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Abstract

Objective: Preablative stimulated thyroglobulin (ps-Tg) has the potential to be used in identifying distant

metastatic differentiated thyroid carcinoma (DM-DTC), but its single level can be affected by remnant thyroid

tissue and thyrotropin (TSH). The objective of this retrospective study was to evaluate the value of serial ps-Tg

measurements in identifying DM-DTC specifically.

Methods: A total of 317 DTC patients with serial measurements of ps-Tg, TSH and anti-Tg antibody were

divided into M1 (n=72) and M0 (n=245) according to the presence of distant metastasis (DM) or not. The initial ps-

Tg measurement, with a corresponding TSH exceeding 30 μIU/mL, was marked as Tg1, and ps-Tg measured right

before radioactive iodine (RAI)  therapy was defined as  Tg2,  with a  median interval  of  8 days.  ΔTg denotes

Tg2–Tg1,  and  ΔTSH denotes  TSH2–TSH1.  Tg1,  Tg2,  ΔTg,  and  ΔTg/ΔTSH were  tested  for  efficacy  in

identifying DM-DTC using receiver operating characteristic (ROC) curve analysis, and further compared with

chest computed tomography (CT) and posttreatment whole-body RAI scan (RxWBS).

Results: Compared with single ps-Tg measurement (Tg1 or Tg2),  both ΔTg and ΔTg/ΔTSH were more

narrowly  distributed  around  zero  in  the  M0 group,  which  made  their  distribution  in  the  M1 group  more

distinguished in a relatively dispersed way. ΔTg/ΔTSH manifested a higher accuracy (88.64%) and specificity

(90.20%) in identifying DM-DTC than Tg1 or Tg2 measurements, with a much higher specificity than chest CT

(90.20% vs. 66.00%) and a much higher sensitivity than RxWBS (83.33% vs. 61.11%).

Conclusions: Serial ps-Tg measurements even over as short an interval as 8 days hold incremental value in

identifying DM-DTC. ΔTg/ΔTSH is a specific early biochemical marker for DM-DTC.
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Introduction

Differentiated thyroid carcinoma (DTC), which accounts
for almost 90% of thyroid cancer, is characterized by an
indolent course with a low mortality and a favorable long-
term prognosis. However, distant metastasis (DM), which

occurs in 1%–23% of patients with DTC (1-3), is generally

considered to be the most frequent cause of cancer-related

death. As a consequence, the 10-year overall survival rate

even after radioactive iodine (RAI) therapy is about 42% (4).

It is noteworthy that early diagnosis of functioning DM
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is closely related to earlier and more appropriate adjuvant
therapy as well as a better prognosis (4), and some patients
even  benefited  from  a  timely  high  dose  of  initial  RAI
treatment (5). However, in some cases, distant metastatic
lesions  may remain unidentified  with  negative  pre-RAI
radiographic images such as computed tomography (CT)
and diagnostic whole-body RAI scan (DxWBS), and were
revealed  only  when post-therapy  whole-body  RAI  scan
(RxWBS) or even 18F-FDG positron emission tomography
(PET)/CT was performed later (Figure 1).

Our previous studies have revealed the potential of pre-
RAI stimulated thyroglobulin (ps-Tg) levels in predicting
DM-DTC,  with  a  cut-off  value  of  52.75  ng/mL  (6,7),
which manifested its potential role in facilitating initial risk
stratification  and  timely  RAI  dose  adjustment  to  avoid
inadequate therapy. Nevertheless, our recent study showed
that the predictive value of ps-Tg might be affected by the
corresponding thyrotropin (TSH) level (8), and that the
presence of massive remnant thyroid in non-DM patients
could also cause elevated ps-Tg levels, which might lead to
the misdiagnosis of DM (9).

Thus,  the  reported  cut-offs  of  ps-Tg  for  guiding
decision-making regarding RAI administration were highly
variable  (10-13).  Furthermore,  even a  high ps-Tg level
indicating a high probability of DM-DTC may sometimes
not  be  accurate,  as  shown  in  Figure  2,  which  begs  the
question  as  to  whether  a  single  ps-Tg  measurement  is
sufficient. Thus, we retrospectively evaluated the potential
value of  serial  ps-Tg measurements in identifying DM-
DTC prior to RAI therapy.

