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Abstract: Thyroid cancer is the most common endocrine malignancy. Incidence of thyroid cancer, particularly dif-
ferentiated thyroid cancer, has substantially increased worldwide. Therefore, appropriate diagnosis and treatment 
methods for differentiated thyroid cancer are critically important. The current review aimed to explore studies con-
cerning the etiology, epidemiology, diagnosis, and treatment of differentiated thyroid cancer, referring to recent 
American Thyroid Association and British Thyroid Association guidelines. The current study discusses overdiagnosis 
and overtreatment of differentiated thyroid carcinomas. Future direction for studies investigating differentiated 
thyroid cancer, aiming to achieve precise diagnosis and treatment, was also discussed. Accuracy levels of diagno-
sis and treatment methods of differentiated thyroid cancer have not been high enough. They must be refined by 
additional studies. Therefore, diagnosis and treatment of differentiated thyroid cancer requires multidisciplinary 
collaboration, as well as individual management. Careful preoperative evaluations should be performed, selecting 
reasonable surgical methods and proper adjuvant therapies to achieve accurate diagnoses. These measures will 
provide optimal treatment for differentiated thyroid cancer patients, helping them to achieve better outcomes.
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Introduction

Incidence of thyroid cancer has increased, 
worldwide [1-4]. Incidence of thyroid cancer  
has increased by 211% from 1975 to 2013. 
Approximately 64,300 new cases were report-
ed in the United States in 2016 [1, 2]. Moreover, 
according to the latest epidemiological survey, 
thyroid cancer has become the most common 
type of cancer in South Korea [3]. Increased 
incidence rates of thyroid cancer can be attrib-
uted to increased incidence of differentiated 
thyroid cancer (DTC), particularly papillary thy-
roid cancer (PTC) [1, 4]. In South Korea, rates of 
thyroid cancer diagnoses increased 15-fold 
between 1993 and 2011, with PTC accounting 
for most new cases [3]. DTC derived from fol-
licular cells accounts for more than 90% of all 
thyroid cancers. There are three types of DTC, 
including PTC (90%), follicular thyroid cancer 
(FTC; 7%-8%), and oncocytic thyroid cancer 
(2%-3%), also known as Hürthle cell thyroid 

cancer [4, 5]. Therefore, appropriate diagnosis 
and treatment methods for DTC are critically 
important.

Etiology of DTC

Researchers have focused on investigating the 
development of thyroid cancer in response to 
radiation exposure [6]. External radiation expo-
sure, one of the most well-known causes of thy-
roid cancer, can induce long-term damage to 
thyroid glands [7]. Thyroid glands of children 
are especially sensitive to the carcinogenic 
action of ionizing radiation, with a straight line 
adequately representing the relationship bet- 
ween dose of radiation and effects [8]. The risk 
of thyroid cancer increases after a mean dose 
to the thyroid as low as 0.1 Gy, delivered with a 
high-dose rate [9]. In children exposed to a 
dose of 1 Gy, the excess relative risk of thyroid 
carcinoma is 7.7. In these subjects, most (> 
85%) thyroid cancers are attributable to radia-
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tion exposure [10]. According to studies inve- 
stigating the Chernobyl incident, thyroid cancer  
is closely related to radioactive materials, in- 
cluding iodine, cesium, plutonium, and stron-
tium radioisotopes, particularly iodine [11]. No- 
ticeably, children exposed to radioactive fal- 
lout in the Chernobyl incident have shown an 
increased incidence of thyroid cancer, with PTC 
the most common histological type [7, 12]. In 
addition, diet and environmental factors play 
important roles in the promotion of DTC inci-
dence. Iodine and selenium intake has also 
been associated with occurrence of DTC, ac- 
cording to a study reported by Schneider [7]. 
Chronic iodine deficiencies and iodine excess-
es have been associated with follicular cell 
hyperplasia and hypertrophy. These have been 
attributed to the excessive secretion of thyroid 
stimulating hormone (TSH). Higher occurrence 
of DTC has been related to higher serum TSH 
concentrations [13, 14]. Smoking is an inde-
pendent risk factor for goitres, but further stud-
ies are necessary to determine whether smok-
ing increases incidence of DTC [15]. Genetic 
factors are also important in occurrence and 
development of DTC. An increasing number of 
studies have investigated the genetic aetiology 
of DTC [16-19]. Familial thyroid cancer has 
gradually become a recognized cancer in pa- 
tients with DTC, also known as non-medullary 
thyroid carcinoma [16]. Several inherited syn-
dromes have been associated with non-medul-
lary thyroid cancer, such as Gardner’s syn-
drome, Cowden disease, Carney complex, and 
Werner syndrome [16, 19]. Moreover, genetic 
rearrangements in RET/PTC and PAX8/PPARG 
and mutations in RAS, BRAF, the TERT promot-
er, TP53, PIK3CA, and AKT1 are involved in  
the tumorigenesis of thyroid carcinoma derived 
from follicular cells [17, 18]. BRAF mutations 
account for 47% of PTC cases, while RAS muta-
tions and PAX8-PPARG rearrangement are very 
common in FTC [17, 18]. However, mechanisms 
and pathways underlying genetic variations 
associated with DTC remain unclear. Further 
studies are necessary to confirm and deter-
mine the genetic etiology of DTC.

