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Abstract
Objective:

Little is known regarding parameters predicting persistence/recurrence for differentiated thyroid cancer
(DTC) patients exhibiting biochemical incomplete response (BIR) to initial therapy. High post-ablation
stimulated thyroglobulin (ps-Tg) levels have undetermined prognostic signi�cance in DTC patients with
BIR. The goal of this two‐center study was to systemically assess the prognosis of DTC patients with BIR
in relation to ps-Tg levels and to establish the determinants of clinical outcomes.

Design and Methods:

The retrospective study of consecutive 81 DTC patients from two tertiary centers who were classi�ed as
BIR after total thyroidectomy and radioiodine ablation between January 2010 to December 2019 were
analyzed. BIR was de�ned as ps-Tg > 10 ng/mL measured under thyroid hormone withdrawal at 9–12
months followed by radioiodine ablation, negative anti-Tg antibodies, and no structural evidence of
disease. Multivariable regression models were used to evaluate potential risk factors associated with
clinical outcomes.

Results:

With a median follow-up of 5.4 years, 28 patients (34.6%) showed no evidence of disease and 50 patients
(61.7%) were of a biochemical persistent status at the time of �nal follow-up. Conversely, 3 patients
(3.7%) developed structural evidence of disease. Ps-Tg of 20.2 ng/mL or greater displayed the high
positive predictive value (81%) for disease persistence/recurrence. Multivariate analysis revealed that
only a high ps-Tg level (>20.2 ng/mL) was an independent risk factor for persistent/recurrent disease
(odds ratio = 8.6; p < 0.001).

Conclusion: The ps-Tg (>20.2 ng/mL) was a valuable predictor of disease persistence/recurrence in DTC
patients with BIR.

Introduction
During the past decade, there has been increasing interest in accurate prediction of the risk of persistence
and recurrence in patients with differentiated thyroid cancer (DTC). Based on the response to initial
therapy using data obtained during the follow-up period, the dynamic risk strati�cation has been proven
to predict the risk of persistence and recurrence more accurately, leading to personalize the rhythm of the
subsequent follow-up management of DTC patients1–4. In the dynamic risk strati�cation system, DTC
patients exhibiting a stimulated thyroglobulin (Tg) level >10 ng/mL or detectable non-stimulated Tg levels
or rising anti-Tg antibody (TgAb) levels without any �ndings in radiologic context are classi�ed as having
BIR 2.
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It is not an uncommon clinical scenario to see DTC patients with BIR after total thyroidectomy and
radioactive iodine (131I) ablation therapy. Due to different study populations and de�nitions for BIR, the
reported prevalence varies from 10–65% 5–10. Perhaps driven by variation in baseline characteristics, the
prognosis of DTC patients with BIR is heterogeneous. In a cohort of 102 DTC patients with BIR, Ahn et al.
10 demonstrated that 42% of patients developed structural evidence of disease. In contrast, in a study by
Vaisman et al. 5, nearly 70% of DTC patients with BIR eventually exhibited no evidence of disease over a
median 8 years of follow-up. Large discrepancies existed about whether additional 131I therapy was
administered among these studies. While the outcomes of DTC patients with BIR remain quite
heterogeneous, comprehensive data analysis of the factors associated with clinical outcome in this
scenario is lacking.

Post-ablation stimulated Tg (ps-Tg) measured at 9–12 months followed by ablation with 131I is one of
the key parameters in dynamic risk strati�cation. Since the low ps-Tg levels are generally associated with
a high negative predictive value 11, ps-Tg has been considered one of the cornerstones for re-stratifying
DTC-related risk. However, the prognostic value of ps-Tg in DTC patients with BIR is less-described.

This two-center study was undertaken to systemically assess the prognosis of DTC patients with BIR in
relation to ps-Tg levels and to establish the determinants of clinical outcomes.

Methods
We retrospectively analyzed medical records of patients with DTC treated and monitored at West China
Medical Center of Sichuan University and Medical Center of Panzhihua University between January 2010
to December 2019.

