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Abstract. The management of 38 consecutive patientsisk of second malignancies [1, 2], especially where the
with differentiated thyroid carcinoma in the period cumulative dose has exceeded 1 Ci (37000 MBq) [3].
1991-1996, who each received at least one therapy do3eeatment is usually well tolerated but can be associated
of iodine-131, was reviewed, looking in particular atwith nausea or vomiting, radiation thyroiditis or sialad-
those in whom anterior mediastinal uptake was demorenitis [4, 5]. Admission to hospital and isolation for a
strated on scans taken 3 and 7 days post-therapy. Suphriod of time for radiation protection purposes is often
activity was noted in ten patients. On the basis of clinicatequired. With this background it is clear that the indica-
follow-up, thyroglobulin measurement and radiologicaltions for radioiodine therapy should be clearly defined
and other scintigraphic imaging, in nine of the ten paand clinically justifiable.
tients the anterior mediastinal activity was attributed to A controversy in the management of patients with
physiological thymic uptake. Of those nine, all were un-thyroid cancer relates to the optimum protocol for moni-
der 50 years of age; seven were considered disease fréaring patients to identify recurrent disease. Thyroglobu-
one had residual disease in the neck and one had distdim measurements are highly sensitive but are subject to
metastases. Physiological uptake by the thymus wasdividual assay variation, and some differentiated tu-
more prominent on the 7-day scans and in patients witmours which concentrate iodine do not secrete thyro-
low tumour volumes. For appropriate patient manageglobulin [6]. Differences exist between thalliug®1l),
ment it is essential to recognise that physiological uptak&Tc-sestamibi,8F-fluorodeoxyglucose (FDG) and io-
of 131 by the thymus in patients under 50 years of age igline tracer scans [7, 8] in the detection of disease. It is
a potential cause of false-positive therapy scans. accepted that low dose iodine tracer scans can be nega-
tive when therapy scans are positive [9]. Further concern
Key words:Anterior mediastinum — Thymus — Radioio- arises as to whether tracer scans may result in stunning of

dine — Therapy scans malignant disease, with resultant reduced uptake of ra-
dioiodine used in therapy [10]. Perhaps, therefore, the
Eur J Nucl Med (1998) 25:622—-628 only true assessment of the ability of a tumour to take up

radioiodine is whether the post-therapy scan is positive.
If post-therapy scans are considered to be the investiga-
tion of choice to determine further treatment, it is likely
Introduction that some patients will receive radioiodine who no longer
have tumour present. This likelihood may be further in-
Differentiated thyroid cancer is an uncommon tumourcreased in patients who have false-positive iodine scans.
but has a good prognosis when treated adequately. The False-positive uptake has been found in a number of
mainstay of treatment is surgical removal of the primarysituations following radioiodine administration [4].
malignancy and debulking of large accessible secondaAmongst the causes of false-positive uptake there have
ies. Radioiodine treatment is often used as an adjunct teeen several case reports of mediastinal activity follow-
surgery since this has been associated with increaséug therapy doses of radioiodine in young people, which
survival. There remains debate, however, over the seleon biopsy turned out to be uptake in normal thymus
tion of patients for radioiodine therapy. Although thera-[11-15]. Where uptake of radioiodine occurs in the thy-
py is safe, there have been reports that there is a smatius, misinterpretation could lead to inappropriate thera-
EE— py, the incidence of which might be reduced if patterns of
"Present addresDepartment of Nuclear Medicine, Southampton physiological uptake in the thymus can be characterised.
General Hospital, Southampton SO16 6YD, UK We have reviewed patients treated with radioiodine
Correspondence td:.M. Wilson with post-therapy scans to assess the frequency and na-
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ture of thymic uptake, with specific reference to the tim-en, the first being anterior and posterior whole-body views with

ing of post-therapy scans and the pattern of mediastinalcquisition times of 10-15 min per metre, the second, a single an-
uptake seen. terior view of the neck and thorax (acquisition time of 5-10 min).