Materials and methods

Patients

In this retrospective study, 864 potentially eligible DTC
patients were reviewed, and all of them were referred to
RAI  therapy  consecutively  at  Peking  Union  Medical
College Hospital between January 2012 and October 2014,
among whom, 547 patients were excluded due to at least
one of the following reasons: 1) absence of serial serological
data; 2) elevated TgAb (>46 IU/mL) (14); or 3) levels of
serial ps-Tg or TSH all beyond the ranges of the assays,
which  might  disenable  the  calculation  of  dynamic  pa-
rameters. Finally, a total of 317 DTC patients [310 with
papillary thyroid carcinoma (PTC) and 7 with follicular
thyroid  carcinoma  (FTC)]  were  enrolled.  All  of  them
underwent total or near total thyroidectomy and/or cervical
lymph node dissection followed by RAI therapy. Group M1
(n=72) and group M0 (n=245) were divided according to
the  presence  of  DM  or  not.  Patients  with  any  of  the
following  were  identified  as  DM-DTC:  1)  distant
metastatic  lesions  confirmed  by  pathology;  2)  focal  or
diffuse uptake in distant metastatic lesions on RxWBS after
excluding the contamination and physiological RAI uptake,
with or without positive findings on other complementary
imaging modalities (chest CT, X-rays, magnetic resonance
imaging,  bone  scintigraphy  or  18F-FDG  PET/CT)  or
elevated Tg levels; 3) positive findings on either 18F-FDG
PET/CT  or  bone  scintigraphy  after  excluding  other
malignancies and benign diseases, with a rising Tg level,

 

Figure 1 Radiographic images of two cases. In a 40-year-old female with differentiated thyroid carcinoma (DTC), (A) diagnostic whole-
body RAI scan (DxWBS) showed no abnormal uptake in lungs; (B) chest computed tomography (CT) displayed no nodules in lungs before
radioiodine therapy; and (C) whole-body RAI scan (RxWBS) showed diffused bilateral pulmonary uptake (pulmonary metastasis) except
thyroid bed. In a 44-year-old male with DTC, (D) RxWBS showed no abnormal uptake in lungs; and (E) 18F-FDG positron emission
tomography (PET)/CT displayed a nodule in the upper lobe of the left lung in the long-term follow-up after radioiodine therapy.
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despite negative RxWBS results; or 4) negative findings on
functional  imaging,  but  structural  lesions  suggested  by
chest CT or X-ray after excluding other malignancies and
benign  diseases,  with  a  rising  Tg  level.  The  Ethics
Committee  of  Peking Union Medical  College Hospital
approved the study.

Study design

The  following  characteristics  were  registered  and
compared between M0 and M1 groups: age at diagnosis,
gender, pathology, American Joint Committee on Cancer/
Union for International  Cancer Control  (AJCC/UICC)
TNM  staging  (7th  edition),  as  well  as  the  amount  of
remnant thyroid.

ps-Tg,  TSH  and  TgAb  levels  were  tracked  serially
during  off-levothyroxine  (LT4)  therapy  before  RAI
administration.  The  initial  ps-Tg  measured  with  a
corresponding off-LT4 TSH level exceeding 30 μIU/mL
was marked as Tg1, and the subsequent ps-Tg collected
right before RAI therapy was defined as Tg2. The median
interval between Tg1 and Tg2 was 8 (range: 6–13) days.

ΔTg denotes the change in ps-Tg (Tg2–Tg1). The same
notations were applied to TSH1, TSH2 and ΔTSH.

Initially, Tg1, Tg2, ΔTg and ΔTg/ΔTSH were tested for
their  diagnostic performance to serve as possible serum
predictors  of  DM,  and  further  compared  with  imaging
modalities including chest CT and RxWBS.

