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Fig 1) Schematic image of variations in the expression of cell surface receptors in TENIS patients.

Tumor Microenvironment

s = w

[%8Ga]Ga-FAPI & [%8Ga]Ga-FAPI

. . [°8Ga]Ga-FAPI FAP
L4
® aQ

Cancer-associated fibroblast
¢
®
¢ o @

[#8Ga)Ga-FAPI

Tumor Cells

¢

.’Gt]G;-FAPI
@
= e [ == == e e == == == = ==

FAP o badis )13 5 5 5ad SGled  gos (7 IS
Fig 2) Schematic image of FAP-based targeted imaging

alte o e S [SURFPAFR fl;L}\TENB \JJJ?))MQJVQ@‘JAJQMCJJ
el S S [68Ga]Ga- ol Ol ol 51 45 ol 0l 03,50
Wb pls Juli Cumex 5> PSMA PET/CT

http://bpums.ac.ir


http://bpums.ac.ir/

O/ e b Sl b g Ol OKen 5 S, il

TENIS 0l)key 55 glatmms (S5 iises b Sl (padndi &5 (V Jyor

ol AP E SR s s Dda
(A 51V 0P FYoAY 2-[*F]FDG PET/CT GLUT
(V) V¥ 1n-Pentetreotide
(YA) a2 [*™Tc]Tc-EDDA/HYNIC-TOC SSTR
(F+=¥Y) PY-PY [%Ga]Ga-DOTATATE PET/CT
) ar [®Ga]Ga-DOTATATE PET/MR
n/a [#Ga]Ga-PSMA PET/CT PSMA
(%) AV/0 [®Ga]Ga-FAPI PET/CT FAP
n/a: not available
S S e 4 by pasiS p 5 e ) Aol Ll

Lol S5 Gl pnsa sl Okel
FAP ,PSMA SSTR GLUT _axis claciis
[®GalGa- s, 4 & s 0 055 TENIS ol s
Rl om 3 s st # 5 on 5V FAPI PET/CT
5 FAPI Sy b @ s b oo Ol
Slslme 5 O3 (2ol B8 K 0 b uaes
S S e GlaekiS)lee b Oloys Sgdome (63555
025 TENIS Ohlay Oloys 3 (dm o8 555l 4 b
Sl a3 jes S Slalas plasil

ey o B4 Lad 3 FAPL 0 o Sangil 5
Lol g b Sl oo dli ol

S o5 (Gl 3o

8\.&:\-&5
Ol dlie S8k 5 g Wil o5l5 55 s

References:

ar) wil_. [68Ga]Ga-DOTATATE PET/MR
S8 Sl oGl 4 g LS (Ao
U3l s [68Ga]Ga-DOTATATE PET/CT
sais 5 Lles S elisl TENIS Ol
Foml e S 4 il dys SY-SY
oo w Oblen bl 5o el £ e
« b, . [68Ga]Ga-DOTATATE PET/MR
LB S 51 b 53 & A3L )l MRI L5
Tr L ol G SRy Aale el

4 .]oj.:f Loy AV/D L;\.a.:x.“.?
w ory L S 13l_ [68Ga]Ga-FAPI PET/CT

GBS B 5oL rzmen s FAPL S gl 5 oL
L Oleys ssdoe (35,55 laolae 5 Ol 3 5150
Shay o Sl 4 U aS 5L 5,0 slaedis Hlgs
el 235 ol o5y TENIS ey Olss 3

J\..»JLL;O b‘) \) ‘L.:.AJ L)'l\ B JSG)J.LwS/ le.b

1. Agate L, Lorusso L, Elisei R. New and old
knowledge on differentiated thyroid cancer epide-
miology and risk factors. J Endocrinol Invest
2012; 35(6 Suppl): 3-9.https://pub-
med.ncbi.nlm.nih.gov/23014067/

2.Ardeshir Larijani Mb, Mohagheghi Sma,
Mousavi Jarahi Sar, et al. Thyroid Cancer In
Iran: An Epidemiological Survey Based On
Cancer Data's Registered In Tehran. J Med

