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Abstract

Background Differentiated thyroid cancer (DTC) requires long-term follow-up due to the risk of delayed recurrence.
Follow-up surveillance involves serial neck ultrasound (US) and thyroglobulin (Tg); however, the optimal frequency
and diagnostic performance of neck US outside of specialized thyroid cancer centres in higher risk patients is not well
defined. We sought to evaluate the diagnostic performance of US and serial Tg in advanced stage DTC.

Methods \We retrospectively reviewed our thyroid cancer database for patients with stage Il and IV DTC from 2006 to
2018, total thyroidectomy, and at least 2 years follow-up to assess recurrence rates. Those with hemi-thyroidectomy or
anti-Tg antibodies were excluded. Diagnostic performance of US and Tg were assessed using a composite reference
standard of follow-up imaging and pathology. All relevant US were reviewed by a blinded expert radiologist for
uniformity.

Results Of 136 included patients (91 females, mean age 58.9), 26 (19%) had recurrence of DTC over median follow-up
of 6.6 years (IQR 5.3-9.3). The sensitivity and specificity of US in diagnosing cervical recurrence were 73.3% (95% Cl
0.51-0.96) and 68.3% (95% Cl 0.60-0.77) based on historical reports, respectively, and 80% (95% Cl 0.60-1.00) and
87.8% (95% Cl 0.82-0.93) based on blinded expert review, respectively. Tg had a sensitivity of 95.5% (95% Cl 0.89-1.0)
and specificity of 96.2% (95% Cl 0.92-0.99) in detecting cervical recurrence or distant metastases. False positive US
findings on historical US and subsequent review occurred in 38 (28%) and 15 (11%) patients, respectively, while 5
(3.6%) had false positive Tg results.

Conclusion Serial Tg has better sensitivity and specificity than US for detecting recurrence of advanced stage DTC.
Furthermore, re-interpretation of abnormal findings using structured US reporting with a subspecialized reader may
improve diagnostic performance of US and improve its utility in clinical care.
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Background

The prevalence of differentiated thyroid cancer (DTC)
has rapidly risen globally during the past few decades
and is most commonly diagnosed in females aged 15-49
[1]. The rising prevalence of DTC is partly attributed
to the increased utility of sensitive imaging techniques
such as ultrasound (US) and computerized tomography
(CT) which are detecting smaller, early-stage cancers [2].
Although the overall prognosis of DTC is quite favorable
with a 10-year survival of 97% [1], patients can experi-
ence recurrence even decades later. This rising preva-
lence combined with excellent survival and significant
risk of recurrence has led to a growing population of
patients who require lifelong surveillance.

Historically, the cornerstones of long-term surveillance
have been thyroglobulin (Tg) monitoring and serial neck
US imaging; however, the optimal frequency of follow-up
is not well defined. Current guidelines suggest that neck
US should be done within 6—12 months of initial treat-
ment, but subsequent monitoring is unclear; the Ameri-
can Thyroid Association suggests “periodic” monitoring
based on risk of recurrence [3] whereas the European
Thyroid Association (ETA) suggests annual monitoring
for the first 5 years in high-risk patients [4]. Addition-
ally, US has high rates of false positive findings (34—67%)
causing additional investigations and anxiety for patients
[5, 6]. US is user-dependent and associated with consid-
erable inter-user variability even amongst dedicated thy-
roid imaging experts, with one study demonstrating only
33% concordance in classifying nodules according to EU-
TIRADS [7].

There is evidence in low and intermediate risk DTC that
routine US is likely unnecessary in the context of unde-
tectable thyroglobulin levels [8]. To date, no study has
assessed the utility of US in patients with more advanced
DTC. To address this knowledge gap, we assessed the
diagnostic performance of neck US and serial Tg in the
surveillance of advanced stage DTC, using the Standards
for Reporting Diagnostic Accuracy (STARD) [9].

