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Dear Sir,

According to Virgil’s ancient myth, the legendary lyrist
Orpheus of Thrace decided to descend to the Underworld
to see his wife Eurydice after a snake bite had caused her
untimely death. Singing his grief with his lyre, he convinced
Hades and Persephone to ascend into the world of the liv-
ing together with Eurydice. The sole condition was that she
would follow him without him looking back as they walked.
Unable to hear her footsteps, Orpheus feared the Gods had
fooled him. At the verge of the underworld’s exit, just before
bright daylight would have embodied Eurydice’s shade,
Orpheus lost faith and turned around, only to see Eurydice
vanish, now eternally trapped in Hades’ reign.

Thyroid nodules are increasingly diagnosed, mainly
due to the increased use of medical imaging. To rule out
malignancy, cytologic analysis of fine-needle aspiration
biopsy (FNAB) material is the primary modality for ini-
tial evaluation [1]. In 2007, the National Cancer Institute
convened a conference to define consistent thyroid cytology
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terminology, including the risk of malignancy (RoM). This
resulted in the Bethesda System for Reporting Thyroid Cyto-
pathology (TBSRTC), which has since been widely adopted
[2]. More recently, nodules diagnosed as non-invasive fol-
licular thyroid neoplasm with papillary-like nuclear fea-
tures (NIFTP) and follicular tumour of uncertain malignant
potential (FTUMP) were defined as benign yet potentially
premalignant lesions, for which surgery is considered justi-
fied. Additionally, ultrasound-based risk-stratification sys-
tems such as Thyroid Imaging Reporting and Data System
(TI-RADS) are finding their way into the clinic, aiding to
the decision which nodules need to be biopsied and guiding
the location of the sampling [1].

TBSRTC stratifies FNAB samples to five categories of
increasing RoM, after excluding nondiagnostic or unsatis-
factory FNAB (Bethesda I, RoM 5-10%) which require a
repeat US-guided biopsy. At the lower end of the spectrum,
benign lesions (Bethesda II, RoM 0-3%), require only clini-
cal and sonographic follow-up. At the higher end, lesions
suspicious for malignancy (Bethesda V, RoM 50-75%") or
malignant (Bethesda VI, RoM 97-99%"), require near-total
thyroidectomy or lobectomy. For the intermediate, rather
heterogeneous group of nodules with indeterminate cytol-
ogy, the TBSRTC does not provide clear answers. This
includes cytology with atypia or follicular lesion, both of
undetermined significance (Bethesda III, RoM 10-30%")
and cytology (suspicious for a) follicular or Hiirthle cell
neoplasm (Bethesda IV, RoM 25-40%"). Bethesda III and
IV nodules require repeat FNAB (Bethesda III only), molec-
ular diagnostics and/or diagnostic lobectomy. In a recent
large series, the nodules that were selected for biopsy by
TI-RADS showed an indeterminate outcome in 14%, in
unselected nodules even 20% [3].

! For presented RoM’s, NIFTP is counted as malignancy. When
NIFTP is considered benign, the RoM for Bethesda III, IV, V and VI
is 6-18%, 10-40%, 45-60% and 94-96%, respectively [2].
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Thus, thyroid nodules with indeterminate cytology are posing
a frequent and difficult dilemma for clinical decision-making.
Different preoperative approaches including ex vivo analysis of
cytology and in vivo clinical imaging have been investigated
to further stratify these nodules and to prevent futile diagnostic
lobectomies with associated complications as well as financial
and quality-of-life-related sequelae [4]. Of these stratifying tests,
molecular diagnostics and molecular imaging using [**™Tc]Tc-
sestamibi and ['*FJFDG seem the most promising.

After first, somewhat disappointing report of 2-['®F]fluoro-
2-deoxy-p-glucose (['F]FDG) imaging of thyroid tumours
using a conventional Anger camera in 1988 [5], two follow-
up studies in 1993 successfully showed that imaging of ['°F]
FDG using positron emission tomography (PET) could dis-
cern malignant from malignant nodules [6, 7]. Encouraged
by our own pre-Bethesda experience [8], a meta-analysis of
available literature [9] and modelled cost-effectiveness [10],
it was concluded that a negative ['®F]FDG-PET, obtained in
37% of patients, shows sufficient negative predictive value
(NPV, 96%) to rule-out malignancy while being cost-effective,
specifically for nodules larger than 15 mm when using the
PET systems available up to 2010. The remaining RoM of
3.6% was very comparable to that of a Bethesda II nodule, the
definition of an “ideal rule-out test” according to actual guide-
lines [1]. Despite these findings, in their 2015 guidelines, the
American Thyroid Association does not routinely recommend
['"®F]FDG-PET imaging for the evaluation of thyroid nodules
with indeterminate cytology (Recommendation 18: Weak rec-
ommendation), and therefore, the guideline neither endorses
nor discourages its use [1]. The reasoning was rather limited,
moderate-quality evidence, likely fed by co-existent variable
and sometimes conflicting data [11-16].

