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Abstract

Objective The utility of serum thyroglobulin (Tg) level,
3 days after radioactive iodine (RAI) therapy, was assessed
as a means of predicting successful ablation of thyroid
remnant in patients with postoperative thyroid cancer.
Methods A total of 152 patients with thyroid cancer
(mean age = 44.9 £ 13.7 year) undergoing RAI therapy
after total thyroidectomy were included. Levels of TSH-
stimulated Tg prior to ablation (stimTg) and serum Tg
sampled immediately after RAI therapy (Day 3) were
measured (immTg). InmTg samples were collected during
patient hospital visits for scheduled follow-up of radioio-
dine scans. Successful ablation was determined by the
second time stimulated Tg levels (<1 ng/ml) and negative
radioiodine uptake at thyroid bed after 6.1 & 1.1 months of
RAI therapy. Univariate and multivariate analyses were
done for immTg, stimTg, change in Tg levels (deltaTg:
immTg — stimTg), immTg:stimTg ratio (ratioTg), and
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other potential clinical and pathologic markers of suc-
cessful ablation.

Results  Of selected laboratory variables, ratioTg was a
significant predictor of successful ablation. StimTg, tumor
diameter, metastatic lymph node (LN) numbers, lymphatic
invasion were possible clinical markers of successful
ablation by univariate analysis. By multivariate analysis,
ratioTg (odds ratio = 7.851), stimTg (odds
ratio = 16.819), metastatic LN numbers (odds ratio with
stimTg = 6.732) proved significant results. Furthermore,
combining high ratioTg and low stimTg provided added
predictive value.

Conclusions High ratioTg (reflecting extensive release of
Tg to the blood after RAI therapy) and low stimTg
(reflecting small remnant thyroid tissue) constitute the
indices of successful ablation after RAI therapy. Immediate
Tg level could give an useful information on RAI ablation
of postoperative thyroid remnant.

Keywords Immediate Tg - TSH-stimulated Tg - Thyroid
cancer - Radioiodine therapy - Remnant ablation

Introduction

Radioiodine (RAI) therapy after total or near-total thy-
roidectomy is an effective means of ablating postoperative
remnants of thyroid tissue. By eliminating normal thyroid
tissue, tumor recurrence or metastasis are easily monitored
using follow-up RAI scans and serum thyroglobulin (Tg)
level. In addition, microscopic foci of cancer or minor
recurrences may be eradicated by the initial RAI therapy
[1]. Successful remnant ablation after total thyroidectomy
is recommended in high-risk groups, such as large thyroid
cancer involving extrathyroidal extension or metastasis
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(regional or remote) [2, 3], to improve patient outcomes [4,
51

Unfortunately, RAI therapy is not always successful at
first attempt. In about 20-30 % of patients, the initial RAI
therapy did not reach the successful ablation [6], so repe-
ated RAI therapy or other treatment options are needed [7].
Consequently, markers to predict successful ablation might
help ensure proper patient care. The level of TSH-stimu-
lated Tg (stimTg) obtained prior to RAI therapy has been a
well-known predictor of successful ablation [§-10]. How-
ever, false-negative results are common with recurrent or
metastatic thyroid cancer [11], needing better predictive
marker. Other parameters, such as a high Tg to TSH x 24-
h B uptake ratio [12], stage of thyroid cancer [9], ex-
trathyroidal tumor extension [13], and lymph node or dis-
tant metastasis [5] have also been insisted for successful
ablation predictor with some controversies.

In theory, exposure to "'I should eradicate normal
thyroidal tissue in a few days, resulting in destruction of
cellular membrane integrity. As consequences, the stored
Tg in thyroid follicle enter the blood, and induces high
blood level of Tg. A recent retrospective study by Bernier
et al. [14], evaluating Tg levels 5 days after RAI therapy
(TgDS5), indicated that the ratio of post- to pre-therapeutic
values (TgD5:TgDO0) can be a predictive marker. It has
been proposed that Tg levels immediately after RAI ther-
apy may predict the successful ablation of remnant thyroid
tissue. However, no following research is conducted as far
as we know.

Given the half-life of serum Tg (65 h) [15] and com-
peting scheduling issues (i.e., follow-up scans), we exam-
ined serum levels of Tg immediately (Day 3) after RAI
therapy (immTg). We compared other pathologic and
clinical variables for prediction of successful remnant
thyroid ablation. The purpose was to find a reliable pre-
dictor of successful ablation in Korean patients following
surgery for thyroid cancer.