Diagnosis of DTC

Imaging examinations

According to most recent American Thyroid As- 
sociation (ATA) and British Thyroid Association 
(BTA) guidelines, imaging examinations play an 
important role in the management of DTC [4, 
20]. Ultrasonography (US) procedures are an 

economic and non-invasive method of inspec-
tion. They are routinely used to evaluate thyroid 
nodules [19]. US can distinguish benign nod-
ules from malignant nodules. It can evaluate 
the size, number, boundary, and vascularity of 
the nodules [21, 22]. In 2009, Park et al. [23] 
proposed the thyroid imaging reporting and 
data system (TI-RADS) for stratifying thyroid 
nodules according to the probability of a ma- 
lignancy based on the 12 features of thyroid 
nodules that are observable on US. Currently, 
TI-RADS is widely used to assess thyroid nod-
ules in clinical practice [4]. Recently, new ultra-
sonic technology has been developed and 
applied, including high-resolution ultrasound 
(HRUS), ultrasound elastography (USE), and 
contrast-enhanced ultrasound (CEUS) [24, 25]. 
The use of USE can improve imaging evalua-
tions of thyroid lesions, potentially avoiding un- 
necessary fine-needle aspiration (FNA) cytolo-
gy or surgery for benign nodules [25]. Real-time 
elastography (RTE) and shear wave elastogra-
phy (SWE) are two primary forms of USE. RTE is 
superior to SWE in distinguishing malignant 
nodules from benign thyroid nodules [26]. CE- 
US may be a valuable supplemental tool in the 
diagnosis of malignant thyroid nodules. The 
overall mean sensitivity and specificity of CEUS 
has been shown to be 90% and 86%, res- 
pectively [27]. However, the overall diagnostic 
value of HRUS is superior to that of RTE and 
CEUS [28]. In addition, compared to the use of 
HRUS alone, the combined use of RTE, CEUS, 
and HRUS can improve both diagnostic sensi-
tivity and specificity [28]. Shin JH [22] also dis-
cussed ultrasonic characteristics of the PTC 
variant. These are helpful in predicting the bio-
logical behavior of PTC and improving the diag-
nostic value of ultrasounds. However, because 
US is highly dependent on both the equipment 
and the operator, US should be combined with 
other imaging techniques to distinguish malig-
nant nodes from normal nodes.

The use of computed tomographic (CT) scanner 
technology increases the detection of small 
thyroid nodules. It has unique advantages in 
the evaluation of invasion in external organs, 
such as the trachea, esophagus, and chest [7, 
29]. Cervical lymph node metastasis is com-
mon in patients with DTC. CT was shown to be 
superior to US in detecting metastatic nodal 
involvement, preoperatively [30]. However, the- 
re are no well-established criteria for the use  
of CT in distinguishing malignant nodules fr- 
om benign thyroid nodules, particularly for  
nodules with diameters less than 1 cm [29]. 



Development and challenges of DTC

6587 Int J Clin Exp Med 2019;12(6):6585-6593

Positron emission tomography (PET) is not rou-
tinely used in examining thyroid nodules. PET is 
widely used for diagnosis and surveillance of 
many types of tumors [31]. Occasionally, thy-
roid nodules are detected, incidentally, when 
using PET to detect other tumors [7]. These 
incidentally-discovered thyroid nodules deser- 
ve specific attention. Up to 50% of these nod-
ules may contain thyroid cancer [12]. In inter-
mediate-to-high risk patients with DTC, Kim et 
al. [31] reported that sensitivity levels, specific-
ity levels, positive predictive values, negative 
predictive values, and diagnostic accuracy ra- 
tes of PET scans for detection of persistent or 
recurrent thyroid carcinoma were 50%, 98.4%, 
83.3%, 92.3%, and 91.5%, respectively [31].

FNA

FNA is the gold standard preoperative proce-
dure for assessment of benign and malignant 
thyroid nodules [4]. Current ATA guidelines indi-
cate that ultrasound-guided FNA (US-FNA) is 
the most effective method for assessment of 
thyroid nodules preoperatively, indicating that 
preoperative FNA can avoid excessive treat-
ment of benign nodules [4]. In addition, BTA 
guidelines have recommended that all patients 
with suspected thyroid cancer should undergo 
US-FNA [16]. According to a retrospective stu- 
dy, sensitivity and specificity levels, positive 
predictive values, negative predictive values, 
and diagnostic accuracy levels of US-FNA were 
50%, 98.4%, 83.3%, 92.3%, and 91.5%, re- 
spectively [32]. Zhao et al. [33] found that 
US-FNA is accurate and efficient in triaging 
patients that require post-thyroidectomy follow-
ups for recurrent thyroid carcinoma. However, it 
is currently estimated that cytologically indeter-
minate results are diagnosed in up to 25% to 
30% of thyroid biopsies, particularly follicular 
adenomas, follicular thyroid carcinomas, and 
follicular variant papillary thyroid carcinomas 
[4, 5, 34]. Therefore, molecular diagnostic test-
ing can be used as an important supplementa-
ry diagnostic tool, reducing unnecessary sur-
geries and two-stage operations, reducing co- 
mplications and medical expenses, and indi-
vidually managing patients with DTC [34, 35].

