
relapses were initially diagnosed by CT or FDG-PET scans. Median effective dose of ionizing
radiation per patient was 40.3 mSv with an average of 49.1 mSv (range 0-276 mSv). This single-
institution study highlights the low relapse rate in pediatric B-NHL with complete response at the
end of therapy, the low sensitivity of early detection of relapse with surveillance CT or FDG-PET
imaging, and the costs and potential increased risk of secondary malignancies from cumulative
radiation exposure from surveillance imaging. We propose that routine surveillance CT or FDG-
PET scans for these patients may not be necessary.

INTRODUCTION

Childhood non-Hodgkin lymphoma (NHL) has been subdivided based on treatment strategy
into lymphoblastic lymphoma (LBL) of the precursor B subtype and T cell type, B-cell non-
Hodgkin lymphoma (B-cell NHL), and anaplastic large cell lymphoma (ALCL). B-cell non-
Hodgkin lymphomas in children and adolescents are comprised primarily of Burkitt
lymphoma (BL), Burkitt-like lymphoma and diffuse large B-cell lymphoma (DLBCL) ().
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The outcome of B-cell NHL has dramatically improved over the course of the last few years
with the introduction of short-term repeated intensive chemotherapy courses. The 5-year
survival of pediatric B-cell NHL patients currently exceeds 80% (2).

The improved survival raises concerns about the appropriate protocol for relapse
surveillance imaging in light of increasing concerns about the relative benefits, costs and
long-term adverse consequences of radiation exposure (3). Cumulative radiation exposure
from repetitive surveillance imaging puts long-term pediatric cancer survivors at risk for
radiation-induced second malignancies (4, 5, and 6). The magnitude of the risk depends on
the type and number of radiologic exams used for surveillance. Hence, the purpose of this
study was to evaluate the clinical utility of surveillance imaging by estimating the
cumulative radiation dose and yield of relapse detection from surveillance imaging studies
in a cohort of pediatric patients with B-cell NHL.

MATERIALS AND METHODS

We identified 50 pediatric patients diagnosed with B-cell NHL (including Burkitt
Lymphoma, Burkitt-like lymphoma and DLBCL) and treated at Texas Children Cancer
Center during the period from 2000 through 2011. Of these, 6 patients were excluded from
further analysis since they failed to achieve remission, either because of primary refractory
disease or relapse before completion of chemotherapy, and therefore were never placed on
standard surveillance protocols. Remission was defined as =80% decrease in tumor size,
defined as the product of the perpendicular diameters in the axial plane or return to normal
organ or lymph node size with no extra-nodal masses, as per Children’s Oncology Group
(COG) criteria. We noted the disease status and imaging studies involving ionizing radiation
(radiographs, CT scans, and nuclear medicine scans including FDG-PET) of all 44 patients
who were in remission after completion of their primary chemotherapy protocol until the
date of their last documented visit, relapse or death, whichever occurred first. Their ages
ranged from 3-18 yrs, with 7 females and 37 males, see table (1) for patient characteristics.

Radiation effective doses from CT exams were estimated from published surveys of
contemporary CT clinical practice and the age-specific 50t percentile dose level from the
HMO Research Network (3). For example, the estimated per exam effective dose was 4 mSv
for chest CT and 8 mSv for abdomen/pelvis CT for a 5-9 year-old, and 5.3 mSv for chest
CT and 11.1 mSv for abdomen/pelvis CT for a 10-14 year-old. The radiation effective doses
from nuclear medicine scans including FDG-PET were estimated by applying effective dose
conversion factors to published pediatric radiopharmaceutical dosing guidelines from the
Pediatric Nuclear Medicine Dose Reduction Workgroup (7, 8). For example, the estimated
per exam effective dose for FDG-PET was 5.6 mSv for a 5 year-old, 6.4 mSv for a 10 year-
old, and 8.6 mSv for a 15 year-old. The estimated per exam effective doses were 25 mSv for
gallium scintigraphy and 2.8 mSv for bone scintigraphy. The radiation doses from imaging
exams with negligible radiation doses (such as chest radiographs or DXA) compared to CT
or with clinical indications other than tumor relapse surveillance (such as cardiac nuclear
MUGA scans) were excluded from analysis.

The study was approved by Baylor College of Medicine Institutional Review Board (IRB).
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RESULTS AND DISCUSSION

Out of the 44 patients who achieved a complete remission after receiving treatment for B-
cell NHL at Texas Children’s Cancer Center between the years 2000 to 2010, there were
three patients who relapsed. Two patients relapsed within the first 6 months (month 2 and
month 4) after completion of chemotherapy and the third patient relapsed about 4 years after
completion of chemotherapy. Of the two patients who relapsed within the first 6 months,
one had DLBCL and had an underlying diagnosis of ataxia-telangiectasia and the other had
BL. The patient who relapsed 4 years after completion of chemotherapy had DLBCL, and in
case of such late relapse it is unclear whether this represents a true relapse of the original
malignancy or a second malignancy. None of the relapses were detected by surveillance CT,
FDG-PET or gallium scintigraphy prior to clinical suspicion of relapse.. Suspicion of relapse
was prompted by progressive lymph node enlargement noted on physical exam in one case,
by worsening cough in a second case, and by ascites noted on abdominal ultrasonography
done as surveillance in a third case who was otherwise asymptomatic. One patient who did
not relapse underwent 3 FDG-PET scans showing increased FDG uptake suspicious for
relapse. However, relapse was not confirmed on follow-up CT scans. This underscores that
one of the detriments of routine surveillance imaging in the absence of clinical suspicion of
relapse is false positive examinations leading to further unnecessary examinations. In
addition, the adverse psychological impact on the patient and patient’s family should not be
disregarded when such uncertainty regarding their disease status is created.