Materials and methods

The Halifax Interdisciplinary Thyroid Oncology Clinic
(ITOC) is the sole tertiary care centre for patients with
DTC in the province of Nova Scotia, Canada. DTC
patients sign informed consent to have their data pro-
spectively entered into the ITOC registry (established in
2006) and all patients are followed by the same multidis-
ciplinary team of radiation oncologists and endocrinolo-
gists post-operatively.

For this study, we conducted a retrospective analysis of
patients seen at the ITOC from January 1, 2006 — Decem-
ber 31, 2018, using the following inclusion criteria: (a)
Stage III or IV DTC (papillary, follicular, or Hurthle cell
thyroid cancer) as per the AJCC/UICC staging system in
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place at time of diagnosis, (b) prior total thyroidectomy,
and (c) at least 2 years of follow up. Patients who had ele-
vated anti-Tg antibodies at initial visit, did not have any
US imaging during follow-up, or underwent partial thy-
roidectomy were excluded. The study was approved by
our institutional research ethics board.

The following data were gathered from each clinical
visit: US and other subsequent imaging, serum Tg and
anti-Tg antibody, and pathologic results from biopsies
(if conducted). In addition, we gathered data on age at
presentation, sex, initial tumour pathology and subtype
variant.

Index test - ultrasound

Given the structure of healthcare within our province,
it is not feasible for patients to travel to the tertiary care
academic centre for each US examination. As such, US
are performed at the nearest available hospital (which
includes 2 academic and 11 community sites) and pre-
dominantly reported by radiologists without subspecialty
training in US. Because of this heterogeneity, we evalu-
ated US performance in two ways: using the historical
reports of US examinations, using the US examination
closest to the date of confirmed recurrence when appli-
cable or when false positive results resulted in further
investigations; and retrospective reinterpretation of the
representative US by a subspecialty radiologist (AFC)
with 9 years of post-fellowship experience. The subspe-
cialty radiologist was blinded to the original US report,
prior US examinations, patient history and outcomes.
Images available to the original radiologist were used;
prior to 2016 these were static images, while after 2016
included cine clips. These retrospective reviews were
done according to the ETA standardized reporting sys-
tem [4], reporting on size, shape, borders, echogenicity,
internal consistency, and vascularization of thyroid bed
lesions and size, shape, echogenicity, microcalcifica-
tions, and Doppler US features of lymph nodes. Detected
thyroid bed and LN lesions were classified as “negative’,
“indeterminate’, or “positive” in each. Indeterminate and
positive results were considered abnormal findings for
analysis in the 2x2 contingency table.

Index test — serum thyroglobulin

Serum Tg was measured with a chemiluminescent
immunometric assay (Simens Immulite 2000 XPI) until
2020 when it was replaced with high sensitivity Tg (HS-
Tg) assay (Roche e-411). Prior to the implementation
of HS-Tg, recombinant TSH (rTSH) stimulated Tg was
arranged at the first visit (6—9 months after completion
of therapy) for those who received 1-131 ablation and
if in an indeterminate range (<10 ng/mL), then addi-
tional rTSH Tg testing was arranged in the first 18-24
months in accordance with contemporaneous guidelines
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Stage I1I/TV DTC (268)
Jan 2006 - Dec 2018

Excluded:
- Follow-up <2 years (64)
- No US during follow-up (58) | |

- Positive anti-Tg Ab at
diagnosis (9)

- Hemithyroidectomy only (1)

Patients
included in
study (136)

DTC recurrence
(26)

No recurrence
(110)

Fig. 1 Flow of participants

[3]. If stimulated Tg was overtly elevated (>10 ng/mL)
then subsequent Tg testing was done without TSH
stimulation. All subsequent Tg testing was performed
unstimulated.

