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Purpose: The aim of this study was to evaluate the value of preablative stimulated
thyroglobulin (presTg) and thyroglobulin reduction index (TRI) to predict the different
responses to second radioactive iodine (RAI) therapy in differentiated thyroid cancer
(DTC) patients with structural incomplete response (SIR).

Patients and Methods: A single-center retrospective study analyzed the different clinical
outcomes after second RAI therapy in 206 patients with SIR. PresTgl and presTg2 were
measured before first and second RAI management and TRI was the reduction index of
presTgl and presTg2. Cut-off values of presTg and TRI were obtained using receiver operating
characteristic analysis. The univariate logistic regression analysis was performed to confirm
these parameters as prognostic factors to predict different responses to second RAI therapy.
Results: Only ATA risk stratification, the post-therapy whole-body scanning (Rx-WBS)
findings, presTgl, presTg2, TRI, were different in patients with SIR. After second RAI
therapy, 28.2% (58/206) of patients with SIR initially were reclassified as excellent response
(ER). PresTgl <6.6 ng/mL, presTg2 <1.2ng/mL, and TRI >74.2% were excellent indications
to predict ER from non-ER after second RAI treatment. PresTgl >14.9 ng/mL, presTg2
>1.8ng/mL and TRI <66.5% were well markers to predict poor outcome (SIR). High risk and
distant metastases could still be considered as risk factors.

Conclusion: DTC patients with SIR could benefit through second RAI treatment. PresTg
before each RAI therapy and TRI could be considered as effective decision-making markers
for second RAI therapy and as predictive indications for clinical outcomes.

Keywords: structural incomplete response, radioactive iodine therapy, preablative
stimulated thyroglobulin, thyroglobulin reduction index, differentiated thyroid carcinoma

Introduction

Differentiated thyroid cancer (DTC) is the most common endocrine malignancy and
accounts for around 90% of all thyroid tumors.'~* The five-year overall survival rate
is as high as 98%, whereas persistent/recurrent diseases still exist in 20-30% of
DTC patients following the initial treatment.>> In addition, local or regional
recurrence and distant metastasis (DM) occur in 20-50% and 10-15% of patients,

respectively.®’” The current treatment modalities for DTC are total or near total
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thyroidectomy (TT), selective postoperative radioactive
iodine (RAI) therapy according to the risk of disease
persistence/recurrence and thyroid stimulating hormone
(TSH)-suppressive therapy.® A study for Chinese people
has shown that 26% of patients experienced twice or more
times of RAI therapy owing to residual thyroid or persis-
tent radioiodine-avid lesion.” Therefore, it is important to
choose appropriate indicators for performing the next RAI
management and individualized follow-up strategies for
DTC patients.'*!!

The 2015 American Thyroid Association (ATA)
Guidelines suggested that TNM staging, ATA risk stratifi-
cation, imaging findings and thyroglobulin (Tg) levels
should be considered together when performing RAI
therapy.® Indeed, stimulated thyroglobulin (sTg) has been
regarded as an excellent predictor for successful ablation
in many studies.'>'* Preablation stimulated thyroglobulin
(presTg) measured before RAI treatment reflects the resi-
dual disease after surgery and could be incorporated into
radioiodine decision-making for tailoring management.'>
7" A French study first proposed the concept of thyroglo-
bulin reduction index (TRI) recently, and evaluated the
impact of presTg and TRI in all DTC patients to predict
an excellent response.'> While, to the best of our knowl-
edge, there is some uncertainty as to what degree of
presTg or TRI may be appropriate to prompt another
RAI treatment in patients with structural incomplete
response (SIR) after initial RAI and no studies have
reported it.

In this study, we evaluated the clinical outcomes
after second RAI therapy of patients initially classified as
SIR. The purpose was to demonstrate the relationship
between presTg level, TRI and the different responses
to second RAI treatment in patients with SIR, proving
whether presTg and TRI could be used as decision-
making factors for second RAI therapy and as predictive
markers for clinical outcomes.

