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Abstract: Thyroidectomy followed by radioiodine remnant ablation (RRA) treatment is the standard initial treatment 
for most patients with differentiated thyroid carcinoma (DTC). Thyroglobulin (Tg) has been widely practiced to detect 
recurrence of DTC after surgery. We try to evaluate the predictive of Tg for RRA treatment success. Databases (Web 
of Science, PubMed, EMBASE, OVID, Elsevier Science Direct, and ProQuest) were searched to get the related ar-
ticles. Basic information of research, clinical information, laboratory evaluation and diagnosis analysis information 
were extracted from recruited studies, and analyzed by diagnostic meta-analysis. Deeks’ funnel plot asymmetry 
analysis was done to identify the publication bias. A total of 2716 DTC patients were recruited in these 10 retrospec-
tive studies. The pooled estimates of Tg level in the predicting of success of ablation were divided into three parts 
based on the cut-off value. The Diagnostic Odds Ratio and AUROC values of Tg were 9.213 [6.704, 12.662] and 
0.82 [0.79, 0.85] (cut-off value < 10 ng/ml), 12.362 [8.253, 18.516] and 0.83 [0.80, 0.86] (cut-off value > 10 ng/
ml), 9.903 [7.527, 13.029] and 0.82 [0.79, 0.85] (given best cut-off value), respectively. Compared with the fixed 
probability (20%) in preliminary experiments, the positive likelihood ratio (PLR) increased to about 40%, and the 
negative likelihood ratio (NLR) reduced to about 6%. No publication bias was found by Deeks’ test. In conclusion, Tg 
levels before ablation can be used as a moderate predictor for radioiodine remnant ablation success. 

Keywords: Differentiated thyroid carcinoma (DTC), thyroglobulin (Tg), radioiodine remnant ablation (RRA), diagnos-
tic meta-analysis

Introduction

As the most common malignancy of the endo-
crine system, thyroid cancer owed about 2.1% 
of the diagnosed cancer worldwide [1]. Acco- 
rding to its origin, thyroid cancer can be further 
subdivided into differentiated thyroid cancer 
(DTC), medullary thyroid cancer and anaplastic 
thyroid cancer [2, 3]. DTC is the most common 
form of thyroid cancer, accounts for over 90% 
of all thyroid cancers [4, 5]. It includes papillary 
(80%) and follicular (15%) subtypes, as well as 
a small proportion of mixed tumors [6]. The tri-
combination therapy of surgery, radioactive 
iodine, and thyroxine replacement treatment is 
widely used for patients with DTC [7-10]. 
Radioiodine remnant ablation (RRA) treatment 
can ablate remaining thyroid tissue after sur-
gery, eliminate any suspected micrometasta-

ses, or decrease the recurrence of DTC [11, 
12]. However, the variables related with suc-
cessful RRA are not well defined.

Thyroglobulin (Tg) is an iodide glycoprotein  
comprising two 330 kDa protein chains [13, 
14]. Generally, Tg is only synthesized in follicu-
lar epithelial cells, stored and utilized entirely 
within thyroid gland, minuscule amounts of Tg 
can be released into blood circulation [15, 16]. 
Barely any Tg can be detected after total or  
subtotal thyroidectomy, which allows Tg as a 
biomarker when thyroid cell exists because of 
persistent DTC, distant metastasis, or recur-
rence of DTC [7, 17]. Studies [17-23] indicated 
that the success rate of RRA was closely relat-
ed with Tg level, and a high Tg level could be a 
prognostic marker for predicting the persis-
tence, recurrence, or metastasis of a tumor.  
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In this article, we tried to figure out the value  
of Tg in prediction of radioiodine remnant ab- 
lation successful rate and provide a referen- 
ce on treatment of DTC through diagnostic 
meta-analysis.