Consecutive DTC patients who presented a negative diagnostic whole-body scintigraphy (5 mCi) and a
ps-Tg > 10 ng/mL (TSH > 30 μIU/mL) during the �rst 9–12 months following the initial therapy were
selected among those with DTC submitted to total thyroidectomy, followed by ablation with 131I, and with
post-ablation whole-body scintigraphy showing no distant metastasis. Patients submitted to the
additional 131I therapy were included in the study. Exclusion criteria were insu�cient data in medical
records and positive TgAb. Serum Tg and TgAb concentrations were determined using an automated
electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany). Positive TgAb was
de�ned as exceeding 40 IU/mL 12,13. A full description of Tg and TgAb measurements and the quality
control has been published previously 12,13.

A total of 81 DTC patients were eligible for the �nal analysis in this study. The study was granted
approval as exempt research by the local institutional review board at each center. Informed consent was
not obtained because this study was of retrospective design and used only deidentified clinicopathologic
information.

Variables
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A retrospective review of medical records was carefully performed for all patients including demographic
and clinical data. The following data were collected: (1) gender; (2) age at diagnosis; (3) initial surgery;
(4) tumor characteristics as size, histology, bilaterality, multifocality, extrathyroidal extension, lymph node
metastasis, , 8th  American Joint Cancer Committee TNM stage 14; (5) initial 131I-administered activity and
cumulative 131I-administered activity; (6) diagnostic whole-body scintigraphy and post-therapeutic whole-
body scintigraphy; (7) American Thyroid Association (ATA) initial risk classi�cation 2 ; (8) additional
therapies; (9) ATA response to therapy status at the end of follow-up 2; (10) development of the structural
disease; and (11) last contact date.

Clinical outcomes

All clinical data obtained at �nal follow-up were used to de�ne clinical outcomes. These data included
imaging �ndings (neck ultrasound in all patients, and diagnostic whole-body 131I scintigraphy in selected
patients), basal or stimulated Tg levels, and TgAb levels. Additional imaging studies were performed at
the clinicians’ discretion. The �nal clinical response was reassessed at the time of data lock (December
2020). The �nal clinical outcomes included long-term remission, persistence of BIR and development of
structural evidence of disease. Long-term remission was de�ned by unstimulated Tg ≤0.2 ng/mL and
negative TgAb (≤ 40 IU/mL) without the structural evidence of the disease, and biochemical persistent
disease was de�ned by having unstimulated Tg >0.2 ng/mL or positive TgAb (>40 IU/mL) without the
structural evidence of the disease. In a case of developing structural evidence of disease, lymph node
metastasis was con�rmed by �ne-needle aspiration biopsy with positive cytology, distant metastasis was
con�rmed by biopsy and/or imaging.

Statistical analysis

Normally distributed quantitative parameters were expressed in mean with SD, whereas nonnormally
distributed parameters were expressed as median and range. Receiver operating characteristic (ROC)
curve (area under the curve and corresponding 95% CI) was used to obtain most sensitive and speci�c
cutoff for ps-Tg

to predict persistent/recurrent disease vs long-term remission. Univariate analysis of all variables was
performed to identify risk factors associated with persistent/recurrent disease. Variables that were
signi�cant at the p ≤ 0.20 univariate level were included in multivariate analysis. In this manner, it was
assured that all pertinent and potentially predictive variables were studied. Results were given as odds
ratio with 95% CI. For all tests, values of p < 0.05 were considered statistically signi�cant. Statistical
analysis was performed using the SPSS statistical software version 13.0 for Windows.

Results

Patient features
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The median age at diagnosis of DTC was 41 years (range, 20−72 years); 57 (70.4%) were female. Total
thyroidectomy was performed in all patients. Thirty patients (37.0%) underwent central neck dissection,
and 51 (63.0%) underwent central and lateral neck dissection. There were 74 patients (91.4%) with classic
papillary thyroid cancer, 4 with follicular variant of papillary thyroid cancer, 3 with diffuse sclerosing
variant of papillary thyroid cancer. The median size of the tumor was 2.0 cm. Thyroid involvement was
multifocal (two or more foci) in 26 patients (32.1%) and bilateral in 18 (22.2%). Extrathyroidal extension
was documented in the tumors of 37 patients (45.7%). Regional lymph node metastases were
histologically proven in 74 patients (91.4%). The ATA risk strati�cation was classi�ed as low in 4 (4.9%),
intermediate in 38 (46.9%), and high in 39 (48.1%).