Molecular marker examinations

Molecular diagnostic testing can be classified 
broadly into two categories, including “rule-out” 
malignancy and “rule-in” malignancy approach-

es [34, 36]. Gene expression classifier (GEC) is 
a “rule-out” test widely used for DTC. It com-
bines an assay signature of 167 genes with 
commercial cytologic examinations [36, 37]. 
Negative predictive values of GEC for atypia of 
undetermined significance or follicular lesions 
of undetermined significance (AUS-FLUS), fol-
licular neoplasms or suspicious for a follicular 
neoplasm (FN-SFN), and suspicious-for-malig-
nancy cytologies were shown to be 95%, 94% 
and 85%, respectively [34, 37]. Negative pre-
dictive values indicate the number of negative 
tests that are true negatives. Therefore, preop-
erative GEC may reduce costs, risks, and pa- 
tient burden associated with surgery [36]. In 
contrast to GEC, the seven-gene panel is a 
“rule-in” test for DTC [38]. Positive predictive 
values of the seven-gene panel in 967 samples 
for AUS-FLUS and FN-SFN were 88% and 87%, 
respectively [39]. The seven-gene panel in- 
cludes BRAF, NRAS, HRAS, and KRAS muta-
tions and gene fusions of RET and PTC1, RET 
and PTC3, and PAX8 and PPARG [34, 40]. The 
most common genetic alteration observed in 
thyroid cancer is the BRAF V600E mutation, 
occurring in approximately 40-45% of all PTC 
cases [35, 41, 42]. In addition, according to a 
systematic review and meta-analysis, overall 
sensitivity and specificity rates of using BRAF 
V600E for diagnosis of thyroid malignancy were 
40% and 100%, respectively [43]. Molecular 
markers are recommended by the latest guide-
lines. However, their sensitivity and cost-effec-
tiveness must be further improved. More pro-
spective studies are needed to determine th- 
eir clinical value [4, 5, 35]. In conclusion, the 
molecular method plays a supporting role in 
the diagnosis of differentiated benign nodules 
and malignant thyroid nodules. The combined 
use of imaging and FNA cytologic findings is 
necessary for clinicians to accurately manage 
thyroid nodules.

Treatment and prognosis of DTC

Age, sex, nodule size, lymph node metastasis, 
resection extent, distant metastasis, and adju-
vant therapy are related to prognosis of DTC [1, 
4, 20]. Most DTCs are early primary diseases 
and patients have a very good prognosis [25]. 
According to the Surveillance, Epidemiology, 
and End Results-9 (SEER-9) cancer registry pro-
gram, between 1994-2013, incidence-based 
mortality was 0.32 per 100,000 person-years 
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for DTC in the United States [1]. However, 
patients with invasive DTC, extrathyroidal ex- 
tension, or distant metastasis had a poor pro- 
gnosis and high mortality rates [44]. Invasive 
DTC is relatively frequent, occurring in approxi-
mately 13% to 15% of DTC patients [45]. A 
study showed that the sites of invasion includ-
ed muscles (53%), trachea (37%), laryngeal 
nerves (47%), esophagus (21%), larynx (12%), 
and other sites (30%) [46]. Overall survival 
rates of invasive DTC were 79% at 5 years, 63% 
at 10 years, and 54% at 15 years [46]. More- 
over, another study showed that five-year sur-
vival and recurrence rates for invasive DTC 
were 78% and 52%, respectively [47]. In a 
large-sample study, the overall 5-year survival 
for patients with extrathyroidal invasion, regard-
less of treatment, was 78%. This is consider-
ably lower than the overall 93% 5-year survival 
for all patients with well-differentiated disease 
[47]. Therefore, treatment for patients with DTC 
requires a multidisciplinary approach by the 
surgeons, endocrinologists, imagologists, radi-
ologists, and pathologists, guiding adequate 
assessment, appropriate surgery, radiation the- 
rapy, and other adjuvant therapies for invasive 
DTC [7, 44, 48].

Surgery

Surgery is the main treatment for DTC. However, 
the range of primary surgeries and prophylactic 
central lymph node dissections remains con- 
troversial [46, 47]. The two main surgical ap- 
proaches used are total thyroidectomy (or ne- 
ar total thyroidectomy) and thyroid lobectomy. 
Retrospective studies performed by Bilimoria 
et al. indicated that risks of death and relapse 
associated with thyroidectomy are lower than 
those associated with lobectomy for treatment 
of PTC with tumors greater than 1 cm in diam-
eter [48]. 2009 ATA guidelines and many other 
guidelines recommend that total thyroidectomy 
for DTC is indicated for tumors greater than 1 
cm in diameter [49, 50]. These guidelines have 
also recommended routine prophylactic cen- 
tral lymph node dissection [48]. However, 2015 
ATA guidelines were revised and recommend 
that patients with DTC with a diameter greater 
than 4 cm and N1 or M1 clinical stages should 
undergo total thyroidectomy procedures, while 
patients that have DTC with a diameter between 
1 cm and 4 cm should undergo lobectomy pro-
cedures [4]. Prophylactic central lymph node 

dissection should be considered for patients 
that have an advanced primary tumor (T3N0 or 
T4N0) or clinical lateral neck disease (cN1b) [4]. 
European guidelines recommend total thyroid-
ectomy procedures for patients with DTC > 4 
cm or high-risk patients with all tumor sizes. 
They recommend a lobectomy for low-risk 
patients with DTC < 1 cm. However, a consen-
sus has not been reached regarding the man-
agement of DTC between 1 cm and 4 cm. 
Furthermore, international guidelines recom-
mend therapeutic lymph node dissection for 
patients with clinically positive nodal (N1) dis-
ease in the central or lateral neck compart-
ment. However, no guidelines actively recom-
mend routine prophylactic lateral neck dis- 
section [4, 20, 51]. The extent of the operative 
dissection and whether the prophylactic cen-
tral lymph node dissection should be routinely 
performed remain controversial. Thus, further 
studies are necessary to provide prospective 
evidence.