Several causes have been attributed to the disappoint-
ing findings following initial promising work. These
include improved cytology classification, inclusion of
smaller lesions and shift from PET-only to hybrid PET-
CT imaging. As earlier work was from the pre-TBSRTC-
era, it is likely that improved stratification between
Bethesda II and Bethesda V/VI may leave less aggres-
sive histopathological diagnosis and thus less ['*F]FDG-
avid variants in the indeterminate cytology group [17].
Another explanation of decreasing NPV over time include
the increasing number of smaller malignancies reported
in studies. Indeed, false-negative ["8F]FDG-PET-CT is
often observed for sub-centimetre lesions [18, 19] and a
positive relation between nodule size and NPV has been
described [9]. Technical advances in PET-hardware and
reconstruction algorithms have led to improvement in
imaging resolution and signal-to-background ratio. This
development, including the fact that most recent stud-
ies exclude sub-centimetre nodules and consider (sub)
millimetric carcinomas a coincidence rather than a
false-negative malignancy, however, has not led to less
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false-negative cases and still malignancies up to 20 mm
have been described to be ['®F]FDG-nonavid [17].

The third cause, the transition from PET-only to hybrid
PET/CT imaging, was specifically addressed by two recent
meta-analysis, analysing over 1000 nodules in over 20 inde-
pendent cohorts. These show large ranges in observed sensi-
tivities (0-94%, pooled: 73-74%) and specificities (41-91%,
pooled: 56-58%) [15, 16]. A better performance of [18F]
FDG-PET-only studies as compared to hybrid PET-CT stud-
ies is reported, mainly due to better sensitivity (pooled 95%
versus 73%) but comparable specificity (pooled 58% versus
56%) [16]. NPVs should be interpreted with caution as post-
test probabilities, including predictive values and benign call
rates, not only depend on test characteristics (i.e., sensitivity
and specificity) but also pre-test probability (i.e., RoM) which
varied widely from 4.2 to 50% among studies included. Pooled
NPV was 99% for PET-only imaging, but varied from 74 to
91% for PET/CT with rather robust but limited positive pre-
dictive values similar to previous work (34-37%) [15, 16] and
similar to the RoM of ['®F]FDG-incidentalomas in random
patients [20, 21]. Also, the prevalence of a negative test, i.e.,
the benign call rate, varied between 37 and 92% between stud-
ies [15, 16]. The variation in RoM clearly reflects heterogene-
ity of the study populations including whether or not to include
FTUMP and NIFTP as benign lesions; the variation in sensi-
tivities reflects large differences in methodology. Drilling down
in the three studies with strikingly high false-negative rates of
8-19% [18, 22, 23] suggests that at least the inclusion of inci-
dental, clinically irrelevant carcinomas in the millimetre range
contributed in one study [23]. Qichang et al. tried to explain
the apparent difference in the performance of PET-only versus
hybrid PET-CT by speculating that atypical ['*F]JFDG uptake
in the neck (tonsils, pharynx, cervical lymph nodes and other
thyroid nodules) may have been falsely attributed to a nearby
false-negative thyroid nodule under study on PET-only imag-
ing, which would not have been the case if hybrid PET-CT
was performed. Furthermore, they argue that the definition of
a positive PET was less strict in the earlier PET-only studies,
causing this misinterpretation to occur more often [16].

The call for large, prospective, multicentre studies with
unified image interpretation protocols, incorporating the
evolving TBSRTC and uniform appraisal of lesion such as
FTUMP and NIFTP encouraged us to design and execute
a nationwide randomised-controlled trial in 15 academic
and non-academic centres (“Efficacy of ['F]FDG-PET in
Evaluation of Cytological indeterminate Thyroid nodules
prior to Surgery (EfFECTS)”, NCT02208544). The main
results were published earlier this year in EINMMI [24-26].
We randomised 132 patients with indeterminate (Bethesda
III and IV) cytology to either the experimental arm (diag-
nostic hemithyroidectomy only when the nodule was FDG-
positive) or standard of care (diagnostic hemithyroidectomy
regardless of the result of the ['*F]FDG-PET/CT). Patients
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in the experimental arm who were managed without surgery
(i.e., negative ['®FIFDG-PET/CT) were followed up by their
endocrinologists according to the risk of a benign nodule,
including an ultrasonography after one year.