Materials and methods
Patient selection

From March 2011 to June 2013, 152 thyroid cancer
patients (female:male = 112:40; mean age = 44.9 £+
13.7 year) undergoing RAI therapy [mean RAI dose =
4.0 = 1.1 GBq (108.6 £ 28.5 mCi)] and post-therapeutic
follow-up scans (1311 or 123I) at our institute were studied.
The study design was approved by the Institutional Review
Board (IRB) at out institute. Total thyroidectomy had been
done for differentiated thyroid cancer (papillary thyroid
cancer, 144; follicular thyroid cancer, 8). Mean diameter of
primary tumors was 1.6 = 1.1 cm (range 0.2-7.0), with

Table 1 Patients profiles

Values
Total patients 152
Age (year) 44.9 £+ 13.7 (range 12-87)
Gender Female:male = 112:40

RAI dose (GBq)
Tumor pathology

4.0 = 1.1 (range 1.1-7.4)
PTC:FTC = 144:8

1.6 £+ 1.1 (range 0.2-7.0)
5.7 £ 7.1 (range 0-46)

Tumor largest diameter (cm)
Metastatic LN no.

RAI radioactive iodine, PTC papillary thyroid cancer, FTC follicular
thyroid cancer, LN lymph node

mean metastatic lymph node (LN) number found at surgery
was 5.7 £ 7.1 (range 0-46) (Table 1). Patients with distant
metastases were excluded. As potential indices of suc-
cessful ablation, stimTg [TSH-stimulated (>30 mU/L)
serum Tg prior to RAI therapy] and immTg [serum Tg
immediately (Day 3) after RAI therapy] were measured.
The change in Tg levels (deltaTg: immTg—stimTg) and
immTg:stimTg ratio (ratioTg) were also included as pos-
sible predictive markers.

Measurement of laboratory variables

Serum thyroid stimulating hormone (TSH) levels were
determined by immunoradiometric assay (IRMA) (TSH-
CTK-3, DiaSorin, Saluggia, Italy), with analytic sensitivity
(AS) and functional sensitivity (FS) of 0.04 and 0.07 mU/
L, respectively. The cut-point for TSH, above which cor-
responding stimTg levels were acceptable, was 30 mU/L.
Brahms kits (RIA Tg-plus; Berlin, GmbH, Hennigsdorf,
Germany) were used to measure immTg and stimTg (AS,
0.08 ng/ml; FS, 0.2 ng/ml) and serum autoantibodies to
thyroglobulin (anti-TgAb) (AS, 5.5 U/ml; FS < 20 U/ml).
The inclusion criteria of stimTg was >0.2 ng/ml, which
was the least detectable range. The exclusion criteria of
anti-TgAb was >100 U/mL, to exclude the effect of
stimTg and ImmTg.

Whole body scan

311 whole body scan was performed 3 days after oral
ingestion of '*'I. Thyroid hormone replacement therapy
was discontinued in all patients 4 weeks prior to scans, and
all of the patients met the elevated TSH level (>30 mU/L)
at the time of scanning. A large field-of-view gamma
camera (ON 410, Ohio Nuclear, Solon, OH, USA) with
medium-energy parallel-hole collimator was used. A 20 %
symmetric window was centered at 364 keV. Anterior
images of the neck, chest, and abdomen were obtained, and
a minimum of 100,000 counts was collected per image.
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After the whole body scan, thyroid replacement therapy
was restarted. Follow-up scan was performed in the same
way 3 days after ingestion of *'T [1.11 GBq (30 mCi)] or
1231 [148 MBq (4 mCi)]. A 20 % symmetric window was
centered at 159 keV for '*’I whole body scan.

Final assessment of remnant ablation

Successful ablation (n = 81) was defined as follows: no
remnant tissue on follow-up "*'T or '*’I scans and the
second time stimulated Tg < 1 ng/ml at 6.1 £ 1.1 months
after RAI therapy. Patients not satisfying both conditions
(n = 71) were believed to have remnant thyroid tissue.

Clinical variables

Clinical variables, including age, gender (F vs. M) and RAI
dose were analyzed as potential predictive markers. Age
and RAI dose were grouped to continuous parameters, and
gender was allocated to categorical parameter.

