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ABSTRACT

The aim of the study was to evaluate the clinical impact of
pre-ablation rhTSH-stimulated fluorine-18 fluorodeoxyglucose
(F-18 FDG) PET/CT in addition to post-therapeutic whole body
radioiodine scanning in patients with intermediate to high risk
differentiated thyroid carcinoma (DTC). This was a retrospec-
tive single center study including 73 patients with thyroid can-
cer (44 females, mean age 43.2 £16.2 years, 62 % papillary,
31% follicular, 7% poorly differentiated). All patients under-
went ablative radioiodine treatment (mean activity: 3661+ 673
MBq I-131) using rhTSH after thyroidectomy and lymph node
(LN) dissection (01/2013-10/2016) and TSH-stimulated F-18
FDG PET/CT (4 MBq/kg body weight, low dose CT). Post-treat-
ment I-131 whole body scan (I-131 WBS) was obtained 9 days
afterwards in planar technique and in case of equivocal or ab-
normal findings using SPECT/CT. Thirty-one patients (42 %)
showed F-18 FDG avid lesions, 14 patients showed more FDG
thaniodine positive lesions and 5 patients more iodine positive
lesionsin-131 WBS, respectively. Fifty-three patients showed
identical F-18 FDG PET/CT and I-131 WBS. The initial treatment
plan was changed from follow-up to therapy (surgery, system-
ic therapy using tyrosine-kinase inhibition) in 11 patients (15 %)
on the basis of F-18 FDG PET/CT imaging. Six of these 11 pa-
tients had papillary thyroid cancer. Three patients with histo-
logically proven LN metastases had stimulated thyroglobu-
lin-levels <2.0 ng/ml. Our study demonstrated a clinical
benefit of pre-ablation rhTSH-stimulated F-18 FDG PET/CT
imaging in about 20 % of patients with intermediate to high risk
DTC, leading to change in patient managementin 15 %.

Introduction

Thyroid canceris the most common endocrine malignancy. Itsincidence
continues to rise annually worldwide, with 762 new cases per 100 000
peryearin 2015 in Austria [1]. Differentiated thyroid carcinoma (DTC),
which includes papillary and follicular histological types, account for the
vast majority (>90 %) of all thyroid cancer cases [2].

Primarily, surgical removal of the thyroid followed by radioac-
tive iodine therapy (RIT) is the standard of care for DTC in Austria.
RIT is used to decrease the incidence of recurrent disease and to
ablate all thyroid remnant tissue following thyroidectomy [3]. The
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result of the post-treatment whole-body radioiodine scan (I-131
WBS) provides information about most commonly observed lymph
node metastases and distant metastases (N- and M-stage) [4].

Fluorine-18 fluorodeoxyglucose (F-18 FDG) positron emission
tomography/computed tomography (PET/CT) is widely used in the
diagnosis, staging, and surveillance of several malignancies. For
DTC, the use of F-18 FDG scans has been primarily established to
postoperative surveillance in high-risk patients with distant metas-
tases, elevated or rising serum thyroglobulin (TG) levels and nega-
tive I-131 WBS in the follow up [5-8].
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Afterinitial treatment, thyroid carcinoma recurrences occurred
in 10-15 % of cases especially in patients with an aggressive histo-
logical type or extensive local disease [9]. Approximately two thirds
of patients with metastatic disease exhibited radioiodine avid le-
sions, while the remaining were classified as “radioiodine-refrac-
tory disease” based on a negative I-131 WBS but with evidence of
tumor lesion on CT scans and elevated thyroglobulin levels [9]. Ac-
cording to Schlumberger et al. [10] patients with radioiodine-re-
fractory DTC are divided into four categories: 1) patients with met-
astatic disease that does not show radioiodine uptake at the time
of initial treatment; 2) patients whose tumors lose the ability to
take up radioiodine after previous evidence of radioiodine uptake;
3) patients with radioiodine uptake in some lesions but not in oth-
ers; and 4) patients with metastatic disease that progresses despite
substantial radioiodine uptake.

