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Background: We report a new risk stratification of invasive stage papillary thyroid carcinomas (PTCs) by combining invasive status, using extra-
thyroid invasion (Ex) status, and tumor growth speed using the Ki-67 labeling index (LI). Methods: We examined tumor recurrence in 167 pa-
tients with PTC who were surgically treated at the Kindai University Nara Hospital between 2010 and 2022. The patients were classified accord-
ing to the degree of invasion [negative (Ex0) or positive (Ex1, Ex2, and Ex3)] and tumor growth speed expressed with Ki-67 LI, as low (<5%) or 
high (≥5%). This study confirmed previous findings that the disease-free survival (DFS) rate in PTCs significantly differed between patients with a 
high and low Ki-67 index. Results: When combining Ex status (negative or positive) and Ki-67 proliferation status (low or high), the DFS rate of 
invasion in the negative, low Ki-67 LI group was only 1.1%, while that of invasion in the positive, high Ki-67 LI was 44.1%. This study reports for 
the first time that recurrence risks can be stratified accurately when combining carcinoma’s essential two features of extrathyroid invasion status 
and tumor growth speed. Conclusions: We believe the evidence for low tumor recurrence risk may contribute to use of more conservative treat-
ment options for invasive-stage PTCs and help alleviate patient anxiety about tumor recurrence and death.
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INTRODUCTION

Papillary thyroid carcinoma (PTC) usually has an indolent 
nature with a very slow rate of tumor growth, even though it 
often (7%–23%) involves cervical lymph node metastases [1-4]. 
Due to this evidence, a choice of surgery or clinical follow-up 
of patients with early invasive PTC can be challenging for en-
docrinologists and endocrine surgeons. Clinical factors such as 
age, sex, and tumor size and histopathologic parameters such as 
extrathyroidal invasion, lympho-vascular invasion, and lateral 
cervical lymph node metastasis are predictive factors for PTC 

recurrence [5-7]. However, those clinical parameters do not 
distinguish PTC, and a number of cases with these character-
istics does not develop recurrence. Simultaneously, a number 
of patients without these characteristics can present with lo-
coregional recurrence. Thus, more accurate risk stratification 
of PTC is needed for proper postoperative follow-up strategy 
to reduce unnecessary surgery. The 2015 American Thyroid 
Association (ATA) published management guidelines regard-
ing estimated risk of structural disease recurrence in patients 
without structurally identifiable disease after initial therapy 
into low-risk, intermediate-risk, and high-risk [8]. However, 
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more than 10 parameters were used in this risk stratification, 
included more than 10 independent features seen in PTCs, 
including (1) gross extrathyroidal extension (Ex2/3), (2) in-
complete tumor resection, (3) distant metastasis or (4) lymph 
node metastasis more than 3 cm in size for ATA high-risk for 
disease recurrence, (5) aggressive histological subtypes of PTC, 
(6) minor extrathyroidal extension (Ex1), (7) vascular invasion, 
or (8) more than five involved lymph nodes (2–30 mm in size) 
for ATA intermediate-risk for recurrence, and (9) intrathyroidal 
differentiated thyroid carcinomas (Ex0) or (10) less than five 
involved lymph node micrometastasis (<2 mm) for ATA low-
risk for recurrence, in addition to encapsulation, multifocality, 
TERT promoter mutation, and BRAFV600E mutation. Thus, we 
believe that outcome prediction of well-differentiated thyroid 
carcinomas (PTC, follicular subtype PTC, oncocytic thyroid 
carcinoma and follicular thyroid carcinoma) using only one of 
these clinicopathological parameters is not reliable. Although 
all 14 variables are useful prognostic and predictive factors, 
this ATA risk stratification for structural disease recurrence is 
complicated and not perfect in real-world practice. Although a 
small fraction of ATA low-risk and intermediate-risk patients 
develop tumor recurrence, most patients and clinicians choose 
treatment with total thyroidectomy (TTX) just in case. This re-
sults in significant overtreatment of low-risk small PTCs. More 
than 80% of small (less than 20 mm) PTCs in the United States 
in 2014 were treated with TTX [9], and more than 40% of PTCs 
eligible for lobectomy in two North American institutes in 2019 
were treated with TTX [10]. These findings underscore the 
need for carefully consideration in medical treatment policies 
for this subgroup.

The Ki-67 labeling index (LI) is a well-established method in 
pathology practice in a variety of malignancies including med-
ullary thyroid carcinoma [11-13] but rarely is used for clinical 
prognostic risk stratification of PTC. We report a new method 
to predict risk of tumor recurrence in invasive PTC by combin-
ing invasion status, positive or negative extrathyroid extension, 
and tumor growth rate (high or low using the Ki-67 LI).

Staining for Ki-67 is routinely conducted for neuroendo-
crine tumors, breast carcinomas, malignant lymphomas, brain 
tumors, and sarcoma [14-16]. However, the Ki-67 LI does not 
play a diagnostic role in other organs, and its prognostic value 
remains a controversial issue [17].