Pathologic variables

Tumor largest diameter and metastatic LN numbers (which
were found at surgery) were added as pathologic variables.
In addition, the status (boolean: no or yes) of possible
predictive factors (lymphatic invasion, multicentricity,
blood vessel invasion, extrathyroidal extension, resection
margins, and BRAF mutation), tumor pathology (FTC vs.
PTC) were also assessed.

Statistical analysis

Independent-samples T test and receiver operation charac-
teristic (ROC) curve analysis were done to find statistically
significant (p < 0.05) and statistical trend (0.05 < p < 0.1)
parameters, and determined area under the curve (AUC),
p value, cut-off value, sensitivity (%), and specificity (%).
Odds ratio (OR) and p value of each categorical parameters
were generated via Chi square analysis. Multivariate ana-
lysis was used to assess significant variables and establish
OR. Statistical significance was set at p < 0.05. All com-
putations relied on standard software using SPSS (Version
18.0; SPSS Inc., Chicago, IL, USA) and MedCalc (Version
12.2; MedCalc Inc., Mariakerke, Belgium).

Results
Univariate analysis

Small number of metastatic LN numbers (p < 0.001) and
high ratioTg (p < 0.001) served to predict successful

@ Springer

Table 2 Comparison of continuous parameters supposed to be rela-
ted with remnant ablation

Parameters Successful Residual tissue p value
ablation (n =81) (=71
Age (year) 45.8 £ 13.1 439 £ 143 0.387
RAI dose (GBq) 39+ 1.1 41+£1.0 0.261
Tumor largest 1.5+ 1.0 1.8 £ 1.1 0.058"
diameter (cm)
Metastatic LN no. 32+43 8.4 + 8.4 <0.001*
stimTg (ng/ml) 24 £33 61.8 £ 268.3 0.066
immTg (ng/ml) 62.7 £ 170.2 119.1 £+ 422.1 0.271
deltaTg 60.3 £+ 168.7 57.3 £ 1959 0.920
(immTg —
stimTg)
ratioTg 312 £ 41.3 7.6 £12.8 <0.001*
(immTg:stimTg
ratio)

stimTg TSH-stimulated serum Tg, immTg serum Tg after RAI therapy
day 3

* Statistically
0.05 <p<0.1)

significant (p < 0.05), Tstatistical trend

ablation with statistical significance (Table 2). ROC curve
analysis indicated the following: (1) 70.4 % sensitivity and
85.9 % specificity  for  stimTg  (cut-off < 2.0,
AUC = 0.828, p < 0.001); and (2) 59.3 % sensitivity and
859 %  specificity for ratioTg, (cut-off > 12.0
AUC = 0.785, p < 0.001) (Table 3). By Chi square ana-
lysis, statistical significance was identified to negative
lymphatic invasion of thyroid cancer in predicting suc-
cessful ablation (p = 0.001) (Table 4).

Multivariate analysis

RatioTg, stimTg, gender, tumor largest diameter, lympha-
tic invasion and metastatic LN numbers were parameters to
multivariate analysis. Continuous variables (ratioTg, stim-
Tg, and mLN count) were stratified by cut-off values,
according to ROC curve analysis. Of six candidate vari-
ables, ratioTg (OR =7.851, p <0.001), stimTg
(OR = 16.819, p <0.001), metastatic LN numbers
[OR = 3.028 (with ratioTg, p = 0.018), 6.732 (with
stimTg, p < 0.001)] showed significance in predicting
successful ablation (Table 5).

Combination of ratioTg and stimTg for remnant
ablation prediction

High ratioTg or low stimTg combined value (defined either
positive as successful ablation) showed higher sensitivity
(91.4 %, 74/81), negative predictive value (88.5 %, 54/61),
accuracy (84.2 %, 128/152), and Kappa index (0.680) than
each parameters. High ratioTg and low stimTg combined
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Table 3 ROC curve analysis of continuous parameters related with remnant ablation
Parameters AUC (95 % CI) p value Cut-off value Sensitivity (%) specificity
(%)
Tumor largest diameter (cm) 0.627 (0.544-0.704) 0.006 <15 76.3 50.0
Metastatic LN no. 0.744 (0.666-0.813) <0.001 <3 71.1 70.0
stimTg (ng/ml) 0.828 (0.758-0.884) <0.001 <2.0 70.4 85.9
ratioTg (immTg:stimTg ratio) 0.785 (0.712-0.848) <0.001 >12.0 59.3 85.9

