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Increased Metabolic Activity in the Thymus
Gland Studied withH®F-FDG PET: Age
Dependency and Frequency After Chemotherapy
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This study was designed to evaluate the age dependency of
18F-FDG uptake in the thymus and the frequency of PET con-
firmation of thymus hyperplasia after chemotherapy in cancer
patients. Methods: Whole-body FDG PET recordings of 168
patients were retrospectively examined for a retrosternal lesion
in the anterior mediastinum that was attributable to the thymus.
The patients were assigned to the following four groups: chil-
dren with malignant lesions before the first therapy (group la;
n = 15; mean age = SD, 11.9 = 3.7 y), children with malignant
disease after chemotherapy (group Ib; n = 12; mean age,
10.3 = 5.0 y), adults with histologically confirmed malignant
lymphoma before the first therapy (group lla; n = 37; mean age,
43.9 + 16.7 y), and adult lymphoma patients 3 wk to 4 mo after
chemotherapy (group Ilb; n = 104; mean age, 40.9 = 14.6 y).
Results: Increased FDG accumulation in the thymus was seen
in 11 patients (73%) of group la and 9 patients (75%) of group
Ib. Thymus hyperplasia was found in 5 patients (5%) of group
IIb. The eldest of these 5 patients was 25 y old. No increased
FDG accumulation in the thymus was observed in any of the
group lla patients. In cases of visible FDG uptake in the thymus,
standardized uptake values did not exceed 4. Conclusion: FDG
accumulation in the thymus is a common finding in children and
can occasionally be observed in young adults after chemother-
apy. Knowledge of the characteristics of a typical retrosternal
lesion in conjunction with the clinical history allows avoidance of
diagnostic uncertainty and unnecessary procedures.
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In recent years'®F-FDG PET has grown in importance in
the primary diagnosis and course control of malignancies,
especially malignant lymphomas. A preliminary report shows
visually discernible FDG accumulation in two cases of thymus
hyperplasia in adults (15). Usually, physiologic FDG uptake in
the thymus disappears in adolescence in accordance with the
involution of the thymus (16). This article examines the fre-
quency of PET confirmation of thymus hyperplasia after che-
motherapy in cancer patients and the age dependency of thy-
mic FDG uptake.

MATERIALS AND METHODS

Preparation of Patients

All PET scans were routinely obtained for oncologic reasons.
Whole-body FDG PET recordings of 168 patients were retrospec-
tively examined for a triangular retrosternal accumulation of mod-
erate intensity in the anterior mediastinum that was attributable to
the thymus. The patients were assigned to the following four
groups: children with malignant lesions before the first therapy
(group la;n = 15; mean aget SD, 11.9* 3.7 y) (Table 1),
children with malignant disease after chemotherapy (group #b;
12; mean age, 10.3 5.0 y) (Table 2), adults with histologically
confirmed malignant Hodgkin’s disease or non-Hodgkin's lym-
phoma before the first therapy (group lla;= 37; mean age,
43.9+ 16.7 y), and adult patients with malignant lymphoma 3 wk
to 4 mo after chemotherapy (group lib= 104; mean age, 409
14.6 y). In addition, one 63-y-old man with known thymus carci-
noma was examined under the same PET protocol. For all patients,
the diagnoses were confirmed histopathologically.

Radiopharmaceutical

he occurrence of thymus hyperplasia after successfulthe isotope and the radiopharmaceutical were produced and
chemotherapy of malignant diseases is a known phenorggnthesized as previously reported (17). After the patients had
non that is observed particularly among younger patierfested for 12 h, 5 MBq FDG per kilogram of body weight were
with testicular carcinomal&4) or malignant lymphoma injected into a peripheral vein. The administered radioactive dose
(5-11). With expanding use of C2,6—-8,12) and scintig- Was calculated for the chilplren according to th.e.recomme.ndations
raphy with®’Ga (13,14), more of these cases of posttheraf— the European Association of Nuclear Mediciri8). Patients

peutic thymus hyperplasia are being detected.
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rested during the 90-min uptake period. All patients presented with
normal blood sugar values at the time of FDG application. No
patient had known diabetes mellitus.