Methods 

Search strategy

Both medical subject headings (MeSH) search 
and text word search were used in article 
retrieval. Keywords including (“thyroid neo-
plasms” OR “thyroid cancer” OR “thyroid carci-
noma” OR “carcinoma of thyroid”), “ablation”, 
“thyroglobulin”, (success OR failure OR suc-
cessful), and (predict OR prediction OR sensi-
tive OR “area under the curve, AUC” OR Spe- 
cificity) were searched in PubMed, Web of 
Science, and Embase data base. Secondary  
literature search was added to improve the call 
rate. All researches were completed in January 
5st 2017. 

Titles, abstracts and full texts of the searched 
articles were screened by two independent 

researchers. The third person would join the 
discussion if there was a disagreement. The 
studies were strictly selected according to the 
pre-set inclusion and exclusion criteria. 

Inclusion criteria: (1) Thyroid cancer related 
articles written in English; (2) Tg level was 
detected before radioiodine therapy; (3) Exact 
success rate of radioactive iodine and cut-off 
value; (4) The success of radioactive iodine 
therapy was clearly defined; (5) The recent pub-
lished data or the most detailed data was 
included when there is duplicate publication. 

Exclusion criteria: (1) Reviews, case reports, 
comments, guides or letters; (2) Researches 
focused on cell experiments, animal experi-
ments or simulations experiments; (3) Unable 
to extract exact data; (4) Tg level was detec- 
tive during or after radioiodine therapy; (5)  
No golden standard of radiation-point ablation 
success. 

Data abstraction

Two researchers extracted the data and dis-
cussed with the third person to solve the dis-

Table 1. The research and clinical information of the included studies

Study Country Study type Research 
period

Sample 
number

Cancer 
type Treatment Successful 

ablation rate
Marin Prpic (2017) Croatia Retrospective 2005-2014 740 DTC After primary surgical treatment, 

all patients received adjuvant 131I 
therapy

81.22%

Hyukjin Yoon (2015) Korea Retrospective 2011-2012 143 DTC First prepared radioiodine 
therapy by the thyroid hormone 
withdrawal

63.64%

Seunggyun Ha (2015) Korea Retrospective 2006-2015 780 DTC Underwent total thyroidectomy 
and treated with 1.1 GBq of 
radioiodine for remnant thyroid 
ablation

47.09%

Nosheen Fatima (2014) Pakistan Retrospective 2012-2014 64 DTC After primary surgical treatment, 
all patients received adjuvant 131I 
therapy

57.81%

Syed Zubair Hussain (2014) Pakistan Retrospective 2003-2013 75 DTC Underwent total thyroidectomy 
and treated radioiodine for rem-
nant thyroid ablation

60.00%

Ilhan Lim (2012) Korea Retrospective 2001-2004 173 DTC Total thyroidectomy followed by 
131I ablation therapy

56.07%

Daniel B. Kendler (2012) Brazil Retrospective 1998-2007 96 DTC First administration of 131I after 
surgical resection

54.44%

Michael Tamilia (2011) Cananda Prospectively 1998-2007 157 PTC Levothyroxine therapy postopera-
tively for approximately 4 weeks 
and then switched to liothyronine 
for 3 weeks

87.90%

Hyo Jin Lee (2007) Korea Retrospective 2001-2004 81 DTC Total thyroidectomy followed by 
131I ablation therapy

82.72%

Marie-Odile Bernier (2005) France Retrospective 1995-2002 407 DTC Radioiodine therapy after thyroid-
ectomy

87.47%

DTC: Differentiated thyroid cancer.
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Table 2. The laboratory evaluation and diagnosis analysis information of the included studies

Study Detection target Detection time Detection method Analytical 
sensitivity Successful ablation Cut-off Value

Marin Prpic (2017) Serum Tg levels Before ablation - - Absence of remnant thyroid tissue (no visible accumu-
lation of I-131) in the thyroid bed and cervical region 
on WBS

N1a 2.4 ng/ml N1b 
14.9 ng/ml

Hyukjin Yoon (2015) Serum Tg levels Before ablation - - Negative FuWBS, stimulated serum Tg < 2 ng/ml and 
no pathologic evidence of residual tumor