ROC receiver operation characteristic, AUC area under curve, CI confidence interval

Table 4 Comparison of categorical parameters assumed to be asso-
ciated with remnant ablation

Parameters Odds ratio p value
Gender (F vs. M) 2.074 0.050"
Tumor pathology (FTC vs. PTC) 1.491 0.592
Lymphatic invasion (no vs. yes) 3.643 0.001*
Multicentricity (no vs. yes) 1.579 0.169
Blood vessel invasion (no vs. yes) 2.075 0.179
Extrathyroidal extension (no vs. yes) 1.721 0.348
Resection margin (no vs. yes) 0.861 0.684
BRAF mutation (no vs. yes) 0.743 0.558
* Statistically significant (p < 0.05), Tstatistical trend

0.05 < p <0.1)

value (defined both positive as successful ablation) showed
greater specificity (95.8 %, 68/71) and positive predictive
value (91.2 %, 31/34) than each parameters (Table 6;
Fig. 1).

Discussion

High ratioTg (immTg:stimTg ratio) was valuable in pre-
dicting successful ablation after RAI treatment. High rati-
oTg showed the highest specificity of all variables
assessed. By multivariate analysis, high ratioTg displayed
statistical significance as a marker of successful ablation, in
addition to low stimTg and small numbers of metastatic
LNs; and predictive value was strengthened by combining
ratioTg and stimTg.

Generally, stimTg is used to predict successful remnant
ablation [9], judging RAI therapy response [13], detecting
tumor recurrence [16, 17], forecasting disease recurrence
[18, 19], anticipating prognosis [20, 21] and more. There
have been a number of studies demonstrating that pre-
ablation stimTg is a predictive marker of thyroidal rem-
nants, and our findings do support this contention [13].

However, false-positive and false-negative rates of pre-
ablation stimTg are about 30 %, respectively [9]. Tg is a
large (660 kDa) protein with more than 20 epitopes. And
because the antibodies of conventional kits are different,

serum Tg determinations may vary accordingly [22]. In
external quality control data (Korean), we found that Tg
levels generated via immunoradiometric assay (IRMA)
have about 10 % coefficient of variance. Since Tg is a
normal component of thyroid follicular cell, but not a
conventional tumor marker like carcinoembryonic antigen
(CEA) and alpha-fetoprotein (a-FP), serum Tg level might
show higher false-positive and negative results in detecting
residual or recurrent thyroid cancer.

The basis for the predictive value of ratioTg is detailed
in a study of external radiotherapy, describing the damage
suffered by residual thyroidal tissue [23, 24]. Thyroid tis-
sue apoptosis after radiotherapy induces destruction of
membrane integrity. As a result, storaged Tg release at the
thyroid tissue after radiation results in high level of serum
Tg at acute phase. In the same way, high ratioTg corre-
sponds with early response to RAI therapy. High ratioTg
means early release of storaged Tg at remnant thyroid
tissue, which means early thyroid tissue destruction and
good response of RAI therapy. Hence, ratioTg is an index
of RAI therapeutic response with high specificity, while
stimTg is a marker of residual thyroid tissue irrespective of
RAI therapy in theory. We think that ratioTg is superior to
stimTg as a predictive marker for successful ablation and
expect it to be similarly investigated in cases of metastatic
thyroid cancer.

Compared with an earlier study by Bernier et al. [14],
our design was advantageous in terms of patient scheduling
and accessibility (Day 3). Samples for immTg were col-
lected when patients presented for '*'I post-therapeutic
scans. To our knowledge, only one study [14] has focused
on serum Tg immediately following RAI therapy previ-
ously and showed the similar results with our study.
Comparative study according to the sampling date of serum
Tg (Day 3 vs. Day 5) immediately following RAI therapy
is needed in the future.

As in our work, numbers of metastatic LN were seen as a
predictive marker in a previous univariate analysis [5]. Our
study also supports the previous study. However, the validity
of metastatic LN numbers predicts remnant ablation has
been debated. Additional research is needed to elucidate the
potential benefit of predicting RAI therapy response.