PET Protocol
Static whole-body PET was performed with an ECAT EXACT
921/31 tomograph (Siemens Medical Systems, Hoffman Estates,
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TABLE 1

Thymic FDG Uptake in Children with Malignant Lesions
Before First Therapy (Group la)

Patient Maximum SUV

no. Diagnosis Age (y) in thymus

1 PNET 5 1.05

2 PNET 8 0.98

3 Ewing’s sarcoma 8 2.84

4 Ewing’s sarcoma 8 2.41

5 Ewing’s sarcoma 9 2.40

6 Ewing’s sarcoma 10 1.76

7 Non-Hodgkin’s lymphoma 12 NVU

8 Hodgkin’s disease 12 2.74

9 Osteosarcoma 13 1.80
10 Neurofibrosarcoma 15 1.50
11 Non-Hodgkin’s lymphoma 15 NVU
12 PNET 15 1.73
13 Ewing’s sarcoma 16 1.03
14 Neurofibrosarcoma 16 NVU
15 Teratocarcinoma 17 NVU

SUV = standard uptake value; PNET = peripheral neuroectoder-

mal tumor; NVU = no visible uptake of FDG.

TABLE 2

Thymic FDG Uptake in Children with Malignant Disease
After Chemotherapy (Group Ib)

Patient Maximum SUV
no. Diagnosis Age (y) in thymus
16 Hepatoblastoma 2 1.38
17 Adrenal cortex carcinoma 5 1.95
18 PNET 6 1.21
19 Ewing’s sarcoma 7 2.41
20 Non-Hodgkin’s lymphoma 8 2.57
21 PNET 9 1.12
22 Ewing’s sarcoma 9 3.32
23 Synovial sarcoma 16 217
24 Osteosarcoma 15 3.83
25 Hodgkin’s disease 15 NVU
26 Non-Hodgkin’s lymphoma 15 NVU
27 Hodgkin’s disease 17 NVU

SUV = standard uptake value; PNET = peripheral neuroectoder-

mal tumor; NVU = no visible uptake of FDG.

IL/CTI, Knoxville, TN). This device simultaneously records 31
planes, which encompass a 10.6-cm field of view. The spatial
resolution is 6.0 mm full width at half maximum. The scanner is
calibrated for activity concentration (kBg/mL). Patients were po-
sitioned with the aid of a laser beam and a vacuum support
mattress. Beginning 90 min after tracer injection, an emission
image and a transmission image (for subsequent photon attenua-
tion correction using an external germanium source) were recorded
at each bed position for 9 and 3 min, respectively. Data were
corrected for the dead time of the scanner, decay, and photon
attenuation. Coronal, sagittal, and transaxial images were produced
on the basis of an iterative reconstruction algorithm using ordered-
subset expectation maximization and segmented attenuation cor-
rection after injection (19,20).

Image Analysis

The images were reviewed on hard copy and on a computer
workstation (SUunSPARC 20; SUN Microsystems, Palo Alto, CA)
linked to the data archiving and processing system commercially
supplied by Siemens Medical Systems. The latter enabled the use
of multiple operator-defined planes. The PET images were inter-
preted blindly and independently by two experienced investigators.
They did not disagree about the nature of any FDG accumulation
in the thymus. For semiquantitative evaluation of thymic FDG
uptake, observer-defined regions of interest were outlined around
the entire area of suggestive thymic FDG accumulations in trans-
axial slices. The maximum activity in a selected region of interest
was chosen for calculation of standardized uptake value (SUV)
(22).

A retrosternal soft-tissue lesion was classified as potentially
benign thymic FDG accumulation if there was focally increased
radiotracer uptake in a typical triangular shape and if there was an
SUV < 4. This cutoff criterion was based on the 90-min uptake
period of the radiopharmaceutic&2). Malignancy was suspected
if there was focally increased radiotracer uptake retrosternal in any
shape except triangular, if there was an SUBV4, or if both
findings were present. The PET findings were compared with the
sum of findings of the other staging procedures. CT and MRI were
performed according to standard protocols (23). If required, thin-
section techniques were applied.

RESULTS

The frequency of a visually discernible FDG accumula-
tion in the thymus has been summarized for the individual
patient groups in Table 3. Increased FDG accumulation in
the thymus was seen in 11 patients (73%) of group la and 9
patients (75%) of group Ib.

