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ABSTRACT

Introduction: The prospective TEDDI protocol investigates the feasibility of radiotherapy delivery in
deep inspiration breath-hold (DIBH) for pediatric patients. To secure optimal radiotherapy planning, a
diagnostic baseline FDG PET/CT in free breathing (FB) and DIBH was acquired. The anatomical changes
in the mediastinum and the effect on PET metrics between the two breathing conditions were
assessed for pediatric patients with mediastinal lymphoma.

Material and methods: Ten patients aged 5-17 were included and had a PET/CT in FB and DIBH.
Metabolic active lymphoma volumes were manually delineated with a visually based segmentation
method and the PET metrics were extracted. The anatomical lymphoma, lung and heart volumes were
delineated on CT.

Results: The lung volume increased while the heart was displaced caudally and separated from the
lymphoma in DIBH compared to FB. Both the anatomical and the metabolically active lymphoma vol-
umes appeared different regarding shape and configuration in the two breathing conditions. The
image quality of the DIBH PET was equal to the FB PET regarding interpretation and delineation of
lymphoma lesions. All PET metrics increased on the DIBH PET compared to the FB PET with the high-
est increase observed for the maximum standardized uptake value (33%, range 7-56%).

Conclusion: Diminished respiratory motion together with anatomical changes within the lymphoma
increased all PET metrics in DIBH compared to FB. The anatomical changes observed in DIBH com-
pared to FB are expected to reduce radiation doses to the heart and lungs in pediatric patients with
mediastinal lymphoma referred for radiotherapy delivery in DIBH and, thereby, reduce their risk of
late effects.

Trial registration: The Danish Ethical Committee (H-16035870, approved November 24™ 2016), the
Danish Data Protection Agency (2012-58-0004, approved 1 January 2017). Registered retrospectively at
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clinicaltrials.gov (NCT03315546, 20 October 2017).

Introduction

Hodgkin lymphoma (HL) is highly curable with combination
chemotherapy followed by consolidating radiotherapy [1-4].
However, long-term survivors experience treatment-induced
late effects [5-8] and optimizing treatment to reduce the risk
of late effects is of outmost importance. In the past, patients
with HL received standard extensive radiation fields [9].
Today irradiated patients receive personalized radiotherapy
that only encompasses the original lymphoma volume in
each individual patient, known as involved site (ISRT) or
involved node radiotherapy (INRT) [10]. Modern highly con-
formal radiotherapy delivers the prescribed radiation dose
almost exclusively to the contoured target volume and mini-
mizes the radiation doses to the normal tissues [10]. To fur-
ther reduce radiation doses to the critical organs, most
importantly the heart and lungs, radiotherapy in deep

inspiration breath-hold (DIBH) is standard in adult patients
with mediastinal HL [11,12].

Defining an accurate target volume for this highly con-
formal radiotherapy is challenging since significant changes
in the lymphoma volume, and possibly also in the patient
anatomy, may happen during the time from diagnosis to
radiotherapy planning (2-6 months). Consequently, high
quality imaging plays a pivotal role in modern radiotherapy
planning [13] and baseline prechemotherapy imaging should,
ideally, be acquired with the patient in the same position
using the same breathing condition as planned for later
radiotherapy enabling image fusion between the prechemo-
therapy scan and the postchemotherapy treatment planning
scan [10].

Lymphomas are highly 2-['®FIfluoro-2-deoxy-p-glucose
(FDG) avid and positron emission tomography with computer
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tomography (PET/CT) imaging with FDG as a radiotracer is
now recommended for optimal staging [14-16]. At our insti-
tution, a baseline PET/CT in DIBH is standard procedure in
adult patients with mediastinal HL, whereas image acquisi-
tion and radiotherapy delivery in DIBH for pediatric patients
has not been routinely used.

Respiratory motion is a source of error when standardized
uptake values (SUVs) are obtained from a combined FDG
PET/CT if the PET and the CT, used for attenuation correc-
tion, are obtained in different respiratory phases [17]. The
effects of respiratory motion on the PET metrics in lymph-
oma have not previously been analyzed.