All patients received additional 131I therapies with a median number of 2 cycles (range, 2−4 cycles) and a
median cumulative administered activity of 9.25 Bq (range, 7.4− 22.2 GBq) throughout the study. The
main characteristics of study cohort are indicated in Table 1.
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Table 1
Characteristics of the study patients (n=81)

Characteristics Value

No. of patients 81

Age at diagnosis (years), median (range) 41 (20−72)

  < 55 73 (90.1%)

  ≥ 55 8 (9.9%)

Gender  

  Female 57 (70.4%)

  Male 24 (29.6%)

Surgery  

  TT+ central neck dissection 30 (37.0%)

  TT+ central and lateral neck dissection 51 (63.0%)

Histology  

  Classic PTC 74 (91.4%)

  FV-PTC 4 (4.9%)

  DSV-PTC 3 (3.7%)

Primary tumor size (cm), median (range) 2.0 (0.4−6.0)

Bilateral tumor 18 (22.2%)

Multifocal tumor 26 (32.1%)

Extrathyroidal extension 37 (45.7%)

T*  

  T1a 16 (19.8%)

  T1b 13 (16.0%)

Abbreviations: DSV-PTC, diffuse sclerosing variant PTC; FV-PTC, follicular variant PTC; ps-Tg, post-
ablation stimulated thyroglobulin; PTC, papillary thyroid cancer; TT, total thyroidectomy.

* TNM staging was determined by 8th American Joint Cancer Committee TNM stage system.

† Indicates that information about that characteristic was not available.

‡ Both the amount of cumulative 131 I-administered activities and the number of 131I treatment cycles
included the ablative 131I therapy.
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Characteristics Value

  T2 12 (14.8%)

  T3a 2 (2.5%)

  T3b 11 (13.6%)

  T4a 21 (25.9%)

  T4b 4 (4.9%)

  Tx† 2 (2.5%)

N*  

  N0 7 (8.6%)

  N1a 26 (32.1%)

  N1a+N1b 48 (59.3%)

Staging*  

  < 55  

    I 73 (90.1%)

  ≥ 55  

    I 1 (1.2%)

    II 4 (4.9%)

    III 2 (2.5%)

    IVa 1 (1.2%)

Initial risk-strati�cation  

  Low-risk 4 (4.9%)

  Intermediate-risk 38 (46.9%)

  High-risk 39 (48.1%)

Abbreviations: DSV-PTC, diffuse sclerosing variant PTC; FV-PTC, follicular variant PTC; ps-Tg, post-
ablation stimulated thyroglobulin; PTC, papillary thyroid cancer; TT, total thyroidectomy.

* TNM staging was determined by 8th American Joint Cancer Committee TNM stage system.

† Indicates that information about that characteristic was not available.

‡ Both the amount of cumulative 131 I-administered activities and the number of 131I treatment cycles
included the ablative 131I therapy.
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Characteristics Value

ps-Tg (ng/mL), median (range) 25.3 (10.1−337.0)

Ablative 131I-administered activities (GBq), median (range) 3.7 (3.7−6.6)

Cumulative 131I-administered activities (GBq), median (range) ‡ 9.25 (7.4−22.2)

  ≤ 7.4 21 (25.9%)

  7.5−14.8 57 (70.4%)

  > 14.8 3 (3.7%)

Number of 131I treatment cycles, median (range) ‡ 2 (2−4)

Follow-up information  

  Median follow-up (years), median (range) 5.4 (2.0−10.8)

  Last status  

    No evidence of disease 28 (34.6%)

    Persistent biomedical disease 50 (61.7%)

    Persistent structural disease 3 (3.7%)

Abbreviations: DSV-PTC, diffuse sclerosing variant PTC; FV-PTC, follicular variant PTC; ps-Tg, post-
ablation stimulated thyroglobulin; PTC, papillary thyroid cancer; TT, total thyroidectomy.

* TNM staging was determined by 8th American Joint Cancer Committee TNM stage system.

† Indicates that information about that characteristic was not available.

‡ Both the amount of cumulative 131 I-administered activities and the number of 131I treatment cycles
included the ablative 131I therapy.

Clinical Outcomes
After a median follow-up of 5.4 years (range, 2.0−10.8 years), there were no deaths related to thyroid
cancer. Twenty-eight patients (34.6%) had achieved long-term remission or excellent response to therapy
and 50 patients (61.7%) had persistence of BIR at the time of �nal follow-up.