Seven days post therapy, further anterior and posterior views of
the head and neck were taken with other views when clinically in-
dicated.
Materials and methods During the in-patient stay, all patients were reviewed daily and
when they attended for the day 7 scan. Further clinical review was
A retrospective analysis of patients treated with radioiodine forundertaken 8-12 weeks post therapy, at which time TSH and thy-
thyroid cancer between 1991 and 1996 was performed. All paroglobulin (Tg) were measured. Regular clinical follow-up ranged
tients had undergone surgical removal of the tumour which wa$rom 2- to 6-month intervals and the Tg and TSH levels were re-
carried out at several referral centres with the surgical resectionhecked. Where there was concern of disease progression, addi-
varying from partial to total thyroidectomy. tional imaging such as CP1TI, MRI or FDG PET imaging (or, if
After surgical resection patients had a thallium scan and thyroappropiate, surgical re-exploration) was carried out and the re-
globulin measurement prior to treatment with an ablative activityquirement for further therapy reassessed. When CT was per-
of radioiodine in the range 2220-2775 MBq. Patients were reformed this was usually done without contrast and with 10-mm
treated until all thyroid tissue was ablated or the uptake on therapslices. In some cases where CT was performed immediately after
scans was so low that further therapy was considered unjustifiedadioiodine therapy, contrast was given, but further radioiodine
All patients were monitored with regular thyroglobulin measure-therapy was never administered until at least 3 months after con-
ments taken whilst on thyroid hormone replacement and with suptrast in these cases.
pressed thyroid-stimulating hormone (TSH) levels. Other imaging The scintigraphic images obtained were reviewed retrospec-
tests were performed to exclude residual disease and includedely by two nuclear medicine physicians looking initially for
scanning with?9ITl, magnetic resonance imaging (MRI), comput- mediastinal uptake on either the day 3 or day 7 scans and then for
ed tomography (CT) or FDG positron emission tomographyany differences in appearance between this pair of scans. The
(PET). management of those patients in whom mediastinal activity was
All patients scheduled to receive radioiodine had thyroid hor-present was then reviewed in detail.
mone replacement stopped prior to therapy. Patients taking thy- The clinical findings, biochemistry and additional nuclear and
roxine were converted to tri-iodothyronine for 6 weeks, whichradiographic imaging were reviewed by a nuclear medicine physi-
was then stopped 10 days prior to radioiodine therapy and restartian and radiologist not directly responsible for the patient’s care.
ed after the last post-therapy scan. lodine-131 with activities inAll CT scans were reviewed without knowledge of the patient’s
the range 2220-7400 MBq was administered under in-patient sudentity or clinical details. The likelihood of residual or recurrent
pervision and scintigraphic images obtained 3 and 7 days postisease being present was assessed at the time of review and the
therapy. lodine images were acquired using a Starport (IGE Mediprobable nature of the mediastinal activity commented upon. The
cal Systems) single-headed gamma camera with a high-energgnpact of mediastinal uptake on management was also consid-
collimator. Three days post therapy, two sets of images were talered.

Table 1. Clinical characteristics, post-therapy scan findings and follow-up data of study patients with mediastin -1 uptake

Pt. Age Sex  Tumour  CT appearance Persistent Mediastinal ~ Thyroglobulin T F/up Disease
no. (yrs) type of thymus uptake outside uptake pa/l) (mo) status
the mediastinum  pattern
1 20 F Mixed N No Diffuse <1 2 6 DF
2 29 M Papillary N No Diffuse Raised initially 7 75 DF

<1 after therapy

3 32 F Mixed Ns No Diffuse 28 prior to surgery, 2 19 ?DF
10 after resection
of normal thyroid

4 33 F Hurthle Ns No Diffuse <1 1 7 DF
5 36 F Mixed N No Diffuse Raised initially 3 31 DF
<1 after therapy
6 42 M Hurthle N No Dumbbell <1 2 12 DF
7 45 M Mixed N No Dumbbell <1 3 27 DF
8 26 F Mixed N Neck Diffuse <1 3 18 LD
9 27 F Papillary  Abnormal initially,  Lung Diffuse Raised 13 69 MD
N with therapy
10 85 F Papillary  Abnormal Lung Focal Raised 10 75 MD

N, Normal; Ns, no scarkT, number of treatments given; F/up, follow up; DF, disease free; LD, local disease; MD, metastati: disease
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Results

Thirty-eight consecutive adult patients (13 male, 25 fe:
male) were reviewed, of whom ten (the study group
were found to have radioiodine uptake within the medi-
astinum, following a therapeutic dose of31
(2220-7400 MBq). Among these ten, the number ol
therapy doses individual patients had received range
from 1 to 13 (mean 5), with nine of the study group hav-
ing received more than one ablative dose of radioiodine.

The study group comprised three males and seven ft
males with an age range of 20-85 years (mean 37.5; m
dian 32.5); nine of these patients were under the age (R
45 years. They were followed-up for a mean period of
34 months (range 6—75, median 23). At the time the re
view was undertaken, seven were considered to be di
ease free, one had residual disease in the neck and t
had metastatic disease (Table 1).