In 2017, we initiated a combined feasibility study and the
first prospective clinical trial to introduce radiotherapy deliv-
ery in deep inspiration for pediatric patients — the TEDDI
protocol (NCT03315546) [18]. The protocol aims to investi-
gate the dosimetric benefit (a surrogate marker for the
potential clinical benefit) of radiotherapy delivery using DIBH
compared to free breathing (FB). In adult patient the reduced
radiation doses to the heart and lungs with radiotherapy in
DIBH are primarily due to the anatomical changes in DIBH,
i.e. an inflation of the lungs and a caudal and posterior dis-
placement of the heart [12,19]. However, for young children
the anatomical changes or the breathing patterns might be
less pronounced than for adults diminishing the dosimetric
advantage of DIBH for children.

Here, we describe the acquisition of a baseline PET/CT
performed in FB and DIBH during the same session for pedi-
atric patients with mediastinal lymphoma. Furthermore, we
assess the anatomical changes in the mediastinum and the
effect on PET metrics between the two breathing conditions.

Material and methods
Patients

Ten consecutive pediatric patients age 5-17 with a medias-
tinal lymphoma with a possible later need of consolidating
radiotherapy, were included. All patients were enrolled in the
TEDDI protocol (cf. Supplemental material for SPIRIT report-
ing guidelines for study protocols according to EQUATOR)
and, upon enrollment, the patients’ parents provided written,
informed consent.

Workflow

A whole-body diagnostic FDG PET/CT scan in FB together
with a mediastinal scan in DIBH was performed in a joint ses-
sion. First, the patients had a training session where their
ability to perform DIBH was assessed [20]. The DIBH was vol-
untary but monitored with the noninvasive optical Real-Time
Position Management (RPM) surface system (Varian Medical
Systems, Palo Alto, CA). Using an infrared camera, the RPM
system tracked the patients’ respiratory motion by an optical
marker placed on the patients’ sternum (a surrogate marker
for the position of the internal structures). To aid reproduci-
bility of the DIBH level during the image acquisition, the
patients received a visual feedback showing the level of

inspiration on a video screen. The DIBH level was set indi-
vidually ensuring a comfortable and reproducible level.

Prior to the FDG injection, the patients rested under a
warm blanket for 30 min to decrease brown fat activity and
thereby minimizing the risk of a false positive PET interpret-
ation. The injected activity was 3 MBqg/kg in patients
<15years and 4 MBqg/kg in older patients. After another
hour of resting, the patients were asked to empty their blad-
der before being positioned in the scanner (Siemens
Biograph 64 mCT with an axial field of view (FOV) of
216 mm; Siemens Healthineers, Erlangen, Germany). The
patients were immobilized on a flat chest-board device
(ConChest Aps, Gislev, Denmark) and scanned in the supine
position with arms raised above the head. Should the patient
later require consolidating radiotherapy, their planning CT
scan and radiotherapy delivery would be performed with the
patient in the same position.

Image acquisition

The whole-body diagnostic FB PET/CT was acquired first and
extended from the vertex to the middle of the thigh. The FB
CT was performed with intravenous contrast (Optiray 300 mg
iodine/ml, dosage 1.5ml/kg, maximum 75ml administered
immediately before the CT scan), supplemented with oral
contrast (loxitalamat 12.6mg iodine/ml, dosage 250ml
administered after the FDG injection) in patients suspected
of having infra-diaphragmatic disease. A contrast-enhanced
CT is mandatory to distinguish lymph nodes from blood ves-
sels when contouring for radiotherapy planning. The FB PET
scan was acquired in a total of 4-8 bed positions with an
acquisition time of three minutes per bed position.

The mediastinal DIBH PET/CT was performed immediately
after the FB PET/CT using the same FDG dose, and the RPM
surface system with the same DIBH level as during the train-
ing session. The DIBH CT was non-enhanced and acquired
over 15s. The DIBH PET was limited to one bed position
(21.5cm in the cranio-caudal direction). The field of view was
set manually, to encompass as much of the visual medias-
tinal tumor as possible. The DIBH PET scan was acquired
over six consecutive 20s DIBHs (total DIBH acquisition time
2min) and the information was post-processed and com-
bined by averaging the raw counts using an in-house soft-
ware. The individual DIBH scans were decay corrected to
match the first DIBH scan.