No increased FDG accumulation was observed in the
thymus of any group lla patient. By contrast, the typical

TABLE 3
Thymic FDG Uptake in Patient Groups
Patients Visual FDG uptake Mean SUV in
Group (n) Chemotherapy Age (y) in thymus positive cases
la 15 No 11.9 £ 3.7 11/15 (73%) 1.84 = 0.68
Ib 12 Yes 10.3 £5.0 9/12 (75%) 2.22 = 0.93
lla 37 No 439 = 16.7 0/37 (0%)
Ib 104 Yes 409 = 14.6 5/104 (5%) 2.74 = 0.66
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FIGURE 1. Thymus hyperplasia images
with FDG PET (A) and MRI (B) from 22-y-
old woman with Hodgkin’s disease 3 mo
after chemotherapy.

triangular FDG accumulation was observed in the thymus of
5 group Ilb patients (5%). Figure 1 shows the PET recording
of 1 of these 5 patients, of whom the eldest was 25y old. A
5 patients had been treated under various chemother:
protocols. The SUV of the visually discernible thymu
accumulations was between 0.98 and 3.83 in all grou
(Tables 1 and 2). A mean SUV of 1.840.68 (n= 11) was

calculated for the FDG-positive cases in group la, 2:22 |
0.93 for group Ib (n= 9), and 2.74* 0.66 for group IlIb
(n = 5). No semiquantitative analysis was performed fc
any patientin group lla, because FDG accumulation was
evident in the thymus. At the time of PET, additional CT o
MRI scans were obtained for 7 of the 21 patients wit

IIb). Thymus hyperplasia was confirmed in the 3 adu B
patients of group lla, whereas the thymus gland was mc
phologically normal in all examined children. Clinical fol-
low-up during at least 6 mo did not show any thymit
malignancy in the 21 FDG-positive cases.

Figure 2 shows the FDG PET image of the 63-y-old me
with thymus carcinoma. The extended mediastinal lesic
shows a high FDG uptake (SUV, 9.6). The normal shape
the thymus gland has vanished. In addition, a supraclav
ular lymph node metastasis on the left side was detecte!

DISCUSSION

The thymus accumulations examined in this retrospecti
study were entirely accidental findings. Considering the ay
of the patients, the case histories, and the typical triangu
shape of the retrosternal accumulation, which correspor
to the anatomic bilobed figure of the thymus, the findin =
could easily be interpreted without further clarification aEIGURE 2. A 63-y-old man with thymus carcinoma. (A) FDG

physiologic accumulation in childhood or as reactive thy=ET scan shows mediastinal tumor and supraclavicular lymph
node metastasis on left side (physiologic FDG uptake is also

mus hyperplas_la m_quItS after Chem_Otherapy' Both tggen in urinary bladder). (B) Representative axial CT scan shows
higher metabolic activity of the thymus in the first years ohat this large retrosternal mass (arrows) surrounds supra-aortic
life to puberty and the known phenomenon of the occubranches.
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rence of thymus hyperplasia after chemotherapy were cdmod until the onset of puberty; this finding would correlate
sidered. with the known immunologic activity of the thymus gland.
Information on the frequency of thymus hyperplasia iafter chemotherapy, this FDG accumulation cannot be dif-
usually obtained from analysis of small patient groups witferentiated in childhood from thymus hyperplasia. How-
varying mean ages using morphologically based radiologiger, in view of the small number of pediatric cases and the
procedures such as CT or MRI. Some individual case rgide variety of malignant tumors, the influence of tumor-
ports on malignant lymphoma have been published, but Bpecific factors cannot be distinguished from that of age-
systematic study on its prevalence. Only Peylan-Ramu et aésociated factors.
(13) have reported on an increasé@a uptake after che  FDG accumulation in the thymus is suggestive of malig-
motherapy in 10 of 62 patients (16.1%) with malignaniancy if the activity reaches the concentration in the bladder
non-Hodgkin's lymphoma. A study by Kissin et a4) or cerebellum or if the typical triangular shape of the thy-
showed thymus hyperplasia in 14 of 120 patients (11.7%jys is abolished. Liu et al. (15) were able to differentiate
after chemot_herapy of malignant testic_ular_ teratomas. T'B%Meen thymus carcinoma and hyperplasia using semi-
study found increased FDG accumulation in the thymus @) aniitative analysis. However, the number of patients in
only 5% of the lymphoma patients who had received chgsa; study (n= 12) was low, so that additional studies must
motherapy. be performed for a final evaluation of FDG PET in differ-

