
O R I G I N A L  R E S E A R C H

Clinical Analysis of the Short-Term Outcome of 
Papillary Thyroid Micro Carcinoma After 
131I Treatment

Jingjia Cao
Canhua Yun 
Xiaolu Zhu 
Xiao Li 
Yaru Sun 
Wei Zhang

Department of Nuclear Medicine, The 
Second Hospital, Cheeloo College of 
Medicine, Shandong University, Jinan, 
250033, People’s Republic of China 

Purpose: To explore the factors that influence the short-term clinical outcome after the 
first 131I treatment of papillary thyroid micro carcinoma (PTMC).
Patients and Methods: From October 2015 to June 2018, patients who were diagnosed 
with PTMC with lymph node metastasis were analyzed retrospectively, excluding patients 
with incomplete clinical data, distant metastasis, positive TGAb, TSH<30 mIU/L. The 
baseline data of sex, age, time from last surgery to first 131I treatment, tumor pathology 
information, and biochemical information were collected before admission. All patients 
included had radioactive iodine (RAI) with 3.70 GBq. The treatment response of patients 
was evaluated 6–8 months after discharge. By means of univariate and multivariate analysis, 
including excellent response (ER) and non-excellent response (NER) groups of clinical data, 
we assessed the impact of 131I on patients’ outcome. A nomogram model was established 
based on the above independent risk factors.
Results: A total of 206 patients (59 males and 147 females, mean age 43.4 ± 10.6 years) 
were included in the study. The median follow-up time was 169.4 ± 10.5 days, including 139 
patients in ER group (67.4%) and 67 patients in NER group (32.5%). Four factors including 
combining Hashimoto’s thyroiditis, pre-ablative Tg levels, UIE levels, and lateral lymph 
node numbers were statistically different between ER group and NER group with signifi-
cance at P < 0.05. Further multivariate analysis showed that Hashimoto’s thyroiditis and Ps- 
Tg levels could be used as independent factors. The model verification showed that the 
C-index of the modeling set was 0.822, indicating that the nomogram model had a good 
predicted accuracy.
Conclusion: Our data suggest that coexisting Hashimoto’s thyroiditis and elevated Ps-Tg 
levels are predictive factors for short-term outcome of thyroid micro papillary carcinoma 
after 131I treatment. Also, the nomogram model had a good predicted accuracy.
Keywords: micro papillary carcinoma, curative effect, 131I treatment, outcome

Introduction
In recent years, the incidence rate of papillary thyroid carcinoma (PTC) is increas-
ing rapidly, in which the proportion of papillary thyroid micro carcinoma (PTMC) 
has gradually risen. PTMC refers to a papillary thyroid carcinoma with the largest 
diameter of less than 10 mm.1 The definition of PTMC seems to emphasize more on 
the role of tumor size in prognosis, while ignoring the impact of tumor pathological 
characteristics, molecular phenotypes and other invasive characteristics on prog-
nosis. This leads to clinical controversy on the choice of PTMC operation and 
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postoperative 131I treatment.1–3 At present, studies gener-
ally believe that “tiny” does not represent a low-risk 
tumor. Its biological behavior and that of a papillary car-
cinoma larger than 10 mm in diameter are similar. They 
are also characterized by cervical lymph node metastasis, 
extraglandular invasion, and systemic metastasis.2 

Radioactive iodine (RAI) therapy is one of the important 
adjuvant treatments for PTC, similarly, which can signifi-
cantly reduce the recurrence rate and death risk of 
patients.3 The 2015 version of the American Thyroid 
Association (ATA) guidelines first classified patients as 
having an excellent response (ER), indeterminate response 
(IDR), biochemical incomplete response (BIR), and struc-
tural incomplete response (SIR) after 131I therapy 
response.3 Research showed that patients with clinical out-
come reaching ER had a 10-year recurrence rate of 1–4% 
and a mortality risk of less than 1% compared with non- 
excellent response (NER), while those with SIR had 
a mortality risk of 11–50% and a recurrence rate of 
50–85%.3

At present, there are few analyses at home and abroad 
on factors affecting 131I treatment response after PTMC 
surgery. This paper aimed to investigate factors influen-
cing short-term clinical outcome after first 131I therapy for 
PTMC.