F-18 FDG PET/CT is useful to identify additional clinically rele-
vant metastatic tissue in radioiodine-refractory patients that might
require additional localized intervention such as surgery, external
beam radiation therapy among others, as well as to help to deter-
mine the progression and the response to targeted molecular ther-
apies [7,11-13].

In our retrospective study, we aimed to evaluate the added value
of pre-ablation rhTSH-stimulated F-18 FDG PET/CT in comparison
to the post-therapeutic whole body radioiodine scan in patients
with advanced thyroid carcinoma and to characterize the propor-
tion of patient with radioiodine refractory state after initial radi-
oiodine therapy.

Materials and Methods

Patients

This retrospective study included 73 patients with intermedi-
ate-to-high-risk histologically proven differentiated thyroid carci-
noma who underwent both FDG PET/CT and initial I-131 ablation
in the Department of Nuclear Medicine and Endocrinology, Para-
celsus Medical University Salzburg, Austria from January 2013 to
October 2016.

The department is the only institution providing RIT therapy for
a population of approximately 550 000 inhabitants in the federal
republic of Salzburg. In our institution, FDG PET/CT imaging has
been defined as standard of care in T2 tumors with histologically
confirmed LN metastases at the time of surgery and T3 and T4 tu-
mors irrespective of lymph node status (UICC TNM 7). The study
protocol defined the presence of above given tumors as inclusion
criteria. Patients with anaplastic or medullary thyroid cancer were
excluded from analysis.

Among 73 sequential patients, 44 were females and 29 were
males, with a mean age of 43.2 +16.2 years. Histology revealed
papillary thyroid cancerin 45 patients (62 %, follicular variantin 10
patients), follicular thyroid cancer in 23 patients (31 %, oxyphilic
variantin 5 patients), and poorly differentiated thyroid cancerin 5
patients (7 %), respectively. T2 tumors were found in 4 patients (1
multifocal), T3 tumorsin 61 patients (14 multifocal), T4 tumorsin
7 patients (6 patients pT4, 1 patient cT4), and pTxXNOM1 in one pa-
tient, respectively.
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The study was part of a thyroid cancer project approved by an
institutional review board and in accordance with the ethical stand-
ards of the Helsinki declaration. All procedures performed in this
study were part clinical routine SOPs, Written informed consent
was obtained from all individual participants included in this study.

1-131 ablation

All patients underwent initial ablation in the Department of Nucle-
ar Medicine and Endocrinology, Paracelsus Medical University Salz-
burg, Austria after total or near-total thyroidectomy. Patients were
instructed to follow a low-iodine diet for 2 weeks prior of the abla-
tion RAI. Recombinant human thyroid stimulating hormone
(rhTSH) was administered to all patients over two consecutive days
(0.9mgrhTSH - Thyrogen®, Genzyme Europe B.V., Naarden, Neth-
erlands - per day). A mean dose of 3661+673 MBq I-131 (median
3617, range 1757-5956) was administered [Supplementary Ma-
terial - » Table 1S]. Post-treatment whole body scans were ob-
tained 9 days after therapy in planar and SPECT/CT technique using
a large field of view gamma camera (Symbia T6 or E-CAM; Siemens
Medical Solutions, Erlangen, Germany) on a photo peak of 364 keV
with a high-energy collimator.

SPECT/CT was performed on demand using the Symbia T6 (Sie-
mens Medical Solutions, Erlangen, Germany) with 36 views 4455
and Flash 3D (8 iterations, 4 subsets) for reconstruction. A low-dose
CT (effective 30 mAs dose-modulated, 130 kV) was performed for
anatomical correlation.

F-18 FDG PET/CT

All patients underwent F-18 FDG PET/CT with low dose CT on the
day of I-131 ablation after rhTSH-stimulation. Patients were re-
quired to fast for at least 6 h prior to PET/CT imaging. PET images
were acquired 60 min after injection of an intended activity of 4
MBq/kg F-18 FDG (mean activity 310+ 59 MBq F-18 FDG). Scans
were acquired from the apex of the skull to the mid-thighs in 3-D
mode, 7-10 beds, 75 s per bed position. Prior to PET acquisition, a
low dose CT acquisition for attenuation correction and anatomical
correlation was performed with the same longitudinal field of view.
PET images were reconstructed on a 144 x 144 matrix, using an it-
erative algorithm (BLOB-OS-TF). CT images were reconstructed on
a 512 x512 matrix using the usual Filtered Back Projection algo-
rithm. After reconstruction, the final slice thickness was 4 and 3mm
regarding PET and CT, respectively.

