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Abstract

Context: Serum thyroglobulin (Tg) is a biochemical marker for detecting persistent or recurrent differentiated thyroid carcinoma (DTC) post-
thyroidectomy. Tg can indicate DTC before structural disease (SD) is visible with imaging procedures.

Objective: This work aimed to evaluate the clinical performance of the Elecsys® Tg Il assay at a Tg cutoff of 0.2 ng/mL for ruling out SD in adults
with DTC after total/near-total thyroidectomy, with or without radioiodine ablation (RAI).

Methods: Patients were enrolled into 2 cohorts: longitudinal (Tg assessed every 6 months over 2 years under thyroid-stimulating hormone [TSH]
suppression therapy following thyroidectomy with or without RAI) and cross-sectional with confirmed SD (Tg assessed once >12 weeks after
thyroidectomy). Analyses were performed for both cohorts combined and in the longitudinal cohort.

Results: The study included 530 clinically evaluable samples, the majority (n = 424 samples) from patients who had not received RAI treatment.
Following correction for SD prevalence (4.97% in the longitudinal cohort), an Elecsys Tg Il cutoff of 0.2 ng/mL ruled out SD with a negative
predictive value of 99.9% (95% CI, 99.5%-100%). The assay had excellent sensitivity (98.5%-100%) and acceptable specificity (53.4%-
53.5%) for detecting SD (Tg > 0.2 ng/mL) for both cohorts combined and in the longitudinal cohort, with similar findings in RAl-treated and
non-RAl-treated subgroups.

Conclusion: In this cohort of DTC patients post-thyroidectomy, a Tg cutoff of 0.2 ng/mL was highly effective for ruling out the presence of SD
under TSH-suppressed conditions, including in patients who had not received RAIl treatment.

Key Words: thyroglobulin, thyroglobulin assay, differentiated thyroid carcinoma, structural disease recurrence, radioiodine

Abbreviations: ATA, American Thyroid Association; DTC, differentiated thyroid carcinoma; NPV, negative predictive value; PPV, positive predictive value; RAI,
radioiodine ablation; SD, structural disease; Tg, thyroglobulin; TSH, thyrotropin (thyroid-stimulating hormone).

Thyroid cancer is the most common endocrine malignancy in
the United States, with approximately 43 800 new cases re-
corded in 2022, approximately 2.3% of all new cancer diag-
noses [1]. Incidence has risen sharply in recent decades,
largely due to increasing rates of incidental detection of small
tumors (<1 cm in diameter) through improved imaging

modalities and potential environmental and lifestyle-related
factors, such as increasing rates of obesity [2-4].
Differentiated thyroid cancer (DTC), including mostly papil-
lary and follicular cancers, constitutes the vast majority
(>90%) of all thyroid cancers [5, 6] and has an excellent prog-
nosis, with an overall 5-year survival rate of >95% [1, 3, 7].
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The American Thyroid Association (ATA) classifies pa-
tients as having a low- (<5%), intermediate- (5%-20%), or
high- (>20%) risk of recurrence [8]. Currently, >80% of pa-
tients are classified as low-risk, with most cases managed
through lobectomy or total or near-total thyroidectomy alone.
For intermediate- to high-risk patients, total or near-total thy-
roidectomy is usually followed by radioiodine ablation (RAI)
plus thyroid-stimulating hormone (TSH)-suppressive therapy,
based on individualized risk assessment [8]. Given that the
risk for disease recurrence evolves over time, depending on
clinical disease course and response to treatment, long-term
monitoring is recommended for all patients [8, 9].

Serum thyroglobulin (Tg) is a critical biochemical marker
for detecting persistent or recurrent DTC following total or
near-total thyroidectomy [10]. As Tg can only be produced
by thyroid follicular cells (benign remnant tissue or differenti-
ated thyroid cancer), it is a good indicator of persistent or re-
current DTC even before structural disease (SD) is visible with
imaging procedures such as ultrasonography or computed
tomography scans [8]. Second-generation Tg immunometric
assays with a limit of quantitation < 0.1 ng/mL and precision
at low concentrations allow for reliable Tg monitoring with-
out the need for TSH stimulation [11-13].