Patients and Methods
Study Participants

In this retrospective cohort study, we reviewed the electro-
nic medical records of 1275 DTC patients who underwent
(near) TT with RAI therapy at Second Hospital of
Shandong University between January 2015 and
July 2019. 206 patients were finally enrolled. Inclusion
criteria were as follows: (1) aged 18 years or older (9

patients were excluded); (2) patients who underwent RAI

therapy at our hospital all the time (1 was excluded); (3)
patients who were classified as SIR after initial therapy
based on 2015 ATA Guidelines (862 were excluded); and
(4) patients with second RAI therapy and subsequent fol-
low-up data available (178 were excluded).'® Moreover,
19 patients with positive anti-thyroglobulin antibody
(TgAb) levels were excluded considering that the concen-
tration of TgAb could influence the Tg level. The patient
data extracted from the clinical electronic medical record
system were identified such that all private information
was not included. The Institutional Review Board (IRB) of
Second Hospital of Shandong University approved the
protocol of our study and allowed us to not obtain written
consent from each patient. All procedures complied with
the Declaration of Helsinki for research involving human
subjects.

RAI Therapy and Follow Up

All study participants underwent (near) total TT with or
without central/lateral neck dissection and initial RAI
therapy, which was performed at least 2 months after
surgery to eliminate normal thyroid remnant tissue, sus-
pected microscopic foci of residual disease or known
persistent disease in the neck or metastatic sites. Thyroid-
stimulating hormone (TSH), presTg, TgAb and imaging
examination were tested on or before the day of each RAI
therapy to evaluate the patients’ condition and were used
to decided therapeutic dosage by clinical doctors. The
initial dosage range was 80—150mCi, and most patients
received a dose of 100mCi. Meanwhile, TSH levels of
>30ulU/mL were required through levothyroxine withdra-
wal in all patients before each RAI therapy.®'® Post-
therapy whole-body scanning (Rx-WBS) was performed
3-7 days after radioiodine administration to complete dis-
ease staging and document the RAI avidity of any lesion.
After the RAI therapy, all the patients underwent levothyr-
oxine treatment for TSH suppression.® Then all patients
were instructed to follow a low-iodine diet from the begin-
ning of thyroid hormone withdrawal (THW) to 4 weeks
after RAI therapy.

During the first 612 months following the initial ther-
apy, neck ultrasonography (US) and whole-body scan
(WBS) were conducted with stimulated or suppressed
Tg, TgAb, TSH levels to assess the primary responses of
RALI treatment and to detect possible persistent or meta-
static lesions. Then another RAI treatment (100200 mCi)
was considered based on all available information and the
risk of the individual patient at the initial treatment. The
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response to second RAI therapy was also evaluated after
6—12 months.

Definitions of Response to RAI Therapy,
PresTg and TRI

The ongoing disease status of patients after each RAI
therapy was assessed by combining the serological results
according to the 2015 ATA
Guidelines.® Thus, patients were divided into four groups

with imaging results

as follows: An excellent response (ER) was defined as
negative follow-up imaging and either suppressed Tg
<0.2 ng/mL or TSH-stimulated Tg <1 ng/mL. An indeter-
minate response (IDR) was defined as nonspecific findings
on imaging examination, faint uptake in thyroid bed on
follow-up WBS, non-stimulated tg detectable but <1 ng/
mL, or stimulated Tg detectable but <10 ng/mL, or anti-Tg
antibodies stable or declining in the absence of structural
or functional disease. A biochemical incomplete response
(BIR) was defined as having suppressed Tg >1 ng/mL or
stimulated Tg >10 ng/mL or rising anti-Tg antibody levels
with negative imaging. A structural incomplete response
(SIR, structural persistent disease) was defined as struc-
tural or functional evidence of disease with any Tg level,
with or without anti-Tg antibodies. Each cohort patient
was classified into one of four categories based on their
Tg, TgAb, TSH and imaging findings at each follow-up.
A TgAb value exceeding 60 IU/mL was considered to be
positive for interfering with the Tg measurement.®*!

PresTg was measured at TSH>30pIU/mL before each
RAI therapy. The presTgl means sTg measured after
THW and before initial RAI therapy, and presTg2 means
sTg tested after THW and before second RAI treatment.
TRI was calculated based on presTg before each RAI
therapy [TRI=100x(presTgl-presTg2)/presTgl]."?

Statistical Analysis

Continuous variables were expressed as the means and
standard deviations (SDs) or medians with interquartile
ranges (IQRs) when appropriate, and categorical variables
were presented as numbers and percentages. The compar-
isons and associations of categorical variables were per-
formed using the chi-square test and Fisher’s exact test
< 5. The
Wilcoxon—-Mann—Whitney U-test was used to compared

when the number of patient cases was

two group variables. Receiver operating characteristic
(ROC) curve analysis was performed to determine the
optimal cut-off points for presTg and TRI to distinguish

different responses, and is presented with area under the
curve (AUC) and 95% confidence interval (CI). P-value
was set at <0.05 for significant results. All of these statis-
tical analyses were performed using R version 3.6.1 (R
Foundation for Statistical Computing; www.