Treatment protocol

All patients underwent RAI therapy for remnant ablation or
treatment  of  recurrent/metastatic  lesions  at  least  once,
following thyroid hormone withdrawal (THW) or with no
LT4  therapy after surgery, accompanied by a strict low-
iodine diet for at least 2 weeks. Doses of RAI, varying from
1.11  GBq  (30  mCi)  to  7.4  GBq  (200  mCi),  were
administered to patients according to their tumor stage and
recurrence risk stratification. RAI treatment for persistent
or recurrent disease was repeated at an interval  of 6–12
months according to the American Thyroid Association
(ATA) guidelines (15). Medical examinations before RAI
treatment  included  high-resolution  chest  CT,  neck
ultrasonography, and serial measurements of ps-Tg, TSH,
and TgAb. RxWBS was routinely performed 5–8 days after
therapeutic  RAI  administration,  and  LT4  therapy  was
initiated or resumed 3 days after RAI administration.

Image analysis and serological assays

RxWBS was performed using a dual-head γ-camera (Infinia
Hawkeye  4,  GE  Healthcare,  USA)  with  high-energy
parallel-hole  collimators.  Single-photon emission com-
puted tomography (SPECT) images of the neck and chest
were obtained for further identification in patients with
negative planar image findings. The amount of remnant
thyroid was evaluated semiquantitatively and classified as
none,  moderate  or  overt,  the  latter  two  of  which  were
artificially divided based on the differential cut-off value of
10% between thyroid bed and whole body using a region of
interest technique. All images were analyzed separately by
two experienced nuclear  medicine physicians  who were
unaware  of  either  the  clinical  findings  or  any  other
diagnostic imaging data.

Serological measurements of Tg, TgAb and TSH were
performed in the same laboratory using the same kits. Tg
and  TgAb  levels  were  determined  using  electrochemi-
luminescence immunoassays (Roche Diagnostics GmbH,
Mannheim,  Germany)  and  measuring  ranges  were
0.100–1,000 ng/mL and 10–4,000 IU/mL,  respectively.
TSH was determined using chemiluminescence immuno-

 

Figure 2 Change patterns of pre-RAI serological parameters and
the corresponding results of RxWBS in two patients. Line chart
showed the changes of two patients’ ps-Tg along with the increase
of thyrotropin (TSH) (A). The linear fitting equations are marked
with dotted lines. ps-Tg sampled on the day of radioactive iodine
(RAI) therapy for patient B was 25.7 ng/mL, which was much
lower  than  that  for  patient  A  (51.9  ng/mL),  indicating  less
possibility of distant metastatic differentiated thyroid carcinoma
(DM-DTC) according to the cut-off value of 52.75 ng/mL derived
from our previous study, but the whole-body RAI scan (RxWBS)
of patient A showed no abnormal uptake except thyroid bed (B)
while patient B showed abnormal uptakes in bilateral lung fields (C).
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assays (Siemens Healthcare Diagnostics Inc., New York,
USA),  with  a  measuring  range  of  0.004–150  μIU/mL.
Values  above  the  upper  l imits  of  Tg  and  TSH
measurements were reported as >1,000 ng/mL and >150
μIU/mL, respectively, while values below the lower limit of
Tg measurement were reported as <0.1 ng/mL.

Statistical analysis

Student’s t test, χ2 test and Fisher’s exact test were applied
to analyze  the  statistical  differences  in  age,  gender  and
pathology between the two groups. Categorical variables
such  as  T1–4  status  (AJCC/UICC),  initial  lymph node
status,  staging I–IV,  as  well  as  the condition of  thyroid
remnant were compared using the Mann-Whitney U test.
Parameters such as Tg1, Tg2, ΔTg and ΔTg/ΔTSH were
expressed as medians with ranges and compared using the
Mann-Whitney U  test. Receiver operating characteristic
(ROC) curves were drawn to determine the best cut-off
value for each serological  marker.  Comparison of  ROC
curves  was  performed  using  the  method  of  Hanley  &
McNeil  for  the  same  set  of  patients  (16).  With  the
corresponding cut-off values fixed, sensitivity, specificity,
accuracy,  positive  predictive  value  (PPV)  and  negative
predictive  value  (NPV)  were  eventually  calculated  to
evaluate  the  overall  diagnostic  performance  of  these
parameters  as  biochemical  markers  for  DM-DTC,  and
then compared with each imaging modality. All tests were
two-sided,  and  P<0.05  was  considered  statistically
significant. Statistical analysis and graph generation were
processed using IBM SPSS Statistics (Version 22.0; IBM
Corp., New York, USA) and MedCalc software (Version
11.4.2.0; Mariakerke, Belglum).