Currently, standard posttreatment follow-up evaluation for
DTC includes a clinical examination, periodic Tg panel (Tg
and anti-Tg antibodies), and neck ultrasound, combined
with other imaging methods when indicated. ATA guidelines
recommend that in non-TSH-stimulated patients, without evi-
dence of SD and Tg antibodies, Tg levels <0.2 ng/mL are con-
sistent with an excellent response to therapy and Tg levels
>1.0 ng/mL with a biochemical incomplete response [8].
However, for patients who have undergone less than total thy-
roidectomy or have had a total thyroidectomy without RAI
remnant ablation, the guidelines state that while there are
no known specific cutoffs to distinguish normal residual thy-
roid tissue from DTC, rising Tg levels over time are considered
suspicious for growing thyroid tissue or cancer [8]. Notably, a
recent meta-analysis of 2455 patients did not support the use
of serum Tg levels in monitoring patients with low-risk DTC,
post lobectomy [14].

In this study, we evaluated the clinical performance of the
new Roche Elecsys® Tg II assay for ruling out SD under
TSH-suppression in patients with DTC without the presence
of anti-Tg antibodies who had received a total (or near-total)
thyroidectomy, including a large subgroup who had not re-
ceived subsequent RAI treatment. The ability of the assay to
detect SD was assessed at various Tg II cutoffs, including those
reflecting excellent response to therapy (Tg < 0.2 ng/mL) and
biochemical incomplete response (Tg > 1.0 ng/mL).

Methods

Design and Patients

This prospective, multicenter, observational study included
adults in the United States with histologically confirmed
DTC including papillary, follicular, and oncocytic (formerly
Hiirthle cell) thyroid cancer, in addition to the follicular vari-
ant of papillary thyroid cancer. Eligible patients were aged
>22 years, had been diagnosed with DTC, and had undergone
total or near-total thyroidectomy prior to enrollment; the tim-
ing of said total or near-total thyroidectomy dictated whether
patients were eligible for the longitudinal (surgery within 4-12
weeks prior to enrollment) or cross-sectional (surgery >12
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weeks prior to enrollment) study cohorts. Postoperative radio-
iodine (I-131) administration for remnant ablation or adju-
vant therapy was at the treating physician’s discretion. Key
exclusion criteria included the presence of anti-Tg antibodies,
elevated TSH levels indicating nonsuppressed/stimulated Tg,
and medullary or anaplastic histology (including tumors
that have any component of poorly differentiated histology
if not classified as anaplastic).