Both CT scans were acquired with CarekV (100-120 kVp)
and CareDose settings (226 quality reference mAs). All PET
images were attenuation corrected using the CT information
in the same breathing condition. The PET data were recon-
structed iteratively using 3D-OP with point spread function
including time-of-flight information (527 ps) using the vendor
supplied TrueX algorithm (Siemens Healthineers, Erlangen,
Germany). The settings were: 3 iterations, 21 subsets,
smoothed by a 2mm Gaussian filter, matrix size 400 x 400
voxels. The pixel size/slice thickness in the reconstructed PET
image was approximately 2 x 2 mm/2 mm.
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Lymphoma volumes

A cranial and caudal border were defined for lymphoma
delineation for the purpose of this study as the DIBH PET/CT
was confined to one bed position. The cranial border was
defined as the suprasternal notch just above the manubrium
of the sternum for both scans, and the caudal border for
both scans matched the length of the DIBH scan. Therefore,
only the lymphoma volume present on both the FB and the
DIBH scans were delineated. However, should a patient later
be referred to radiotherapy, all visible lymphoma at baseline
would be delineated and the limited DIBH scan would be
extended using the FB scan.

A nuclear medicine physician, with experience in DIBH
PET/CT for radiotherapy planning, delineated the FDG avid
lymphoma volume on both the FB PET and the DIBH PET.
This was designated the gross tumor volume PET (GTVpgy).
All delineation on PET images was completed on a Mirada
XD® workstation (version 3.6, Mirada Medical, Oxford, UK)
with standardized window level and display settings in side-
by-side collaboration with a specialist in radiology (the same
approach as used in clinical cases). The GTVpgr was manually
delineated using a visually based segmentation method
according to departmental guidelines. The SUV a5, SUVimeans
and SUV ..k together with the total metabolic tumor volume
(MTV), and total lesion glycolysis (TLG) were extracted auto-
matically based on the GTVper.

The FB and DIBH CT scans and the respective GTVper
delineations were imported into the Eclipse treatment plan-
ning system (version 13.7, Varian medical Systems, Palo Alto,
CA). The anatomical lymphoma volume (GTV) was delineated
on the CT scans in FB and DIBH and included both the
GTVper and the PET-negative parts of the lymphoma (cf.
Figure 1). To aid in contouring the GTV on the non-enhanced
DIBH CT the FB scan was rigidly co-registered with the DIBH
scan. Because of the anatomical changes, the lymphoma or
the large blood vessels were the focus of the fusion and not
bony landmarks. The GTV was delineated by the same radi-
ation oncologist and subsequently validated by an experi-
enced radiologist.

The total heart and lung volumes were not always
included on the DIBH scan. To quantify the anatomical
changes between FB and DIBH in the lungs, all visible lung
volume was delineated on both scans. This method could
underestimate the lung volume in DIBH in some cases and
therefore underestimate the increase in lung volume when
comparing the techniques (a conservative estimate for the
purpose of the present study). For the heart, the cranial bor-
der was delineated according to Feng et al. [21], and the
caudal border was delineated 1cm below the caudal border
of the lymphoma on both scans indicating the inferior bor-
der of the volume that would be irradiated in case the
patient had radiotherapy.

Statistics

The relative differences between PET metrics and anatomical
volumes in FB and DIBH were compared using the non-
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parametric Wilcoxon signed-rank test. A two-sided p-value
<.05 was considered statistically significant. Analyses were
performed in SPSS (version 24.0, IBM Corp., Armonk, NY).

Approvals and ethics

The TEDDI protocol was approved by the Danish Ethical
Committee (H-16035870) and the Danish Data Protection
Agency (2012-58-0004). The patients were exposed to an
extra ~5 mSv (corresponding to ~1.5 year of exposure to the
natural background irradiation) from the CT scan in DIBH.
The potential benefit from reduced radiation doses to the
heart and lungs with a later radiotherapy course was esti-
mated to outweigh the additional exposure from the
CT scan.

Results
Patients

The 10 patients were enrolled in the TEDDI protocol between
July 2017 and April 2019. Their median age was 14.5years
(range 11-16years). Nine patients were diagnosed with HL
and one patient with non-Hodgkin lymphoma. The patients
were equally divided into early and advanced stage (five clin-
ical stage [CS] Il, three CS lIl, two CS IV). Seven patients (of
the nine HL patients) had risk factors (according to the
EuroNet-PHL C2 trial [NCT02684708]), such as B-symptoms,
localized extranodal disease, bulky disease (>200ml), and/or
elevated erythrocyte sedimentation rate (>30 mm/h).