Radioactive iodine (RAI)

The most current ATA guidelines describe the 
effects of adjuvant therapy using RAI after to- 
tal thyroidectomy or near total thyroidectomy 
procedures for DTC. These methods include 
melting the remaining thyroid tissue, cleaning 
potential microscopic carcinoma foci after sur-
gery, and removal of foci that are local or me- 
tastatic. These measures reduce the risk of 
relapse and increase survival rates [4, 52]. ATA 
guidelines strongly recommend RAI treatment 
for high-risk DTC patients and advise RAI treat-
ment for medium-risk patients. However, RAI is 
not recommended for medium-risk patients 
that show invasion from the thyroid without a 
highly invasive tissue subtype and small meta-
static carcinoma foci observed under a micro-
scope [4]. RAI is also not advised for low-risk 
patients [4]. Zhang et al. [53] retrospectively 
evaluated the effects of RAI in intermediate-
risk DTC patients in a study involving 8,601 
patients. The RAI group benefited more in 
terms of overall survival times than the groups 
that did not receive RAI therapy. No obvious dif-
ferences were observed in cancer-specific sur-
vival [53]. Yang et al. [54] performed a retro-
spective analysis involving 11,832 patients 
with stage IV DTC. The patients were catego-
rized as the RAI group, external beam radio-
therapy group (EBRT), and group without adju-
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vant radiation. The RAI group had higher five- 
year and ten-year survival rates than the other 
two groups [54]. Although Cohen et al. [48] 
suggested that RAI therapy reduced the risk  
of relapse in DTC patients, RAI increased the 
risks of salivary gland dysfunction, dental car-
ies, gustatory change, nasolacrimal tear duct 
dysfunction, leukaemia, and salivary gland car-
cinoma. All currently available knowledge was 
obtained from retrospective studies. There- 
fore, more prospective studies regarding the 
use of postoperative RAI are necessary to  
confirm the findings of these retrospective stu- 
dies.

Other adjuvant therapies

Other adjuvant therapies include TSH suppr- 
ession therapy, EBRT, and molecular targeting 
treatment. TSH suppression can be used in 
postoperative DTC patients to reduce the en- 
dogenous stimulation of residual DTC cells. Th- 
is reduces relapse rates and increases survi- 
val rates [55]. A meta-analysis conducted by 
McGriff et al. [56] indicated that TSH suppres-
sion therapy reduces risks of disease progres-
sion, relapse, and death. However, Sugitani et 
al. [57] showed that using TSH suppression 
therapy in low-risk DTC patients was not be- 
neficial. TSH suppression therapy in DTC pa- 
tients has been shown to affect cardiovascular 
and skeletal systems, leading to ill conse-
quences [55]. Recent ATA and BTA guidelines 
do not recommend TSH suppression therapy 
for postoperative patients that are defined as 
low-risk, providing a detailed description re- 
garding the dose and standard of TSH suppres-
sion therapy [4, 20]. Recent ATA and BTA gui- 
delines recommend that EBRT should be us- 
ed in the three following situations: 1) Locally 
advanced disease accompanied by dilation of 
the parathyroid during surgery; 2) Residual dis-
ease; and 3) Relapse of carcinoma in a patient 
that is not able to endure a second surgery [4, 
20]. However, using EBRT in DTC patients is 
both rare and controversial. Mangoni et al. [58] 
analyzed many clinical research results and 
proposed that EBRT should be used only in 
high-risk DTC patients with oesophageal or tra-
cheal invasion or other local metastasis. Re- 
cently, targeted therapy has been developed 
and molecular-targeted agents have also been 
considered for advanced DTC patients resis-
tant to radioiodine (RAI-R) [4, 59]. Targeted 
agents can inhibit tyrosine kinase receptors 

(TK-R), which are responsible for tumor growth 
and angiogenesis [59]. Sorafenib and lenva-
tinib have been authorized by the Food and 
Drug Administration (FDA) and the European 
Medical Agency (EMA) to be used as a treat-
ment for advanced RAI-R. However, statistical 
support has been limited regarding the exten-
sion of overall survival times [59]. Development 
and clinical application of these two agents, 
along with other molecular-targeted agents, 
require further study.

Future studies and challenges

Thyroid cancer has been found to be closely 
related to other diseases. It has been associ-
ated with prostate cancer, kidney cancer, lym-
phoma, leukaemia, and breast cancer, with bre- 
ast cancer accounting for 36% of all secondary 
malignancies originating from DTC [60]. In addi-
tion, a nationwide population-based study in 
Korea showed that patients with vitiligo had an 
increased risk of thyroid cancer [61]. The- 
refore, further studies are necessary to investi-
gate the correlation between thyroid cancer 
and other diseases, as well as the mechanisms 
of action, to identify common genes and molec-
ular markers and determine whether treatment 
of one disease affects other diseases.

Moreover, overdiagnosis and overtreatment of 
thyroid carcinomas have attracted consider-
able attention [3, 62, 63]. It has been reported 
that thyroid cance has the highest overdiagno-
sis rate of all cancers in adolescents and young 
adults (if not of all ages), attributed to the grow-
ing availability and increasing sensitivity of 
imaging methods [62, 64, 65]. However, most 
patients with DTC receive treatment, including 
total thyroidectomy procedures in the majority 
of adolescents and young adults (AYAs) [65]. 
The absolute increase in thyroid cancer in 
women was almost 4 times greater than that  
of men [66]. Because of the number of thyroid 
cancer cases in women, there is increased po- 
tential of cosmetic disfiguration from a thyroid-
ectomy-induced neck scar, menstrual irregu-
larities that may occur with radioiodine (RAI) 
therapy, the unnecessary burden of daily thy-
roid hormone replacement, and anxiety and 
related psychosomatic symptoms [65]. Despite 
the dramatic increase in incidence, mortality 
rates from thyroid cancer remain stable [3, 66]. 
Therefore, the problems of overdiagnosis and 
overtreatment must be clearly understood and 
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taken seriously. Fortunately, many groups are 
addressing this issue. In the US, a subgroup of 
PTC has been reclassified as non-invasive fol-
licular thyroid neoplasm with papillary-like nu- 
clear features. It is considered benign enough 
to warrant observation instead of intervention 
[65]. In South Korea, a study group has been 
organized, called the Physician Coalition for 
Prevention of Overdiagnosis of Thyroid Cancer 
[62]. It is expected that an increasing number 
of doctors will pay closer attention to this prob-
lem, working together to find effective solu- 
tions.