R-project.org).

Results
Baseline Clinicopathological
Characteristics of Patients with SIR

Baseline clinical and pathological characteristics of the
206 DTC patients initially classified as SIR after treatment
with (near) TT and initial RAI therapy are presented in
Table 1. The mean age of patients with SIR at cancer
diagnosis was 44.4+13.5 years, and there were 155
(75.2%) patients younger than 55 years of age. 211
(97.7%) patients had papillary thyroid carcinoma (PTC).
Of all patients, the ratio of females to males was 1: 0.9.
The median primary tumor maximum size was 1.2 cm
(IQR 0.7-2.0 cm). Extra-thyroid extension (ETE) was
only seen in 54 (26.2%) patients. Cervical lymph node
metastasis (LNM) was detected in 178 (86.4%) patients
(43.7% were lateral cervical LNM) and, of these patients,
the median number of LNM was 4 (IQR 2-8) in the 178
patients with LNM. According to the TNM staging system
for DTC, 162, 42, 2 (78.6%, 20.4%, 1.0%) patients were
categorized as having stage I, II and III disease, respec-
tively, and no patient was in stage IV. In respect to ATA
risk stratification system, 10 (4.8%), 120 (58.3%), and 76
(36.9%) patients were classified as having low, intermedi-
ate, and high risk, respectively. The median duration from
surgery to first RAI therapy was 2 months (IQR 2.0-2.8).
The standard deviations varied greatly for presTgl,
presTg2 or TRI. The mean levels for presTgl, presTg2
and TRI were 68.7 ng/mL, 60.5 ng/mL and —12.2%, while
the median levels were 8.2 ng/mL, 3.0 ng/mL and 53.2%.
According to the Rx-WBS at initial RAI therapy, RAI
uptake in the thyroid region was present in 39 (18.9%)
patients, nodal metastases in 143 (69.4%) patients and DM
in 24 (11.7%) patients, including pulmonary metastases in
21 patients, bone metastases in 1, and abdominal or pelvic
metastases in 2. According to the Rx-WBS at the second
RAI treatment, RAI uptake in the thyroid region was
present in 36 (17.5%) patients, lymph node metastases in
133 (64.6%) patients, pulmonary metastases in 31 patients,
3 patients had bone metastasis, 1 patient had brain metas-
tasis and 2 patients had abdominal or pelvic metastases.
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Comparing different therapeutic responses (ER vs non-
ER, SIR vs non-SIR) of the second treatment, only ATA
risk stratification, the Rx-WBS findings at initial RAI,
presTgl, presTg2, and TRI were significantly different in
two cases (Table 1 and S1).

Different Therapeutic Responses After
Second RAI Treatment Correlates with
presTg Levels

The clinical outcomes of second RAI therapy showed that
25 (43.1%) patients with presTgl <1 ng/mL, 28 (48.3%)
with presTgl ranging from 1 to 10 ng/mL, and 5 (8.6%)
with presTgl >10 ng/mL achieved ER (p<0.001, Table 2).
The proportion of patients with SIR was identified in
12.4% with presTgl <1 ng/mL, 24.8% with presTgl
from 1 to 10 ng/mL and 62.8% with presTgl >10 ng/mL
(p<0.001, Table 2).

In terms of presTg2, 51 patients of presTg2 below 1
ng/mL, 6 patients between 1 and 10 ng/mL, and 1 above
10 ng/mL achieved ER (p<0.001, Table 2). Among these,
51 patients, 19 patients had presTg2 under 0.1 ng/mL.
Patients classified as SIR were 25, 29, and 59 in the
three categories of presTg2 (p<0.001, Table 2), respec-
tively. Among them, 7 patients had presTg2 levels under
0.1 ng/mL.