The ['®F]FDG-PET/CT-driven approach indeed did
reduce the number of futile surgeries by 40% (48% in non-
Hiirthle cell nodules). No malignant or borderline tumours
were observed in patients under surveillance. Sensitivity,
specificity, negative and positive predictive value and benign
call rate of ["*FIFDG-PET/CT were 94.1%, 39.8%, 95.1%,
35.2% and 31.1%, respectively [24]. This was fully in line of
our 2011 meta-analysis [9] and the observed high NPV fits
the American Thyroid Association 2015-guideline statement
on an ideal “rule-out test” [1].

In the group of patients with a negative FDG-PET/CT, very
few patients crossed over in the study from watchful waiting
to surgery for fear of missed diagnosis or persistent obstruc-
tive complains of a nodule. None of these had a malignancy.
The 2/132 ['8F]FDG-PET/CT scans considered a false-neg-
ative were difficult to classify and required next-generation
sequencing to determine the nature of the nodule [24]. Mean
1-year societal costs, adjusted for imbalance in malignancy
rate in both study arms despite successful stratification,
were almost €7000 lower in the ['®F]JFDG-PET/CT-driven
approach. This included additional diagnostics and other costs
due to incidental findings in the skull base to aortic arch PET/
CT acquisition. Extending the 1-year window to a life-long
horizon confirmed that this imaging-driven approach is cost-
effective both for direct and societal costs with almost €10,000
lifetime reduction in costs [26]. The reassurance of a nega-
tive ['*FJFDG-PET/CT resulted in sustained health-related
quality-of-life throughout the first year of active surveillance.
Diagnostic surgery for a nodule with benign histopathology
resulted in more cognitive impairment and physical problems
including cosmetic complaints, but improved goitre symptoms
and anxiety. Anxiety was also reduced in patients with malig-
nant histopathology [27]. Quantitative analyses confirmed that
an ["®FIFDG-PET/CT-driven approach is specifically effec-
tive in non-Hiirthle cell nodules, although it suggested that
using a different cutoff of the Standardised Uptake Value in
Hiirthle cell nodules might improve the diagnostic value of
['FIFDG-PET/CT in this subcategory of patients [25]. We
could not find image-based or immunohistochemical mark-
ers that explain the difference between true and false ['F)
FDG-positive nodules [25, 28] and are currently preparing a
manuscript on the comparative value of molecular imaging
and molecular diagnostics in our cohort.

Admittedly, initial follow-up was relatively short with a
final evaluation after only 1 year, which was chosen due
to rules set by the grant provider (Dutch Cancer Society).
However, all patients remained in clinical follow-up up to
5 years, and to date, no missed cancer diagnoses have been
reported. Long-term analyses of our cohort are scheduled in

2025. Secondly, during the execution of the trial, TI-RADS
stratification of thyroid nodules by ultrasound characteristics
was not routinely performed in the Netherlands. As it is cur-
rently being incorporated in routine clinical care, it might
influence the RoM of selected cytologically indeterminate
thyroid nodules and thus benign call rate and NPV of ['®F]
FDG-PET/CT.

In conclusion, we truly believe that that data from the
Dutch EfFECTS trial confirm earlier publications by our
group as well as others: the use of ['*FJFDG-PET/CT in cyto-
logically indeterminate thyroid nodules prevents unbeneficial
diagnostic thyroid surgery, is oncologically safe, cost-effec-
tive and preserves quality-of-life. Its use is practice chang-
ing, should be offered to any patients scheduled for diagnostic
surgery for indeterminate thyroid FNAC and will be part of
the updated Dutch national guideline (expected end of 2023).

We call to push forward now and not to look back until
the role of ['"®F]JFDG-PET/CT in cytologically indetermi-
nate thyroid nodules has embodied in the bright daylight of
guidelines. Looking back too soon might send back Eurydice
to the Underworld forever and even Orpheus was not able to
undertake a return trip to Hades a second time.

Acknowledgements The authors thank all the patients who partici-
pated in the EfFECTS trial, all members of the EfFECTS trial consor-
tium and all others who were involved in any of the study procedures.