Notably, the following challenges in DTC rema- 
in to be studied: (1) Etiology of DTC and ap- 
proaches to achieve early detection and re- 
duced morbidity; (2) Use of molecular markers 
and approaches to improve the sensitivity and 
specificity of diagnosis and reduce costs [35, 
36]; (3) Application criteria and balance points 
for the active monitoring and immediate surgi-
cal intervention [67, 68]; (4) Methods to im- 
prove DTC surgery, including the extent of oper-
ative dissection of tumors with diameters 
between 1 cm and 4 cm [68] and the safety 
and efficacy of prophylactic central lymph node 
dissection; (5) Use of RAI and approaches to 
reduce risks and increase benefits; (6) Rational 
use and dosage of TSH suppression therapy 
[57]; (7) Risks and benefits of EBRT [54]; and 
(8) Combined use of tyrosine kinase inhibitors 
and other adjuvant therapies, such as EBRT, as 
well as the exploration of new targeted drugs 
[59].

Conclusion

In conclusion, methods for diagnosis and treat-
ment of DTC have been continuously devel-
oped. New technologies have been developed 
and applied in clinical practice. However, accu-
racy levels of diagnosis and treatment methods 
of DTC are not high enough and must be refined 
by additional studies. Although USG and FNAC 
are quite accurate in diagnosing malignancies, 
additional investigations are needed to further 
improve sensitivity rates. Certain asymptomat-
ic PTCs have not been diagnosed, some sub-
types of DTC have not been clearly diagnosed, 
and some invasive DTCs have not been treated 
in time [34, 50]. Moreover, overdiagnosis and 
overtreatment have been reported in thyroid 
cancer patients [1, 3]. Resolving these diagnos-
tic problems requires a joint effort. Diagnosis 

and treatment of DTC necessitates not only 
individual management but also multidisci-
plinary collaboration across several depart-
ments, including surgery, ultrasound, endocr- 
ine, imaging, and pathology. Careful preopera-
tive evaluations should be performed, select- 
ing reasonable surgical methods and proper 
adjuvant therapies. The aim should be to im- 
prove accurate diagnoses and provide optimal 
treatment for DTC patients, helping them to 
achieve better outcomes. 

Acknowledgements

This review did not receive any specific grants 
from funding agencies in public, commercial, or 
not-for-profit sectors.

Disclosure of conflict of interest

None.

Address correspondence to: Fengyun Wu, Depart- 
ment of Thyroid and Breast Surgery, Characteristic 
Medical Center of Chinese People’s Armed Police 
Force, Cheng Lin Road No 220, DongLi District, 
Tianjin, China. E-mail: wfy90@126.com

References

[1] Lim H, Devesa SS, Sosa JA, Check D and Ki-
tahara CM. Trends in thyroid cancer incidence 
and mortality in the united states, 1974-2013. 
JAMA 2017; 317: 1338-1348.

[2] Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2016. CA Cancer J Clin 2016; 66: 7-30.

[3] Ahn HS, Kim HJ and Welch HG. Korea’s thyroid-
cancer “epidemic”--screening and overdiagno-
sis. N Engl J Med 2014; 371: 1765-7.

[4] Haugen BR, Sawka AM, Alexander EK, Bible 
KC, Caturegli P, Doherty GM, Mandel SJ, Morris 
JC,  Nassar A, Pacini F, Schlumberger M, Schuff 
K, Sherman SI, Somerset H, Sosa JA, Steward 
DL, Wartofsky L, Williams MD. American thy-
roid association guidelines on the manage-
ment of thyroid nodules and differentiated  
thyroid cancer task force review and recom-
mendation on the proposed renaming of en-
capsulated follicular variant papillary thyroid  
carcinoma without invasion to noninvasive fol-
licular thyroid neoplasm with papillary-like nu-
clear features. Thyroid 2017; 27: 481-483.

[5] Yip L and Sosa JA. Molecular-directed treat-
ment of differentiated thyroid cancer: advanc-
es in diagnosis and treatment. JAMA Surgery 
2016; 151: 663-670.

[6] Albi E, Cataldi S, Lazzarini A, Codini M, Beccari 
T, Ambesi-Impiombato FS and Curcio F. Radia-
tion and thyroid cancer. Int J Mol Sci 2017; 18. 

mailto:wfy90@126.com


Development and challenges of DTC

6591 Int J Clin Exp Med 2019;12(6):6585-6593

[7] Schneider DF and Chen H. New developments 
in the diagnosis and treatment of thyroid can-
cer. CA Cancer J Clin 2013; 63: 374-94.

[8] Boice JD Jr. Radiation-induced thyroid cancer-
what’s new? J Natl Cancer Inst 2005; 97: 703-
5.

[9] Rubino C, Cailleux AF, Abbas M, Diallo I, Sham-
saldin A, Caillou B, De Vathaire F, Schlumberg-
er M. Characteristics of follicular cell-derived 
thyroid carcinomas occurring after external ra-
diation exposure: results of a case control 
study nested in a cohort. Thyroid 2002; 12: 
299-304.

[10] Ron E, Lubin JH, Shore RE, Mabuchi K, Modan 
B, Pottern LM, Schneider AB, Tucker MA, Boice 
JD Jr. Thyroid cancer after exposure to external 
radiation: a pooled analysis of seven studies. 
Radiat Res 1995; 141: 259-77.