Reference standard

A composite reference standard based on imaging and
pathology was used. Cervical recurrence was defined as
imaging evidence of disease with either positive tissue
diagnosis on fine needle aspirate biopsy (FNAB) or surgi-
cal pathology, and distant metastases defined as rising Tg
with structural abnormalities detected on anatomic (CT/
MRI) and/or functional imaging studies (I-131 whole
body scan [WBS] or PET scan). FNAB was pursued at
the discretion of the treating team, usually in the context
of multidisciplinary case round discussion. False posi-
tive US result was defined as findings reported as suspi-
cious by the radiologist which were biopsy proven to be
negative for recurrence or spontaneously resolved on
subsequent imaging without intervention. While in clini-
cal practice those with elevated Tg would be considered
“biochemically incomplete’, for the purpose of this study,
false positive Tg was defined as Tg rising continuously
over three or more visits without evidence of disease on
anatomical/functional imaging such as CT scan, I-131
WBS or PET scan.
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Table 1 Baseline characteristics of DTC patients
Characteristics
Age (years) mean (SD) 58.9(9.8)
Fermales n (%) 91 (67)
Pathology n (%)
Papillary 128 (94)
Follicular 6 (4)
Hurthle Cell 2(2)
PTC histology n (%)
Classic/conventional 65 (48)
Follicular 35(26)
Tall cell 18 (13)
Focal tall cell (< 50%) 5(4)
Oncocytic 9(7)
Columnar cell 2N
Diffuse sclerosing 1(0.7)
Hobnail 1(0.7)
ATA classification n (%)
High risk 32 (24)
Intermediate risk 78 (57)
Low risk 26 (19)
Post-operative I-131ablation treatment n (%)
200 mCi 5(4)
150 mCi 66 (49)
100 mCi 47 (35)
30 mCi 10(7)
none 8 (6)

Statistical analysis

Categorical variables were expressed as numbers and
percentages and continuous variables as mean and stan-
dard deviation for normally distributed data, median and
interquartile range, and counts and percentages when
appropriate. Sensitivity and specificity of ultrasound and
Tg in detecting recurrence with 95% confidence inter-
vals (CIs) were calculated. Those with distant metastases
only were categorized as “no recurrence” for calculating
ultrasound sensitivity and specificity in detecting cervical
recurrence but included as “true recurrence” for calculat-
ing thyroglobulin sensitivity and specificity. IBM SPSS
statistics software version 28.0 was used for analysis.

Results

A total of 268 patients with stage III and IV DTC were
screened; 136 patients fulfilled the inclusion crite-
ria (Fig. 1). The patient demographics, tumour details,
and treatment information are summarized in Table 1.
Median duration of follow-up was 6.6 (IQR 5.3-9.3)
years. Recurrence was detected in 26 (19%) patients dur-
ing the follow-up period. Median time to recurrence was
2.4 (IQR 1.4-5.2) years. Sites of recurrence included 14
cervical region (5 thyroid bed, 9 lymph node), 2 concomi-
tant cervical and distant metastases (1 thyroid bed and
humerus, and 1 lymph node and lung), and 10 distant
metastases alone (6 lung, 1 mediastinal mass, 1 skeletal



Munro et al. Thyroid Research (2024) 17:23

[lumbar vertebrae], 1 adrenal gland, and 1 both skeletal
and lung).

Diagnostic performance of US

A total of 464 US were performed over the course of
follow-up, with a mean of 3.4 (SD 2) US per patient. Of
the 16/136 patients with cervical recurrence, one did
not have US completed at time of recurrence and was
excluded from sensitivity and specificity calculations.
Based on the historical US reports, there were four (27%)
false negative examinations; recurrence was subsequently
detected on PET scans and confirmed with pathology
in each case. In patients with cervical recurrence, mean
time between US and diagnosis of recurrence was 3.5
(95% CI 2.2—-4.9 months). Diagnostic accuracy is summa-
rized in Table 2.

There were 38/136 (28%) patients with at least one
US showing false positive abnormalities. Of those, 30
patients with concomitantly stable or undetectable Tg
had spontaneous resolution of findings and/or negative
biopsy results. The remaining 8 patients had rising Tg,
of which, 4 had spontaneous resolution of abnormalities
on follow-up (Tg range 0.3-2.6 ng/mL), while 4 subse-
quently developed distant metastases (Tg range 33.9-445
ng/mL). These false positive US abnormalities resulted in
26 additional specialist follow-up appointments, 13 CT
scans, 4 WBS, 4 PET scans, 3 FNAB, and 1 exploratory
neck surgery. False positive US were performed in all 13
centres, including 23 US at community centres and 17 US
at the academic centre. Overall, the original US interpre-
tations had a sensitivity of 73.3% (95% CI 0.51-0.96) and
specificity of 68.3% (95% CI 0.60—0.77) in predicting cer-
vical disease recurrence.