1.8 ng/ml

Seunggyun Ha (2015) Serum Tg levels Before ablation Immunoradiometric assay (Cisbio Bioas-
says, Codolet, France)

- An absence of visible radioiodine uptake on a subse-
quent scan or undetectable serum Tg

1 ng/ml and 10 
ng/ml

Nosheen Fatima (2014) Serum Tg levels Before ablation Chemiluminescent assays 0.2 ng/mL STg < 2 ng/ml with negative anti-Tg-ab and no evidence 
of tumor on DWBIS and neck ultrasound 7-12 months 
after RRA

14.5 ng/ml

Syed Zubair Hussain (2014) Serum Tg levels Before ablation Chemiluminescent assays 0.2 ng/mL STg < 2 ng/mL with negative Anti-Tg antibodies, no 
evidence of tumor on diagnostic WBIS as well as on 
neck ultrasound 6-12 months afer RRA

18 ng/ml

Ilhan Lim (2012) Serum Tg levels Before ablation Immunoradiometric assay (Tg-s IRMA 
CT; Radim, Pomezia, Italy)

0.1 ng/mL A negative WBS and undetectable thyroglobulin levels 
with TSH stimulation (Tg/1 ng/ml, TSH [30 IU/ml)

5 ng/ml

Daniel B. Kendler (2012) Serum Tg levels Before ablation Chemiluminescence assays (IMMULITE 
1000; Siemens, United Kingdom)

0.2 ng/mL An undetectable level of Tg at 6 to 12 months after 
ablation therapy

18 ng/ml

Michael Tamilia (2011) Serum Tg levels Before ablation - - Tg of less than 1 ng/ml 6 ng/ml

Hyo Jin Lee (2007) Serum Tg levels Before ablation Immunoradiometric assay (BRAHMS Tg-
pluS RIA; BRAHMS Aktienge- sellschaft, 
Hennigsdorf, Germany)

0.2 ng/mL A negative WBS with a stimulated Tg after THW G2 ng/
mL, 6 to 12 months after ablation

1, 2, 5, 10, 20 ng/ml

Marie-Odile Bernier (2005) Serum Tg levels Before ablation Radioimmunoassay (Cis Bio Interna-
tional, France)

0.2 ng/mL Tg level < 2 ng/ml 5 ng/ml
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agreement. Tables 1 and 2 showed the basic 
information of research, clinical information, 
laboratory evaluation and diagnosis analysis 
information extracted from recruited studies. 
The extracted data include research informa-
tion, clinical information, laboratory evalua- 
tion and diagnosis analysis results. The cut-off 
values and the numbers of people under or 
above the cut-off value were extracted sepa-
rately (Table 3). When the dose of successful 
ablation under the cutoff value, people were 
classified into the group of true positive (TP) 
when they got successful ablation, otherwi- 
se, false positive (FP) was defined. When the 
dose of successful ablation under the cutoff 
value, people were classified into the group of 

when I2 value less than 50%. A two-sided p 
value < 0.05 indicated statistical significance.

Since the cut-off values were different among 
the included studies, diagnostic threshold eff- 
ects were inspected. The summary receiver 
operating curve (SROC) was visually evaluated 
at first. A Spearman correlation analysis was 
used to assess the heterogeneity derived fr- 
om diagnostic threshold effects. Deeks’s fun-
nel plot asymmetry analysis was performed to 
identify the publication bias. Fagan’s Nomo- 
gram Analysis was done to analyze the pre-test 
and post-test probability, and the likelihood 
ratio of having the disease. Bivariate Box Plot 
was used to assess the distributional proper-

Table 3. Diagnosis results

Test No. of 
study Author Year Cut-off value 

(ng/ml) TP FN FP TN

Test 1 1 Hyo Jin Lee 2007 1 48 19 2 12
2 Seunggyun Ha 2015 1 67 14 26 67
3 Hyukjin Yoon 2015 1.8 70 21 22 30
4 Hyo Jin Lee 2007 2 58 9 2 12
5 Marin Prpic 2017 2.4 20 1 27 29
6 Hyo Jin Lee 2007 5 58 9 5 9
7 Ilhan Lim 2012 5 72 21 21 59
8 Marie-Odile Bernier 2005 5 231 125 7 44
9 Michael Tamilia 2011 6 116 22 9 10