Materials and Methods
Study Subjects
Patient data extracted from the clinical electronic medical 
record system were de-identified so that all private infor-
mation of patients was not included. The Institutional 
Review Board of the Second Hospital, Cheeloo College 
of Medicine, Shandong University approved the use of 
medical records and allowed us to obtain written consent 
from each patient (KYLL-2018[LW]013). All procedures 
complied with the Declaration of Helsinki for research 
involving human subjects. All the patients signed informed 
consent before RAI.

From October 2015 to June 2018, a total of 810 
patients treated with 131I for the first time after total 
thyroidectomy surgery and neck lymph node dissection 
were retrospectively reviewed. The extent of resection 
was described in detail in the surgical record, no residual 
gland was seen as confirmed by neck ultrasound. Patients 
were excluded due to at least one of the following reasons: 
(1) with pathologically confirmed not PTMC; (2) no cer-
vical lymph node metastases and belonging to the low-risk 

group; (3) incomplete clinical data; (4) inadequate infor-
mation of follow-up; (5) distant metastases found before 
initial 131I therapy; (6) interfering antithyroglobulin anti-
body (TgAb) (above upper reference range); (7) pre- 
ablative stimulated thyroid stimulating hormone(Ps-TSH) 
<30 mIU/L. Finally, a total of 206 patients were included 
in the study.

Grouping and Methods
Baseline data before patients’ admission were collected. 
The main outcomes included gender, age, time from last 
surgery to first 131I treatment (TT), and tumor pathology 
information, such as tumor maximum diameter (TMD), 
multifocality, extracapsular spread, Hashimoto’s thyroidi-
tis (HT), BRAFV600E mutation status, lymph node metas-
tasis. The biochemical information of the patients after 
admission was collected, mainly including urinary iodine 
level, Ps-TSH level, pre-ablative stimulated thyroglobulin 
(ps-Tg) level, and other data.

Before admission, L-Thyroxine 4 (LT4) treatment was 
stopped for 1 month. Patients were asked to follow a low- 
iodine diet for a month prior to 131I treatment. All patients 
included had RAI with 3.70 GBq (100 mCi) 
131I administered orally. A whole-body post-treatment 
scan (Rx-131I-WBS) was obtained 72 h after the adminis-
tration of iodine. Patients were subsequently discharged on 
a TSH-suppressive dose of LT4, 100–200 μg orally 
per day. 6–8 months after discharge, patients were mon-
itored for serological indicators (Tg, TgAb, TSH, free 
triiodothyronine, free thyroxine, triiodothyronine, and 
thyroxine), neck ultrasonography, and diagnostic whole 
body 131I imaging (Dx-131I-WBS).

TSH was determined by chemiluminescence immu-
noassay (provided by Beckman Coulter Inc., Brea, 
California) with a functional sensitivity of 0.015 mIU/L. 
Tg and TgAb levels were determined using electro- 
chemiluminescence immunoassay (provided by Beckman 
Coulter Inc., Brea, California) with a measuring range of 
0.100–500 ng/mL and 0.900–2500 IU/mL, respectively. 
Urinary iodine was determined by arsenic-cerium catalytic 
spectrophotometry with mild acid digestion.

Evaluation Criteria
Based on imaging findings and stimulated/suppressed Tg 
levels of the initial follow-up examination, patients were 
classified into four response-to-therapy categories recom-
mended by the ATA guidelines as shown in Table 1. 
According to ATA guidelines, considering follow-up Tg 
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level, Dx-WBS examination, neck ultrasonography, and 
other imaging examinations, patients were divided into 
two groups: ER group and NER group. IDR, BIR, and 
SIR were classified into NER group. Three nuclear med-
icine physicians independently assessed the outcome of 
follow-up examinations after treatment and reached agree-
ment through consultation when discordance appeared.