Author contribution Lioe-Fee de Geus-Oei, Wim J.G. Oyen and Dennis
Vriens conceptualised the EfFECTS-study. Lioe-Fee de Geus-Oei was
the project leader. Wim J.G. Oyen and Dennis Vriens were principal
investigators. Elizabeth J. de Koster was the junior investigator. Dennis
Vriens prepared the manuscript of this Editorial. All authors contributed
to data acquisition and the interpretation of the data of the EfFECTS-
study and critically reviewed this manuscript (and other EfFECTS-
related manuscripts). All authors had full access to all the data in the
study and approved any manuscript before submission. Dennis Vriens
had final responsibility for the decision to submit for publication.

Funding The EfFECTS trial was supported by a project grant from the
Dutch Cancer Society (KUN 2014-6514).

Data availability The study protocol and datasets generated during and/
or analysed during the current study are available from the correspond-
ing author on reasonable request. Data requestors will need to sign a
data access agreement and in keeping with patient consent for second-
ary use and obtain ethical approval for any new analyses.

Declarations

Ethical approval The EfFECTS trial was conducted according to the
principles of the Declaration of Helsinki (version of the 59th WMA
General Assembly, Seoul, October 2008) and in accordance with the
Medical Research Involving Human Subjects Act (WMO), the Euro-
pean Union (EU) General Data Protection Regulation (GDPR), the
National Thyroid Cancer guideline and the local (hospital) guidelines.

Consent to participate Written informed consent was obtained from

all participants prior to any study activity. The study protocol was
approved by the Medical Research Ethics Committee on Research

@ Springer



978

European Journal of Nuclear Medicine and Molecular Imaging (2023) 50:975-979

Involving Human Subjects region Arnhem-Nijmegen, Nijmegen, the
Netherlands. The trial was overseen by a trial steering committee and
an independent study safety committee. The funder of the study had no
role in its design, data collection and analysis, or writing of this report.

Competing interests The authors declare no competing interests.

References

10.

11.

12.

13.

Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Niki-
forov YE, et al. 2015 American Thyroid Association Management
Guidelines for Adult Patients with Thyroid Nodules and Differenti-
ated Thyroid Cancer: The American Thyroid Association Guidelines
Task Force on Thyroid Nodules and Differentiated Thyroid Cancer.
Thyroid. 2016;26:1-133. https://doi.org/10.1089/thy.2015.0020.
Cibas ES, Ali SZ. The 2017 Bethesda system for reporting thyroid
cytopathology. Thyroid. 2017;27:1341-6. https://doi.org/10.1089/
thy.2017.0500.

Strieder DL, Cristo AP, Zanella AB, Faccin CS, Farenzena M, Graudenz
MS, et al. Using an ultrasonography risk stratification system to
enhance the thyroid fine needle aspiration performance. Eur J Radiol.
2022;150: 110244. https://doi.org/10.1016/j.ejrad.2022.110244.

de Koster EJ, de Geus-Oei LF, Dekkers OM, van Engen-van GI, Ham-
ming J, Corssmit EPM, et al. Diagnostic utility of molecular and
imaging biomarkers in cytological indeterminate thyroid nodules.
Endocr Rev. 2018;39:154-91. https://doi.org/10.1210/er.2017-00133.
Joensuu H, Ahonen A, Klemi PJ. 18F-fluorodeoxyglucose imaging
in preoperative diagnosis of thyroid malignancy. Eur J Nucl Med.
1988;13:502-6. https://doi.org/10.1007/BF00256624.

Adler LP, Bloom AD. Positron emission tomography of thyroid masses.
Thyroid. 1993;3:195-200. https://doi.org/10.1089/thy.1993.3.195.
Bloom AD, Adler LP, Shuck JM. Determination of malignancy
of thyroid nodules with positron emission tomography. Surg.
1993;114:728-34 (discussion 34-5).

de Geus-Oei LF, Pieters GF, Bonenkamp JJ, Mudde AH, Bleeker-
Rovers CP, Corstens FH, et al. 18F-FDG PET reduces unneces-
sary hemithyroidectomies for thyroid nodules with inconclusive
cytologic results. J Nucl Med. 2006;47:770-5.

Vriens D, de Wilt JH, van der Wilt GJ, Netea-Maier RT, Oyen WJ,
de Geus-Oei LF. The role of [18F]-2-fluoro-2-deoxy-d-glucose-
positron emission tomography in thyroid nodules with indetermi-
nate fine-needle aspiration biopsy: systematic review and meta-
analysis of the literature. Cancer. 2011;117:4582-94. https://doi.
org/10.1002/cncr.26085.