Anatomical changes

On the DIBH CT scan, the lung volume increased compared
to the FB CT, despite the total lung volume only being
included in one out of ten patients (the youngest age 11).
The relative difference was 47.2% (range 9.3-105%). Median
FB lung volume was 2.222cm? (range 1.317-4.045cm?>) ver-
sus a median DIBH lung volume of 3.290cm® (range
2.207-4.424 cm>). In DIBH, the heart was displaced caudally
and posteriorly, and the mediastinum was elongated and
narrower (cf. Figure 1). The heart was separated from the
lymphoma in DIBH, which in all patients resulted in a
decreased median of the volume of the heart delineation on
the DIBH CT (226 cm?, range 0-722 cm?®) compared to the FB
(292cm?, range 14-797cm?). The relative difference was
—18.1% (range —100 to (—0.9)%). The difference in the lung
volumes and the delineated heart volumes between the two
breathing conditions were significant (cf. Figure 2). The
lymphoma changed position and appeared anatomically
more homogeneous on the DIBH CT compared to the FB CT
(cf. Figures 1 and 3). In some cases, the lymphoma separated
from the chest wall, demonstrating that there was no direct
extension into the chest wall or sternum (which was sus-
pected on the FB scan) and involvement of the internal
mammary lymph nodes could be assessed (Figure 3). The
GTVpgr volume comprised 29% (range 2-71%) and 34%
(range 3-76%) of the GTV volume in FB and DIBH,
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Figure 1. lllustrates the lymphoma volumes on a baseline PET/CT scan in free breathing (FB) and deep-inspiration breath-hold (DIBH) in the axial and coronal
plane. The GTVpgr represents the FDG avid lymphoma volumes and the GTV represents the anatomical lymphoma volumes including both GTVpgr and the PET-
negative parts of the lymphoma. The fusion with the contrast-enhanced FB CT scan aids in the contouring of the GTV on the non-enhanced DIBH CT scan. In DIBH,
the heart and the large vessels used for the fusion are displaced caudally, hence, the lymph nodes in the left axilla are situated more cranially and not present on
the axial DIBH image. Notice, that the lung volume is larger, the heart is displaced caudally and separated from the lymphoma, and the mediastinum narrower on

the DIBH scan.

respectively. The volume of the GTV did not change on the
DIBH compared to the FB scans (357 cm?® [range 53.9-570]
versus 357 cm® [range 49.2-536]) despite an increased GTVper
volume and anatomical changes within the lymphoma (cf.
Figure 2 and Table 1).

PET metrics

The median time from FDG injection to FB PET acquisition
start was 66 min (range 54-88 min) and the median time
between the FB PET and the DIBH PET, measured from the

beginning of both scans, was 28 min (range 19-69 min). The
prolonged time of 69 min between the FB and the DIBH PET
in one session was caused by technical scanner problems.
The range without the one outlier was 19-30 min.

There was no discrepancy between the number of lymph-
oma lesions seen on both PET scans although the FDG
uptake appeared somewhat different with regard to shape
and configuration in the two breathing conditions (cf.
Figures 1 and 3). The image quality (visually assessed) of the
DIBH PET was found to be equal to the FB PET regarding
interpretation and delineation of lymphoma lesions.
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Figure 2. Boxplots of the lung volume, the delineated part of the heart volume, the FDG avid lymphoma volume (GTVpgy), and the anatomical lymphoma volume
(GTV) in free breathing (FB) and deep inspiration breath-hold (DIBH). The volume differences between the two breathing conditions were compared using the

Wilcoxon signed-rank test and, except for GTV, all differences were significant.

PET/CT

Oy -

Figure 3. Notice the anatomical changes in the lymphoma in deep inspiration breath-hold (DIBH) compared to free breathing (FB). The lymphoma separates from
the chest wall and extension into the chest wall or sternum and involvement of the internal mammary lymph nodes can be assessed in DIBH.

The DIBH PET was limited to one PET bed and due to limited
sensitivity at the edge of the axial FOV, an increase in noise
and a decrease in image quality was observed (cf. Figure 1,
coronal plane). The PET metrics were not affected since it
was outside of the predefined borders used for delineation.
Patient characteristics and the lymphoma characteristics
in FB and DIBH together with the relative differences are dis-
played in Table 1. All SUVs, the TLG, and the MTV were sig-
nificantly higher on the DIBH PET compared to FB. Figure 4
illustrates the difference in SUVmaw SUVmean, and SUVpeak
between the two breathing conditions. While all SUV values
were statistically different when comparing FB and DIBH,
SUVpeak had the smallest magnitude of difference when com-
pared to SUVax and SUVean. The patient with the 69 min

between the FB and the DIBH scan had the largest differen-
ces in SUVyax and SUVpeq of 55% and 11.5%, respectively.
Removing this patient (represented by a black dot in Figure
4) from the analyses did not change the overall outcome.