[11] Acar H, Cakabay B, Bayrak F and Evrenkaya T. 
Effects of the chernobyl disaster on thyroid 
cancer incidence in Turkey after 22 years. 
ISRN Surg 2011; 2011: 257943.

[12] Cardis E and Hatch M. The Chernobyl accident-
-an epidemiological perspective. Clin Oncol (R 
Coll Radiol) 2011; 23: 251-60.

[13] Knobel M and Medeiros-Neto G. Relevance of 
iodine intake as a reputed predisposing factor 
for thyroid cancer Relevância da ingestão de 
iodo como fator predisponente ao câncer de 
tireóide. Arq Bras Endocrinol Metabol 2007; 
51: 701-12.

[14] Haymart MR, Repplinger DJ, Leverson GE, El-
son DF, Sippel RS, Jaume JC, Chen H. Higher 
serum thyroid stimulating hormone level in thy-
roid nodule patients is associated with greater 
risks of differentiated thyroid cancer and ad-
vanced tumor stage. J Clin Endocrinol Metab 
2008; 93: 809-14.

[15] Rendina D, De Palma D, De Filippo G, De Pas-
cale F, Muscariello R, Ippolito R, Fazio V, Fiengo 
A, Benvenuto D, Strazzullo P, Galletti F. Preva-
lence of simple nodular goiter and Hashimo-
to’s thyroiditis in current, previous, and never 
smokers in a geographical area with mild io-
dine deficiency. Horm Metab Res 2015; 47: 
214-9.

[16] Bonora E, Tallini G and Romeo G. Genetic pre-
disposition to familial nonmedullary thyroid 
cancer: an update of molecular findings and 
state-of-the-art studies. J Oncol 2010; 2010: 
385206.

[17] Xing M. Molecular pathogenesis and mecha-
nisms of thyroid cancer. Nat Rev Cancer 2013; 
13: 184-99.

[18] Penna GC, Vaisman F, Vaisman M, Sobrinho-
Simões M, Soares P. Molecular markers in-
volved in tumorigenesis of thyroid carcinoma: 
focus on aggressive histotypes. Cytogenet Ge-
nome Res 2016; 150: 194-207.

[19] Richards ML. Thyroid cancer genetics: multiple 
endocrine neoplasia type 2, non-medullary fa-
milial thyroid cancer, and familial syndromes 
associated with thyroid cancer. Surg Oncol Clin 
N Am 2009; 18: 39-52.

[20] Perros P, Boelaert K, Colley S, Evans C, Evans 
RM, Gerrard BG, Gilbert J, Harrison B, Johnson 
SJ and Giles TE. British thyroid association 
guidelines for the management of thyroid can-
cer. Clin Endocrinol 2014; 81: 1-122.

[21] Hahn SY, Shin JH, Oh YL and Son YI. Discrepan-
cies between the ultrasonographic and gross 
pathological size of papillary thyroid carcino-
mas. Ultrasonography 2016; 35: 220-225.

[22] Shin JH. Ultrasonographic imaging of papillary 
thyroid carcinoma variants. Ultrasonography 
2017; 36: 103-110.

[23] Park JY Lee HJ, Jang HW. A proposal for a thy-
roid imaging reporting and data system for ul-
trasound features of thyroid carcinoma. Thy-
roid 2009; 19: 1257-1264.

[24] Mainini AP, Monaco C, Pescatori LC, De AC, 
Sardanelli F, Sconfienza LM and Mauri G. Im-
age-guided thermal ablation of benign thyroid 
nodules. Journal of Ultrasound 2017; 20: 11-
12.

[25] McQueen AS, Bhatia KS. Thyroid nodule ultra-
sound: technical advances and future hori-
zons. Insights Imaging 2015; 6: 173-88.

[26] Tian W, Hao S, Gao B, Jiang Y, Zhang X, Zhang 
S, Guo L, Yan J and Luo D. Comparing the diag-
nostic accuracy of RTE and SWE in differentiat-
ing malignant thyroid nodules from benign 
ones: a meta-analysis. Cell Physiol Biochem 
2016; 39: 2451-2463.

[27] Ma X, Zhang B, Ling W, Liu R, Jia H, Zhu F, 
Wang M, Liu H, Huang J and Liu L. Contrast-
enhanced sonography for the identification of 
benign and malignant thyroid nodules: system-
atic review and meta-analysis. J Clin Ultra-
sound 2016; 44: 199-209.

[28] Zhang YZ, Xu T, Gong HY, Li CY, Ye XH, Lin HJ, 
Shen MP, Duan Y, Yang T and Wu XH. Applica-
tion of high-resolution ultrasound, real-time 
elastography, and contrast-enhanced ultra-
sound in differentiating solid thyroid nodules. 
Medicine (Baltimore) 2016; 95: e5329.

[29] Park JY, Lee KH, Cho SG, Kim YJ, Lee HY, Hong 
IK and Kim JH. Incidental thyroid nodules on 
thoracic contrast-enhanced computed tomog-
raphy in clinical practice during a 10-year peri-
od. Medicine (Baltimore) 2017; 96: e6388. 

[30] Alnoury MK, Almuhayawi SM, Alghamdi KB and 
Al-Noury KI. Preoperative imaging modalities 
to predict the risk of regional nodal recurrence 
in well-differentiated thyroid cancers. Int Arch 
Otorhinolaryngol 2015; 19: 116-20.