Council Iran  2005; 23(4): 362-367.
https://www.sid.ir/paper/41004/en

3.Salari N, Kazeminia M, Mohammadi M. The
Prevalence of Thyroid Cancer in lIran: a
Systematic Review and Meta-analysis. Indian J
Surg  Oncol 2021; 2021(6): 1-11.
d0i:10.1007/s13193-021-01465-8

4.Caetano R, Bastos CR, de Oliveira IA, et al.
Accuracy of positron emission tomography and
positron emission tomography-CT in the

http://bpums.ac.ir


http://bpums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/23014067/
https://pubmed.ncbi.nlm.nih.gov/23014067/
https://www.sid.ir/paper/41004/en
https://www.researchgate.net/publication/356161059_The_Prevalence_of_Thyroid_Cancer_in_Iran_a_Systematic_Review_and_Meta-analysis

VEN OLT 5 g0 /¥ o lasd /02ty 5 Sy Jluo

AR

detection of differentiated thyroid cancer
recurrence with negative 1311 whole-body scan
results: A meta-analysis. Head Neck 2016;
38(2): 316-27. doi:10.1002/hed.23881

5.Kist JW, de Keizer B, Stokkel MP, et al.
Recurrent differentiated thyroid cancer:
towards personalized treatment based on
evaluation of tumor characteristics with PET
(THYROPET Study): study protocol of a
multicenter observational cohort study. BMC
cancer 2014; 14: 405. doi:10.1186/1471-2407-
14-405

6.Emami-Ardekani A, Ghorbani-Nik F,
Karamzade-Ziarati N, et al. Impact of TSH
stimulation on 2-[18F]FDG PET/CT results in
patients with papillary thyroid carcinoma
presented with elevated serum thyroglobulin
level and negative diagnostic iodine-131
whole-body scan. Iran J Nucl Med 2022; 30(2):
88-95. https://irjnm.tums.ac.ir/arti-
cle_40014.html

7.Haugen BR, Alexander EK, Bible KC, et al.
2015  American  Thyroid  Association
management guidelines for adult patients with
thyroid nodules and differentiated thyroid
cancer: the American Thyroid Association
guidelines task force on thyroid nodules and
differentiated thyroid cancer. Thyroid 2016;
26(1): 1-133. doi:10.1089%2Fthy.2015.0020

8.Laha D, Nilubol N, Boufragech M. New
Therapies for Advanced Thyroid Cancer. Front
Endocrinol 2020; 11: 1-9.
doi:10.3389/fendo.2020.00082

9.Chao M. Management of Differentiated
Thyroid Cancer with Rising Thyroglobulin and
Negative Diagnostic Radioiodine Whole Body
Scan. Clin Oncol (R Coll Radiol) 2010; 22(6):
438-47. doi:10.1016/j.clon.2010.05.005

10.Ma C, Kuang A, Xie J, et al. Possible
explanations for patients with discordant
findings of serum thyroglobulin and 131l
whole-body scanning. J Nucl Med 2005;
46(9): 1473-80.https://pub-
med.ncbi.nlm.nih.gov/16157530/

11.Biermann M. Gallium-68-PSMA-PET/CT
outperforms radioiodine scintigraphy and
FDG-PET/CT in a prospective series of 10
patients with metastasized differentiated thy-
roid cancer. Clin Thyroid 2018; 30(8): 388-90.
doi:10.1089/ct.2018;30.388-390

12.Shinto AS, Kamaleshwaran KK, Mallia M, et
al. Utility of (99m)Tc-Hynic-TOC in 131l
Whole-Body Scan Negative Thyroid Cancer
Patients with Elevated Serum Thyroglobulin
Levels. World J Nucl Med 2015; 14(2): 101-8.

d0i:10.4103/1450-1147.154229

13.Vrachimis A, Stegger L, Wenning C, et al.
[68Ga]DOTATATE PET/MRI and [18F]FDG
PET/CT are complementary and superior to
diffusion-weighted MR  imaging  for
radioactive-iodine-refractory differentiated
thyroid cancer. Eur J Nucl Med Mol Imaging
2016; 43(10): 1765-72. doi:10.1007/s00259-
016-3378-5