Discussion

To our knowledge, this is the first study to describe the ana-
tomical changes in the mediastinum and the effect on PET
metrics between the two breathing conditions in pediatric
patients with mediastinal lymphoma. The present study dem-
onstrates how a diagnostic baseline FDG PET/CT in FB and
DIBH can be acquired in a joint session with minimal incon-
venience and limited extra radiation exposure for pediatric
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Table 1. Patient and lymphoma characteristics in median and range.

Patient characteristics, N=10

Gender Male: 6; female: 4
Age (years) 14.5 (11-16)
Height (mm) 176 (152-185)
Weight (kg) 60 (36-78)
Atimerpg inj-Fascan (MiN) 66 (54-88)
Atimergscan-pistscan (MiN) 28 (19-69)°
Lymphoma characteristics FB DIBH Relative difference %° p Value®
SUVimax 16.5 (12.8-19.4) 20.8 (16.9-27.5) 333 (7.2-55.5) <.01
SUV mean 7.2 (6.2-8.6) 7.60 (6.40-8.90) 5.0 (3.2-11.3) <01
SUVpeak 12.2 (6.2-13.9) 12.4 (7.6-14.9) 42 ((—5.4) to 22.6) .03
TLG 779 (7.0-1,827) 886 (15.1-2,017) 19.6 (8.6-116) <.01
MTV (cm?) 109 (1.0-256) 117 (2.1-270) 13.9 (3.7-110) <.01
GTV (cm3) 357 (49.2-536) 357 (53.9-570) 04 ((—12.7) to 12.1) .70

2 Relative difference = (DIBH-FB)/FB x 100%.

b Atimeggscan-DiBHscan prolonged in one patient due to technical problems at the scanner.
*The difference between the two breathing conditions were compared using the Wilcoxon signed-rank test.

25
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Figure 4. Scatterplots of deep inspiration breath-hold (DIBH) versus free breathing (FB) in standardized uptake value (SUV) max, mean, and peak. The black dot
represents the patient with a prolonged time (69 min) between the FB and DIBH PET acquisition. The difference in SUVs between the two breathing conditions
were compared using the Wilcoxon signed-rank test and all differences were significant. A reference line (y=1* x+ 0) has been added.

patients with mediastinal lymphoma. This will provide opti-
mal conditions for radiotherapy planning and delivery in
DIBH with the INRT technique, which reduces the irradiated
volume to a minimum.

Dosimetric benefits from radiotherapy delivery in DIBH to
the lungs, heart, and cardiac substructures have been dem-
onstrated in adult patients with HL and breast cancer [11,
12, 22]. The TEDDI protocol will investigate if the same
applies to children. The present study shows that anatomical
changes in DIBH in children appear similar to those observed
in adults, although very young patients were not included.
The lung volume increased by nearly 50% on the DIBH CT
compared to the FB CT, even though the total lung volume
was rarely included on the limited DIBH scans. During radio-
therapy this may decrease the proportion of lung tissue
being irradiated, depending on the applied radiotherapy
technique. The heart was displaced caudally and separated
from the lymphoma in all 10 patients and in some patients
the median volume included in the heart delineation on the
DIBH CT was zero. Hence, INRT in DIBH is expected to reduce
the heart volume receiving radiation.

Respiratory motion uncertainties warrant attention when
measuring PET  metrics in  mediastinal lymphomas.

Respiratory motion becomes a source of error when SUVs
are obtained from a combined PET/CT, if the PET and the CT
used for attenuation correction are obtained in different
respiratory phases [17]. Without the use of respiratory
motion management this is often the case since PET emis-
sion acquisition is required in minutes and a CT scan in sec-
onds [17]. In the present study, the DIBH PET and CT scans
were obtained at the same respiratory level, hence, the
respiratory motion artifacts were diminished. This contrib-
uted to increased values of all PET metrics in DIBH compared
to FB. SUV,,.x Wwas the most sensitive to respiratory motion
and increased by a median of 33% (range 7-56%). A vari-
ation in SUV., of 30% caused by attenuation correction to
CT data acquired in different respiratory phases has also
been reported in lung cancer patients [23].