Each true and false positive US were re-interpreted by
the subspecialty radiologist. In those without reported
findings on US, the most recent US was selected for
review to blind the radiologist to results. Re-evaluation
using expert review of US utilizing synoptic reporting led
to fewer false positive and false negative rates. Diagnostic
accuracy is summarized in Table 3. Using these results,
US would have a sensitivity of 80% (95% CI 0.60-1.00)
and improved specificity of 87.8% (95% CI 0.82—0.93).

Diagnostic performance of tg

A total of 879 Tg tests were done with a mean of 6.5 (SD
3.2) tests per patient. Diagnostic accuracy is summarized
in Table 4. In all patients with true recurrence, serum Tg
was detectable (unstimulated Tg median 11.50 [IQR 5.26
—28.58ng/mL] and stimulated Tg range 10.0-449.3 ng/
mL); though one patient had a very low Tg of 0.27 ng/
mL at recurrence and we categorized this as “false nega-
tive” Tg. Serum Tg was persistently elevated in 5 patients
without evidence of structural disease despite a mean of
56 months (SD 13.6) follow-up; these were classified as
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Table 2 Accuracy of historical ultrasound reports for detecting
cervical DTC recurrence

True recurrence No recurrence Total
Positive US finding 11 38 49
Negative US finding 4 82 86
Total 15 120 135

Table 3 Accuracy of re-interpreted ultrasound for detecting
cervical DTC recurrence

True recurrence No recurrence Total
Positive US finding 12 15 27
Negative US finding 3 105 108
Total 15 120 135

Table 4 Accuracy of thyroglobulin for detecting local or distant
DTC recurrence

True recurrence No recurrence Total
Positive Tg 25 5 30
Negative Tg 1 105 106
Total 26 110 136

false positive for specificity calculations. In patients with
true recurrence, mean time between Tg measurement
and recurrence was 1.06 (95% CI 0.42—1.7 months). The
clinical course of these patients is summarized in Table 5.
False positive Tg abnormalities resulted in 13 additional
specialist follow-up appointments, 7 CT scans, 1 WBS,
3 PET scans, 1 MRI spine, and 2 FNAB. Overall, Tg had
a sensitivity of 96.2% (95% CI 0.89-1.0) and specificity
of 95.5% (95% CI 0.92-0.99) in predicting any disease
recurrence.

Discussion
While guidelines [3, 4] suggest discontinuing US surveil-
lance in low-risk patients with remnant ablation, negative
baseline US, and low serum Tg, in higher risk individu-
als US is still routinely recommended. This is in part due
to the concern of false negative Tg in advanced disease
which may be detected on US. However, other studies
evaluating ATA low and intermediate risk DTC patients
have reported low proportions of patients (1.7—4.8%)
with US positive disease but undetectable Tg [8, 10] and
it is unclear whether detecting recurrence earlier truly
improves survival or quality of life [11]. Our study evalu-
ated a group of higher risk DTC patients, as evidenced
by the higher rate of recurrence, and reassuringly dem-
onstrated reliable Tg elevation in 96% of patients with
recurrence. Larger studies with a larger population of
advanced DTC may help confirm this low risk of false
negative Tg, especially with the use of new generation
HS-Tg assay.