Test 2 1 Michael Tamilia 2011 10 123 15 9 10
2 Hyo Jin Lee 2007 10 62 5 8 6
3 Seunggyun Ha 2015 10 72 9 29 64
4 Nosheen Fatima 2014 14.5 25 12 3 24
5 Marin Prpic 2017 14.9 38 3 3 10
6 Daniel B. Kendler 2012 18 35 14 14 33
7 Syed Zubair Hussain 2014 18 34 11 7 23
8 Hyo Jin Lee 2007 20 63 4 9 5

Test 3 1 Daniel B. Kendler 2012 18 35 14 14 33
2 Hyo Jin Lee 2007 10 62 5 8 6
3 Hyukjin Yoon 2015 1.8 70 21 22 30
4 Ilhan Lim 2012 5 72 21 21 59
5 Marie-Odile Bernier 2005 5 231 125 7 44
6 Marin Prpic 2017 2.4 20 1 27 29
7 Marin Prpic 2017 14.9 38 3 3 10
8 Michael Tamilia 2011 6 116 22 9 10
9 Nosheen Fatima 2014 14.5 25 12 3 24

10 Seunggyun Ha 2015 1 67 14 26 67
11 Seunggyun Ha 2015 10 72 9 29 64
12 Syed Zubair Hussain 2014 18 34 11 7 23

TP: the group of true positive; FN: the group of false negative; FP: the group of false 
positive; TN: the group of true negative.

true negative (TN) when 
they got successful abla-
tion, otherwise, false neg-
ative (FN) was defined. 

Statistics analysis

The pooled sensitivity, sp- 
ecificity, positive likeliho- 
od ratio (PLR), negative li- 
kelihood ratio (NLR), dia- 
gnostic odds ratio (DOR), 
diagnostic score, and area 
under the summary receiv-
er operating curve (AUSR- 
OC) with the correspond-
ing 95% confidence inter-
val (CI) were obtained by  
a bivariate binomial mix- 
ed model. The sensitivity, 
specificity, DOR, and AUS- 
ROC were considered as 
the major outcomes in this 
study.

A Cochrane-Q test of het-
erogeneity was performed 
using inconsistency index, 
I2, as a measure to illus-
trate the percentage of the 
total variability in effect 
estimates among trials th- 
at was caused by hetero-
geneity instead of chance. 
A value of I2 more than 
50% was defined as het-
erogeneity and the ran-
dom model was chosen. 
Fixed model was used 
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ties of sensitivity against specificity and inves- 
tigate possible outliers. Goodness-of-fit, bivari-
ate normality analysis, influence analysis, and 
outlier detection were run to evaluate sensi- 
tivity of meta-analysis. All data synthesis and  
most statistical analysis were undertaken by 
STATA software version 12.0 (College Station, 
TX, USA).

Results

Literature research

As shown in Figure 1, a total of 269 articles 
were collected after researching with the key-
words from database of PubMed (n = 64), 
Embase (n = 131), Web of sciences (n = 74). 

116 articles were excluded due to duplicat- 
ed after pre-screen. Then titles and abstrac- 
ts were screened, 114 articles were excluded  
due to reviews, other cancers, not associated 
or non-English written. The remained articles 
were further full-text screened and 29 articles 
were excluded because of different Tg detect- 
ed time, no golden standard of radiation-point 
ablation success, cannot retrieve raw data or 
duplicate data. Finally, 10 articles [20, 21, 
24-31] were included in this meta-analysis. A 
total of 2716 differentiated thyroid carcino- 
ma (DTC) patients were recruited in these 10 
retrospective studies. Characteristics of the 
included studies and patients’ baseline demo-
graphics were described in Tables 1 and 2. 

Figure 1. The process of study selection for the meta-analysis.