Results

Clinicopathologic characteristics of patients

Of the 317 DTC patients, the mean age at diagnosis was
41.76±11.95 (range: 12–75) years, with a male-to-female
ratio of 1:1.99 (M0, 1:2.1; M1, 1:1.7). The mean follow-up
period  was  20.9  months.  According  to  the  criteria
mentioned previously, DM was identified in 72 patients (66
presented in lungs, one in bone, and five with multiple-site
metastases including four in both lung and bone, and one
in both lung and liver). As shown in Table 1, there were no
statistical differences in age, gender, and thyroid remnant
between the M1 and M0 groups.  As  expected,  DM was
significantly associated with follicular histology (P<0.001),

advanced T (P<0.001) and N status (P<0.001), and a higher
tumor stage (P<0.001).

Serological characteristics before RAI treatment

Both Tg1 and Tg2 were higher in the M1 group (P<0.001)
(Table 1), while in the M0 group, ΔTg was distributed in a
narrower range than either Tg1 or Tg2, which made the
M0  group  more  discernable  from  the  M1  group.
Intriguingly, when ΔTg/ΔTSH was used as an index, the
dispersed distribution in the M1 group made DM much
distinguished from the extremely centralized distribution in
the M0 group (P<0.01) (Figure 3).

ROC curve analysis and diagnostic performances of serial
Tg parameters

ROC curve analysis showed that the optimal cut-offs for
Tg1 and Tg2 to identify DM were 12.35 ng/mL and 22.10
ng/mL, respectively. The corresponding areas under the
ROC curves  (AUC) to  differentiate  the  two groups  are
given in Table 2, which illustrates that Tg2, with a larger
AUC  of  0.947  (Z=2.373,  P=0.0176),  showed  better
diagnostic performance in identifying DM-DTC than Tg1,
with both higher accuracy (86.75%) and higher specificity
(85.71%) (Table 3).

Considering that ΔTg and ΔTg/ΔTSH can be above or
below zero, ROC curves were drawn in both conditions
separately, and the two cut-offs constituted a diagnostic
range, as presented in Table 3. ΔTg/ΔTSH manifested a
higher accuracy (88.64%) and specificity (90.20%), as well
as a lower false positive proportion (28.6%) in identifying
DM-DTC than Tg1 or Tg2.

Comparison  between  serial  ps-Tg  measurements  and
imaging modalities

Among  the  270  patients  with  results  of  pre-RAI  high-
resolution  chest  CT,  68  presented  with  indeterminate
lesions on pre-RAI images, which made it difficult to rule
out the possibility of malignancy until subsequent RxWBS,
further radiographic as well as biochemical evidence were
collected  during  follow-up,  which  contributed  to  its
inferior specificity and accuracy of 66.00% and 70.00%,
respectively. In contrast, the sensitivity of RxWBS was only
61.11% albeit with good specificity, which was much lower
than that  of  serial  ps-Tg measurements.  Thus,  with  an
accuracy  of  88.64%,  a  specificity  of  90.20%,  and  a
sensitivity  of  83.33% (Table  3),  ΔTg/ΔTSH derived by
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serial  ps-Tg  measurements  yielded  better  diagnostic
performance than these cross-sectional imaging (Figure 4).