[31] Kim MH, Jh O, Ko SH, Bae JS, Lim DJ, Kim SH, 
Baek KH, Lee JM, Kang MI and Cha BY. Role of 



Development and challenges of DTC

6592 Int J Clin Exp Med 2019;12(6):6585-6593

[(18)F]-fluorodeoxy-D-glucose positron emis-
sion tomography and computed tomography in 
the early detection of persistent/recurrent thy-
roid carcinoma in intermediate-to-high risk pa-
tients following initial radioactive iodine abla-
tion therapy. Thyroid 2012; 22: 157-164.

[32] Gao L, Ma B, Zhou L, Wang Y, Yang S, Qu N, 
Gao Y and Ji Q. The impact of presence of 
Hashimoto’s thyroiditis on diagnostic accuracy 
of ultrasound-guided fine-needle aspiration bi-
opsy in subcentimeter thyroid nodules: a retro-
spective study from FUSCC. Cancer Med 2017; 
6: 1014-1022.

[33] Zhao L, Gong Y, Wang J, Dawlett M, Huo L, Car-
away NP, Guo M. Ultrasound-guided fine-nee-
dle aspiration biopsy of thyroid bed lesions 
from patients with thyroidectomy for thyroid 
carcinomas. Cancer Cytopathol 2013; 121: 
101-7.

[34] Eszlinger M, Lau L, Ghaznavi S, Symonds C, 
Chandarana SP, Khalil M and Paschke R. Mo-
lecular profiling of thyroid nodule fine-needle 
aspiration cytology. Nat Rev Endocrinol 2017; 
13: 415-424.

[35] Moore MD, Panjwani S, Gray KD, Finnerty BM, 
Zarnegar R and Fahey TJ 3rd. The role of mo-
lecular diagnostic testing in the management 
of thyroid nodules. Expert Rev Mol Diagn 2017; 
17: 1-10.

[36] Ferris RL, Baloch Z, Bernet V, Chen A, Fahey TJ 
3rd, Ganly I, Hodak SP, Kebebew E, Patel KN, 
Shaha A, Steward DL, Tufano RP, Wiseman SM, 
Carty SE; American Thyroid Association Surgi-
cal Affairs Committee. American thyroid asso-
ciation statement on surgical application of 
molecular profiling for thyroid nodules: current 
impact on perioperative decision making. Thy-
roid 2015; 25: 760-8.

[37] Alexander EK, Kennedy GC, Baloch ZW, Cibas 
ES, Chudova D, Diggans J, Friedman L, Kloos 
RT, LiVolsi VA, Mandel SJ, Raab SS, Rosai J, 
Steward DL, Walsh PS, Wilde JI, Zeiger MA, 
Lanman RB and Haugen BR. Preoperative di-
agnosis of benign thyroid nodules with indeter-
minate cytology. N Engl J Med 2012; 367: 705-
15.

[38] Yip L and Ferris RL. Clinical application of mo-
lecular testing of fine-needle aspiration speci-
mens in thyroid nodules. Otolaryngol Clin North 
Am 2014; 47: 557-71.

[39] Nikiforov YE, Ohori NP, Hodak SP, Carty SE, Le-
Beau SO, Ferris RL, Yip L, Seethala RR, Tublin 
ME, Stang MT, Coyne C, Johnson JT, Stewart 
AF, Nikiforova MN. Impact of mutational testing 
on the diagnosis and management of patients 
with cytologically indeterminate thyroid nod-
ules: a prospective analysis of 1056 FNA sam-
ples. J Clin Endocrinol Metab 2011; 96: 3390-
7.

[40] Ferraz C, Eszlinger M and Paschke R. Current 
state and future perspective of molecular diag-
nosis of fine-needle aspiration biopsy of thy-
roid nodules. J Clin Endocrinol Metab 2011; 
96: 2016-26.

[41] Xing M. BRAF mutation in thyroid cancer. En-
docr Relat Cancer 2005; 12: 245-62.

[42] Sun Y, Shi C, Shi T, Yu J and Li Z. Correlation 
between the BRAF(v600E) gene mutation and 
factors influencing the prognosis of papillary 
thyroid microcarcinoma. Int J Clin Exp Med 
2015; 8: 22525-8.

[43] Jinih M, Foley N, Osho O, Houlihan L, Toor AA, 
Khan JZ, Achakzai AA and Redmond HP. 
BRAF(V600E) mutation as a predictor of thy-
roid malignancy in indeterminate nodules: a 
systematic review and meta-analysis. Eur J 
Surg Oncol 2017; 43: 1219-1227.

[44] Nixon IJ, Simo R, Newbold K, Rinaldo A, Suarez 
C, Kowalski LP, Silver C, Shah JP and Ferlito A. 
Management of invasive differentiated thyroid 
cancer. Thyroid 2016; 26: 1156-66.

[45] Shindo ML, Caruana SM, Kandil E, McCaffrey 
JC, Orloff LA, Porterfield JR, Shaha A, Shin J, 
Terris D, Randolph G. Management of invasive 
well-differentiated thyroid cancer an American 
Head and Neck society consensus statement. 
Head Neck 2015; 36: 1379-90.

[46] McCaffrey TV, Bergstralh EJ and Hay ID. Locally 
invasive papillary thyroid carcinoma: 1940-
1990. Head Neck 1994; 16: 165-172.

[47] Segal K, Shpitzer T, Hazan A, Bachar G, Mar-
shak G and Popovtzer A. Invasive well-differen-
tiated thyroid carcinoma: effect of treatment 
modalities on outcome. Otolaryngology-Head 
and Neck Surgery 2006; 134: 819-822.

[48] Cohen RN and Davis AM. Management of adult 
patients with thyroid nodules and differentiat-
ed thyroid cancer. JAMA 2017; 317: 434-435.