Receiver Operating Characteristic
Analysis of presTg Levels with Different

Responses

Receiver operating characteristic (ROC) curves were used
for evaluating the presTg levels for distinguishing ER from
non-ER and separating SIR from non-SIR. The cut-off
values of presTgl were 6.6 ng/mL (sensitivity: 86.2%;
specificity: 70.3%; AUC: 0.833, Figure 1A) for distinguish-
ing ER and non-ER, 14.9 ng/mL (sensitivity: 59.3%; spe-
cificity: 79.6%; AUC: 0.735, Figure 1B) for differentiating
SIR from non-SIR. In addition, ROC analysis identified
presTg2 <1.2 ng/mL as a sensitive predictor for ER
after second treatment with sensitivity of 91.4% and speci-
ficity of 79.1% (AUC: 0.885, Figure 1C). A cut-off value of
presTg2 at 1.8 ng/mL was found for differentiating the
patients with SIR from non-SIR, with corresponding speci-
ficity of 65.6%, sensitivity of 74.3%, and AUC of 0.753
(Figure 1D). No matter what kind of clinical outcome was
predicted, the AUC of using presTg2 was larger than that of
presTgl.

Prognostic Cut-off Value of TRI

Given that the collinearity logically existed between
presTgl and presTg2, we further analyzed the relationship
between TRI and different responses. A cut-off value of
74.2% was identified to predict ER after second RAI
treatment with a sensitivity of 63.8% and specificity of
78.4% (AUC: 0.725, Figure 2A). ROC analysis identified
a TRI cut-off of 66.5% (sensitivity: 73.5%; specificity:
53.8%) to discriminate SIR from non-SIR (Figure 2B),
while the AUC were only 0.647. Both AUCs of TRI to
predict different responses were under 0.750.

Univariate Logistic Regression Analysis of
Different Outcomes to Second RAI

Treatment

We used univariate analyses to determine the predictive
factors for ER after second RAI including ATA risk stratifi-
cation, the Rx-WBS findings at initial RAI management,
presTgl, presTg2, TRI. The results showed that presTgl
<6.6 ng/mL (p<0.001), presTg2 <1.2 ng/mL (p<0.001) and
TRI >74.2% (p<0.001, Table 3) were predictors for ER and
presTgl >149 ng/mL (p<0.001), presTg2 >1.8ng/mL
(p<0.001) and TRI <66.5% (p<0.001, Table 4) were indica-
tions for predicting SIR. When presTg2 was used to predict
the results (ER/non-ER), the OR values increased from
14.773 to 34.089 (Table 3), the phenomenon was not
observed when predicting another outcome (SIR/non-SIR,
5.678 vs 5.519, Table 4). The 1-10 ng/mL interval of
presTgl and presTg2 was no longer an excellent predictor
for different outcomes (p=0.666, p=0.789, Tables 3 and 4).
High risk and distant metastases remained good as predic-
tors (p<0.05, p<0.05, Tables 3 and 4).

Discussion

In the present study, we evaluated the clinical outcomes of
DTC patients after second RAI therapy, who were initially
evaluated as structural incomplete responses. Structural
persistent disease (SIR) still existed in 54.9% (n=113) of
patients. Interestingly, excellent response was present in
28.2% (n=58) of patients initially classified as having
structural incomplete response owing to the second RAI
18.0%
(n=37) of patients classified as SIR had distant metastases.

treatment. However, at the second evaluation,

These findings strongly support that early detection and
treatment strategies are required for those patients with

structural incomplete response.
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Table | Baseline Characteristics of Study Participants and Comparison of These Characteristics in Patients with ER and Non-ER