Patients in the longitudinal cohort (Fig. 1) were enrolled
within 4 to 12 weeks of thyroidectomy, and prior to RAIif ap-
plicable; SD status was unknown at the time of enrollment.
Subsequent assessments were performed at up to 5 timepoints
over 2 years following surgery: 4 to 12 weeks postsurgery
(baseline) and approximately 6 months (+1 month [follow-up
visit 1]) postsurgery/RAI (if applicable), and then every 6
months (+3 months) after the previous follow-up visit
(follow-up visits 2-4). A neck ultrasound was performed at
each visit to confirm the presence or absence of SD and any in-
terim visits were included as clinically indicated. Additional
cross-sectional or functional imaging or biopsy was at the
treating physician’s discretion. In another analysis from this
study (to be published separately), findings from the Elecsys
Tg II assay were compared with an established Tg assay
(Beckman-Coulter Tg [analysis to be reported in separate pub-
lication]); therefore, evaluable samples from the longitudinal
cohort for which measurements were not available on both
the Elecsys and comparison assay were excluded from the stat-
istical analysis. The cross-sectional cohort included patients
with confirmed SD who were not eligible for the longitudinal
cohort (ie, >12 weeks since receiving total or near-total thy-
roidectomy); residual samples for these patients were collected
from 8 US collection study sites and the Mayo Clinic
Validation Support Services (Fig. 1). SD was defined as evidence
of disease on cross-sectional imaging (ultrasound, computed
tomography, or magnetic resonance imaging); by functional
imaging (positive RAI scan or positron-emission tomography
with 2-deoxy-2-[fluorine-18] fluoro- D-glucose scan) or biopsy
(cytology or histology). For the longitudinal cohort, a
Board-Certified endocrinologist with extensive experience in
the management of DTC (~20 years) reviewed each subject’s
disease status assessment (structural disease absent or present)
to ensure it was adequately supported by the clinical data col-
lected. Although the reviewer had access to data casebooks con-
taining clinical laboratory, imaging, and relevant study data to
query any discrepancies between the disease status assessment
and clinical, laboratory, or imaging results, the principal inves-
tigator at each study site was responsible for the determination
of the patient’s disease status. Both the medical reviewer and
the principal investigator were blinded at all times to the pa-
tient’s Elecsys Tg II result; results of the Beckman-Coulter Tg
result were available and used for patient management only
(and not for definition of structural disease).

This study was conducted in accordance with all Food and
Drug Administration (FDA) and local regulations, and the
study protocol was approved by Institutional Review Boards
from each study site. All participants provided informed writ-
ten consent.

Sample Handling and Tg Measurement

Serum samples were collected by venous blood draw during
follow-up visits and were analyzed at testing laboratories in
the United States (University of Maryland, MD; Indiana
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Figure 1. Study design. Abbreviations: SD, structural disease.

Health Pathology Laboratory, IN; University of California
Davis Health, CA). All study samples were drawn from pa-
tients on levothyroxine therapy. Tg measurements were con-
sidered to be TSH-non-suppressed if TSH was >5.0 plU/mL.
A study visit of cross-sectional patients which showed a TSH
>5.0 pIlU/mL was excluded from the statistical analysis. The
Elecsys Tg Il assay results were measured on the cobas e 411 sys-
tem and processed according to the manufacturer’s instructions.
This quantitative electrochemiluminescence immunoassay
(ECLIA) involves a two-step, double antigen sandwich process
and has a measuring range of Tg from 0.1 to 500 ng/mL, with
a limit of quantitation of 0.10 ng/mL.

Objectives and Analyses

The primary objective was to show that the assay, at a Tg cutoff
of 0.2 ng/mL, can be used to rule out the presence of SD over 24
months postsurgery. At a Tg cutoff value of 0.2 ng/mL, Tg
measurements <0.2 ng/mL. demonstrate the absence of SD.
Secondary objectives were to assess clinical performance (sensi-
tivity, specificity, negative predictive value [NPV], and positive
predictive value [PPV]) at a Tg cutoff of 0.2 ng/mL.

Further outcomes included probability for being SD-positive
(SD+) conditional on certain Tg measurement ranges according
to ATA response criteria [8]: excellent response (Tg <0.2 ng/mL),
indeterminate response (Tg >0.2 ng/mL and <1.0 ng/mL),
and biochemical incomplete response (Tg >1.0 ng/mL). We
also assessed probabilities for being SD+ or SD— at other
Tg II cutoffs above 1 ng/mL.

Statistical Methods

Sample size was estimated using 2-by-2 contingency tables
comparing disease status (presence or absence of SD) and Tg
test result of <0.2 ng/mL or >0.2 ng/mL, for a range of sample
sizes for the longitudinal cohort. It was initially calculated that
324 observations (evaluable Tg II assessments) with a min-
imum of 65 samples from SD+ patients would be needed to
satisfy the acceptance criterion for the primary objective

(NPV >95% with a lower bound of the two-sided 95% CI
>90%). However, due to fewer SD+ patients than expected,
more patients than initially planned were subsequently en-
rolled in the longitudinal cohort. To have sufficient samples
from SD+ patients, samples from a cross-sectional cohort
who had current evidence of SD and were not eligible for
the longitudinal cohort (due to >12 weeks having elapsed
from surgery) were collected (Fig. 1).