The remaining 28 patients (10 males and 18 females
were aged 22—-86 years (mean 59; median 62) with seve ANT NECK
under the age of 45 years. They were followed-up for

. . - ig. 2. Patient 7. Striking uptake of radioiodine is seen in the ante-
mean period of 38 months (range 1-71, median 33). rf r mediastinum on the 7-day post-therapy scan in this 45-year-

this group, 16 were considered to be disease free, Six Nagy nan which appears “dumbbell” shaped. The patient was given
local disease and six had metastatic disease. The NUMRRE apy after this scan was performed, probably unnecessarily as

of therapies given to individual patients in this grouptnis appearance was later deemed to represent physiological up-
ranged from 1 to 8 (mean 3). take in normal thymu:s

Scan findings in the ten patients with mediastinal uptakepost-therapy scans, subsequently mediastinal activity
was seen only on late scanning. Patient 10 showed no
Three-day (early) and 7-day (late) post-therapy scanmediastinal activity on the final two post-therapy scans
were reviewed for each patient to assess mediastinal a¢Fable 1).
tivity. Patient 1 had uptake on both early and late scans. The activity was characterised as focal in one case
Patients 2—8 demonstrated persistent mediastinal activit§Fig. 1A, patient 10), as “dumbbell” shaped in two cases
only on the late scans; patient 9 showed mediastinal a¢Fig. 2, patients 6 and 7) and as diffuse in the remaining
tivity on both the early and late scans in the first nineseven cases (Fig. 3). The uptake in the mediastinum ap-

Fig. 1A, B. Patient 10. Focal increased uptake of radioiodine is seen on the 7-day post-therapy scan acquired of the anterior neck an
chest in this 85-year-old patier&). No accumulation of iodine is seen within the multiple pulmonary metastases visible on the CT scan

(B)
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Fig. 3. Patient 2. Diffuse uptake of radioiodine in the anterior me-
diastinum was the most commonly observed pattern of physiolog-
ical thymic uptak »

peared to increase with repeated therapy as the amou
of thyroid tissue or tumour concentrating radioiodine di-
minished (Fig. 4, patients 1-3 and 5-9).

Radioiodine uptake in the rest of the body was alsd
recorded. In patient 1, a thyroid remnant was identified
in the initial scan. In patient 3 uptake in the neck wag
seen which was subsequently resected and proved to i~
normal thyroid tissue. In patient 8, there was persisten
abnormal accumulation indicative of residual tumour in
the neck. Patients 9 and 10 had pulmonary metastass
with poor radioiodine accumulation.

Of the nine patients who received more than one
dose, five (patients 2, 3, 5, 9, 10) were retreated becaus
of abnormal Tg and increased uptake on the post-therap¥
radioiodine scans. Three patients were retreated on theg. 4A-E. Patient 1. Low-grade uptake of iodine is seen after the
basis of aggressive histology and persistent thyroid befifst radioiodine treatment in the thymus gland of the youngest pa-
activity (1, 6, 8) but had normal Tg levels. Patient 7 wadient in the study group. Uptake is also seen in the thyroid rem-

retreated because of unexpected mediastinal accumul3@"t: &) Thymic uptake intensifies at 7 days compared with the
tion of radioiodine on the late images, deemed by the ree:arller scanB). On the second therapy, where there is less thyroid

. | thymi take. A Iremnant to concentrate radioiodine, the uptake in the thymus
viewers to represent normal thymic uptake. As a resy 6Iand is increased at 3 dayS)(and at 7 daysl) compared with

of review, the mediastinal uptake was considered physigseyious scans. CT scanning of the chest after the second therapy
logical in nine of the ten study cases. _ dose revealed a normal thymus glagy (
Patients 1, 2, 4, 5, 6 and 7 were regarded as disease-