During the surveillance period, the patients received a total of 480 imaging examinations
(mean 10.9 scan per patient, range 1-71), consisting of 185 radiographs, 87 CT scans of the
chest, 110 CT scans of the abdomen/pelvis, 37 CT scans of the neck, 27 CT scans of other
body regions, 24 Gallium scans and 8 FDG-PET/CT scans. Radiographs were excluded
from the calculations as they represent negligible radiation exposure compared to CT,
gallium and FDG-PET scans. Imaging modalities such as DXA scans, nuclear medicine
glomerular filtration rate (GFR) scans, nuclear medicine gastric emptying studies, nuclear
medicine cardiac MUGA (multigated acquisition) scans, and nuclear medicine bone scans
not obtained for relapse surveillance were excluded. Excluding the latter tests, patients in
this study incurred a mean radiation effective dose of 49.11 mSv and median radiation
effective dose of 40.3 mSv per patient (range 0-276). These are in the range of radiation
doses from CT scans in childhood that have been associated with an increased risk of
subsequent malignancy. For example, in a recent retrospective cohort study, children who
were exposed to a cumulative dose of at least 30 mGy of radiation from CT were
approximately three times more likely to develop leukemia (9).

Our study is the first that has specifically evaluated the utility of surveillance imaging for
clinically occult relapse in pediatric patients with B-cell NHL. Study limitations include its
retrospective nature and the small number of relapses that limits the statistical power and
precision for determining the efficacy of surveillance imaging for relapse detection. In
addition, we could not review imaging examinations that were performed during the
surveillance period outside of our institution.
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Potential carcinogenic effect of radiation from diagnostic imaging has been a topic of rising
interest, especially in children who are believed to be more at risk compared to adults. With
improved survival rates, many pediatric cancers patients are anticipated to have a longer life
expectancy allowing more time for secondary malignancies to develop. Although the
increase in second malignancy risk from radiation exposure from surveillance imaging scans
for individual patients may be slight in comparison to the risk from other sources such as
radiotherapy, even this slight risk should not be overlooked in consideration of the
questionable clinical benefit of these surveillance scans. Revision of current pediatric cancer
protocols to incorporate more judicious use of imaging surveillance is needed (5). As an
alternative to current surveillance protocols stipulating numerous CT scans over a several
year period, we believe that abdominal ultrasonography and chest radiographs are generally
sufficient to follow sites of abdominal or mediastinal tumor involvement. Routine CT or
FDG-PET/CT surveillance imaging of these children in the absence of symptoms or signs of
relapse would expose them to radiation without clear benefit and therefore we recommend
that surveillance imaging is not warranted in these patient. It will however be very important
to conduct multi-institutional studies involving larger patient cohorts to optimize the long-
term follow-up strategies for these patients.
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Patients Characteristics

TABLE 1

Diagnosis Ageinyrs | Sex | Timetorelapsein months | Total radiation (mSV)
Burkitt 6.00 M 0 99
Burkitt 9.00 M 0 12.8
Burkitt 9.00 M 0 49
Burkitt 10.50 M 2 75.7
Burkitt 12.00 M 0 51.2
Burkitt 3.00 M 0 20
Burkitt 10.00 M 0 248
Burkitt-like 4.50 M 0 132
Burkitt 12.50 M 0 90.6
Burkitt 9.50 M 0 25
Burkitt 3.50 M 0 14
Burkitt 6.00 M 0 40
Burkitt 6.00 M 0 20
Burkitt 7.00 F 0 81
Burkitt 7.00 M 0 54
Burkitt 8.50 M 0 0
Burkitt 14.00 M 0 123.4
Burkitt 3.50 M 0 40
Burkitt 5.50 M 0 48
Burkitt 5.00 M 0 48
Burkitt 11.50 F 0 49.7
Burkitt 8.50 M 0 16
Burkitt 6.00 M 0 64
Burkitt 13.50 M 0 32.8
Burkitt 5.00 M 0 24
Burkitt 5.00 M 0 13.6
Burkitt 8.00 M 0 12
Burkitt 16.00 M 0 111
Burkitt Leukemia | 15.50 M 0 92
Burkitt Leukemia | 17.00 M 0 184
DLBCL 18.00 M 4 40.6
DLBCL 11.50 M 0 33.3
DLBCL 5.00 M 0 24
DLBCL 4.00 F 0 0
DLBCL 15.00 F 0 276
DLBCL 14.00 M 47 104.5
DLBCL 7.50 F 0 44
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Diagnosis Ageinyrs | Sex | Timetorelapsein months | Total radiation (mSV)
DLBCL 16.00 M 0 459
DLBCL 11.00 M 0 16.4
DLBCL 11.00 F 0 535
DLBCL 11.00 F 0 59.8
DLBCL 3.50 M 0 25
DLBCL 13.50 M 0 10.6
DLBCL 9.00 M 0 452
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