The primary objective was assessed in the full analysis set,
which included eligible patients from the longitudinal and
cross-sectional cohorts with clinically evaluable samples (ie,
those from patients meeting all inclusion criteria, for whom
an Elecsys Tg Il value was available; see Supplementary
Methods [15]). Other performance measurements were
measured in the full analysis set or in RAl-treated and
non-RAl-treated subgroups.

Unless stated otherwise, all performance measures were de-
rived from a 2-by-2 contingency table, with clinical truth
based on the presence or absence of SD and a Tg test result
at the 0.2 ng/mL cutoff. Acceptance criteria for the primary
objective was an NPV >95%, with the lower bound
of the 95% bootstrap CI >90%. Two-sided 95% Cls of
point-estimates were constructed using a bootstrap approach
on the patient level (as per FDA guidance), reflecting within-
subject correlation of Tg values, and based on 10 000 boot-
strap iterations. Intra-patient correlation was addressed by
performing CI estimation via a bootstrap approach, where
bootstrapping took place at the patient level, ie, all visits/
samples of a patient were included in a bootstrap iteration
if that subject was randomly selected. For all bootstrap
iterations, the corrected NPV was computed based on the
real-world prevalence of SD (for samples from the longitu-
dinal cohort), using Bayes Theorem; the 2.5%- and
97.5%-quantiles were derived from these values, corre-
sponding to 95% bootstrap CI. 2-by-2 contingency tables
were constructed for RAI-treated and non-RAl-treated sub-
groups separately. Statistical analyses were performed using
R v3.4.0.
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Demographics RAlI-treated Non-RAl-treated (N=117) Overall
(N =103) (N =220
Mean age, years (range) 55.7 (24.0-97.0) 53.1 (23.0-85.0) 54.0 (23.0-97.0)
Sex, n (%)
Female 52 (50.5) 84 (71.8) 136 (61.8)
Male 51 (49.5) 33 (28.2 84 (38.2)
Race, n (%)
African American/Black 5(4.9) 5(4.3) 10 (4.5)
Asian 2(1.9) 3(2.6) 5(2.7)
Native Hawaiian or Other Pacific Islander 1(1.0) 0 1(0.5)
White 87 (84.5) 97 (82.9) 184 (83.6)
Other 2(1.9) 7 (6.0) 9 (4.1)
Not available 6 (5.8) 5 (4.3) 11 (5.0)
ATA risk class, n (%)
Low 19 (18.4) 66 (56.4) 85 (38.6)
Intermediate 22 (21.4) 34 (29.1) 56 (25.5)
High 62 (60.2) 17 (14.5) 79 (35.9)
Number of samples
Median (IQR) 3.0 (2.0-4.0)
Mean 3.1

Abbreviations: ATA, American Thyroid Association; IQR, interquartile range; RAI, radioiodine ablation.
“One patient did not subsequently have measurements available on both Elecsys and an established comparison Tg assay device (separate analysis—see
“Methods”) and was therefore excluded from the full analysis set (N =219); N is the number of patients with clinically evaluable samples.

Results

Participants and Samples

A total of 219 patients with evaluable samples were included
in this study: 150 patients from the longitudinal cohort and 69
patients from the SD-enriched cross-sectional cohort. Overall,
patients were predominantly female (61.8%) and White
(83.6%) and had a mean age of 54.0 years (range, 23.0-
97.0) (Table 1). In total, 103 patients were RAlI-treated, and
117 patients were non-RAI-treated; 60.2% of RAlI-treated pa-
tients were classified as high risk (ATA risk class) compared
with 14.5% of non-RAl-treated.