14.Agrawal A, Rangarajan V. Appropriateness
criteria of FDG PET/CT in oncology. Indian J
Radiol Imaging 2015; 25(02): 88-101.
doi:10.4103/0971-3026.155823

15.Marcus C, Whitworth PW, Surasi DS, et al.
PET/CT in the management of thyroid cancers.
AJR Am J Roentgenol 2014; 202(6): 1316-29.
doi:10.2214/AJR.13.11673

16.Are C, Hsu JF, Ghossein RA, et al. Histologi-
cal aggressiveness of fluorodeoxyglucose posi-
tron-emission tomogram (FDG-PET)-detected
incidental thyroid carcinomas. Ann Surg Oncol
2007; 14(11): 3210-5. doi:10.1245/s10434-
007-9531-4

17.Shammas A, Degirmenci B, Mountz JM, et al.
18F-FDG PET/CT in patients with suspected
recurrent or metastatic well-differentiated
thyroid cancer. J Nucl Med 2007; 48(2): 221-6.
https://pubmed.ncbi.nlm.nih.gov/17268018/

18.Leboulleux S, Schroeder PR, Schlumberger
M, et al. The role of PET in follow-up of
patients treated for differentiated epithelial
thyroid cancers. Nat Clin Pract Endocrinol
Metab 2007; 3(2): 112-21.
doi:10.1038/ncpendmet0402

19.Crippa F, Alessi A, Gerali A, et al. FDG-PET
in Thyroid Cancer. Tumori 2003; 89(5): 540-3.
doi:10.1177/030089160308900517

20.Kukulska A, Krajewska J, Kotosza Z, et al.
The role of FDG-PET in localization of
recurrent lesions of differentiated thyroid
cancer (DTC) in patients with asymptomatic
hyperthyroglobulinemia in a real clinical
practice. Eur J Endocrinol 2016; 175(5):
379-85. doi:10.1530/EJE-16-0360

21.Giovanella L, Trimboli P, Verburg FA, et al.
Thyroglobulin  levels and thyroglobulin
doubling time independently predict a positive
18F-FDG PET/CT scan in patients with
biochemical recurrence of differentiated
thyroid carcinoma. Eur J Nucl Med Mol
Imaging 2013; 40(6): 874-80.
doi:10.1007/s00259-013-2370-6

22.Vural GU, Akkas BE, Ercakmak N, et al.
Prognostic significance of FDG PET/CT on the
follow-up of patients of differentiated thyroid

http://bpums.ac.ir


http://bpums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/25251544/
https://pubmed.ncbi.nlm.nih.gov/24906384/
https://pubmed.ncbi.nlm.nih.gov/24906384/
https://irjnm.tums.ac.ir/article_40014.html
https://irjnm.tums.ac.ir/article_40014.html
https://pubmed.ncbi.nlm.nih.gov/26462967/
https://www.frontiersin.org/articles/10.3389/fendo.2020.00082/full
https://pubmed.ncbi.nlm.nih.gov/20561773/
https://pubmed.ncbi.nlm.nih.gov/16157530/
https://pubmed.ncbi.nlm.nih.gov/16157530/
https://www.liebertpub.com/doi/10.1089/ct.2018%3B30.388-390
https://pubmed.ncbi.nlm.nih.gov/26097420/
https://pubmed.ncbi.nlm.nih.gov/27059853/
https://pubmed.ncbi.nlm.nih.gov/27059853/
https://pubmed.ncbi.nlm.nih.gov/25969632/
https://pubmed.ncbi.nlm.nih.gov/24848831/
https://pubmed.ncbi.nlm.nih.gov/17713821/
https://pubmed.ncbi.nlm.nih.gov/17713821/
https://pubmed.ncbi.nlm.nih.gov/17268018/
https://pubmed.ncbi.nlm.nih.gov/17237838/
https://pubmed.ncbi.nlm.nih.gov/14870781/
https://pubmed.ncbi.nlm.nih.gov/27511823/
https://pubmed.ncbi.nlm.nih.gov/23463330/