The optimal frequency and duration of US surveil-
lance remains unclear. For instance, one study [5] sug-
gested that in ATA intermediate risk patients, frequency
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Patient | Initial Baseline | Highest Tg Tg at last | Additional investigations and
DTC type | Tg (ng/mL) followup followup outcome
(ng/mL) (ng/mL)
1 Classic 2.3 3.7 1.75 PET/CT scan showed non-
variant specific lymph nodes
PTC FNAB negative. Tg
subsequently stable <2 ng/mL
without evidence of disease.
2 Follicular | <0.2 202 <0.2 PET/CT scan showed non-
variant (stimulated) specific uptake in spine,
PTC subsequent MRI spine showed
no abnormalities.
rTSH stimulated TSH on
repeat declined to 8 ng/mL
without therapy, and further
unstimulated Tg <0.2 with no
structural recurrence detected.
3 Follicular | <0.2 29.9 29.9 Protracted rise of Tg over 12
variant years follow-up. Repeated I-
PTC 131 WBS, PET and CT scans
along with close follow-up
with ENT showed no
structurally detectable disease.
4 Tall cell | 0.3 7.36 7.36 Protracted rise of Tg over 4
variant years follow-up. Repeated CT
PTC scans and US negative.
Patient died from respiratory
failure, secondary to aspiration
pneumonia on background of
subglottic stenosis from
thyroidectomy.
5 Classic <0.2 7.0 1.97 Fluctuating Tg levels
variant corresponding to difficulties
PTC with levothyroxine compliance
and TSH ranging from 7.8-
27.8 miU/L. CT scan and US
negative.

Table 5 False positive thyroglobulin

of US be no more than every 3-5 years in the absence of
suspicious clinical features. Another study [12] of lower
risk patients found the mean time to recurrence was 19.2
months, with a second increased peak of recurrence at
5-6 years of follow-up; suggesting follow-up US within
the first 1-2 years, then a second US at 4—6 years. A large
multicentre Korean study [13] also concluded that only
1-2 US within the first 5 years of follow-up is sufficient.
They noted that approximately 5% of patients may have
had a delay in diagnosis compared to yearly US surveil-
lance but did not correlate this to their clinical status
or Tg levels. Our data demonstrated a median time to
recurrence of 2.2 years and IQR of 1.4-5.3 years, which
may support decreasing frequency of US surveillance

particularly after 5 years follow-up, however prospective
studies are required to confirm this practice.

False positive US findings continue to be a challenge in
long term DTC surveillance. Our study found that having
an expert radiologist apply structured evaluation could
potentially decrease the number of reported false positive
findings; in our study there was a 60% reduction in false
positive findings. It is noteworthy that previous studies
with even higher false positive rates (34—57%) did have
all US performed at specialized academic institutions [5,
6]. Additionally, in a pediatric DTC population with all
US performed in a tertiary care academic institution but
without synoptic reporting, 55% of patients had at least
one falsely indeterminate/suspicious US [14]. In another
Canadian study, implementation of ETA guideline-based
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US reporting resulted in higher quality of reporting,
though there was no significant difference in diagnos-
tic accuracy [15]. Within our current healthcare system,
which reflects real-world thyroid cancer care seen in
most Canadian centres, it would not be realistic to imple-
ment centralized US given the limited resources as well
as the cost of travel. Given the increased specificity found
in our study, requesting a re-interpretation of a positive
US examination may be a more feasible alternative. Re-
interpretation has shown to alter patient management
and be valuable for peer learning in other imaging exams
[16].

Even with improvements to US reporting quality, false
positive findings continue to exist and lead to earlier spe-
cialist follow-up visits as well as additional investigations,
which can increase patient anxiety and stress, as well as
healthcare costs. DTC patients experience higher rates of
depression and anxiety than the general population, and
similar health-related quality of life (HrQoL) compared
with other cancer patients with worse prognoses [17]. No
study has investigated the impacts of such false positive
results and ensuing investigations on patients’ HrQoL.
The diagnostic accuracy of Tg was excellent in our study;
while we conservatively qualified five patients with false
positive Tg, two of these have had ongoing rise in Tg and
likely have recurrent disease not yet detected on struc-
tural imaging. Given the superior sensitivity and speci-
ficity of Tg, clinical judgment guided by Tg trend should
play a role in the decision making on the appropriate
interval of US.