In the longitudinal cohort, a total of 705 patient visits were
completed over the 2 years, with 80 patients completing the
final visit (visit 5). The number of patients who completed
each visit and the number of samples provided at each visit
is stated in Supplementary Table 1 [15]. In total, 463 evalu-
able samples were obtained, that is, those that met the inclu-
sion criteria; data regarding TSH levels are available in
Supplementary Table 2. Two samples were subsequently ex-
cluded from the full analysis set due to measurements not
being available on both Elecsys and the established compari-
son Tg assay (separate analysis—see “Methods”) (Fig. 2). In
the cross-sectional cohort, a total of 76 samples were obtained
and 69 were deemed evaluable. Therefore, the full analysis set
comprised 530 samples from 219 patients (461 samples from
the longitudinal cohort and 69 samples from the cross-
sectional cohort; Fig. 2). The median number of samples per
patient in the full analysis set was 3.0 (interquartile range,
2.0-4.0).

Using the Elecsys Tg Il assay, 235 (44.3%) samples had Tg
<0.2 ng/mL, most of which were from patients who had not
received RAI treatment (Table 2). Of patients with Tg

<0.2 ng/mL, only one sample—with a Tg of 0.189 ng/mL—
had ultrasound findings suspicious for SD. This patient (a
32-year-old woman from the cross-sectional cohort) had a
diagnosis of papillary thyroid carcinoma with extra-nodal ex-
tension and underwent initial surgery and RAI in 2013. In
2015, she had a biopsy of a left level II/IIl lymph node that
was confirmed malignant. There was additional surgery con-
sisting of neck dissection with complete resection of visible
disease (36 nodes). During her study visit, a left level VI
mass (0.9% 0.5 cm) and a 0.6 cm level II abnormal lymph
node were observed upon ultrasound; both fall below the
ATA guidelines threshold for biopsy (recommended when
the smallest dimension is >0.8 cm). The patient preferred sur-
veillance over additional intervention.

In analyses of patient Tg levels over time, Tg levels were
generally higher in SD+ vs SD— patients (Fig. 3). Tg levels
tended to decrease over time in both SD+ and SD— patients,
albeit with a proportionally greater decrease in the SD— group
(Fig. 3). Further analyses of Tg levels over time are presented
in the supplementary material, including by response category
(excellent, indeterminate, structural incomplete, biochemical
incomplete; Supplementary Fig. 1 [15]), by RAI treatment
(Supplementary Fig. 2 [15]), and by ATA risk category (low,
intermediate, high; Supplementary Fig. 3 [15]). Descriptive
statistics of Tg levels by ATA risk category in RAl-treated
and non-RAl-treated subgroups are also described
(Supplementary Table 3 [15]).

Clinical Performance

Following correction for the real-world prevalence of SD (es-
timated from the longitudinal cohort as 4.97%), prespecified
acceptance criteria were exceeded for the primary analysis
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Figure 2. Sample disposition. N refers to number of samples by cohort. *Reasons for exclusion: COVID-19 (n =57), positive for anti-Tg (n =53),
investigator, sponsor, or patient request (n = 37), other (n = 18), not eligible (n = 4), lost to follow-up (n = 4), withdrawal of consent (n = 4), and pregnancy
(n=1). "Reasons that samples were deemed not evaluable: TSH >5.0 U/mL (n=54), neck ultrasound imaging >4 weeks from Tg sample collection
(n=4), visit did not take place (n=3), Tg Il assay value unavailable (n = 2), improper sample handling (n = 1). *Reasons for exclusion: not eligible (n =4),
positive for anti-Tg (n = 2). *Reason that sample was deemed not evaluable: Tg Il assay value unavailable (n = 1). Mwo samples from the longitudinal cohort
did not have measurements available on both Elecsys and an established comparison Tg assay device (separate analysis—see “Methods”) and were
therefore excluded from the full analysis set. Abbreviations: SD, structural disease.