Total (206) ER (58) Non-ER (148) p
Age at diagnosis (years)
Mean + SD 44.4%13.5 43.9+12.3 44.6214.0 0.735
Gender, n (%)
Male 95 (46.1) 26 (44.8) 69 (46.6) 0.939
Female 111 (53.9) 32 (55.2) 79 (534)
Histology, n (%)
Papillary 211 (97.7) 58 (100) 143 (96.6) 0.325
Follicular 5(23) 0 534
Tumor max size (cm)
Median (IQR) 1.2 (0.7,2.0) 0.9 (0.7,1.6) 1.4 (0.8,2.1) 0.004
ETE, n (%)
Yes 54 (26.2) 19 (32.8) 35 (23.¢) 0.246
No 152 (73.8) 39 (67.2) 113 (76.4)
LNM, n (%)
NO 28 (13.6) 9 (15.5) 19 (12.8) 0.001
Nla 88 (42.7) 35 (60.4) 53 (35.8)
NIb 90 (43.7) 14 (24.1) 76 (51.4)
No. of LNM
Median (IQR) 4 (2,8) 2 (1,5) 529 0.001
AJCC stage, n (%)
| 162 (78.6) 47 (81.0) 115 (77.7) 0.922
1l 42 (20.4) 11 (19.0) 31 (20.9)
1] 2 (1.0 0 2 (1.4)
TNM stage, n (%)
Tx 31 (15.0) 6 (10.3) 25 (16.9) 0.218
TI 132 (64.1) 44 (75.9) 88 (59.5)
T2 29 (14.1) 6 (10.4) 23 (15.5)
T3 13 (6.3) 2 (34 I (7.4)
T4 | (0.5) 0 1 (0.7)
ATA risk stratification, n (%)
Low 10 (4.8) 7 (12.1) 3 (2.0 <0.001
Intermediate 120 (58.3) 46 (79.3) 74 (50.0)
High 76 (36.9) 5(8.6) 71 (48.0)
Surgery-first RAI (months)
Median (IQR) 2.0 (2.0,2.8) 2.0 (2.0,3.0) 2.0 (2.0,2.0) 0.708
Rx-WBS at first RAI
Thyroid remnant 39 (18.9) 16 (27.6) 23 (15.5) 0.017
Lymphatic metastasis 143 (69.4) 40 (69.0) 103 (69.6)
Distant metastasis 24 (11.7) 2 (34) 22 (14.9)
PresTgl (ng/mL)
Mean + SD 68.7£132.3 10.961.1 91.3£1453
Median (IQR) 82 (1.7, 49.4) 1.5 (0.4,3.8) 21.7 (4.5, 98.6) <0.001
(Continued)
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Table | (Continued).

Total (206) ER (58) Non-ER (148) p
PresTg2 (ng/mL)
Mean + SD 60.5£129.9 1.4+7.2 83.6£146.9
Median (IQR) 3.0 (0.3,29.8) 0.2 (0.1, 0.4) 10.1 (1.9, 77.1) <0.001
TRI (%)
Mean + SD —12.2+531.3 41.9+160.9 —33.4+618.1
Median (IQR) 532 (11.8, 81.9) 81.9 (50.8,91.2) 43.6 (1.4, 71.6) <0.001

Abbreviations: ER, excellent response; SD, standard deviation; IQR, interquartile range; ETE, extra-thyroid extension; LNM, lymph node metastasis; AJCC, American Joint
Committee on Cancer; TNM, tumor node metastasis; ATA, American Thyroid Association; Rx-WBS, post-therapy whole-body scanning; RAI, radioactive iodine; Surgery-
first RA, interval from surgery to first RAI treatment; PresTgl/2, sTg measured after THW and before first/second RAI therapy; TRI, thyroglobulin reduction index.

Table 2 Clinical Outcomes of Second RAI Treatment in Terms of
presTg Levels

ER (58) | IDR(26) | BIR(9) | SIR(113)

presTgl (ng/mL)

<l 25 (43.1) | 1 (3.8) 0 14 (12.4)

1-10 28 (48.3) | 13 (50.0) I (11.1) | 28 (24.8)

10 5 (8.6) 12 (46.2) | 8(889) | 71 (62.8)
preTg2 (ng/mL)
<l 51 (87.9) | 5(19.2) 0 25 (22.1)
1-10 6 (10.4) 14 (53.9) I (I1.1)y | 29 (25.7)
>10 1 (1.7) 7 (26.9) 8 (88.9) | 59 (52.2)

Abbreviations: ER, excellent response; IDR, intermediate response; BIR, bio-
chemical incomplete response; SIR, structural incomplete response; RAI, radio-
active iodine; PresTgl, sTg measured after THW and before first RAI therapy;
PresTg2, sTg measured after THW and before second RAI therapy.

We evaluated the prognostic value of presTg levels
before initial RAI, second RAI and TRI in predicting
different responses. PresTgl <6.6 ng/mL, presTg2 <1.2
ng/mL and TRI >74.2% were good indications to predict
excellent responses from other responses for patients with
SIR undergoing second RAI. From the results of our
analysis, the AUC of using presTg2 to predict ER was
larger than that using presTgl (0.885 vs 0.833) and the OR
value of presTg2 was obviously higher than that of
presTgl (34.089 vs 14.773), these phenomena might sug-
gest that presTg before second RAI was a better parameter
to predict excellent response and could reflect ongoing
disease status. A study from Barres et al'® suggested that
presTg <10 ng/mL, sTg <1 ng/mL and TRI >66% were
good factors for long-term remission and persistence or
recurrence-free survival. While our results suggested
lower presTgl (6.6ng/mL) and higher TRI (74.2%) were
needed to predict excellent response, we analyzed the
reason for these results was that our study focused on
patients with SIR rather than all DTC patients, thus more