Vriens D, Adang EM, Netea-Maier RT, Smit JW, de Wilt JH, Oyen
WI, et al. Cost-effectiveness of FDG-PET/CT for cytologically inde-
terminate thyroid nodules: a decision analytic approach. J Clin Endo-
crinol Metab. 2014;99:3263-74. https://doi.org/10.1210/jc.2013-3483.
Kim JM, Ryu JS, Kim TY, Kim WB, Kwon GY, Gong G, et al.
18F-fluorodeoxyglucose positron emission tomography does not
predict malignancy in thyroid nodules cytologically diagnosed as
follicular neoplasm. J Clin Endocrinol Metab. 2007;92:1630—4.
https://doi.org/10.1210/jc.2006-2311.

Salvatori M, Biondi B, Rufini V. Imaging in endocrinology: 2-[18F]-
fluoro-2-deoxy-D-glucose positron emission tomography/computed
tomography in differentiated thyroid carcinoma: clinical indications
and controversies in diagnosis and follow-up. Eur J Endocrinol.
2015;173:R115-30. https://doi.org/10.1530/EJE-15-0066.

Pak K, Kim SJ, Kim 1J, Kim BH, Kim SS, Jeon YK. The role
of 18F-fluorodeoxyglucose positron emission tomography in

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

differentiated thyroid cancer before surgery. Endocr Relat Cancer.
2013;20:R203-13. https://doi.org/10.1530/ERC-13-0088.

Wang N, Zhai H, Lu Y. Is fluorine-18 fluorodeoxyglucose positron
emission tomography useful for the thyroid nodules with inde-
terminate fine needle aspiration biopsy? A meta-analysis of the
literature. J Otolaryngol Head Neck Surg. 2013;42:38. https://doi.
org/10.1186/1916-0216-42-38.

Castellana M, Trimboli P, Piccardo A, Giovanella L, Treglia G.
Performance of (18)F-FDG PET/CT in selecting thyroid nodules
with indeterminate fine-needle aspiration cytology for surgery.
A systematic review and a meta-analysis. J Clin Med. 2019;8.
https://doi.org/10.3390/jcm8091333.

Qichang W, Jinming S, Lu L, Bin J, Renjie W, Xiuying Z. Com-
parison of 18F-FDG-PET and 18F-FDG-PET/CT for the diagnos-
tic performance in thyroid nodules with indeterminate cytology:
a meta-analysis. Medicine (Baltimore). 2020;99: €20446. https://
doi.org/10.1097/MD.0000000000020446.

Deandreis D, Al Ghuzlan A, Auperin A, Vielh P, Caillou B,
Chami L, et al. Is (18)F-fluorodeoxyglucose-PET/CT useful for
the presurgical characterization of thyroid nodules with indeter-
minate fine needle aspiration cytology? Thyroid. 2012;22:165-72.
https://doi.org/10.1089/thy.2011.0255.

Hales NW, Krempl GA, Medina JE. Is there a role for fluorode-
oxyglucose positron emission tomography/computed tomography
in cytologically indeterminate thyroid nodules? Am J Otolaryngol.
2008;29:113-8. https://doi.org/10.1016/j.amjoto.2007.04.006.
Traugott AL, Dehdashti F, Trinkaus K, Cohen M, Fialkowski E,
Quayle F, et al. Exclusion of malignancy in thyroid nodules with inde-
terminate fine-needle aspiration cytology after negative 18F-fluorode-
oxyglucose positron emission tomography: interim analysis. World J
Surg. 2010;34:1247-53. https://doi.org/10.1007/s00268-010-0398-3.
Scappaticcio L, Piccardo A, Treglia G, Poller DN, Trimboli P. The
dilemma of (18)F-FDG PET/CT thyroid incidentaloma: what we
should expect from FNA. A systematic review and meta-analysis Endo-
crine. 2021;73:540-9. https://doi.org/10.1007/s12020-021-02683-4.
de Leijer JF, Metman MJH, van der Hoorn A, Brouwers AH, Krui-
Jff S, van Hemel BM, et al. Focal thyroid incidentalomas on (18)
F-FDG PET/CT: a systematic review and meta-analysis on preva-
lence, risk of malignancy and inconclusive fine needle aspiration.
Front Endocrinol (Lausanne). 2021;12: 723394. https://doi.org/10.
3389/fendo.2021.723394.