Table 2. Detecting the presence or absence of structural disease based on samples tested in the Elecsys Tg Il assay (full analysis set)

RAlI-treated (N = 108) Non-RAI-treated (N = 422) Opverall
(N =530)
Tg <0.2 ng/mL Tg >0.2 ng/mL Tg <0.2 ng/mL Tg >0.2 ng/mL Tg <0.2 ng/mL Tg >0.2 ng/mL
(N =28) (N =80) (N =207) (N =215) (N =235) (N =295)
Structural disease
Present 17 (3.6) 63 (78.8) 0 28 (13.0) 1(0.4) 91 (30.8)
Absent 27 (96.4) 17 (21.3) 207 (100) 187 (87.0) 234 (99.6) 204 (69.2)

Abbreviations: RAI, radioiodine ablation; Tg, thyroglobulin.

“Presumed structural disease (patient did not have biopsy confirmation); Data shown are the number (percent) of samples in each group; N is the number of

clinically evaluable samples.

(full analysis set) and when analyzed in the longitudinal
cohort (Table 3). The NPV was high (99.9%; 95% CI,
99.5%-100%) in the full analysis set and 100% (95% CI,
100%-100%) in the longitudinal cohort, both of which
were above the 95% criterion with the lower bound of
95% CI >90%. The Tg II assay, at a Tg cutoff value of
0.2 ng/mL, demonstrated sensitivity of 98.5% to 100%, and
specificity of 53.4% to 53.5% (Table 3). Levels of clinical per-
formance at a Tg cutoff of 0.2 ng/mL were similar in
RAl-treated and non-RAlI-treated subgroups (Supplementary
Table 4 [15]).

The estimated probability of being SD+ with Tg <0.2 ng/mL
was 3.3% in the RAl-treated subgroup, and 0% in the
non-RAl-treated subgroup (Table 4). At Tg levels representing
a biochemical incomplete response (>1.0 ng/mL), there was
an 87.0% probability of SD in the RAl-treated subgroup,
and 28.2% probability in the non-RAl-treated subgroup
(Table 4).

We further analyzed the probability of being SD+ or SD— at
several Tg cutoff values above 1 ng/mL. The probability of
being SD+ increased as the cutoff value increased, for Tg val-
ues up to S ng/mL, in RAI-treated and non-RAl-treated pa-
tients (Supplementary Fig. 4) [14, 15]. For Tg values above
5 ng/mL, the numbers of SD+ patients were too few for mean-
ingful interpretation.

Discussion

In this large cohort of patients with DTC following total or
near-total thyroidectomy with or without subsequent RAI
therapy, a Tg cutoff value of 0.2 ng/mL measured by the
Elecsys Tg II assay had an NPV of 99.9% (95% CI,
99.5%-100%), with excellent sensitivity (99.9%-100%) and
acceptable specificity (53.4%-53.5%) for detection of SD.
The high value achieved for NPV is particularly notable given
that the study population was enriched for patients with



10

(o]

N

Elecsys Tgll (ng/mL)

N
%

200 400 600 800 1000

Number of days after Visit 1

o

10

[o)]

N

Elecsys Tgll (ng/mL)

0 200 400 600 800 1000

Number of days after Visit 1

Journal of the Endocrine Society, 2023, Vol. 7, No. 9

10

(o))

N

Elecsys Tgll (ng/mL)

0 200 400 600
Number of days after Visit 1
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over time a patient may have one visit as SD— and one as SD+. Abbreviations: SD, structural disease; Tg, thyroglobulin.