Image interpretation

Board-certified experienced nuclear medicine physicians interpret-
ed all F-18 FDG PET/CT scans and I-131 WBS. The uptake of F-18
FDG and I-131 was evaluated in the thyroid bed, lymph nodes (cer-
vical and mediastinal lymph nodes) and distant metastases (bone,
lung, among others).

Thyroglobulin measurement

Serum thyroglobulin (TG) was measured (Elecsys TG Il Cobas, Roche
Diagnostics GmbH, Mannheim, Germany) on the treatment day
following two days of TSH stimulation using rhTSH.

159



uolssiwal |eiied
uolssiwal |eryied
uolssiwal 933|dwod
aseasIp 3|qe1s
9seasIp anlssalboud
uolssiwal 939|dwod
9seasIp 3|qe1s
aseasIp a|qe1s
9seasip 3|qe1s

dn moj|o} 03 350|
9seas|p anlssaiboud
uo|ssiwal 913|dwod
uolssiwal 933|dwod
9seas|p anlssalbo.d
9seasIp anlssaiboud
9seas|p anlssalbo.d
uolssiwal 933|dwod
9seasIp 9|qe1s

9seasIp anlssalboud

uoissiwal wum_n_EOu

9seas|p anlssalboud
uolssiwal 913|dwod
uolssiwal 933|dwod
uolssiwal 939|dwod

uolssiwal 933|dwod

snjejs

0°L9S
9€lLlL
uo323ssIp 23U e
uonediixe apou yduwij '68¢€
0°€80L
69
uonjediixs apou ydwA| 8l
0°€8¢
£€e0¢g
9
0°0S
LT
0L
9°€SL
uonedixs apou ydwA| 1'61LC
ey
0
uonredinxs apou ydwiA| 0°¢e
VL
9PIS 3J9| UOIIISSIP
323U |euoi3duny 0L
A19b1ns d1dodsodeloyy
Pa3sISSe 09pIA
‘uonedinxa apou ydwi| 6°G
8V
uonedixs apou ydwA| 10
9°L0L
70

uoine|nws
-HS1Yy+

1918

ainpadzoud |edibing (Jw/bu) oy

v's
08
L'6
43
08¢
LS
v'e
g€l
LS
V'L
L'S
L'y
(1%
‘RS
0'v¢
06
[
L9
8Ll

0y

Lc
0°¢
6
€5
[

SUoIS3|
e
Xew
-ANS

¥'S

43

LS

8¢l
0°¢

L's
L'y

06
(a4

0y

S'¢

€S
[

paq
plosAyy
‘Xewl

-ANS

sase}
-sejaWw
191
*xew
-ANS

V'L

86
6V

sase}
-sejaw
auoq
*xew

-ANS

143

Lot
Sl
(a4

'S

v'e

sase]
-sejaw
bun)|
xew

-ANS

08
L'6

9°0C

v'e
8¢l
LS

8¢
(0874
‘RS
0've
Lz

L9
8Ll

L€

L'C
0°¢
6

s

sas
-ejsejow
apou
ydwAj
‘XeWANS

1194
ded
ded
ded

104

“Jp Aj1ood

ded
ded

1104
I|oy/ded
1104

ded
|joy/ded

“yp Aj1ood

1104
1194
ded
ded

“yip Ajrood

|joy/ded

21j1ydAxo
1103

119}

ded

ded

ded

AbojoisiH

zud w 09 L
€1d w 69 Lz
(w)erd J 9 0L
€1d w 0€ 69
€1d J 9L 9
€1d J SL €9
€1d J 43 29
(w)eld J 6% 09
ey1d J 6L LS
€1d w 6L 0S
€1d w z8 6V
(w)eld J LT 3%
(w)eyd } ra 4 a4
epld J 2L (37
€1d w zL 4%
ey J €g ov
€1d w €5 9€
€1d J 99 43
ey1d w 29 43
€1d w (54 0€
€1d w LL 4
€1d w 0L 9L
(w)eld } 43 Ll
€1d w 9L 9
c1d J 7S 4