@ Springer
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Table 5 Multivariate analysis of remnant ablation prediction related parameters

Parameters

Odds ratio (univariate) p value (univariate) Odds ratio (multivariate)

p value (multivariate)

With ratioTg
ratioTg (>12.0 vs. <12.0)
Tumor largest diameter (<1.5 vs. >1.5, cm)
Metastatic LN no. (<3 vs. >3)
Gender (F vs. M)
Lymphatic invasion (no vs. yes)
With stimTg
stimTg (<2.0 vs. >2.0, ng/ml)

8.850 (3.984-19.608)
3.211 (1.600-6.441)
5727 (2.810-11.674)
2.074 (0.994-4.329)
3.643 (1.734-7.655)

14.488
(6.372-32.937)

3.211 (1.600-6.441)
5.727 (2.810-11.674)
2.074 (0.994-4.329)
3.643 (1.734-7.655)

Tumor largest diameter (<1.5 vs. >1.5, cm)
Metastatic LN no. (<3 vs. >3)
Gender (F vs. M)

Lymphatic invasion (no vs. yes)

<0.001* 7.851 (2.842-21.689) <0.001*
0.001* 1.445 (0.553-3.777) 0.452
<0.001* 3.028 (1.206-7.601) 0.018%*
0.050" 2.132 (0.760-5.978) 0.150
0.001* 3.048 (1.195-7.774) 0.020*
<0.001* 16.819 (5.546-51.004)  <0.001*
0.001%* 0.728 (0.241-2.195) 0.573
<0.001%* 6.732 (2.337-19.391) <0.001%*
0.050° 1.216 (0.417-3.552) 0.720
0.001* 1.557 (0.581-4.172) 0.379

Values in brackets are 95 % confidence interval

* Statistically significant (p < 0.05), Tstatistical trend (0.05 < p < 0.1)

Table 6 Combined remnant ablation predictive value between ratioTg and stimTg

Sensitivity

Specificity

stimTg (ng/ml) < 2.0

ratioTg (immTg:stimTg ratio) > 12.0
stimTg <2.0 or ratioTg > 12.0
stimTg < 2.0 and ratioTg > 12.0

70.4 % (71/81)
59.3 % (48/81)
91.4 % (74/81)
38.3 % (31/81)

85.9 % (61/71)
85.9 % (61/71)
76.1 % (54/71)
95.8 % (68/71)

PPV NPV Accuracy Kappa Index
85.1 % (57/67)  71.8 % (61/85) 77.6 % (118/152)  0.556
82.8 % (48/58)  64.9 % (61/94) 71.7 % (109/152)  0.443
81.3 % (74/91)  88.5 % (54/61) 84.2 % (128/152)  0.680
91.2 % (31/34)  57.6 % (68/118)  65.1 % (99/152) 0.327

PPV positive predictive value, NPV negative predictive value

Fig. 1 Additional value of ratioTg for prediction of successful
ablation. Intense uptake of remnant tissue was detected in the initial
311 whole body scan (a) and successful ablation was observed in

Our study does have limitations. The many variables
analyzed may have clouded our results to some degree, and
due to the retrospective nature of clinical and pathologic
assessment, some desired parameters (such as capsular

@ Springer

following scan (b). ImmTg and stimTg was 336.7 and 14.1 ng/ml,
respectively. RatioTg was was 23.8 and the 2nd time stimulated Tg
was normalized to 0.1 ng/ml

invasion) could not be included for the lack of data. In
addition, differences of serum TSH level before and 3 days
after the RAI therapy could be a confounding factor. While
our patients showed no statistical differences of TSH
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measurement between before RAI therapy
(104.6 = 66.0 mU/L, range 32.3-434.0) and 3 days after
RAI therapy (119.8 + 64.8 mU/L, range 32.8-480.0), the
effect of TSH should be considered in the future study.
Finally, the patient subgroups studied were relatively
small. A prospective analysis is warranted to better deter-
mine the merit of immTg in managing thyroid cancer.

In conclusion, high ratioTg and low stimTg showed
most significant results for prediction of remnant ablation
and ratioTg showed the additional value in combination
with stimTg. The reason for prediction of remnant ablation
by high ratioTg might be early response of thyroid follic-
ular cell damage. We expect ratioTg to be routine work up
for prediction of successful remnant ablation. Thus, serum
level of immediate Tg could give an useful information on
RALI ablation of postoperative thyroid remnant.
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