Statistical Analysis
Data were analyzed by SPSS 20.0, and the counting data 
were described as the number of cases or percentage, and 
the measurement data conformed to the normal distribu-
tion with results expressed as means ± standard deviation 
(SD). Continuous data with skewed distribution were 
expressed as median (quartile). χ2 test, independent sample 
t-test, and Mann–Whitney U-test were used to compare the 
differences between two groups of patients. The binary 
logistic regression model was established, and the factors 
with P <0.10 in univariate analysis were included in the 
model to further explore the independent factors affecting 
the prognosis. P <0.05 was considered statistically signifi-
cant. The software package R (version 3.5.3) was used for 
the nomogram prediction model. Bootstrap method with 
the caret package was also applied for internal validation.

Results
General Information
A total of 206 patients were included in this study (147 
females and 59 males; mean age, 43.4 ± 10.6), with 

a median follow-up time of 169.4 ± 10.5 days. ER was 
observed in 139 (67.4%) patients. IDR was observed in 30 
(14.5%), 22 (10.6%) patients had BIR, 15 (7.2%) patients 
had SIR, and three of them were classified into the group 
of NER (n = 67, 32.5%).

Factors Influencing Excellent Response
Only four factors including combining Hashimoto’s thyr-
oiditis, pre-ablative Tg levels, UIE levels, and lateral 
lymph node numbers were statistically different between 
ER group and NER group with significance at P < 0.05. 
Details are shown in Table 2 and Figure 1. Compared with 
central node dissection, lateral node dissection was a risk 
factor for ER groups, however, which was not associated 
with multivariate analysis, OR = 1.078 (95% CI: 0.932– 
1.247, P = 0.312). Moreover, it was found that there was 
a correlation between UIE levels and ER or NER groups 
tested by χ2 test and Mann–Whitney U-test (P = 0.047, P = 
0.042), which was not included in the final multivariate 
model. Details are shown in Table 3.

With multivariate analysis, the study found that combining 
Hashimoto’s thyroiditis, pre-ablative Tg levels were indepen-
dent predictors of response to ER (OR = 0.231, OR = 1.14).

Development of a Predictive Nomogram 
Risk Model
A nomogram model to predict the short-term outcome of 
papillary thyroid micro carcinoma after 131I treatment was 
developed based on logistic regression analysis (Figure 2). 
The model was validated by modeling set self sampling 
(bootstrap method). The results showed that the C- indices 
of the modeling set was 0.822, and the calibration curves 
of both sets were close to the ideal curves (diagonal) 
(Figure 3).

Discussion
At present, there are many studies on the diagnosis, treat-
ment and prognostic factors of differentiated thyroid can-
cer, but there are still disputes on the treatment of PTMC, 
such as surgical methods, 131I treatment, TSH inhibition 
level and so on.4,5 Patients without lymph node metastasis, 
according to the guidelines, are not recommended to 
receive radioiodine remnant ablation, but to actively 
carry out TSH suppression therapy.5 Although patients 
with fewer than 3 lymph node metastases belong to the 
low-risk population, we also carried out RAI to facilitate 
the follow-up monitoring of Tg. Chinese experts have 

Table 1 Clinical Implications of Response to Therapy Reclassification 
in Patients with Differentiated Thyroid Cancer Treated with Total 
Thyroidectomy and Radioiodine Remnant Ablation

Category Definitions

ER Negative imaging and either Suppressed Tg < 0.2 ng/mL 

or Stimulated Tg < 1 ng/mL

IDR Negative imaging and Suppressed Tg ≥ 1 ng/mL or 

Stimulated Tg ≥ 10 ng/mL or rising Anti-Tg antibody levels

BIR Structural or functional evidence of disease with any Tg 
level with or without Anti-Tg antibodies

SIR Non-specific findings on imaging studies; faint uptake in 
thyroid bed on RRA scanning; Non stimulated Tg 

detectable, but < 1 ng/mL; Stimulated Tg detectable, but < 

10 ng/mL or Anti-Tg antibodies stable or declining in the 
absence of structural or functional disease

Abbreviations: ER, excellent response; IDR, indeterminate response; BIR, bio-
chemical incomplete response; SIR, structural incomplete response.
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pointed out that it can be implemented according to each 
patient’s wishes.1,2