Table 4. Summary of the pooled estimates of Tg level in the Predicting of success of ablation
Cut-off value < 10 ng/ml 

estimates (95% CI)
Cut-off value > 10 ng/ml 

estimates (95% CI)
Best cut-off value

estimates (95% CI)
No. of study 9 8 9
Sensitivity 0.802 [0.744, 0.849] 0.859 [0.784, 0.911] 0.814 [0.754, 0.862]
Specificity 0.695 [0.604, 0.773] 0.671 [0.562, 0.764] 0.694 [0.619, 0.76]
Positive likelihood ratio 2.627 [2.064, 3.346] 2.606 [1.994, 3.406] 2.657 [2.191, 3.221]
Negative likelihood ratio 0.285 [0.231, 0.352] 0.211 [0.147, 0.302] 0.268 [0.213, 0.338]
Diagnostic score 2.221 [1.903, 2.539] 2.515 [2.111, 2.919] 2.293 [2.018, 2.567]
Diagnostic odds ratio 9.213 [6.704, 12.662] 12.362 [8.253, 18.516] 9.903 [7.527, 13.029]
NPV 0.70 [0.65, 0.74] 0.70 [0.66, 0.74] 0.70 [0.66, 0.74]
PPV 0.65 [0.61, 0.69] 0.66 [0.62, 0.70] 0.66 [0.62, 0.70]
ROC area, AUROC 0.82 [0.79-0.85] 0.83 [0.80-0.86] 0.82 [0.79-0.85]
NPV: negative p predictive value; PPV: positive predictive value; ROC: receiver operating curve; AUROC: area under the sum-
mary receiver operating curve.
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Figure 2. The sensitivity and specificity (A) and the diagnostic odds ratio (B) of Tg to predict radioactive iodine remnant ablation success when cut-off value < 10 
ng/ml; Summary ROC curve with confidence and prediction regions (C) and fagan plot analysis to evaluate the predictive of Tg (D) when cut-off value < 10 ng/ml; 
Bivariate box plot result (E) and Deeks’ funnel plot asymmetry analysis (F) when cut-off value < 10 ng/ml. 
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Diagnostic accuracy assessment

All the serum Tg levels in the 10 studies were 
detected before ablation. A total of sevente- 
en cut-off values extracted from these included 
studies were analyzed in this systematic 
research. Using a two-variable model, Tg level 
was used to predict the success rate of DTC 
radioactive ablation. The pooled estimates of 
Tg level in the predicting of success of ablation 
were divided into three parts based on cut-off 
value: cut-off value < 10 ng/ml estimates, cut-
off value > 10 ng/ml estimates, and given best 
cut-off value estimates (Table 4). 

Cut-off value < 10 ng/ml 

The sensitivity, specificity and DOR values we- 
re 0.802 [0.744, 0.849] (Figure 2A), 0.695 
[0.604, 0.773] (Figure 2A), and 9.213 [6.704, 
12.662] (Figure 2B) when cut-off value < 10 
ng/ml. AUROC value was 0.82 [0.79-0.85] 
(Figure 2C). The Spearman correlation coeffi-
cient = -1 and the proportion of heterogenei- 
ty likely due to threshold effect = 1.00 sugg- 
ested that there was no threshold effect. As 
shown in Table 4, the results of Positive Like- 
lihood Ratio (PLR) and Negative Likelihood 
Ratio (NLR) were 2.627 [2.064, 3.346] and 
0.285 [0.231, 0.352], the results of Diagnostic 

distribution was compact. Deeks’ funnel plot 
was used to assess the publication bias. Figure 
2F showed that the scatter distribution was 
symmetrical funnel, p = 0.312, which indicated  
that no publication bias existed in this analy- 
sis. High stability was shown during the sensi-
tivity analysis and no outlier was found (Fig- 
ure 3).

All these results suggested that Tg level could 
be used to predict the success rate of DTC 
radioactive ablation when the cut-off value < 
10 ng/ml.