Discussion

In general, patients with DM-DTC are considered to have
worse clinical outcomes (17). Appropriate RAI therapy has
been associated with improved long-term survival and is
employed  as  first-line  treatment  after  surgery.  Studies
indicated that compared with various initial remnant RAI

ablation doses, the use of high RAI treatment dose at the
initial therapy, even with the presence of remnant thyroid
tissue, might allow maximal uptake into those disseminated
hidden metastatic lesions (18). Thus, these patients with
DM-DTC can benefit from timely initial therapy for DM
and  result  in  significant  structural  and  biochemical
improvements since the initial RAI treatment (5). However,
it is still a great challenge for clinicians to identify DM-
DTC timely  enough to  tailor  appropriate  management

Table 1 Clinicopathologic and serological characteristics of 317 patients with DTC

Characteristics M0 (N=245) M1 (N=72)
Univariate analysis

t /χ2/U P

Age at diagnosis (year) ( ±s) 41.7±11.0 42.1±14.9 –0.285a 0.775

Gender [n (%)] 0.690b 0.406

　Male 79 (32.2) 27 (37.5)

　Female 166 (67.8) 45 (62.5)

Pathology [n (%)] 21.299c <0.001

　PTC 245 (100) 65 (90.3)

　FTC 0 (0) 7 (9.7)

T status [n (%)] 5,484d <0.001

　pT1a+pT1b 69+38 (43.7) 8+2 (13.9)

　pT2 11 (4.5) 6 (8.3)

　pT3 43 (17.6) 8 (11.1)

　pT4a+pT4b 82+2 (34.3) 42+6 (66.7)

N status [n (%)] 6,155.5d <0.001

　N0 48 (19.6) 9 (12.5)

　N1a 96 (39.2) 10 (13.9)

　N1b 101 (41.2) 53 (73.6)

AJCC stage [n (%)] 4,023d <0.001

　I 153 (62.4) –

　II 4 (1.6) 33 (45.8)

　III 34 (13.9) –

　IV 54 (22.0) 39 (54.2)

Thyroid remnant [n (%)] 8,764.5d 0.921

　None 50 (20.4) 15 (20.8)

　Moderate 167 (68.2) 49 (68.1)

　Overt 28 (11.4) 8 (11.1)

Serological characteristics [median (IQR)]

　Tg1 (ng/mL) 3.1 (1.0–8.5) 103.7 (39.0–421.8) 1,356.5d <0.001

　Tg2 (ng/mL) 3.5 (1.3–12.2) 171.8 (53.9–474.3) 943.5d <0.001

　ΔTg (ng/mL) 0.3 (–0.1–1.9) 40.4 (5.0–105.1) 3,342.0d <0.001

　ΔTg/ΔTSH (ng/μIU) 0.015 (–0.003–0.084) 1.101 (0.107–3.708) 3,541.0d <0.001

DTC, differentiated thyroid carcinoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; AJCC, American Joint
Committee on Cancer; IQR, interquartile range; a, Student’s t test; b, χ2 test; c, Fisher’s exact test; d, Mann-Whitney U test.
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prior to RAI therapy, especially in cases with no pre-RAI
imaging evidence.

ps-Tg was indicated to be a predictive marker for DM-
DTC in our previous studies, and a cut-off of 52.75 ng/mL
was  further  obtained using ROC analysis  (6,7).  Results
from other studies also documented the role of ps-Tg in
identifying DM-DTC (19,20). However, only a single ps-
Tg measurement was applied in the above studies, which
might be affected by several factors, such as TSH levels,

remnant thyroid tissue and TgAb levels, as well as others
(8,9,21-23), thus leading one to question the adequacy of
single  static  ps-Tg  measurements  in  diagnosing  DM.
According to our recent study, a ps-Tg dynamic parameter,
such as ΔTg/ΔTSH, might lessen the impact of TSH levels
and basic Tg production from remnant thyroid tissue on
ps-Tg  (9).  Therefore,  this  retrospective  study  was
specifically aimed at further evaluating the clinical value of
serial dynamic measurements of ps-Tg in identifying DM-
DTC.

In  this  study,  Tg1,  Tg2,  ΔTg and  ΔTg/ΔTSH were
found to be potential  pre-RAI tumor markers  for  DM-
DTC. Regarding thyroid remnants, no statistical difference
was  found  between  the  M1  and  M0  groups;  hence  we
believe that the differences in the serological parameters
between the two groups did not come from the residual
thyroid tissue. However, the optimal cut-off value for Tg2
was 22.10 ng/mL, much lower than the 52.75 ng/mL that
we reported previously (7). Possible explanations for this
variability are: 1) less influence from residual thyroid tissue
due  to  improvement  in  total  thyroidectomy  surgical
techniques in recent years in China; 2) enrollment of some