Fe0/ i dy Sl b 5 Ol

O, Ken 5 S5, bl

carcinoma with negative 1311 whole-body scan
and elevated thyroglobulin levels: correlation
with clinical and histopathologic characteristics
and long-term follow-up data. Clin Nucl Med
2012; 37(10): 953-9.
d0i:10.1097/RLU.0b013e31825b2057

23.Xu C, Zhang H. Somatostatin receptor based
imaging and radionuclide therapy. Biomed Res
Int 2015; 2015: 917968. doi:
10.1155/2015/917968

24.Atkinson H, England JA, Rafferty A, et al.
Somatostatin receptor expression in thyroid
disease. Int J Exp Pathol 2013; 94(3): 226-9.
doi:10.1111/iep.12024

25.Treglia G, Rindi G, Rufini V. Expression of
somatostatin receptors may guide the use of
somatostatin receptor imaging and therapy in
differentiated thyroid cancer. Hormones
(Athens) 2012; 11(3): 230-2.
d0i:10.1007/BF03401532

26.Gorges R, Kahaly G, Muller-Brand J, et al.
Radionuclide-labeled somatostatin analogues
for diagnostic and therapeutic purposes in
nonmedullary thyroid cancer. Thyroid 2001;
11(7): 647-59. doi:
10.1089/105072501750362718

27.Czepczynski R, Gryczynska M, Ruchata M.
99mTc-EDDA/HYNIC-TOC in the diagnosis
of differentiated thyroid carcinoma refractory
to radioiodine treatment. Nucl Med Rev Cent
East Eur 2016; 19(2): 67-73. doi:
10.5603/NMR.2016.0015

28.Sager S, Kabasakal L, Halac M, et al.
Comparison of 99mTc-HYNIC-TOC and
HYNIC-TATE octreotide scintigraphy with
FDG PET and 99mTc-MIBI in local recurrent
or distant metastatic thyroid cancers. Clin Nucl
Med 2013; 38(5): 321-5. doi:
10.1097/RLU.0b013e3182868062

29.Padhy A, Chung SL, Kok TY, et al.
Evaluation of thyroid cancer patients with
Ga-68 DOTA-TATE PET/CT: initial
experience at a tertiary health care centre. J
Nuclear  Med  2013;  54(2): 1928.
https://jnm.snmjournals.org/content/54/supple-
ment 2/1928.short

30.Demirci E, Kabasakal L, Ocak M, et al.
Evaluation of 68Ga-DOTA-TATE and 68
Ga-DOTA-NOC PET/CT in patients with dif-
ferentiated thyroid cancer. J Nuclear Med 2012;
53(1): 2095. https://jnm.snmjournals.org/con-
tent/53/supplement 1/2095.short

31.Jois B, Asopa R, Basu S. Somatostatin
Receptor  Imaging in  Non-131l-Avid
Metastatic Differentiated Thyroid Carcinoma

for Determining the Feasibility of Peptide
Receptor  Radionuclide  Therapy  With
177Lu-DOTATATE: Low Fraction of Patients
Suitable for Peptide Receptor Radionuclide
Therapy and Evidence of Chromogranin A
Level-Positive Neuroendocrine
Differentiation. Clin Nucl Med 2014; 39(6):
505-10. doi: 10.1097/RLU.0000000000000429

32.Bychkov A, Vutrapongwatana U,
Tepmongkol S, et al. PSMA expression by
microvasculature of thyroid tumors—Potential
implications for PSMA theranostics. Sci Rep
2017; 7(1): 5202. doi: 10.1038/s41598-017-
05481-z

33.Derlin T, Kreipe HH, Schumacher U, et al.
PSMA expression in tumor neovasculature
endothelial cells of follicular thyroid adenoma
as identified by molecular imaging using
68Ga-PSMA ligand PET/CT. Clin Nucl Med
2017; 42(3): el73-e4. doi:
10.1097/rlu.0000000000001487

34.Abbasi M. Hypothesis Generation: Does
Lul77 Therapy May be Effective for Treatment
of Benign Prostate Hyperthrophy? Iran South
Med J 2021; 24(6): 637-8.
URL:http://ismj.bpums.ac.ir/article-1-1558-
en.html