anssiy

Jowny

10}

snom

-1dsns

Suols9|

abejs-1d X3S aby “1u “jed nad

‘(3niysod 9s|ey 9 pue anssi3 Jowny 10} snoIdsns Gz = u) suoisa| anisod N4 | d|qel «

Horm Metab Res 2020; 52: 158-167

Rendl G et al. Pre-Ablation FDG PET/CT in Thyroid Cancer-...

160



Results

S S 5 S & & LU
8 2 B 2 2 8 ETCEL F-18 FDG PET/CT
% % ;E: ;E': % ;E': % ',;J Thirty-one out of 73 patients (42 %) showed a pathological uptake
2 Z |53 |B/B|8 w3 in F-18 FDG PET/CT imaging. Of these 31 patients with positive F-18
i = = = - £ ';éu FDG PET/CT imaging, the uptake in 25 patients (81 %) was inter-
’ ; o7 e %’ ﬁ preted as positive for tumor tissue or thyroid remnant and 6 pa-
g §1 é tients (19%, patient nr. 9, 18, 23, 33, 57, and 59) as false positive
~ el a § %; £3 due to unspecific (inflammatory) uptake (> Table 1).
£ S % gl E § % Fourteen out of 31 patients (45 %) showed more F-18 PET/CT
§. % é % ® © £ E %’ £ positive lesions than lesions found in the I-131 WBS (> Fig. 1), 13
% § ElS 5 0 é E: 7-: g 9\ patients (42 %) showed identical uptake in PET/CT and I-131 WBS,
Ie] 2 ElZ ﬁ £l z|8|8 &t and the remaining 4 patients (13 %) showed more lesions in the
£e RES 885288 o3 1-131 WBS than in the PET scan (> Fig. 2), respectively (> Table 1).
L g L‘:‘,_’ F-18 FDG uptake regions suspicious for tumor tissue included the
T E =§ % thyroid bed (n=15 patients), cervical lymph nodes (n=13 pa-
= c % 5 4 alo Ty = = tiezts),(me?iastinalIt))/njrph n(;des(n=§;‘ahe:ics)iz?Ba;I;a;rz/r:);r:vEL\
o&kE o - 89 nodes (n=1 patient). Twenty-one o patien %
mRES E § F-18 FDG acczmulation beyond the thyroid bed. Distant metasta-
2 < <~ 0 < m 5 = ses could be seenin 7 patients. Lung metastases were observed in
BI 8= % ” ¥ e 5 % 6 patients, bone metastases in 4 patients, and hepatic metastasis
mEwS ER in one patient, respectively (> Table 1).
b g} 22 TG levels on the treatment day were higher in PET-positive pa-
SI 5 8>. 2 N - '?:: § tients (median=48.1 ng/ml) than in those who were PET-negative
T B4 é:% (median=1.0ng/ml).
; = 2 The median SUVmaxwas 4.4 in all FDG-avid lesions (range 2.4-
g' : g é 8 § g 28.0; mean 6.6+ 5.6). Tumor-lesions confirmed by histology exhib-
@ B S s 2 ited a median SUVmax of 5.1 (range 2.4-24,0; mean 7.6 £7.1)
; £ 5 while lesions with inflammatory/unspecific uptake had a median
b - E g
g' % g g8 ~ “é 2 SUVmax of 3.4 (range 2.8-4.4; mean 3.5+0.5).
n ES ES o S
== Comparison of F-18 FDG PET/CT and I-131 WBS
' T a
= e é g N i,j g g Fourteen patients out of 73 (20 %) showed more lesions in F-18
s BEIES 292 FDG PET/CT scanthaninI-131 WBS (13 patients showed iodine up-
:‘é % a E = s take only in the thyroid bed and not in lymph nodes or organs, and
,,8; E 'E. 3 E 3 2 £ g g the last patient showed noiodine uptake in a PET positive bone me-
s RS5cEd g2a= tastasis).
L mEEE E F’é 5 In 53 patients (73 %) F-18 FDG PET/CT imaging corresponded
5 & _ 2 —g‘ 'g with the I-131 WBS result and in five patients (7 %) I-131 WBS re-
5 ‘_; N ol o ;: N _é 2z vealed more iodine positive lesions than F-18 FDG positive ones
5 % 2 |22 (=58 225 (> Table 2).
é - E é E The treatment plan was changed from follow-up to additional
E & E g £ surgery due to initial FDG PET/CT or iodine scan in 9 patients (his-
3 £ = el @ @ 3 g 5 tologically verified lymph node metastases n=24 and one supra-
2 = "= a'a ="l § z 5 clavicular soft tissue metastasis - patientnr. 11, 21, 30, 31, 34,42,
2 % L'g & 62, 69, and 70), while 2 patients underwent tyrosinkinase-inhibi-
$ : £ £ § %’ é tion therapy (patient nr. 40 and 64). One oft(?elnine [lalatier;t Irlefused
= . . =T EZ = to undergo further surgery and progressed clinically in follow up
,é o E “_9 % (patient nr. 32 with wide tumor infiltration into the hypopharynx
g < % R S e &R % g jg on the right side with an 6 cm tumor in craniocaudal diameter).
% £ § 2 Three patients with histologically proven metastases had very
g & % g i low TG levels (<5 ng/ml), whereas the others had higher TG levels
5 B o © ™ N % E? E) postoperatively (> Table 3).
% g . ié ;% % TG levels after stimulation
= % % 2 '% ;U 3 = The median TG level on treatment day following two days of TSH
A L o = a >