Table 2 ROC curve analysis for each serological parameter in identifying DM-DTC

Diagnostic
approach

Parameters or
regression equation AUC SE P

95% CI

Lower limit Upper limit

Tg1 Tg1 0.923 0.020 0.000 0.884 0.962

Tg2 Tg2 0.947 0.015 0.000 0.917 0.976

ΔTg
ΔTg (>0) 0.907 0.023 0.000 0.862 0.952

ΔTg (<0) 0.856 0.082 0.000 0.695 1.000

ΔTg/ΔTSH
ΔTg/ΔTSH (>0) 0.911 0.024 0.000 0.864 0.959

ΔTg/ΔTSH (<0) 0.905 0.072 0.000 0.765 1.000

ROC, receiver operating characteristic; DM-DTC, distant metastatic differentiated thyroid carcinoma; AUC, area under the ROC
curve; SE, standard error; 95% CI, 95% confidence interval.

Table 3 Diagnostic performance of serological parameters and imaging modalities in identifying DM-DTC

Parameters Cut-off value
Case No. Sensitivity

(%)
Specificity

(%)
Accuracy

(%) PPV (%) NPV (%)
TP FP TN FN

Tg1 12.35 ng/mL 65 41 204 7 90.28 83.27 84.86 61.32 96.68

Tg2 22.10 ng/mL 65 35 210 7 90.28 85.71 86.75 65.00 96.77

ΔTg –6.55–3.90
ng/mL 64 51 194 8 88.89 79.18 81.39 55.65 96.04

ΔTg/ΔTSH –0.40–0.41
ng/μIU 60 24 221 12 83.33 90.20 88.64 71.42 94.85

Chest CT – 57 68 132 13 81.43 66.00 70.00 45.60 91.03

RxWBS – 44 7 238 28 61.11 97.14 88.96 86.27 89.47

DM-DTC, distant metastatic differentiated thyroid carcinoma; TP, true positive; FP, false positive; TN, true negative; FN, false negative;
PPV, positive predictive value; NPV, negative predictive value; CT, computed tomography; RxWBS, whole-body RAI scan.

 

Figure 3 Scatter plot showing the distribution of Tg1, Tg2, ΔTg
(A) and ΔTg/ΔTSH (B) in group M0 and group M1. The optimal
cut-off values of ΔTg/ΔTSH are marked with dotted lines.
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patients  in  this  study  who  received  a  repeated  RAI
treatment with less or no remnant thyroid; and 3) different
levels of TSH at the time of ps-Tg testing. These factors
reinforced the inadequacy of a single ps-Tg measurement
in identifying DM-DTC.

Derived from serial ps-Tg measurements in this study,
ΔTg/ΔTSH  values  tended  to  be  highly  distributed  in
patients  with  DM,  which  manifested  better  diagnostic
efficacy than either Tg1 or Tg2 in identifying DM-DTC
with higher specificity and accuracy. As shown in Figure 2,
ps-Tg, taken as a single measurement, could be stimulated
to  a  high  level  in  patients  with  either  DM  or  massive
remnant thyroid, while when we traced the change of ps-
Tg over the course of  increasing TSH levels,  the slope
represented by ΔTg/ΔTSH made DM more discernable in
a much clearer manner. It seems that ΔTg/ΔTSH could
uncover different patterns of ps-Tg changes between DM
and residual thyroid by exposing the differential stimulative

effect of increasing TSH on ps-Tg (24).
We propose  that  there  might  be  a  relatively  delayed

active reaction in DM lesions as opposed to the gradual
saturated reaction in residual thyroid tissue over the course
of rising TSH levels. During TSH stimulation, more ps-
Tg  and  endogenous  or  tumorous  exogenous  thyroxine
might induce a decrease in TSH by feedback inhibition,
thus resulting in ΔTg/ΔTSH to be either above or below
zero. It is worthy to mention that ΔTg/ΔTSH manifested
higher specificity,  accuracy,  and lower false positives in
identifying DM-DTC than either Tg1 or Tg2, thus further
manifested  the  role  of  serial  ps-Tg  measurements  and
added incremental value to the identification of DM-DTC,
especially  in  the  context  of  significant  residual  thyroid
tissue.