Cut-off value > 10 ng/ml

The sensitivity, specificity and DOR values we- 
re 0.859 [0.784, 0.911] (Figure 4A), 0.671 
[0.562, 0.764] (Figure 4A), and 12.362 [8.253, 
18.516] (Figure 4B) when cut-off value > 10 
ng/ml. AUROC value was 0.83 [0.80, 0.86] (Fi- 
gure 4C). The Spearman correlation coefficient 
= -1 and the proportion of heterogeneity likely 
due to threshold effect = 1.00 suggested that 
there was no threshold effect. As shown in 
Table 4, the results of Positive Likelihood Ra- 
tio (PLR) and Negative Likelihood Ratio (NLR)  
were 2.606 [1.994, 3.406] and 0.211 [0.147, 
0.302], the results of Diagnostic Score and Di- 
agnostic Odds Ratio (DOR) were 2.515 [2.111, 

Figure 3. Sensitivity analyses of meta-analysis when cut-off < 10 ng/ml. The 
quantile plot of residual-based goodness-of fit (A) and Chi-squared probabil-
ity plot of squared Mahalanobis distances for assessment of the bivariate 
normality assumption (B) were done to analyze the stability. The spike plot 
for checking for particularly influential observations using Cook’s distance 
(C) and scatter plot for checking for outliers using standardized predicted 
random effects (standardized level-2 residual > s) (D) were done to analyze 
the outlier. 

Score and Diagnostic Odds 
Ratio (DOR) were 2.221 
[1.903, 2.539] and 9.213 
[6.704, 12.662]. The Fagan’ s 
nomogram analysis result 
was shown in Figure 2D that 
compared with the fixed pre-
test probability 20%, the post-
test probability raised to 40% 
after PLR test and dropped to 
7%. 

In order to assess the distri-
bution properties of sensitivi-
ty and specificity and deter-
mine the possible outliers  
of the diagnosis, we used 
Bivariate Box Plot as the anal-
ysis method. Though the data 
from Marin Prpic (2017) and 
Marie-Odile Bernier (2005) 
were shown as abnormal val-
ues, the whole shape Binary 
box plot was symmetrical 
(Figure 2E), which indicated 
that data within the normal 
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Figure 4. The sensitivity and specificity (A) and the diagnostic odds ratio (B) of Tg to predict radioactive iodine remnant ablation success when cut-off value > 10 
ng/ml; Summary ROC curve with confidence and prediction regions (C) and fagan plot analysis to evaluate the predictive of Tg (D) when cut-off value > 10 ng/ml; 
Bivariate box plot result (E) and Deeks’ funnel plot asymmetry analysis (F) when cut-off value > 10 ng/ml.
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2.919] and 12.362 [8.253, 18.516]. The Fa- 
gan’ s nomogram analysis result was showed  
in Figure 4D that compared with the fixed pre-
test probability 20%, the post-test probability 
raised to 39% after PLR test and dropped to 
5%. 

In order to assess the distribution properties  
of sensitivity and specificity and determine  
the possible outliers of the diagnosis, we used 
Bivariate Box Plot as the analysis method. 
Though the data from Daniel B. Kendler (2012) 
were shown as abnormal values, the whole 
shape Binary box plot was symmetrical (Fig- 
ure 4E), which indicated that data within the 
normal distribution was compact. Deeks’ fun-
nel plot was used to assess the publication 
bias. Figure 4F showed that the scatter distri-
bution was symmetrical funnel, p = 0.912, wh- 
ich indicated that no publication bias existed in 
this analysis. The sensitivity analysis results 
showed high stability and no outlier was found 
(Figure 5).

These results suggested that Tg level could be 
used to predict the success rate of DTC radio-
active ablation when the cut-off value > 10 ng/
ml.

(DOR) were 2.293 [2.018, 2.567] and 9.903 
[7.527, 13.029]. The Fagan’ s nomogram analy-
sis result was showed in Figure 6D that com-
pared with the fixed pre-test probability 20%, 
the post-test probability raised to 40% after 
PLR test and dropped to 6%.