stimulation using rhTSH was 2.0 ng/ml (range 0.1 to 1145.0 ng/ml;

Rendl G et al. Pre-Ablation FDG PET/CT in Thyroid Cancer... Horm Metab Res 2020; 52: 158-167 161



& Thieme

F-18 FDG PET/CT MIP

Anterior

1-131 WBS

> Fig. 1 Patient no. 42: 73 year-old male patient, follicular thyroid cancer, pT3 N1b M1 with FDG and iodine positive lymph node metastasis und
FDG positive and iodine negative bone metastasis 1a—c F-18 FDG PET/CT; MIP: Moving image projection; 1b supraclavicular lymph node metastasis
left side; 1c bone metastasis right os ischia; 1d,e I-131 WBS (WBS: Whole body scan); 1d I-131 SPECT/CT: Supraclavicular lymph node metastasis left

side.

mean 75.6+205.9 pg/ml). Forty-three patients had TG levels<4 ng/
ml postoperatively and the remaining 30 patients>4 ng/ml. Twelve
patients showed TG levels > 100 ng/ml, 11 of them had pathologic
FDG PET/CT scans (only patient nr. 53 showed no FDG uptake, but
multiple iodine positive bilateral lung metastases). Three patients
with histologically proven metastases (> Table 3) had postopera-
tively low stimulated TG levels (<2.0ng/ml) and underwent sec-
ond surgery indicated by F-18 FDG PET/CT findings, only.

Follow up

During follow up nine patients showed progressive disease: Patient
nr. T with F-18 FDG PET/CT positive pulmonary metastasis, soft tis-
sue metastases and mediastinal lymph node metastases on fol-
low-up (surgery and histological verification), nr. 5 with progres-
sive metastatic disease in multiple bone metastases and stable he-
patic lesions under lenvatinib (Lenvima®, Eisai Europe Ltd., Hatfield,
UK) and local radiation therapy, nr. 21 with iodine positive bilater-

162

al soft tissue metastases cervically and lymph node metastases in
the mediastinum as well as a stable iodine negative pulmonary me-
tastasis.