During follow-up, three patients (3.7%) developed structural evidence of disease. The characteristics of
the three patients with recurrence are shown in Table 2. The two patients had exhibited diseases at
regional lymph node and the other patient had regional lymph node and lung metastases. There have
been too few events to assess differences in clinicopathologic characteristics of patients associated with
structural recurrence.
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Table 2
Characteristics of the patients with development of structural disease.

Gender Female Male Female

Age at diagnosis (years) 33 72 42

Stage I IVa I

Initial risk strati�cation High-risk High-risk High-
risk

Interval between surgery and recurrence (years) 4.2 4.6 7.5

Non-stimulated Tg at time of recurrent disease
(ng/mL)

0.8 12.9 20.7

Site of recurrence Neck LN Neck LN and Lung Neck LN

Treatment methods Observation Re-surgery and 131I
therapy

Re-
surgery

Abbreviations: LN, lymph node; Tg, thyroglobulin

Prognostic Value Of Ps-tg
The median value of ps-Tg was 25.3 ng/mL (range, 10.1–337.0 ng/mL), with a median value of 17.1
ng/mL for patients classi�ed as long-term remission, and 31.0 ng/mL for patients with
persistent/recurrent disease (p < 0.001). ROC curve (Figure 1) analysis demonstrated that ps-Tg was
predictive of persistent/recurrent disease versus long-term remission (area under the curve = 0.718;
con�dence interval, 0.602−0.834). The optimal cutoff value of ps-Tg was identi�ed as 20.2 ng/mL with a
sensitivity of 72%, speci�city of 68%, positive predictive value of 81%, and negative predictive value of
56%.

Predictors Of Persistent/recurrent Disease At Univariate
And Multivariate Analyses
On univariate analysis (Table 3), the following variables had no signi�cant (p > 0.2) association with
clinical outcomes: gender, initial surgery, tumor size, bilaterality, multifocality, extra-thyroidal spread, T
and N classi�cations, ATA risk strati�cation and staging. Age and T staging approached signi�cance (p ≤
0.2 and ≥ 0.05) and ps-Tg level had a highly signi�cant (p < 0.05) association on clinical outcomes. On
multivariate analysis, only ps-Tg was independently predicting persistent/recurrent disease (odds ratio =
8.6; p < 0.001) (data not shown).
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Table 3
Univariate analysis of predictors of persistent/recurrent disease.

Parameters Long-term
remission

Persistence/

recurrence

χ2 or
Fisher

P

No. of patients (%) 28 (34.6) 53 (65.4)    

Gender        

  Female 20 37 0.023 0.880

  Male 8 16

Age (years)        

  < 55 28 45 3.147 0.076

  ≥ 55 0 8

Surgery        

  TT + central neck dissection 9 21 0.440 0.507

  TT+ central and lateral neck
dissection

19 32

Tumor �ndings        

  Tumor size (cm)        

  ≤ 4 25 51 — 0.334

  > 4 3 2

  Bilaterality        

  Yes 6 12 0.016 0.901

  No 22 41

  Multifocality        

  Yes 8 18 0.244 0.621

  No 20 35

  Extra-thyroid invasion        

  Yes 13 24 0.010 0.922

  No 15 29

T        

p value > 0.2 was not considered signi�cant; p value between 0.05 and 0.2 approached signi�cance;
and p value < 0.05 was considered signi�cant.
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Parameters Long-term
remission

Persistence/

recurrence

χ2 or
Fisher

P

  T1/T2/T3/Tx 22 34 1.785 0.181

  T4 6 19

N        

  N0 2 5 0.457 0.825

  N1a 8 18

  N1a+N1b 18 30

Stage        

  I/II 28 50 — 0.548

  III/IV 0 3

Initial risk-strati�cation      

  Low 2 2 0.802 0.735

  Intermediate 12 26

  High 14 25

s-Tg (ng/mL)        

  ≤ 20.2 19 15 11.769 0.001

  > 20.2 9 38

p value > 0.2 was not considered signi�cant; p value between 0.05 and 0.2 approached signi�cance;
and p value < 0.05 was considered signi�cant.