stringent parameters should be considered. And in the

13 §Tg was measured 72 hours after recombinant

study,
TSH (thTSH) during the evaluation of the initial manage-
ment, but presTg2 was measured after THW and
before second RAI in our analysis, and both usually per-
formed 6 to 12 months after first RAI. We still obtained
the similar value of sTg (1 ng/mL and 1.2 ng/mL) to
predict excellent response. In a study mentioned pre-
viously, presTg threshold of <5 ng/mL was suggested as
an indication for initial RAI treatment,22 which was con-
sistent with our analysis. Through the second RAI, the
patients with presTgl <6.6 ng/mL, presTg2 <1.2 ng/mL,
TRI >74.2% are more likely to be reclassified as ER in our
study. However, one study claimed that patients with
presTg <I ng/mL could avoid RAI therapy.”® One study
indicated that 42% of patients with distant metastases
could achieve complete remission after single '*'I
treatment,”* and spontaneous Tg reduction was reported
in other studies.>* Meanwhile, considering that additional
treatment can cause mental and psychological stress,
further research may be needed to determine whether it
is indispensable for these patients to undergo second RAI
therapy or not.

In the study, based on ROC analyses, presTgl value of
14.9 ng/mL, presTg2 of 1.8 ng/mL, and TRI of 66.5%
were obtained to predict SIR from non-SIR. It has been
found in some studies that 50-85% of patients continued
to have persistent disease despite additional therapy, even
death from this disease was seen in 11% of patients with
loco-regional metastases and in 57% of patients with
structurally identifiable distant metastases up to 15 years
of follow-up.>>*® Many studies showed that presTgl
levels of 20~30 ng/mL were the cut-off value to predict
recurrent or persistent disease.”’*® A study suggested 13

ng/mL as an indicator of disease recurrence,”® which was
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Figure 2 ROC of TRI to distinguish different response. (A) ROC in distinguishing ER from non-ER using TRI (AUC: 0.725, 95% CI: 0.640-0.809); (B) ROC in distinguishing
SIR from non-SIR using TRI (AUC: 0.647, 95% CI: 0.570-0.723).
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Table 3 Univariate Regression Analysis of Excellent Response and
Non-Excellent Response According to Clinical Characteristics

Characteristics OR (95% CI) P
ATA risk stratification

Intermediate/Low 3.754 (0.990,18.091) 0.064

High/Low 33.133 (7.105, 198.090) <0.001
Rx-WBS at first RAI

LNM/Thyroid remnant 1.809 (0.858,3.760) 0.114

DM/Thyroid remnant 7.304 (1.792, 49,769) 0.014
PresTgl (ng/mL)

I-10/<1 1.296 (0.390, 4.221) 0.666

>10/<1 8.750 (4.093, 19.414) <0.001

>6.6/<6.6 14.773 (6.794, 36.044) <0.001
PresTg2 (ng/mL)

I-10/<I 6.233 (1.782, 29.202) 0.008

10/<1 45.475 (16.936, 159.512) <0.001

>1.2/<1.2 34.089 (14.327, 95.549) <0.001
TRI (%)

>74.2/<74.2 0.157 (0.079, 0.300) <0.001

Abbreviations: OR, odds ratio; Cl, confidence interval; Rx-WBS, post-therapy
whole-body scanning; RAI, radioactive iodine; PresTgl, sTg measured after THW
and before first RAI therapy; PresTg2, sTg measured after THW and before second
RAI therapy; TRI, thyroglobulin reduction index.