SD, which may have been expected to reduce the NPV. Similar
findings were observed both for patients treated with or with-
out RAI ablation treatment. In both RAI- and
non-RAl-treated populations, only one patient with Tg
<0.2 ng/mL had SD. This patient had small volume disease
which was not histologically confirmed and Tg 0.189 ng/mL.
As current ATA guidelines state that specific Tg cutoff
levels to indicate SD are unknown in patients who have not re-
ceived RAI treatment [8], these findings are highly inform-
ative, and support the use of a Tg cutoff of 0.2 ng/mL.
Moreover, in patients with Tg >1.0 ng/mL (biochemical in-
complete response) at any time during the 2-year follow-up,
there was a high likelihood of SD, and the likelihood was sub-
stantially lower in non-RAI vs RAlI-treated patients (28% vs
87%, respectively). This may be due to the distribution of
ATA risk categories within each treatment group. Indeed,
the lower frequency of SD observed in non-RAI patients was
expected given the lower proportion of ATA high-risk

patients in this subgroup. Also, non-RAI patients were likely
to have had less extensive disease (eg, no invasion or signifi-
cant lymph node metastases) leading to a lower chance of
SD even if their Tg levels exceeded 1.0 ng/mL. Another pos-
sible reason for this low likelihood may be that Tg continues
to be produced by the benign thyroid remnant still present in
non-RAl-treated patients [8]. There have been few studies
assessing Tg cutoff in non-RAI patients following total/near-
total thyroidectomy, with most concerning retrospective
reviews and very low rates of recurrence/persistence [16].
While our study adds a prospective study to this limited
body of literature, further prospective studies are warranted
to determine an optimal Tg threshold in this population.

In a previous meta-analysis of 3178 DTC patients, unstimu-
lated Tg measurements had high NPVs (97% and 99%) at Tg
cutoffs for positivity of 1 and 2 ng/mL, respectively, suggest-
ing that TSH-stimulated measurement was not needed in the
follow-up of patients with undetectable basal Tg, provided
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no Tg antibodies are present [17]. However, the PPV (70% at
a Tg cutoff of 1ng/mlL) was insufficient to eliminate
TSH-stimulated measurement from the follow-up of patients
with detectable unstimulated Tg [17]. Indeed, the use of
second-generation Tg assays with functional sensitivity
<0.1 ng/mL removes the need for TSH stimulation [11], and
in low- and intermediate-risk patients, ATA guidelines recom-
mend monitoring Tg levels without TSH stimulation.
However, in high-risk patients, ATA guidelines recommend
maximum TSH stimulation to assess Tg levels for 6 to 18
months after the completion of primary therapy [8].

At TSH levels ranging from undetectable to <5.0 pnlU/mL,
the Tg II assay was highly sensitive in all but one patient in
our study, suggesting that a Tg cutoff value of 0.2 ng/mL
may help to rule out the presence of SD in both RAI-treated
and non-RAl-treated patients. This may reduce the need for
TSH-stimulated Tg and whole-body scans, and reduce the fre-
quency of ultrasound imaging visits necessary to confirm the
presence of SD. As our study excluded patients with less-
differentiated tumors, it is possible that tumors producing
low Tg levels could be present, even when measured Tg is
<0.2 ng/mL. Therefore, careful follow-up, including periodic
neck ultrasound, is warranted, with consideration for

Table 3. Clinical performance of the Tg Il assay at a Tg cutoff of
0.2 ng/mL for the detection of structural disease

Full analysis set
N =530
Estimate % (95% CI)

Longitudinal cohort
N =461
Estimate % (95% CI)

NPV (uncorrected) ~ 99.6 (98.6-100) 100 (100-100)
PPV (uncorrected)  23.9 (21.0-27.5) 10.0 (4.5-16.9)
NPV (corrected)®  99.9 (99.5-100) 100 (100-100)
PPV (corrected)® 10.0 (8.7-11.7) 10.1 (8.8-11.82)
Sensitivity 98.5 (95.4-100) 100 (100-100)
Specificity 53.4 (45.8-61.1) 53.5 (45.8-61.0)
Prevalence 12.9 (12.1-13.9) 4.89 (2.15-8.49)

Abbreviations: NPV, negative predictive value; PPV, positive predictive
value, Tg, thyroglobulin.