Regarding  the  comparison  with  imaging  modalities,
serial ps-Tg measurements also showed clear superiority in
the pre-RAI identification of DM-DTC. As we know, the

 

Figure 4 Flowchart for initial radioactive iodine (RAI) therapy and follow-up of patients with distant metastatic differentiated thyroid
carcinoma (DM-DTC). Compared with the the American Thyroid Association (ATA) recommended algorithm (left column), serial ps-Tg
measurements (right column) demonstrated a higher detection rate as well  as earlier identification of distant metastasis (DM) than
posttherapy  whole-body  RAI  scan  (RxWBS),  so  that  timely  and  appropriate  dose  adjustment  could  be  made  prior  to  initial  RAI
administration. a, measurement of serum TSH (TSH >30 μIU/mL) is recommended by the ATA guidelines to determine timing of testing
or therapy; b, some recent studies suggested that single ps-Tg measurement might be helpful for predicting potential future remission,
persistence/recurrent disease, prognosis and in particular, DM (as demonstrated in the text).
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application of DxWBS prior to RAI therapy was somewhat
limited due to its low sensitivity caused by either the low
dose  of  RAI  or  possible  DM  masking  by  dominated
residual thyroid uptake (25). In addition, some small DM
lesions  could  not  be  detected  due  to  the  relatively  low
resolution of SPECT, so even after a therapeutic dose was
administered, the sensitivity of RxWBS was still not good
enough (61.11%).

With  respect  to  high-resolution  chest  CT,  the
indeterminate pulmonary nodules were usually considered
as positive findings prior to RAI administration with the
purpose of avoiding inadequate RAI treatment, resulting in
a poor specificity of 66.00% in this study, according to later
serological  and  imaging  follow-up.  Hence,  the  overall
diagnostic  performance  of  serial  ps-Tg  was  more
advantageous than each imaging modality,  which might
compensate the low sensitivity of functional image, and
reflect  the  biochemical  behavior  of  DM  lesions  when
compared with the non-specific anatomical image as well.
Moreover,  when  compared  with  RxWBS,  serial
measurements  of  ps-Tg  might  be  more  helpful  in
identifying DM earlier and specifically, so that timely and
appropriate dose adjustment could be made prior to initial
RAI administration.

The  results  of  this  study  emphasized  the  concept  of
diagnosing  the  presence  of  DM  through  dynamic
monitoring of changes in ps-Tg rather than using a single
s ta t ic  measurement .  By  apply ing  ser ia l  ps-Tg
measurements and the derived calculation, patients with
DM  could  be  identified  much  earlier  prior  to  RAI
administration (as demonstrated for two cases shown in
Figure  1).  In  addition,  those  non-DM  patients  with
thyroglobulinemia, who might be misdiagnosed as having
DM  using  a  single  ps-Tg  measurement,  could  be
differentiated from DM patients more accurately because
they present with gradually increasing or even decreasing
Tg levels (such as patient A in Figure 2). Thus, because of
serial ps-Tg measurements, more patients could receive an
appropriate dose of RAI therapy by timely and appropriate
dose adjustment.

The limitations of this study are primarily the limited
number of cases and the retrospective nature of the data.
Therefore, the clinical utility of serial ps-Tg measurements
in identifying DM-DTC should be validated in further
studies. Furthermore, upper and lower limits of our Tg and
TSH assays might also influence the assessment of pre-RAI
changes and thus lead to the exclusion of some potentially
eligible patients.

Conclusions

The  findings  of  this  study  suggest  that  serial  ps-Tg
measurements even over as short an interval as 8 days may
have incremental value in the identification of DM-DTC
prior  to  RAI  treatment.  With  a  higher  specificity  and
accuracy than single measurements of ps-Tg, ΔTg/ΔTSH
holds the promise to be a reliable indicator of DM-DTC.
Serial ps-Tg measurements also hold the potential to serve
as an alternative DM indicator to imaging modalities prior
to  RAI  treatment,  especially  for  those  with  negative
imaging results.
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