Table 4 Univariate Regression Analysis of Structural Incomplete
Response According to Clinical Characteristics

Characteristics OR (95% CI) P
ATA risk stratification

Intermediate/Low 3.273 (0.780,22.291) 0.144

High/Low 12.000 (2.727,84.299) 0.003
Rx-WBS at first RAI

LNM/Thyroid remnant 2.232 (1.087,4.742) 0.032

DM/Thyroid remnant 8.482 (2.598,33.939) 0.001
PresTgl (ng/mL)

I-10/<1 0.844 (0.228,2.840) 0.789

>10/<1 3.117 (1.524,6.609) 0.002

>14.9/<14.9 5.673 (3.074,10.849) <0.001
PresTg2 (ng/mL)

I-10/<I 3.056 (0.962,10.215) 0.060

10/<1 5.801 (3.127,11.064) <0.001

>|.8/<1.8 5.519 (3.055,10.216) <0.001
TRI (%)

>66.5/<66.5 0.311 (0.172,0.553) <0.001

Abbreviations: OR, odds ratio; Cl, confidence interval; Rx-WBS, post-therapy
whole-body scanning; RAI, radioactive iodine; PresTgl, sTg measured after THW
and before first RAI therapy; PresTg2, sTg measured after THW and before second
RAI therapy; TRI, thyroglobulin reduction index.

similar to our results. Meanwhile the optimal value of
post-ablation stimulated thyroglobulin (1 ng/mL) mea-
sured after THW was obtained to predict long-term
adverse clinical events for DTC patients in a Chinese
study.'> The results in our study suggested that patients
with presTgl >14.9 ng/mL, presTg2 >1.8 ng/mL, and TRI
<66.5% might still have a poor outcome despite under-
going another RAI management, which leave us adequate
time to perform more careful work-up and administrate
larger doses of RAI therapy for these patients when
another RAI therapy is needed.

In this study, comparisons of different clinical outcomes
demonstrated that no difference of TNM staging appeared in
the patients with SIR. Previous studies reported that presTg
was better than the TNM staging for predicting excellent
response to initial therapy in DTC patients,”’ even pointing
out that the TNM staging system was not appropriate for

30-32

estimating the risk of recurrence/persistence, while, as

evidenced in other studies, locally advanced disease (T3 to
T4) is the main predictor of persistence and recurrence.®**
Our findings were consistent with the former. The reason for
the different results may be the limited number of people in
the T3/T4 stages in our study. A study showed that patients
with macroscopic distant metastasis were more likely to have
progression of disease or death than patients with only loco-
regional evidence.”® The results in our study were concordant
with previous studies, that is, that high-risk and distant
metastases should still be taken into account when directing
additional RAI management and predicting adverse out-
comes. A study from Kendler et al reported that presTg
before the first [-131 remnant ablation was the only indepen-
dent predictor of ablation success and the cut-off value was
18 ng/mL.* In our univariate analysis, presTg ranging from
1 ng/mL to 10 ng/mL was no longer a risk factor, which
means that we should focus on more accurate cut-off
values of presTg, especially before second RAI therapy to
instruct more detailed and personalized treatment strategies.
Indeed, there is a strong collinearity between presTgl and
presTg2, so we also used TRI to predict response to second
RAI Even though the AUCs were both under 0.75, we still
considered that TRI could be a supplemental tool for reflect-
ing tumor response to RAI treatment, which was consistent
with the results of a previous study.'? Given that the correla-
tion between ATA risk stratification and Rx-WBS findings,
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between presTg and TRI, we did not use multivariate analy-
sis to calculate the OR values in verifying which factor could
be regarded as the more important predictive factor for
different responses.

There are several limitations in this study. First, this study
was inevitably limited by its retrospective design at a single
center, the possibility of selection bias should be considered
and the applicability of the findings in our study needs further
external verification. Second, the restricted number of
patients could affect the statistical power of this study.
Third, although all patients received RAI therapy in our
center, the surgery was performed in different centers,
which doubtlessly caused the confounding factors, resulting
in different strategies of RAI treatment in patients. Fourth,
we were not able to use our data to discriminate among four
responses at the same time, therefore we will try to pay more

attention to this in our following research.

Conclusion

DTC patients with SIR on the initial dynamic evaluation had
a high risk of structural persistent disease. Nonetheless,
a number of patients can be reclassified from SIR to ER
through second RAI treatment. Our data found the corre-
sponding cut-off values to discriminate between different
clinical outcomes. PresTgl <6.6 ng/mL, presTg2 <1.2 ng/
mL, and TRI >74.2% could be considered as indications for
excellent response to second RAI treatment. PresTgl >14.8
ng/mL, presTg2 >1.8 ng/mL, and TRI <66.5% were predic-
tors of structural persistent disease. Therefore, our findings
suggest that presTg and TRI could be considered as reliable
ongoing markers for performing second RAI and as predic-
tive indications for clinical outcomes.
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