The choice of operation (total or near total thyroidect-
omy) is an important prerequisite for 131I, that is, only PTMC 
patients after total thyroidectomy are recommended for 
131I treatment. At the same time, 131I therapy can assist the 

adjuvant treatment after lymph node dissection. It is contro-
versial whether lateral neck dissection should be performed 
in patients with BRAFV600E mutation.3 Blind lateral neck 
lymph node dissection is not only time-consuming, but also 
has a high risk of injury to important tissue structures such as 
the vagus nerve.6,7 In this paper, we also included the patients 

Table 2 Comparison of General Data Between ER Group and NER Group

ER Group (n=139) NER Group (n=67) Statistic P value

Male (case) 37 (26.6%) 22 (32.8.%) 0.855 0.355
Female (case) 102 (73.4%) 45 (67.2%)

Age (case) 43.9±10.6 43.2±10.7 0.461b 0.645

<55 year (case) 115 (82.7%) 58 (86.6%) 0.494 0.482
≥55 year (case) 24 (17.3%) 9 (13.4)

TT (day) 81.0 (66.0~95.0) 78.5 (61.0~90.7) −1.224a 0.221

<90 days (case) 94 (67.6%) 50 (74.6%) 1.053 0.305
≥90 days (case) 45 (32.4%) 17 (25.4%)

Single focal (case) 90 (64.7%) 48 (71.6%) 0.972 0.324
Multi focal (case) 49 (35.3%) 19 (28.4%)

No HT (case) 126 (90.6%) 45 (67.2%) 17.677 <0.001
HT (case) 13 (9.4%) 22 (32.8%)

No extracapsular spread (case) 101 (72.7%) 51 (76.1%) 0.279 0.597
Extracapsular spread (case) 38 (27.3%) 16 (23.9%)

TMD (mm) 10.0 (0.0~10.0) 10.0 (0.0~10.0) −0.164 0.870

Number of lymph node (case) 2.0 (1.0~4.0) 2.0 (1.0~5.0) −0.849 0.396

Central zone (number) 2.0 (1.0~3.0) 1.0 (1.0~3.0) −1.493 0.135

Lateral cervical region (number) 0.0 (0.0~1.0) 2.0 (0.0~3.0) −3.227 0.001

BRAFV600E mutant type 106 (76.3%) 57 (85.1%) 2.121 0.145
BRAFV600E wild type 33 (23.7%) 10 (14.9%)

UIE levels (ug/L) 88.0 (58.0~139.0) 115.0 (64.0~201.0) −1.987a 0.047

<100 ug/L (case) 82 (59.0%) 29 (43.3%) 6.345 0.042
100~200 ug/L (case) 39 (28.1%) 21 (31.3%)

>200 ug/L (case) 18 (12.9%) 17 (25.4%)

Ps-Tg levels (ng/mL) 1.0 (0.1~3.0) 4.0 (1.0~11.0) −4.591a <0.001

Ps-TSH levels (mIU/L) 100.0 (77.0~100.0) 100.0 (82.0~100.0) −0.935a 0.350

30~60 levels (case) 16 (11.5%) 6 (9.0%) 1.591 0.451
60~90 levels (case) 38 (27.3%) 14 (20.9%)

90~ levels (case) 85 (61.2%) 47 (70.1%)

Residua (case) 79 (56.8%) 36 (53.7%) 0.674 0.756
Remnant with lymph nodes (case) 60 (43.2%) 41 (46.3%)

Notes: measurement data conforming to normal distribution are expressed in �x±s; those not conforming to normal distribution are expressed in M (P25~P75); aas Mann 
Whitney U-test, bas independent samples t-test, and the rest as χ2 test. 
Abbreviations: ER, excellent response; NER, non-excellent response; TT, time from last surgery to first 131I treatment; HT, Hashimoto’s thyroiditis; TMD, tumor maximum 
diameter.
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with BRAFV600E mutation and wild type to observe the 
curative effect after central lymph node dissection. It is 
found that it is risky to do lymph node dissection in the 
central region only, however, this part is not fully shown in 
the data of the article. Therefore, 131I therapy is significant 
for PTMC patients with lymph node metastasis.