In order to assess the distribution properties  
of sensitivity and specificity and determine  
the possible outliers of the diagnosis, we used 
Bivariate Box Plot as the analysis method. Th- 
ough the data from Nosheen Fatima (2014), 
Marie-Odile Bernier (2005) were shown as ab- 
normal values, the whole shape Binary box pl- 
ot was symmetrical (Figure 6E), which indicat-
ed that data within the normal distribution was 
compact. Deeks’ funnel plot was used to 
assess the publication bias. Figure 6F showed 
that the scatter distribution was symmetrical 
funnel, p = 0.598, which indicated that no pub-
lication bias existed in this analysis. A good  
stability could be concluded through the sensi-
tivity analysis, goodness-of-fit and bivariate 
normality analyses (Figure 7A and 7B) show- 
ed that the bivariate model was moderately 
robust and only one outlier was identified by 
influence analysis and outlier detection (Figure 
7C and 7D). 

Figure 5. Sensitivity analyses of meta-analysis when cut-off > 10 ng/ml. The 
quantile plot of residual-based goodness-of fit (A) and Chi-squared probabil-
ity plot of squared Mahalanobis distances for assessment of the bivariate 
normality assumption (B) were done to analyze the stability. The spike plot 
for checking for particularly influential observations using Cook’s distance 
(C) and scatter plot for checking for outliers using standardized predicted 
random effects (standardized level-2 residual > s) (D) were done to analyze 
the outlier. 

Given best cut-off value

The sensitivity, specificity and 
DOR values were 0.814 
[0.754, 0.862] (Figure 6A), 
0.694 [0.619, 0.76] (Figure 
6A), and 9.903 [7.527, 
13.029] (Figure 6B) when use 
the given best cut-off value. 
AUROC value was 0.82 [0.79, 
0.85] (Figure 6C). The Spe- 
arman correlation coefficient 
= -1 and the proportion of het-
erogeneity likely due to 
threshold effect = 1.00 sug-
gested that there was no 
threshold effect.

As shown in Table 4, the 
results of Positive Likelihood 
Ratio (PLR) and Negative 
Likelihood Ratio (NLR) were 
2.657 [2.191, 3.221] and 
0.268 [0.213, 0.338], the 
results of Diagnostic Score 
and Diagnostic Odds Ratio 
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Figure 6. The sensitivity and specificity (A) and the diagnostic odds ratio (B) of Tg to predict radioactive iodine remnant ablation success when cut-off value is Best 
Cut-off value; Summary ROC curve with confidence and prediction regions (C) and fagan plot analysis to evaluate the predictive of Tg (D) when cut-off value is Best 
Cut-off value; Bivariate box plot result (E) and Deeks’ funnel plot asymmetry analysis (F) when cut-off value is Best Cut-off value.
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These results suggested that Tg level could be 
used to predict the success rate of DTC radioio-
dine remnant ablation under the given best cut-
off value.

Discussion 

Total or subtotal thyroidectomy followed by RRA 
treatment is the standard initial treatment for 
most patients with DTC [23, 32]. 131I in systemic 
circulation is absorbed and stored in DTC cells. 
Then the radiation damage to the DTC cells and 
limited injury caused by β-ray released from 131I 
will induce cell lysis and apoptosis. Through 
RRA treatment, the residual tissues after oper-
ation or unresectable DTC metastases can be 
eliminated and dissolved. Simultaneously, the 
high-energy γ-ray released from 131I can pass 
through flesh and detected by corresponding 
apparatus. Successful RRA treatment can 
decrease the DTC recurrence and mortality ra- 
te by eliminating microscopic residual post-
operative tumor foci [21, 33-35]. Furthermore, 
a highly sensitive post-therapy whole body 
scans (WBS) can be used due to the radioactiv-
ity that may reveal previously undetected tumor 
foci outside of the thyroid bed [36]. However, 
20%-30% patients [37, 38] might still get abla-
tion failure after higher ablative doses of 131I, 
and be exposed with higher recurrence or 