The total tumor burden is a well know prognostic factor
in HL [24]. The MTV and TLG represent quantitative measure-
ments correlated with the individual total disease burden.
Hence, the MTV and TLG have been investigated as prognos-
tic factors and found to be associated with progression-free
survival [25-28]. However, the referenced studies did not use
the same SUV threshold for delineating MTV (SUV > 2.5 or
41% of SUVay). The optimal method for MTV segmentation



is debated and, therefore, the use of the metabolic volume
for risk stratification in clinical trials has not yet been imple-
mented [29]. Importantly, the MTV (delineated visually) and
the TLG increased significantly in mediastinal lymphoma
lesions when measured in DIBH compared to FB in our small
study. This should be considered when MTV and TLG are
investigated as prognostic factors. An association between
advanced PET radiomics and refractory disease status in
early-stage adult HL patients has also been demonstrated
[30]. However, this study was not performed in DIBH, and it
is therefore uncertain how much of the variation in radiomics
may be attributed to motion artifacts.

In the present study, PET/CT images were interpreted on
workstations dedicated for this purpose in side-by-side col-
laboration with a specialist in radiology. The GTVpgr was then
delineated using a visually based segmentation method in
accordance with departmental guidelines adopted in the
clinical setting. Although basic, this intuitive approach is not
necessarily suboptimal compared to a fixed threshold seg-
mentation approach [31]. In patients with lung cancer, it has
been demonstrated that an automatic tumor segmentation
defined by 40% of the SUV,.., leads to visually inadequate
coverage of the tumor volume defined on CT [32]. This was
especially found in lung tumors with markedly heteroge-
neous FDG uptake [32] as is often the case with large medi-
astinal lymphomas. Malignant lymphomas, unlike lung
tumors, occur as numerous individual or confluent tumors
with a wide range of volumes (generally larger) and uptakes
with heterogeneous tumor/background ratios [33]. Also, large
tumors are often seen with necrotic regions. The FDG avid
lymphoma volumes often comprise a minor part of the ana-
tomical lymphoma volumes. In the present study, the GTVper
comprised approximately one-third of the GTV, which has
also been reported in another lymphoma study [34]. The
improved conditions in PET DIBH led to larger areas within
the tumor to be included in the DIBH GTVpgr that were not
included in the FB GTVpgr. For radiotherapy, precise delinea-
tion of the lymphoma is of outmost importance and an
absolute threshold or percentage threshold excluding visible
lymphoma or including normal tissue is therefore not opti-
mal. However, the visually based GTVpgr delineation is a limi-
tation to the present study, since the method is prone to
intra-and interobserver variability making the PET metrics
harder to reproduce. But using contouring tools (and not
manually contouring) to delineate only the metabolic active
components of the tumor aids to lessen variability.

Several patient-related and technical factors affect the
SUVs measured [35]. For the present study, especially the
longer time period from FDG injection until the DIBH PET
scan influences the DIBH SUVs. The median time difference
between the FB and the DIBH PET was 28 min, however, in
one patient it was 69 min and the highest difference in SUVs
between the two breathing conditions were seen in just that
patient. Conversely, the post-process with combining the six
DIBH images could decrease the SUVs on the DIBH PET. The
SUVs on the FB PET scan could be increased (by ~3-5% for
SUVihax) compared to the DIBH PET scan since the CT scan
used for attenuation correction was contrast-enhanced in FB
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and non-enhanced in DIBH [36]. To investigate how those
factors may affect the PET metrics, we would have to scan
the patients again, this time acquiring the DIBH PET first
with a contrast-enhanced CT and the FB PET afterwards with
a non-enhanced CT. This would, however, subject the
patients to unnecessary radiation dose and would be uneth-
ical in children. Other limitations are the small number of
patients and the single institution set-up, and our results
should be validated in a larger data set. Nonetheless, the
present study is the first to quantify the effect on PET met-
rics between FB and DIBH in patients with mediastinal
lymphoma demonstrating that the PET metrics were consist-
ently increased on the DIBH PET/CT for all patients.

In conclusion, diagnostic baseline PET/CT can be acquired
in both FB and DIBH for pediatric patients with mediastinal
lymphoma. The image quality of the DIBH PET was equal to
the FB PET regarding interpretation and delineation of lymph-
oma lesions. Diminished respiratory motion as well as the ana-
tomical changes within the lymphoma increased all PET
metrics in DIBH compared to FB. The anatomical changes
observed in DIBH compared to FB are expected to reduce the
irradiation of the heart and lungs in pediatric patients with
mediastinal lymphoma referred for radiotherapy delivery in
DIBH and, thereby, reduce their risk of late effects.
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