Discussion
The phenomenon that DTC patients with low ps-Tg levels generally have a good prognosis irrespective of
initial staging and risk strati�cation has been well-documented in the literature 11. Great efforts have been
made to identify the precise ps-Tg value used to de�ne what should be an excellent response to therapy
in DTC patients after initial therapy. Based on ROC analyses, a few studies 15–22 have estimated optimal
cutoff value of ps-Tg to predict long-term remission and a range of 0.3 to 10 ng/mL has been reported.
The purpose and scope of those studies differed from ours.

In the present study, we employed a multivariate analysis controlling for patient, tumor, and treatment
characteristics while evaluating the association under investigation. The presence of ps-Tg > 20.2 ng/mL
had a high positive predictive value (81%) in identifying patients at higher risk of later disease
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persistence/recurrence. As such, we suggested introducing a cutoff (20.2 ng/mL) for ps-Tg, to promptly
identify patients at higher risk of later disease recurrence/persistence among DTC patients with BIR. This
strategy might enable the intensity of subsequent therapy and follow-up more appropriately. To date, only
1 study 10 employed a multivariate analysis to select critical prognostic factors in DTC patients with BIR.
Increasing Tg after initial therapy was identi�ed to be a signi�cant risk factor for developing structural
disease in patients with BIR (hazard risk 4.16), yet the precise Tg value was not described in the study 10.

There are still controversies regarding the necessity of additional 131I therapy for DTC patients with BIR.
In our cohort, the majority (62%) of patients remained persistent biochemical evidence of disease and
about one third of patients achieved remission after additional 131I therapy. On the other hand, only a
minor proportion (3.7%) of patients developed structural evidence of disease. Recently, Ahn et al. 10 have
reported the clinical outcomes in a retrospective cohort of 266 well-characterized DTC patients with BIR
who were regularly followed up without additional interventions. Unfortunately, 43 (42%) patients
developed structural evidence of disease after a median follow-up period of 12 years. The striking low
rate of structural evidence of disease observed in our study might suggest that additional 131I therapy
reduces the chances of developing structural evidence of disease in DTC patients with BIR. However, we
cannot de�nitively conclude this based on our data for this project. In fact, few randomized trials of
adjuvant 131I therapy strategies have been reported. The fortunately low cancer-related recurrence and
mortality rates in DTC has made prospective randomized trials di�cult, if not impossible.

Indeed, a spontaneous decline of Tg levels was noted in 6%−33% 6,9,10 of DTC patients with BIR who
would be re-classi�ed as remission at the time of �nal follow-up without any additional therapy. It should
be mentioned that the likelihood of spontaneous remission was usually associated to the Tg level: the
lower the Tg level, the higher the possibility. In a cohort of 77 DTC patients with BIR, Vaisman et al. 6

demonstrated that patients with spontaneous remission had a median ps-Tg of 13 ng/mL versus 33
ng/mL for patients without spontaneous remission (p=0.03). Similar phenomena have been noticed by
other studies 7,8,23−25. Pitoia et al. 7 investigated the clinical outcomes after a median follow-up period of
6 years in a retrospective cohort of 32 DTC patients with biochemical persistence of disease after initial
therapy. In a scenario of ps-Tg > 10 ng/mL, none of patients spontaneously evolve to remission status. In
this selected cohort of patients, we included patients exhibiting high ps-Tg levels even following high-
dose 131I ablation. Therefore, there was a minimal chance that spontaneous decline of Tg levels had been
missed in certain patients.

The two-center nature was a strength of our study, which may help make unequivocal, generalizable
conclusions. The participating centers used the same pre‐established protocol to collect data, involved
homogeneous follow-up protocols with uniform diagnostic methods and risk-assessment and dynamic
risk strati�cation criteria. Some aspects of inherent data heterogeneity between centers can thus be
minimized. However, our study was limited by retrospective design and a relatively small sample size.
Another limitation concerns the period of follow-up considered. Studies with long follow‐up periods are
probably required to assess the risk of recurrence properly. However, our median 5.4-year follow-up seems
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to be a reasonable starting point for assessment of clinical outcomes, particularly the risk of disease
persistence.
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Figure 1

Receiver operating characteristic curve of the post-ablation stimulated thyroglobulin (ps-Tg) for the
prediction of persistent/recurrent disease versus long-term remission. The optimal cutoff was settled at
20.2 μIU/mL (area under the curve= 0.718, P < 0.001).