Our study had some limitations. As the AJCC 8th edi-
tion staging was introduced in 2018, our study captured
stage III and IV patients based on the 7th edition stag-
ing, and many would be reclassified with lower staging if
examined today. However, the majority (76%) of patients
included in our study were intermediate and high-risk
patients. Focusing on ATA intermediate and high-risk
patients alone in future, larger multi-centred studies
would help validate our results. On retrospective review,
there was decrease in false positive results by an experi-
enced radiologist using structured evaluation; however,
this radiologist was blinded to clinical and biochemical
information as well as ability to compare previous imag-
ing which is not reflective of normal practice. While
inter-user variability of thyroid nodules has been dem-
onstrated [7], the extent of inter-user variability in post-
operative lymph node surveillance is not well described.
Our results reflect real-world practices and may not be
applicable to centers with specialized and consistent
post-operative US reporting. Our findings do not trans-
late to those with hemithyroidectomy or those with anti-
Tg antibodies at the time of diagnosis; the frequency
and utility of US monitoring in these settings remains
unclear. Additionally, the majority of follow-up was done

Page 6 of 7

using conventional Tg assay measurements, necessitat-
ing use of rTSH-stimulation in early follow-up based on
the existing guidelines at the time. Future studies using
HS-Tg might further elucidate the true extent of false
negative Tg in this population. Finally, the retrospective
nature of the study spanned over a long period of time
during which some practice patterns have changed.

Conclusion

In this study of a higher risk cohort of DTC patients, rou-
tine US had lower sensitivity and specificity for detecting
DTC recurrence compared to serum Tg. Only one patient
had recurrence detected by US alone, while the remain-
der were informed by rising Tg levels. Given the potential
psychological burden as well as additional investigations
implicated in false positive US findings, we suggest fur-
ther large-scale studies to elucidate whether routine US
is required after the initial 2 years of follow-up in higher
risk patients or can be ordered as needed based on Tg
levels alone. In our study, standardized evaluation by a
subspecialty radiologist improved specificity; request for
re-interpretation of indeterminate or positive US findings
prior to initiating further investigations may decrease
over-investigation and patient distress.

Author contributions

VM: conceptualization, methodology, writing - original draft, funding
acquisition. SM: investigation, data curation, writing - editing and reviewing.
FS: conceptualization, writing — editing and reviewing. AC: data collection,
writing-editing and reviewing. MR: writing — editing and reviewing. SI:
conceptualization, methodology, writing — editing and reviewing, supervision.

Funding

This project was supported by a grant from the Clinical Research Mentorship
Program in partnership with the Dalhousie Medical Research Foundation,
Nova Scotia Health, Dalhousie University Faculty of Medicine, New Brunswick
Health Research Foundation, and IWK Health.

Data availability
Data can be made available on reasonable written request to the
corresponding author.

Declarations

Ethics approval

This study was approved by the Nova Scotia Health Research Ethics Board.
Data may be shared through contacting the corresponding author on
reasonable request.

Competing interests
The authors declare no competing interests.

Received: 27 June 2024 / Accepted: 13 September 2024
Published online: 14 October 2024

References

1. DengY,LiH, Wang M, et al. Global burden of thyroid Cancer from 1990 to
2017. JAMA Netw Open. 2020;3(6):e208759.

2. Sanabria A, Kowalski L, Shah J, et al. Growing incidence of thyroid
carcinoma in recent years: factors underlying overdiagnosis. Head Neck.
2018;40(4):855-66.



Munro et al. Thyroid Research (2024) 17:23

3. Haugen B, Alexander E, Bible K, et al. 2015 American Thyroid Association
Management Guidelines for adult patients with thyroid nodules and dif-
ferentiated thyroid Cancer: the American Thyroid Association Guidelines
Task Force on thyroid nodules and differentiated thyroid Cancer. Thyroid.
2016;26(1):1-133.

4. Leenhardt L, Erdogan MF, Hegedus L, et al. 2013 European thyroid Associa-
tion guidelines for Cervical Ultrasound scan and Ultrasound-guided tech-

niques in the Postoperative Management of patients with thyroid Cancer. Eur

Thyroid J. 2013;2(3):147-59.