Recent studies focused on the discovery of  
predictors for RRA success, including serum  
Tg level, pattern in WBS, lymph node stage  
and so on. It was reported that serum thyro-
globulin (Tg) and 131I WBS were used to assess 
the possible persistence or recurrence of thy-
roid tissues in the follow-up of DTC patients 
with RRA treatment [9, 45-49]. However, pro- 
per predictors of successful RRA in DTC 
patients after operation for treatment selec- 
tion after thyroidectomy have not been previ-
ously fully investigated simultaneously. Thy- 
roglobulin (Tg), serving as a precursor of the 
thyroid hormones [50], has been widely prac-
ticed to detect recurrence of DTC after surgery 
[51, 52]. Tg was reported to be associated  
with disease recurrence and progression [18]. 
Menendez et al. [22, 53] reported that the  
follow-up Tg levels after RRA might predict  
earlier recurrent or persistent disease. Based 
on the source of serum Tg, synthesized and 
released by residual thyroid tissue and DTC 
after operation, and the aim of ablation, it’s 
reasonable that the serum Tg level before RRA 
could be a predictor for RRA success. 

In our study, a series diagnosis meta-analysis 
was accomplished to increase the sample size 
and analyze the sensitivity and specificity of Tg 
level as a predictor of successful RRA treat-

Figure 7. Sensitivity analyses of meta-analysis when cut-off is Best Cut-off 
value. The quantile plot of residual-based goodness-of fit (A) and Chi-squared 
probability plot of squared Mahalanobis distances for assessment of the 
bivariate normality assumption (B) were done to analyze the stability. The 
spike plot for checking for particularly influential observations using Cook’s 
distance (C) and scatter plot for checking for outliers using standardized pre-
dicted random effects (standardized level-2 residual > s) (D) were done to 
analyze the outlier. 

metastasis rate, and repeat 
ablation treatments. Although 
the efficacy and safety of RRA 
treatment on DTC has been 
fully recognized, the serious 
side effects cannot be ignor- 
ed, especially for the patients 
who receive repeat RRA treat-
ment. Because of the impact 
of RRA on nonthyroid tissue 
like recurrent laryngeal nerve, 
salivary gland or lacrimal sys-
tem, patients may have ho- 
arse voice, sialadenitis, xero-
stomia, sialolithiasis, epipho- 
ra, xerophthalmia, and recur-
rent or chronic conjunctivitis 
[39-44]. The hither-does of 
131I therapy patients received, 
the more and worse adverse 
effects would show up. There- 
fore, selection of patients 
with high success rate of RRA 
is necessary before the treat- 
ment.
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ment. Despise the different cut-off value 
groups, higher than 10 ng/ml, lower than 10 
ng/ml, or the given best cut-off value, the sen-
sitivity and specificity values of serum Tg level 
from those three groups in the predicting of 
success of ablation were in a similar level, and 
the pooled AUCs were in the range of 0.7-0.9. 
These results of our analysis indicated that 
regardless of cut-off value, serum Tg level 
before RRA had a stable and remarkable cor-
relation with RRA treatment success and sho- 
wed moderate predictive ability, in consistent 
with other researches. Serum Tg level after thy-
roidectomy can be a reliable predictor for RRA 
treatment guidance. In addition, compared with 
the fixed probability (20%) in preliminary experi-
ments, the positive likelihood ratio (PLR) of 
serum Tg level significantly increased to about 
40%, and the negative likelihood ratio (NLR) 
reduced to about 6% among all three condi-
tions. While, there are still problems (various 
cut-off values, unfixed detecting time) need to 
be solved before using serum Tg level to predict 
the RRA treatment success, more researches 
are needed.

In conclusion, our work meta-analyzed the 
association between serum Tg levels and radio-
iodine remnant ablation successful rate after 
total or subtotal thyroidectomy. The diagnosed 
meta-analysis showed strong evidence that the 
serum Tg levels before ablation can be used as 
a moderate predictor for radioiodine remnant 
ablation success.
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