free at the time of the review. This conclusion was based
on clinical examination and undetectable Tg levels commal thyroid tissue was excised. Subsequent post-therapy
bined with negative post-therapy scans (except for medscanning showed no uptake except persistent faint dif-
astinal uptake). In addition, CT showed normal thymuduse mediastinal uptake. Thyroglobulin level fell to
in patient 2. CT and MRI in patient 5 showed normall0 ug/l 3 months after operation. Continued follow-up
small thymus and normal mediastinum respectively. CTwill be required to determine whether this patient is now
in patient 6 showed a normal mediastinum. CT in patientlisease free.
7 showed a normal thymus with physiological uptake of Patient 8 had evidence of residual disease in the neck
FDG only on the PET scan. with persistent uptake on post-therapy scans despite
Patient 3 had an elevated thyroglobulin level despitehree administrations of radioiodine. Her Tg was never
total thyroidectomy, rising to 2f8g/l during the course elevated. CT scan, however, demonstrated a normal thy-
of treatment with focal uptake in the right side of themus at the site of low-grade uptake in the anterior medi-
neck on post-therapy scanning. At repeat surgery, nolastinum on late therapy scanning.
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pathological in patient 10 (Fig. 1). The mediastinal up-
take in patient 9 was initially seen on early and late ther-
apy images and corresponded to a bulky mass in the re-
gion of the thymus, which was regarded as tumour. Ini-
tially high iodine retention in the lungs diminished as the
disease progressed. Despite reduction of iodine uptake at
the sites of known metastases in the lung fields, low-
grade activity continued to be present but only on the
late post-therapy images in the anterior mediastinum.
The mediastinal activity appeared to intensify as the
ability of the tumour in the lungs to take up radioiodine
decreased. Repeat CT demonstrated pulmonary metas-
tases but a normal appearance to the thymus in contrast
to earlier scans.

Patient 10 was the oldest patient in the study group at
85 years. The mediastinal uptake seen on post-therapy
scanning was focal in nature and diminished as the avid-
ity of the tumour for radioiodine decreased. In combina-
tion with evidence of disease progression on CT and ris-
ing thyroglobulin measurements, the mediastinal activity
seen during the course of treatment was considered
pathological.

Scan findings in the 28 patients with no mediastinal
uptake

None of this group had evidence of mediastinal uptake
on either the early or the late scans. Sixteen were consid-
ered to be disease free (based on negative scans and neg-
ative Tg results), six had local disease (evidenced by ele-
vated Tg and uptake in the thyroid bed on post-therapy
scans and/or thallium scans) and six had metastatic dis-
ease (pulmonary and bone iodine uptake).

Discussion

Radioiodine therapy has been an established part of the
treatment of thyroid cancer for more than 40 years. The
primary treatment of malignant thyroid disease is surgi-
cal resection, the extent of which remains a matter of
some controversy [16, 17]. In reality, often the thyroid
specialist is presented with patients from a variety of
surgeons with treatments that range from lobectomy to
subtotal or total thyroidectomies and thus ablative thera-
py or therapy for metastatic disease is necessary.

The decision to treat a patient is based on a variety of
Fig. 5A-C. Patient 9. Diffuse uptake of radioiodine is seen in thefactors, but will typically involve the nature and size of
thymus of this 27-year-old patient on the post-therapy scan folthe primary tumour, evidence of local or distant spread,
lowing her 10th treatmen®). No uptake of radioiodine is seen and the age of the patient. Perhaps more controversial is
within the multiple pulmonary metastases seen on BJT Her  the decision when to retreat. The presence of an elevated
thymus gland had a normal appearance on@T ( Tg level indicates the presence of functioning thyroid

tissue and should indicate therapy with iodine if there is
no specific contraindication. The role of tracer scans is a

Patients 9 and 10 had extensive metastatic pulmonargubject of controversy concerning both the optimal ac-
disease demonstrated by CT with rising Tg levels. Theivity for diagnostic information and the induction of
mediastinal uptake was deemed to be physiological istunning [7, 10]. Whatever activity is administered, there
patient 9 at the completion of the study (Fig. 5) ands no doubt that post-therapy scans can depict a larger
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volume of disease than is found using tracer studies. Theas seen in a 45-year-old. Vermiglio et al. [11] have
protocol employed in our practice is to use the previouslemonstrated that iodine is concentrated within follicle-
post-therapy scan to demonstrate disease and as an inlike structures, formed with the involution of the Has-
cation for further therapy, until the therapy scan becomesall’s bodies of the thymus. D’Anna et al. [20] describe
negative or until uptake is so poor that further therapy ishe involution phase of the thymus as comprising a num-
not justified. Whilst other parameters, particularly Tgber of active processes, one such being the re-organiza-
measurements, play an important part in monitoring pation, in terms of structure and function, of the epithelial
tients, the therapy scan is a pivotal investigation in ouframework. Although maximal activity occurs in young-
institution. er people, there is variability between individuals as to