Pathak KA, Goertzen AL, Nason RW, Klonisch T, Leslie WD. A
prospective cohort study to assess the role of FDG-PET in differen-
tiating benign and malignant follicular neoplasms. Ann Med Surg
(Lond). 2016;12:27-31. https://doi.org/10.1016/j.amsu.2016.10.008.
Nguyen TT, Lange NGE, Nielsen AL, Thomassen A, Doss-
ing H, Godballe C, et al. PET/CT and prediction of thyroid
cancer in patients with follicular neoplasm or atypia. Eur Arch
Otorhinolaryngol. 2018;275:2109-17. https://doi.org/10.1007/
s00405-018-5030-4.

de Koster EJ, de Geus-Oei LF, Brouwers AH, van Dam E,
Dijkhorst-Oei LT, van Engen-van Grunsven ACH, et al. [(18)F]
FDG-PET/CT to prevent futile surgery in indeterminate thyroid
nodules: a blinded, randomised controlled multicentre trial. Eur
J Nucl Med Mol Imaging. 2022;49:1970-84. https://doi.org/10.
1007/500259-021-05627-2.

de Koster EJ, Noortman WA, Mostert JM, Booij J, Brouwer CB,
de Keizer B, et al. Quantitative classification and radiomics of
[(18)F]FDG-PET/CT in indeterminate thyroid nodules. Eur J Nucl
Med Mol Imaging. 2022;49:2174-88. https://doi.org/10.1007/
$00259-022-05712-0.

de Koster EJ, Vriens D, van Aken MO, Dijkhorst-Oei LT, Oyen
WIG, Peeters RP, et al. FDG-PET/CT in indeterminate thyroid
nodules: cost-utility analysis alongside a randomised controlled


https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1089/thy.2017.0500
https://doi.org/10.1089/thy.2017.0500
https://doi.org/10.1016/j.ejrad.2022.110244
https://doi.org/10.1210/er.2017-00133
https://doi.org/10.1007/BF00256624
https://doi.org/10.1089/thy.1993.3.195
https://doi.org/10.1002/cncr.26085
https://doi.org/10.1002/cncr.26085
https://doi.org/10.1210/jc.2013-3483
https://doi.org/10.1210/jc.2006-2311
https://doi.org/10.1530/EJE-15-0066
https://doi.org/10.1530/ERC-13-0088
https://doi.org/10.1186/1916-0216-42-38
https://doi.org/10.1186/1916-0216-42-38
https://doi.org/10.3390/jcm8091333
https://doi.org/10.1097/MD.0000000000020446
https://doi.org/10.1097/MD.0000000000020446
https://doi.org/10.1089/thy.2011.0255
https://doi.org/10.1016/j.amjoto.2007.04.006
https://doi.org/10.1007/s00268-010-0398-3
https://doi.org/10.1007/s12020-021-02683-4
https://doi.org/10.3389/fendo.2021.723394
https://doi.org/10.3389/fendo.2021.723394
https://doi.org/10.1016/j.amsu.2016.10.008
https://doi.org/10.1007/s00405-018-5030-4
https://doi.org/10.1007/s00405-018-5030-4
https://doi.org/10.1007/s00259-021-05627-2
https://doi.org/10.1007/s00259-021-05627-2
https://doi.org/10.1007/s00259-022-05712-0
https://doi.org/10.1007/s00259-022-05712-0

European Journal of Nuclear Medicine and Molecular Imaging (2023) 50:975-979 979

217.

28.

trial. Eur J Nucl Med Mol Imaging. 2022;49:3452-69. https://doi.
org/10.1007/300259-022-05794-w.

de Koster EJ, Husson O, van Dam E, Mijnhout GS, Netea-Maier
RT, Oyen WIJG, et al. Health-related quality of life following
FDG-PET/CT for cytological indeterminate thyroid nodules.
Endocr Connect. 2022;11. https://doi.org/10.1530/EC-22-0014.
de Koster EJ, van Engen-van Grunsven ACH, Bussink J, Friel-
ink C, de Geus-Oei LF, Kusters B, et al. [(18)F]FDG uptake and

expression of immunohistochemical markers related to glycolysis,
hypoxia, and proliferation in indeterminate thyroid nodules. Mol
Imaging Biol. 2022. https://doi.org/10.1007/s11307-022-01776-4.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00259-022-05794-w
https://doi.org/10.1007/s00259-022-05794-w
https://doi.org/10.1530/EC-22-0014
https://doi.org/10.1007/s11307-022-01776-4

	Preoperative stratification of cytologically indeterminate thyroid nodules by [18F]FDG-PET: can Orpheus bring back Eurydice?
	Acknowledgements 
	References