35.Bertagna F, Albano D, Giovanella L, et al.
68Ga-PSMA PET thyroid incidentalomas.
Hormones (Athens) 2019; 18(2): 145-9. doi:
10.1007/s42000-019-00106-8

36.Sollini M, di Tommaso L, Kirienko M, et al.
PSMA expression level predicts differentiated
thyroid cancer aggressiveness and patient
outcome. EJINMMI Res 2019; 9(1): 93. doi:
10.1186/s13550-019-0559-9

37.Moore M, Panjwani S, Mathew R, et al. Well-
differentiated thyroid cancer neovasculature ex-
presses prostate-specific membrane antigen—a
possible novel therapeutic target. Endocr Pathol
2017; 28(4): 339-44. doi: 10.1007/s12022-017-
9500-9

38.Litje S, Gomez B, Cohnen J, et al. Imaging of
prostate-specific membrane antigen expression
in metastatic differentiated thyroid cancer using
68Ga-HBED-CC-PSMA PET/CT. Clin Nucl
Med 2017; 42(1): 20-5.
doi:10.1097/RLU.0000000000001454

39.Verma P, Malhotra G, Meshram V, et al.
Prostate-Specific Membrane Antigen
Expression in Patients With Differentiated
Thyroid Cancer With Thyroglobulin Elevation
and Negative lodine Scintigraphy Using
68Ga-PSMA-HBED-CC PET/CT. Clin Nucl

http://bpums.ac.ir


http://bpums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/22899202/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4387942/
https://pubmed.ncbi.nlm.nih.gov/23672766/
https://pubmed.ncbi.nlm.nih.gov/22908057/
https://pubmed.ncbi.nlm.nih.gov/11484893/
https://pubmed.ncbi.nlm.nih.gov/27479883/
https://pubmed.ncbi.nlm.nih.gov/23531772/
https://jnm.snmjournals.org/content/54/supplement_2/1928.short
https://jnm.snmjournals.org/content/54/supplement_2/1928.short
https://jnm.snmjournals.org/content/53/supplement_1/2095.short
https://jnm.snmjournals.org/content/53/supplement_1/2095.short
https://pubmed.ncbi.nlm.nih.gov/24662668/
https://pubmed.ncbi.nlm.nih.gov/28701709/
https://pubmed.ncbi.nlm.nih.gov/28701709/
https://pubmed.ncbi.nlm.nih.gov/27997422/
http://ismj.bpums.ac.ir/article-1-1558-en.html
http://ismj.bpums.ac.ir/article-1-1558-en.html
https://pubmed.ncbi.nlm.nih.gov/30989578/
https://pubmed.ncbi.nlm.nih.gov/31617002/
https://pubmed.ncbi.nlm.nih.gov/28844117/
https://pubmed.ncbi.nlm.nih.gov/28844117/
https://pubmed.ncbi.nlm.nih.gov/27846003/

VEN OLT 5 g0 /¥ o lasd /02ty 5 Sy Jluo

AR

Med 2021; 46(8): e406-€9. doi:
10.1097/RLU.0000000000003655

40.de Vries LH, Lodewijk L, Braat AJAT, et al.
68Ga-PSMA PET/CT in radioactive iodine-re-
fractory differentiated thyroid cancer and first
treatment results with 177Lu-PSMA-617.
EJNMMI  Res 2020; 10: 18. doi:
10.1186/s13550-020-0610-x

41.Ciappuccini R, Saguet-Rysanek V, Giffard F,
et al. PSMA Expression in Differentiated
Thyroid Cancer: Association With
Radioiodine, 18FDG Uptake, and Patient
Outcome. J Clin Endocrinol Metab 2021;
106(12): 3536-45. doi:
10.1210/clinem/dgab563

42.Fu H, Huang J, Sun L, et al. FAP-Targeted
Radionuclide ~ Therapy  of  Advanced
Radioiodine-Refractory Differentiated Thyroid
Cancer With Multiple Cycles of 177Lu-
FAPI-46. Clin Nucl Med 2022; 47(10):
906-907. doi:
10.1097/RLU.0000000000004260