In this study, 67.5% of PTMC patients reached ER 
status. According to Liu, 63.2% of the patients who 
received 131I treatment for the first time after PTC reached 
ER status, which is a consistent finding.8 The male to 
female ratio of patients included in this study was 1:2.49, 
which indicated that PTMC was more likely to occur in 
female patients. It is suggested that men are associated 
with poor prognosis of PTC. Age (≥55 years old) was an 
independent risk factor for postoperative staging of differ-
entiated thyroid cancer (DTC); there was no significant 
difference in treatment response (P >0.05). A meta- 
analysis of 3523 patients with PTMC showed that age 
and gender were not associated with PTMC recurrence.9 

In this study, it is also considered that gender and age do 
not affect the ER status of patients. The time between 
surgery and the first 131I treatment is considered to be 
one of the factors influencing the treatment response. 
This is quite different from the previous literature.10,11 

Generally, the deadline is 3 months. Li et al. considered 
that delayed initial RAI therapy (≥3 months after thyroi-
dectomy) was related to incomplete response in low- to 
intermediate-risk DTC. Multivariate analysis demonstrated 
that the time interval was an independent risk factor for 
NER (P = 0.008).10 Wang et al. suggested that RAI ther-
apy within 6 months after total thyroidectomy may have 
no significant effect on outcomes.11 The median time from 
last surgery to first 131I treatment (TT) in this study in the 
ER and NER groups were 81 and 78.5 days, respectively. 
There was no statistical difference between the two groups 
(Z = −1.224, P = 0.221). Taking 3 months as the cut-off 
point, there was no statistical difference between the two 
groups (χ2 = 1.053, P = 0.305). This shows that the cut-off 
point of TT time is about 3 months, which has no effect on 
the short-term clinical outcome.

Figure 1 (A) indicates RX-WBC residual thyroid only; (B) indicates residual 
thyroid with lymph node metastasis.

Table 3 Multivariate Analysis for Achieving Optimal Treatment (ER) Response

Variable β Statistic OR (95% CI) P value

Coexisting HT (case) No Reference Reference

Yes −1.467 11.550 0.231 (0.099~0.537) 0.001

LLNS (case) 0.075 1.020 1.078 (0.932~1.247) 0.312

UIE levels (ug/L) 100 Reference Reference

100~200 −0.137 0.016 0.872 (0.103~7.413) 0.900

200 −0.147 0.033 0.863 (0.176~4.222) 0.856

Ps-Tg levels (ng/mL) 0.131 14.610 1.140 (1.066~1.220) <0.001

Abbreviations: HT, Hashimoto’s thyroiditis; LLNS, Lateral cervical region of lymph node numbers.
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The pathological characteristics of tumor are often 
mentioned in the previous literature as the influencing 
factors of 131I treatment. Liu and colleagues suggested 
that Ps-Tg (with a cut-off value of 9.05 ng/mL) could 
predict the ER in this cohort, and its combination with 
tumor size might better predict the non-ER response to 
initial treatment; 1.05 cm of tumor diameter was set as the 
cut-off value with relatively low sensitivity and specificity 
of 53.5% and 72.0%, respectively.8 However, Du 

suggested that the maximum diameter of tumor did not 
influence the efficacy in the treatment of PTMC.12 In this 
study, multifocality, capsular invasion, and maximum 
tumor diameter did not affect the efficacy treatment of 
PTMC, which suggested that PTMC, as a type of PTC, 
had different influencing factors on therapeutic efficacy 
than non PTMC patients.

Study reports suggested that papillary thyroid cancers 
are more frequently associated with Hashimoto’s 

Figure 2 The nomogram risk model for predicting the short-term outcome of papillary thyroid micro carcinoma after 131I treatment.