AIthc_)ugh islands (_)f fl_Jnction_aI resi_dual tissge can DEpiiation of thymus tumors. In addition to biopsy, scintig-
found in the thymus in histologic studies of patients up '

60 v old (25 ive th h lasia h [fhy with somatostatin analogs may be helpful for further
y old (25), rgactl_vet ymus nyperpiasia IS a phenomeng rification, because they have been shown to accumulate
that occurs primarily among younger patients and app

3 many thymus carcinomas but not in thymus hyperplasias
ently is independent of tumor entities and chemotherap ythy y yperp

tics (7,8,13). The five FDG-positive cases in this stud i)h mus carcinomas are only one tvoe of thvmus malia-
occurred in patients treated according to various therapeutic y y yp y 9

regimens. The only report of increased FDG accumulati nancy. Corresponding to the embryonic development of the

in the thymus of an older person was by Alibazoglu et ;Hymus, in which it is formed from an epithelial structure

(26), who observed elevated metabolic activity of the th nto which lymphocytic cells migrate at the end of the

mus in a 54-y-old woman after ablativié!i therapy of second fetal month, the thymus tumors that occur are pri-

follicular thyroid carcinoma. Of interest is that only normal arl|lly epithelial, Iymphocyﬂc, and mixed-cell tumors, in
thymus tissue, with no signs of hyperplasia, was found &gldition to very rare lipomas and sarcomas. Pure lympho-
histologic examination. The pathophysiology of reactiveYtic thymus tumors are classified as primary or secondary
thymus hyperplasia has not yet been completely elucidatdgnPhomas. Interestingly, Keller and Castlema®)( re-
By unanimous agreement, aplasia of the thymus is the initRff"t€d that thymus involvement can be histologically shown
step, elicited by a steroid-related apoptosis and inhibition §f 48% of mediastinal lymphoma invasion. Because in-
lymphocyte proliferation, such as may be observed not orffe@sed FDG accumulation in the thymus could not be
after chemotherapy but also, for example, after acute infed1own in any of the 14 untreated lymphoma patients with
tion, stress, intoxication, cortisone, or radiation. In the sen§Bown mediastinal involvement, the method appears unsuit-
of an immunologic rebound phenomenon, lymph folliclegble for proving the presence of lymphoma. However, this
with large nuclear centers and infiltration with plasma celf§iesis requires further clarification because of the lack of
subsequently develop. In light of the improved immundistologic data. Approximately 30%-40% of benign and
logic parameters, thymus hyperplasia is generally consianralignant thymomas are associated with autoimmune dis-
ered a prognostically favorable phenomen2a,27). eases, especially with myasthenia gravis. Increased homo-
No significant differences were seen in FDG accumulgeneous uptake of FDG in myasthenia gravis—related thy-
tion in the thymus of children in the groups before or aftenomas has been describetb). Therefore, patients with
chemotherapy. The mentioned decrease in FDG accumulayasthenia gravis and thymic FDG accumulation require
tion on reaching puberty agrees in both groups. Interespecial attention.
ingly, the thymus cannot be visualized in PET recordings in
all children younger than 10 y old. The cause of thi
variability in pediatric thymal FDG accumulation, whichéor\lc"USIo'\l
was also observed by Patel et dl6}, is unclear. However, FDG accumulation in the thymus is a common finding in
both in this study and in the study by Patel et al., childre¢hildren and can occasionally be observed in young adults
with known malignant disease were examined, not healtifter chemotherapy. Knowledge of the characteristics of a
children. The physical and emotional stress attendant on tgical retrosternal lesion in conjunction with the clinical
disease can lead to corticoid release in the adrenal cortégtory makes possible the avoidance of diagnostic uncer-
through the mechanisms described above and influertegty and unnecessary procedures. FDG PET does not
thymus metabolism. The available data indicate that met@ppear to be suitable for proving that the thymus has been
bolic activity as FDG accumulation can be shown in childnvaded by lymphoma.
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