Patient nr. 32 (ineligible for surgery), nr. 40 — tumor progression
with disseminated bilateral lung metastases, multiple lymph node
metastases and osseous metastases, as well as two hepatic metas-
tases — under sorafenib (Nexavar®, Bayer AG, Leverkusen, Germa-
ny), then switch to lenvatinib and local palliative radiation therapy,
patient nr. 42 with new lymph node metastases left cervical region,
as well as a lung metastasis in the right upper lobe and a new bone
metastasis in the sternum. Patient nr. 43 with new lymph node me-
tastases in the jugulum, and pat. nr. 49 with lymph node metasta-
ses paratracheal in the jugulum and supraclavicular on the left side,
and last patient nr. 64 with new osseous metastases in the right
frontal lobe, the right humerus and L1, as well as stable metasta-
ses in local lymph nodes, liver and lung under lenvatinib therapy.

Rendl G et al. Pre-Ablation FDG PET/CT in Thyroid Cancer... Horm Metab Res 2020; 52: 158-167



»

F-18 FDG PET/CT MIP

Anitatior

I-131 WBS

> Fig. 2 Patient no. 53: 75 year old female patient, follicular thyroid cancer, pTx NO M1 with functional pulmonary metastases - FDG negative and
iodine positive 2a—c F-18 FDG PET/CT; MIP: Moving image projection; 2b CT only - pulmonary metastases; 2c¢ PET only - FDG negative pulmonary
metastases; 2d I-131 WBS (WBS: Whole body scan); iodine positive pulmonary metastases.

Seven out of 9 patients with progressive disease had initially
pathologic F-18 FDG uptake and 4 patients showed no pathologic
iodine uptake in the initial RIT (3 patients only uptake in thyroid
bed, one patient no iodine uptake at all). Two patients showed no
pathological F-18 FDG uptake and only iodine uptake in the thyroid
bed in the initial RIT, however, patient nr. 1 (papillary thyroid car-
cinoma, pT3) developed metastases in lymph nodes, lung and soft
tissue 27 months after surgery, and patient nr. 5 (follicular thyroid
carcinoma, pT3) developed multiple bone metastases and hepatal
metastases 23 months after surgery.

Five patients had a partial remission and 8 patients a stable dis-
ease during follow up (7 with pathologic F-18 FDG uptake and 5 pa-
tients with extrathyreoidal iodine uptake in RIT), 44 patients had
no relapse, and the remaining 7 patients were lost to follow up.

Discussion

Our study confirms previous studies showing that rhTSH-stimulat-
ed F-18 FDG PET/CT imaging identified a substantial proportion of
patients with locoregional and distant metastases but iodine-neg-
ative lesions in post-therapeutic scanning [14-17]. A clinically sig-
nificant proportion of intermediate- and high-risk patients (14 out
of 73, 20 %) exhibited unknown metastatic lesions in F-18 FDG PET/
CT compared to I-131 WBS. This information changed the treat-
ment planin 11 patients (15 %) from follow-up to further treat-
ment, most commonly lymph node surgery, but also the use of

Rendl G et al. Pre-Ablation FDG PET/CT in Thyroid Cancer... Horm Metab Res 2020; 52: 158-167

local radiation therapy or systemic treatment by the use of tyros-
ine-kinase inhibitors. Four out of these 11 patients had a negative
RIT and histologically proven thyroid metastases. In contrast, Leb-
oulleux et al. [14] reported a change in treatment plan in merely
6 % in a multicenter study with 63 patients.

Notably, our study identified F-18 FDG PET-positive lesions also
in DTC patients with low postoperative stimulated TG levels before
radioiodine ablation, which is in contrast to the study of Leboulleux
et al. restricting F-18 FDG PET/CT imaging to patients with TG lev-
els>10ng/ml [14]. The positive relation between the level of
TSH-stimulated TG and the sensitivity and accuracy of F-18 FDG
PET/CT scans in the presence of a negative iodine scans is widely
documented [15-17]. Thus, a cut-off TG-level of 5 ng/ml or higher
has been recommended forinitiating F-18 FDG PET/CT imagingin
follow up of DTC[14,17].