Figure 3 Calibration curve verification of the nomogram model.
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thyroiditis (HT). HT may be a precancerous condition.13 

In this study, the ER status of patients with HT was 
significantly lower than that of patients without HT (P < 
0.001), which was similar to the conclusion of Kwon. The 
author reports that coexisting Hashimoto’s thyroiditis and 
elevated sTg are negative predictive factors for successful 
low-dose radioactive-iodine remnant ablation treatment.14 

It is possible that the lower level of sodium iodine sym-
porter (NIS) expression in the basement membrane of 
residual inflammatory thyroid follicular epithelial cells 
compared with normal thyroid tissue analyzed in this 
study affected 131I uptake by residual thyroid tissue. 
Further multivariate analysis revealed that concomitant 
Hashimoto’s thyroiditis (OR = 0.231, P = 0.001) could 
be an independent risk factor for treatment response in 
patients.

Central regional lymph nodes were the most common 
metastatic site for PTMC, occurring in approximately 
24.1–65.0% of patients with central regional lymph node 
metastases and 3.1–55.0% of patients with lateral cervical 
lymph node metastases.15

The metastatic sites and the number of metastases to 
lymph nodes were included in this study and found not to 
be statistically different. The median number of lateral 
neck region lymph node metastases was 0 and 2 in the 
ER and NER groups, respectively (Z = −3.227, P = 0.001). 
Moreover, the number of lateral neck lymph node metas-
tases was included in multivariate analysis. It was found to 
be rejected in multivariate analysis, which illustrates that 
the number of lymph node metastases does not act as an 
independent risk factor for predicting treatment response. 
RX-WBS results (Figure 1) were not statistically different 
between ER and NER groups, suggesting that RX-WBS 
after first dose 131I does not imply a reduced likelihood of 
achieving an optimal therapeutic response, even if lymph 
node metastases are found. This suggests that the finding 
of lymph node metastases by RX-WBS after the first 
131I treatment does not imply a reduced likelihood of 
attaining ER status.

Guidelines now include BRAFV600E mutations as an 
indication for intermediate risk recurrence risk.1–5 A large 
meta-analysis definitively demonstrates that BRAFV600E- 
mutation-positive PTMC are more likely to manifest with 
aggressive clinicopathological characteristics.16 However, 
the BRAFV600E mutation was observed in 72 patients 
(71.3%). There was no statistically significant correlation 
in age, gender, multifocality, extrathyroidal extension, pre-
sence of Hashimoto’s thyroiditis, and lymph node 

metastasis between the BRAFV600E mutant group and 
wild group.17 We also believe that the BRAFV600E muta-
tion is not significantly associated with prognostic factors 
in PTMC.

Biochemicisty levels prior to 131I treatment were also 
included in the analysis as a contributing factor to efficacy. 
In clinical practice, as recommended by ATA guidelines, 
DTC patients who are scheduled for RAI must achieve 
pre-ablation TSH levels > 25–30 mIU/L.3 Recent data 
suggest that this TSH level is not actually required for 
proper 131I ablation.18 The median TSH levels in the ER 
and NER groups were 100.0 mIU/L, respectively, which 
were not statistically different (P = 0.35). We further 
divided the TSH levels into three groups, which were not 
statistically different. We confirmed that higher TSH levels 
before RAI were not associated with a better outcome. The 
median UIE levels in the ER and NER groups were 88.0 
ug/L and 15.0 ug/L, respectively, which were statistically 
different (P = 0.047). The findings of this study are similar 
to the conclusions of Sohn et al. However, it has not 
become an independent predictor, which requires a large 
number of prospective studies to determine whether UIE 
level can be an indicator of short-term clinical efficacy.19 

There is a consensus in the literature that the level of Ps- 
Tg affects the response to treatment. Kim et al. suggested 
that postoperative Ps-Tg levels in PTC can effectively 
predict 131I treatment efficacy, and elevated Ps-Tg levels 
may predict treatment failure.20 The results of the present 
study are compatible with this. Also, it was found that the 
lower the Ps-Tg level before treatment, the easier the best 
therapeutic response was achieved after the first 
131I treatment.

Conclusion
Our data suggest that coexisting Hashimoto’s thyroiditis 
and elevated Ps-Tg levels are predictive factors for short- 
term outcome of papillary thyroid micro carcinoma after 
131I treatment, and the nomogram model had a good pre-
dicted accuracy.
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