5. PeilingYang S, Bach A, Tuttle RM, et al. Frequent screening with serial Neck
Ultrasound is more likely to identify false-positive abnormalities than clini-
cally significant disease in the surveillance of intermediate risk papillary

thyroid Cancer patients without suspicious findings on Follow-Up ultrasound

evaluation. J Clin Endocrinol Metabolism. 2015;100(4):1561-67.

6. Rondeau G, Fish S, Hann L, et al. Ultrasonographically detected small thyroid

Bed Nodules identified after total thyroidectomy for differentiated thyroid
Cancer seldom show clinically significant structural progression. Thyroid.
2011;21(8):845-53.

7. Persichetti A, Di Stasio E, Coccaro C, et al. Inter- and Intraobserver Agreement

in the Assessment of thyroid nodule Ultrasound features and classification
systems: a Blinded Multicenter Study. Thyroid. 2020;30(2):237-42.
8. Grani G,RamundoV, Falcone R, et al. Thyroid Cancer patients with no

evidence of Disease: the need for repeat Neck Ultrasound. J Clin Endocrinol

Metabolism. 2019;104(11):4981-89.
9. Bossuyt PM, Reitsma JB, Bruns DE, et al. For STARD Group. STARD 2015: an

updated list of essential items for reporting diagnostic accuracy studies. BMJ.

2015;351:h5527.

10.  Epstein S, McEachern R, Khot R, et al. Papillary thyroid carcinoma recurrence:

low yield of Neck Ultrasound with an undetectable serum thyroglobulin

level: Neck US of Papillary thyroid Carcinoma with an undetectable serum tg

level. J Ultrasound Med. 2018;37(10):2325-31.

Page 7 of 7

Gray J, Singh G, Uttley L, et al. Routine thyroglobulin, Neck Ultrasound and
physical examination in the Routine follow up of patients with differentiated
thyroid Cancer—where is the evidence? Endocrine. 2018,62(1):26-33.

Park H, Kim D, Ha T, et al. Utility of Routine Ultrasonography follow-up after
total thyroidectomy in patients with papillary thyroid carcinoma: a single-
center study. BMC Med Imaging. 2018;18(1):12.

Ryoo |, Kim D, Lee C, et al. Analysis of Postoperative Ultrasonography Surveil-
lance after total thyroidectomy in patients with papillary thyroid carcinoma: a
Multicenter Study. Acta Radiol. 2018;59(2):196-203.

Lebbink C, Van Santen H, Daneman A, et al. Does Ultrasound really contribute
to detection of Residual/Recurrent Disease after Pediatric Thyroidectomy?
Preliminary Data supporting a ‘Thyroglobulin-First’ Approach. Thyroid.
2023;33(5):645-49.

Wu J, Seal XHP, Amin P, Diederichs B, Paschke R. Improvement in Neck Ultra-
sound Report Quality Following the Implementation of European Thyroid
Association Guidelines for Postoperative Cervical Ultrasound for Thyroid
Cancer Follow-up, a Prospective Population Study. European Thyroid Journal
12, no. 5August 11, (2023): €230110.

Photopoulos GS, Wilson DS, Clarke SE, Costa AF. Reinterpretation

of Hepatopancreaticobiliary Imaging exams: Assessment of clinical

impact, peer learning, and physician satisfaction. Acad Radiol 2023 Dec
4:51076-6332(23)00597-4.

LandryV, Siciliani E, Henry M, et al. Health-Related Quiality of Life following
total thyroidectomy and lobectomy for differentiated thyroid carcinoma: a
systematic review. Curr Oncol. 2022,29(7):4386-422.

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



	﻿The diagnostic performance of neck ultrasound in follow-up of advanced stage differentiated thyroid cancer
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Index test - ultrasound
	﻿Index test – serum thyroglobulin
	﻿Reference standard
	﻿Statistical analysis

	﻿Results
	﻿Diagnostic performance of US
	﻿Diagnostic performance of tg

	﻿Discussion
	﻿Conclusion
	﻿References