The value of FDG PET/CT imaging in the detection of RAl-nega-
tive tumor lesions in the presence of low TG levels might be attrib-
uted to particular histologic subtypes, that is, oxyphilic variant. It
has been shown that F-18 FDG PET/CT imaging is more sensitive in
patients with an aggressive histological tumor subtype, such as
poorly differentiated, Hiirthle cell or tall cell thyroid carcinoma
[18,19].

Astonishingly, our study also demonstrated an impact of F-18
FDG PET/CT imaging in well-differentiated thyroid cancer types,
since 14 out of 26 FDG-positive patients had a papillary form. Im-
paired radioiodine uptake might be also present in DTC either due
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> Table 3 Histologically proven metastases in comparison to the uptake in the iodine scan and the FDG PET/CT as well as stimulated thyroglobulin

levels.

Pat.  Age Sex pT Histology  RAI PET positive SUV- TG (ng/ TAK Histology Status
nr. max ml) after (<4.11
rhTSH 1U/ml)
11 32 f pT3(m)  pap discretlyin  jugulum and 9.2 0.1 67.68 2 lymph node complete
jugulum lymph node left metastases remission
cervical region
21 77 m pT3 oxyphilic thyroid bed  lymph nodes on 2.7 5.9 2 lymph node progressive
right side cervical left and metastases disease
mediastinum, (paraaortal
right thyroid bed und retroclav-
icular)
30 49 m pT3 pap/foll thyroid bed  Cervical lymph 4.0 1.0 1.41  solitary lymph complete
right side node node remission
metastasis left
cervical
34 66 f pT3 pap thyroid bed  Cervical lymph 6.1 23.0 0.61 4 lymph node stable
left side nodes in jugulum metastases disease
and paratracheal infrajugular
right side and one right
paratracheal
42 72 m pT3 foll cervical cervical lymph 24.0 219.7 1.51  soft tissue progressive
lymph node  node on the left metastasis disease
on the left side and solitary supraclavicular
side, bone metastasis left side
thyroid bed  in os ischii on the
right side
62 32 f pT3 pap thyroid bed  cervical lymph 2.4 1.8 solitary lymph stable
right side node left side node disease
metastasis
69 30 m pT3 pap bilateral cervical lymph 34 3894 0.92 solitary lymph  stable
cervical node right side node disease
lymph metastasis
nodes right cervical
70 36 f pT3(m)  pap thyroid bed  cervical lymph 9.1 2423 12 lymph node  complete
right side nodes right side metastases remission

pT-Stage: Histopathological tumor stage; pap: Papillary thyroid carcinoma; foll: Follicular thyroid carcinoma; pap/foll: Papillary thyroid carcinoma follicular
variant; RAI: Radioactive iodine scan; TG: Serum thyroglobulin; rhTSH: Recombinant human thyroid stimulating; TAK: Thyroglobulin antibodies.

to absent or decreased expression of the sodium iodine symporter
gene [20] or due to inadequate targeting of the cell membrane
[21].

Post-translational downregulation of membranous Na* /I~ sym-
porter (NIS) expression has been recently described [22]. Further-
more, the correlation between the predictability of radioiodine up-
take by metastases based on NIS expression in the primary tumor
is controversial [23-25]. These findings support the use of F-18 FDG
PET/CT imaging to obtain clinical useful information about tumor
stage and biological behavior.

In patients with known metastatic disease, F-18 FDG PET/CT in-
dicates radioiodine-refractory disease, but may also reveal a mixed
FDG/iodine uptake in metastases. Any FDG uptake in metastases
indicates a more aggressive disease and RIT treatment is less effec-
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tive in these patients [10, 12, 26-28]. Advanced radioiodine-refrac-
tory disease occurs more frequently in older patients, in patients
with large metastases, in those with FDG positive lesions and there-
fore a more aggressive tumor behavior, as well as in poorly differ-
entiated thyroid cancer[12,27-29].