The variable uptake that can occur in normal thymughe age at which this occurs. Amongst our study popula-
is a potential limitation to using the post-therapy scan irtion, of those patients under 50 years, half had thymic
this way. Practitioners must be wary of such uptakeiptake and half had no thymic uptake. With reference to
which may be misinterpreted as presence of disease adisease state and number of therapies, these two groups
led to an inappropriate administration of radioiodine inwere well matched.
one patient in our series. Ramanna et al. [18] described
uptake of iodine in the mediastinum in 10 out of 85 pa-
tients with both tracer and post-therapy scans which was
attributed to ectopic, non-malignant thyroid tissue. AThyroid carcinoma is usually treatable and therapy is
number of other case reports have demonstrated thiganned in the majority of patients with “cure” as the
phenomenon. We have described the pattern of physi@m. However, it is important to acknowledge that thera-
logical mediastinal activity as either “diffuse” or “dumb- py can have associated small risks, both at the time of
bell”. The relevance of these patterns is uncertain but akdministration and in the longer term. For this reason the
though not formally commented upon, they have been iladministration of unnecessary therapy doses of radioio-
lustrated in case reports with associated biopsy evidenatine should be avoided. This study, combined with other
of thymic uptake [11-15]. Imaging in these studies wasase reports, illustrates the need to be aware of physio-
performed within 4 days of iodine administration and thelogical uptake in the thymus as a cause for false-positive
patients were under 28 years of age, with the exceptiopost-therapy scans, which are not uncommonly seen in
of a single patient of 43 years who had faint mediastingpatients under 50.
uptake [15]. We observed that physiological thymic up-
take was seldom apparent (with one exception; patient 1,
the youngest) on the scan performed at 3—4 days but wasferences
clearly seen on the 7-day scan. This is likely to reflect a
combination of clearance of blood pool activity and the ; . S ) o
comparative relative inefficiency with which the thymus Z;_t?l/roud cancer with radioiodineBr J Radiol 1986; 59:
traps iodine. Thymic hyperplasia hfas been demonStrateQ. De Vathaire F, Schlumberger M, Delisle MJ et al. Leukaemias
after chemotherapy [19], but there is no documented evi-  4ng cancers following iodine-131 administration for thyroid
dence of this aftel®ll therapy. cancerBr J Cancerl997; 75: 734.

Michigishi et al. [14] suggest that patients with medi- 3. Pochin EE. Long-term hazards of radioiodine treatment of
astinal uptake can be separated into benign and malig- thyroid carcinoma. In: Hedinger C, eédICC monograph se-
nant causes on the basis of the following criteria: (a) up- ries, vol 12. Thyroid cancerBerlin Heidelberg New York:
take that becomes more prominent with repeated treat- Springer; 1969: 293-304. _ _
ment, (b) requirement of higher than usual iodine doses* gp;;?z?fr:;yrol\iﬂd]E::Q:SuTc?MggogowrﬁE;gé?ljli{dfsssaggéher-
:)OnV(I:S.IL.l Eglnsde (tg)e ; Tg\?v’ é((:e)rl.?my(')l'%n?e\?gl.e’T(f? g ?elgjﬁg g}yFT ;_ % Allweiss P, Braunstein GD, Katz A et.al. Sialadenitis follow-

. ing 1-131 therapy of thyroid carcinoma: a concise communica-
manna et al. ['18] demonstrate that occqsmnally uptake ion 3 Nucl Med1984: 25: 755-758,
in the mediastinum can be seen even with tracer scanss, sherman S, Tielens ET, Sostre S et al. Clinical utility of post
Our study confirms that with high activities and late  treatment radioiodine scans in the management of patients
scans physiological uptake in the thymus is commonly with thyroid carcinomaJ Clin Endocrinol Metabl994; 78:
seen in young patients. With repeated therapy there was 629-634.
a tendency for the thymic uptake to become more promi-7. Reynolds JC, Robbins J. The changing role of radioiodine in
nent as the volume of normal thyroid and/or tumour con- the management of differentiated thyroid can&smin Nucl
centrating radioiodine decreased. A low Tg is helpful in _ 'I\Zﬂﬁgrilcghgz; 21\5255;1064|'_andoni et al, Whole-body scintigra

) . . . static thyroid carcinomaucl Med Commut997; 18: 3-9.
required in cases of uncertainty before proceeding to fur-g Nemec J, Rohling S, Zamrazil V et al. Comparison of the dis-

ther radioiodine administration. ) ) tribution of diagnostic and thyro-ablative 1-131 in the evalua-
Our results also suggest that “young” may need to be tion of differentiated thyroid carcinoma.Nucl Med1979; 20:
defined as less than 50 years since physiological uptake 92-97.
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