“Corrected based on the real-world prevalence of 4.97% estimated from
samples of the longitudinal cohort only; “Estimate” corresponds to the
median of N =10 000 bootstrap iterations on the patient level as well as the
95% CI, which is derived from the set of bootstrap-samples as the 2.5% and
97.5% quantiles; N is the number of clinically evaluable samples.

additional procedures such as whole-body scan, fine-needle
aspiration, or positron-emission tomography, as clinically
indicated.

In a previous cost-effectiveness analysis, the cost to detect
recurrence in ATA low-risk patients (taking into account post-
operative blood tests, imaging scans, biopsies, and clinic vis-
its) was more than 6- to 7-times higher per recurrence than
the cost for patients with intermediate or high risk [18].
Identifying a more cost-effective follow-up strategy for this
large subset of patients is thus warranted. The use of an assay
that can accurately identify the absence of SD in such low-risk
patients could reduce reliance on regular imaging scans and
may thus represent a more cost-effective follow-up strategy
for this large subset.

The strength of this study was the large, longitudinal, multi-
site cohort, providing a population with diverse treatment
patterns. The study also included a large proportion of pa-
tients who did not receive RAI ablation. This reflects current
practice in the United States and provided an opportunity to
evaluate Tg cutoffs in this particular clinical context where ap-
propriate cutoffs have not yet been defined. A limitation of the
study was the interruption caused by COVID-19 to recruit-
ment and procedures. Other limitations include a potential
introduction of bias and the enrichment of cases with SD+.
As further imaging was performed at the treating physician’s
discretion, it could be argued that patients with an elevated
Tg were more likely to undergo further evaluation to locate
SD and thus become more likely to have SD discovered.
However, it could be argued that the overall cohort were all
investigated more rigorously than the current standard clinical
practice in the United States, with ultrasound performed every
6 months regardless of ATA risk category or Tg Il results. The
nature of the study required the enrichment of SD+ cases to en-
sure that the study was powered for the primary objective.
Samples were initially obtained from 19 SD+ patients at the
sites enrolling into the longitudinal cohort; however, these pa-
tients were not eligible as >12 weeks had elapsed since their
initial surgery. When this method proved insufficient to reach
65 SD+ samples, samples were obtained from an additional 50
SD+ patients at Mayo Clinic, all of whom were subject to the
same inclusion/exclusion criteria as the longitudinal cohort.
Further limitations were that the 2-year follow-up period
may have missed patients with slowly growing recurrences.

With a Tg cutoff value of 0.2 ng/mL, the Elecsys Tg II
assay showed good clinical performance for ruling out

Table 4. Probability of being positive for structural disease using the Elecsys at cutoffs of 0.2 ng/mL and 1.0 ng/mL, as per ATA response criteria

(full analysis set)

RAI-Treated Non-RAI-Treated (N =422) Overall
(N=108) (N =530)
Estimate % Estimate % Estimate %
(95% CI) (95% CI) (95% CI)
Probability of being SD+ and

Tg < 0.2 ng/mL (excellent response) 3.33 (0-11.76) 0 0.41 (0-1.40)

Tg>0.2 — <1.0 ng/mL (indeterminate response) 0 0 0

Tg > 1.0 ng/mL (biochemical incomplete response) 87.0 (75.6-95.7) 28.2 (18.8-39.0) 48.2 (41.0-57.1)

N is the number of clinically evaluable samples.

Abbreviations: RAI, radioiodine ablation; SD, structural disease; Tg, thyroglobulin.



SD (and thus defining excellent response to therapy under
non-TSH-stimulated conditions) in patients with DTC follow-
ing total or near-total thyroidectomy, with or without
RAI treatment. The assay demonstrated excellent NPV and
acceptable PPV, with values for sensitivity and specificity
comparable between RAl-treated and non-RAl-treated
groups. These findings support the use of the Elecsys Tg II as-
say and Tg cutoff of 0.2 ng/mL in clinical decision-making fol-
lowing initial surgical management of DTC patients,
including those who have not received RAI ablation.
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