In our patient cohort, no significant age difference could be seen
with respect to FDG-avidity (mean age of 58.6 £ 17.8 years in PET
positive patients and 60.5 + 14.6 years in PET negative patients, re-
spectively). The patients with poorly differentiated thyroid cancer
were PET positive (n=3) and PET negative (n=2), respectively.
T-Stage was also balanced in the two groups: pT2=3, pT3=34,
pT4=4 and pTx=1in PET negative patients and pT2=1, pT3=26
and pT4=4in the PET positive patients, respectively.(> Table 1S)
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Itis afeature of our study that all F-18 FDG PET/CT studies were
performed after rhTSH stimulation, increasing its lesion-based sen-
sitivity as postulated by Leboulleux et al. [14]. In this prospective,
multicenter study on 63 patients, an increase in the number of de-
tected lesions after rhTSH stimulation in F-18 FDG PET/CT com-
pared to a basal F-18 FDG PET/CT performed on (TSH-suppressive)
thyroid hormone treatment could be found. However, the use of
rhTSH stimulated F-18 FDG PET/CT only increased significantly the
number of lesions detected, but not the number of patients with
FDG-avid lesions itself. However, the number and distribution of
lesions surely influence the clinical decision concerning further
treatment planning. Additionally, false positive lesions occur with
or without TSH stimulation in F-18 FDG PET/CT-imaging to the
same degree [14].

F-18 FDG PET/CT imaging may display false-positive lesions in
up to 39 % of patients [12, 14]. Agate et al. [30] evaluated different
imaging techniques for detection of metastases in DTC patients
with negative post-therapeutic iodine whole-body scan and de-
tectable serum TG levels and concluded that neck ultrasound is
better than F-18 FDG PET in the detection of lymph node metasta-
ses due to both false positive and negative results in F-18 FDG PET.
Therefore fine needle aspiration biopsy (FNAB) and cytology and/
or TG measurement within the aspirate fluid should be applied in
patients in which re-surgery is recommended based on F-18 FDG
PET/CT imaging.

The interval to initial surgery might also influence the rate of
FDG-positive lymph nodes, as early imaging after surgery might
cause an increased unspecific uptake related to inflammation. We
had a mean interval of 4 weeks between surgery and F-18 FDG PET/
CTimaging, making this less likely.

In our patient cohort, we verified lymph node metastases
pre-surgically using FNAB in two patients with F-18 FDG PET/CT
positive lymph node metastases. However, we also encountered a
false-positive iodine uptake in a cervical lymph node (FDG nega-
tive) using FNAB. Our study is in accordance with previous studies
emphasizing the prognostic value of F-18 FDG PET/CT in interme-
diate and high-risk thyroid cancer. Seven out of 9 patients with pro-
gressive disease exhibited already an initially positive F-18 FDG PET/
CT scan.

In a study of Durante et al. [29], patients with radioiodine-re-
fractory disease had a poor prognosis compared to non-radioio-
dine-refractory patients and a median life expectancy of 3-6 years.
F-18 FDG PET/CT can help select patients for other treatment mo-
dalities, such as surgery, local radiation therapy or multikinase in-
hibitors [31,32].

Alimitation of this study is its retrospective nature. A selection
bias is unlikely due to the fact that patient selection was mainly
based on baseline tumor size. Just four patients with T2 underwent
F-18 FDG PET/CT imaging. Thus, study results do not relate to the
majority of patients compromising of T1 and T2 tumors [33]. An-
other limitation of this study is that not all F-18 FDG PET positive
lesions could be histologically confirmed. This was not feasible in
patients with distant metastases to the bone or the lung, since a
surgical strategy is inappropriate in the absence of complications,
for example, risk of fracture. The gold standard, histological verifi-
cation was obtained in eight patients (all with lymph node metas-
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tases). In further follow up, nine patients showed progressive dis-
ease; however, since patients were enrolled from January 2013 to
October 2016, the adequate observation time for possible progres-
sion may be yet too short in some patients.

Conclusion

About 20 % of patients with intermediate- or high risk DTC had
rhTSH-stimulated FDG PET/CT positive but radioiodine-negative
metastases upon initial treatment. This led to a change in patient
managementin 11 patients (15 %). We suggest further studies and
longer observation periods to evaluate whether the use of FDG PET/
CTimaging just before RAl s of clinical benefit concerning outcome
(PFS, OS) in intermediate and high-risk DTC irrespectively of stim-
ulated TG levels.
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