[49] American Thyroid Association (ATA) Guidelines 
Taskforce on Thyroid Nodules and Differentiat-
ed Thyroid Cancer, Cooper DS, Doherty GM, 
Haugen BR, Kloos RT, Lee SL, Mandel SJ, Maz-
zaferri EL, McIver B, Pacini F, Schlumberger M, 
Sherman SI, Steward DL, Tuttle RM. Revised 
American Thyroid Association management 
guidelines for patients with thyroid nodules 
and differentiated thyroid cancer. Thyroid 
2009; 19: 1167-214.

[50] Mcleod DS, Sawka AM and Cooper DS. Contro-
versies in primary treatment of low-risk papil-
lary thyroid cancer. Lancet 2013; 381: 1046-
57.

[51] Kovatch KJ, Hoban CW and Shuman AG. Thy-
roid cancer surgery guidelines in an era of de-
escalation. European Journal of Surgical On-
cology (EJSO) 2017; S0748798317303712.

[52] Zhang R, Wang H, Zhao J, Yao J, Shang H, Zhu 
H, Liao L and Dong J. Association between so-



Development and challenges of DTC

6593 Int J Clin Exp Med 2019;12(6):6585-6593

dium iodide symporter and differentiated Thy-
roid cancer: a meta-analysis of 9 studies. Int J 
Clin Exp Med 2015; 8: 17986-94.

[53] Zhang H, Cai Y, Zheng L, Zhang Z and Jiang N. 
Postoperative radioactive iodine-131 ablation 
is not necessary among patients with interme-
diate-risk differentiated thyroid carcinoma: a 
population-based study. Hell J Nucl Med 2017; 
20: 3-10.

[54] Yang Z, Flores J, Katz S, Nathan CA, Mehta V. 
Comparison of survival outcomes following 
post-surgical radioactive iodine versus exter-
nal beam radiation in stage IV differentiated 
thyroid carcinoma. Thyroid 2017; 27: 944-952.

[55] Freudenthal B and Williams GR. Thyroid stimu-
lating hormone suppression in the long-term 
follow-up of differentiated thyroid cancer. Clin 
Oncol (R Coll Radiol) 2016; 29: 325-328.

[56] Mcgriff NJ, Csako G, Gourgiotis L, Lori CG, Puci-
no F and Sarlis NJ. Effects of thyroid hormone 
suppression therapy on adverse clinical out-
comes in thyroid cancer. Ann Med 2002; 34: 
554-64.

[57] Sugitani I and Fujimoto Y. Does postoperative 
thyrotropin suppression therapy truly decrease 
recurrence in papillary thyroid carcinoma? A 
randomized controlled trial. J Clin Endocrinol 
Metab 2010; 95: 4576-83.

[58] Mangoni M, Gobitti C, Autorino R, Cerizza L, 
Furlan C, Mazzarotto R, Monari F, Simontacchi 
G, Vianello F, Basso M, Zanirato Rambaldi G, 
Russi E, Tagliaferri L. External beam radiother-
apy in thyroid carcinoma: clinical review and 
recommendations of the AIRO “Radioterapia 
Metabolica” Group. Tumori 2016; 103: 114-
123.

[59] Valerio L, Pieruzzi L, Giani C, Agate L, Bottici V, 
Lorusso L, Cappagli V, Puleo L, Matrone A, Vio-
la D, Romei C, Ciampi R, Molinaro E, Elisei R. 
Targeted therapy in thyroid cancer: state of the 
art. Clin Oncol (R Coll Radiol) 2017; 29: 316-
324.

[60] Ronckers CM, Peter MC and Elaine R. Thyroid 
cancer and multiple primary tumors in the 
SEER cancer registries. International Journal 
of Cancer 2010; 117: 281-288.

[61] Bae JM, Lee JH, Yun JS, Han B and Han TY. 
Vitiligo and overt thyroid diseases: a nation-
wide population-based study in Korea. Journal 
of the American Academy of Dermatology 
2017; 76: 871-878.

[62] Ahn HS and Welch HG. South Korea’s Thyroid-
Cancer “Epidemic”-Turning the Tide. N Engl J 
Med 2015; 373: 2389-2390.

[63] Hall SF, Irish J, Groome P, Griffiths R. Access, 
excess, and overdiagnosis: the case for thyroid 
cancer. Cancer Med 2014; 3: 154-61.

[64] Ho AS, Louise D, Nixon IJ, Palmer FL, Wang LY, 
Patel SG, Ian G, Wong RJ, R Michael T and Mor-
ris LGT. Increasing diagnosis of subclinical thy-
roid cancers leads to spurious improvements 
in survival rates. Cancer 2015; 121: 1793-
1799.

[65] Massimino M, Evans DB, Podda M, Spinelli C, 
Collini P, Pizzi N and Bleyer A. Thyroid cancer in 
adolescents and young adults. Pediatr Blood 
Cancer 2018; 65: e27025.

[66] Davies L and Welch HG. Current thyroid cancer 
trends in the United States. JAMA Otolaryngol 
Head Neck Surg 2014; 140: 317-22.

[67] Tufano RP, Clayman G, Heller KS, Inabnet WB, 
Kebebew E, Shaha A, Steward DL, Tuttle RM; 
American Thyroid Association Surgical Affairs 
Committee Writing Task Force. Management of 
recurrent/persistent nodal disease in patients 
with differentiated thyroid cancer: a critical re-
view of the risks and benefits of surgical inter-
vention versus active surveillance. Thyroid 
2015; 25: 15-27.

[68] Tufano RP, Shindo M and Shaha AR. New rec-
ommendations for extent of thyroidectomy and 
active surveillance for the treatment of differ-
entiated thyroid cancer. JAMA Otolaryngol 
Head Neck Surg 2016; 142: 625-626.