43.Fu H, Fu J, Huang J, et al. 68Ga-FAPI
PET/CT in Thyroid Cancer With Thyroglobulin
Elevation and Negative lodine Scintigraphy.
Clin Nucl Med 2021; 46(5): 427-30. doi:
10.1097/RLU.0000000000003569
44.Chen Y, Zheng S, Zhang J, et al
68Ga-DOTA-FAPI-04 PET/CT imaging in
radioiodine-refractory differentiated thyroid
cancer (RR-DTC) patients. Ann Nucl Med
2022; 36(7): 610-22. doi: 10.1007/s12149-022-
01742-8
45.Fu H, Fu J, Huang J, et al. 68Ga-FAPI
PET/CT Versus 18F-FDG PET/CT for
Detecting Metastatic Lesions in a Case of
Radioiodine-Refractory Differentiated Thyroid
Cancer. Clin Nucl Med 2021; 46(11): 940-2.
doi: 10.1097/RLU.0000000000003730
46.Ballal S, Yadav MP, Moon ES, et al. Novel
Fibroblast Activation Protein Inhibitor-Based
Targeted Theranostics for Radioiodine-
Refractory Differentiated Thyroid Cancer
Patients: A Pilot Study. Thyroid 2022; 32(1):
65-77. doi: 10.1089/thy.2021.0412

http://bpums.ac.ir


http://bpums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/33883490/
https://ejnmmires.springeropen.com/articles/10.1186/s13550-020-0610-x#citeas
https://pubmed.ncbi.nlm.nih.gov/34331544/
https://pubmed.ncbi.nlm.nih.gov/35485857/
https://pubmed.ncbi.nlm.nih.gov/33661204/
https://pubmed.ncbi.nlm.nih.gov/35551610/
https://pubmed.ncbi.nlm.nih.gov/35551610/
https://pubmed.ncbi.nlm.nih.gov/34034326/
https://pubmed.ncbi.nlm.nih.gov/34641705/

Iran South Med J 2022; 25(4): 394-407

Review Article
Nuclear Imaging in Patients with Differentiated
Thyroid Cancer and Negative Radioactive lodine
Scan
AR. Emami-Ardekani (vb)**, N. Karamzade-Ziarati (D)},

Y. Salehi (vD)!, R. Manafi-Farid (Mp)}, A. Fard-Esfahani (MD)*,
P. Geramifar (PhD)!, D. Beiki (PharmD)!, M. Akhlaghi (Php)!, B. Fallahi (D)}

! Research Center for Nuclear Medicine, Tehran University of Medical Sciences, Tehran, Iran

(Received 16 Oct, 2022 Accepted 6 Dec, 2022)

Abstract
Background: Thyroid cancer is the most common endocrine malignancy in the world; however, these
patients usually experience a high survival rate if they receive appropriate and timely treatment. Meanwhile,
patients classified as having differentiated thyroid cancer with high thyroglobulin and negative iodine scan
[Differentiated thyroid cancer with thyroglobulin elevation and negative iodine scintigraphy (TENIS)] are
always considered a diagnostic-therapeutic challenge.
Materials and Methods: We conducted a comprehensive literature search of published papers in the
PubMed/MEDLINE database regarding nuclear imaging in differentiated thyroid cancer with thyroglobulin
elevation and negative iodine scintigraphy. We included all human studies in this field.
Results: In this review, we examined four major groups of imaging studies aimed at identifying GLUT,
SSTR, PSMA and FAP receptors in patients with TENIS. The diagnostic rate of 2-[*F]FDG PET/CT in
these patients has been reported as 63-81% based on various studies. Also, [(¥Ga]Ga-DOTATATE PET/CT,
[(®Ga]Ga-PSMA PET/CT and [*®Ga]Ga-FAPI PET/CT scans have shown good results in these patients.
Conclusion: [#Ga]Ga-FAPI PET/CT imaging has the highest diagnostic rate among these patients. Given
the theranostic capability of FAPI and the numerous complications and limited inclusion criteria for
treatment with tyrosine kinase inhibitors, it has been the next step in the treatment of patients with TENIS.
Therefore, more extensive studies in this field are warranted.
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