The grade of extrathyroid invasion (Ex0, Ex1, Ex2, and Ex3) 
is a well-known prognostic and predictive factor in PTCs and 
constitutes a significant component in TNM stage category [18] 

and other prognostic categories [19] such as AGES [20] and 
MACIS [21]. As some studies demonstrated that the Ki-67 LI 
alone has promising results in predicting recurrence-free sur-
vival rates [6,22,23] and cause-specific survival rates of PTCs 
regardless of TNM stage, the present study examined Ki-67 LI 
combined with invasion capacity (extrathyroid extension as 
Ex0, Ex1, Ex2, or Ex3) in 167 cases of curatively treated PTCs 
in a single tertiary hospital in Japan. This is the first study to 
successfully demonstrate prognostic and predictive values of 
Ki-67 LI after risk stratification based on a combination of in-
vasive capacity and Ex category.

MATERIALS AND METHODS

Patients and our protocol
The demographic characteristics, TN category, and stage of the 
167 patients are detailed in Tables 1 and 2 [18]. Between 2010 
and 2022, 167 patients with PTC underwent either lobectomy 
(113 cases, 67.7%) or TTX (54 cases, 32.3%) (Table 2), with 
or without paratracheal and lateral cervical lymph node dis-
section, at Kindai University Nara Hospital. Patients that were 
excluded included those with distant metastasis diagnosed 
by computed tomography (CT) at initial presentation, severe 
calcification or bone formation unsuitable for sensitive Ki-67 
immunohistochemistry, benign lesions, malignant lymphoma, 
follicular variant papillary carcinoma, oncocytic carcinoma, 
follicular carcinoma, medullary carcinoma, poorly differentiat-
ed carcinoma, high-grade differentiated carcinoma, anaplastic 
carcinoma including anaplastic transformation, and incidental 

Table 1. T and N categories and stages of 167 patients with papil-
lary thyroid carcinoma according to the American Joint Committee 
on Cancer (8th edition)

< 55 years old ≥ 55 years old
N category 0 N category 1 N category 0 N category 1

T category
  1a 10 6 23 4
  1b 3 8 10 6
  2 4 10 3 1
  3 7 20 8 26
  4 1 4 0 13
Stage
  I 73 36
  II 0 45
  III - 13
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carcinoma. Additionally, cases in which patient consent was not 
obtained for publication were excluded.

Surgical treatment strategies for patients with PTC at 
the Kindai University Nara Hospital
We recommend TTX for patients younger than 70 years with 
high-risk clinical features (tumors > 40 mm, metastatic lymph 

nodes > 30 mm, gross Ex2 and 3, or metastatic lymph nodes in 
the lateral cervical region). In contrast, lobectomy is generally 
recommended in patients younger than 70 years without high-
risk clinical features and in patients older than 70 years of age. 
Lymph node dissection in the central (paratracheal) compart-
ment is usually performed including the lateral compartment 
if nodal metastatic disease is clinically suspected. Radioisotope 

Table 2. Comparison of patient characteristics using univariate analysis by log-rank test for disease-free survival

Characteristic Total patients Patients with recurrence 
(n = 19)

Patients without 
recurrence (n = 154)

Univariate analysis by log-
rank test, p-value

Age (yr) .254
  ≤55 78 6 72
  >55 89 11 78
Sex .023
  Male 31 6 25
  Female 136 11 125
Tumor diameter (mm) <.001
  >20 57 14 43
  ≤20 110 3 107
Lympho-vascular invasion .059
  Yes 17 4 13
  No 150 13 137
Extrathyroidal invasion <.001
  Yes 78 16 62
  No 89 1 88
Lateral cervical lymph node metastasis .233
  Yes 39 6 33
  No 128 11 117
Ki-67 LI <.001
  >5% 35 15 20
  ≤5% 132 2 130
Surgical methodsa

  Lobectomy 113
  Total thyroidectomy 54
Recurrence case 17
  Local 3
  Cervical lymph node 11
  Lung 9
  Liver 1
  Skin 1
Outcome
  Alive and well 160
  Cancer-bearing survival 5
  Cause-specific death 2
Observation period (mo) 13–144 (median, 77)

LI, labeling index.
aDuplicate counted if there are more than 2.
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therapy (30 mCi) is mainly administered to high-risk patients < 
70 years of age who have undergone TTX and to patients > 70 
years of age with 131I uptake in distant metastases.

Thyroid nodule practice at the Kindai University Nara 
Hospital
Fine-needle aspiration cytology was used to diagnose PTC and 
facilitate the preoperative evaluation. We conducted thyroid 
function tests, including thyroglobulin (TG), and performed 
neck ultrasonography to detect and localize tumor recurrence 
during the postoperative follow-up. CT was performed an-
nually. Recurrence was defined as the appearance of a new 
postoperative lesion that was not present prior to the initial 
radical surgery. After histological confirmation of lymph node 
metastasis at the second surgery, we usually conducted an im-
age review to identify suspicious nodal lesions before the initial 
surgery. Recurrence was noted after confirmation of no suspi-
cious nodal disease before the initial surgery. When suspicious 

nodal enlargements were present, we excluded those cases from 
recurrence and classified them as residual diseases curatively 
treated with a second surgery. Immunohistochemistry was per-
formed using a Histostainer 36 A (Nichirei Biosciences, Tokyo, 
Japan) according to the manufacturers’ instructions (SP6 Anti 
Ki67 rabbit monoclonal antibody). The Ki-67 LI was calculated 
by two pathologists (K.K. and T.W.) by manually counting the 
Ki-67-positive tumor cell nuclei and dividing by the total tumor 
cell nuclei in the hotspot regions, counting at least 1,000 cells 
twice each. Ki-67 LI was expressed as the range between the 
lower and higher values in the percentile. Representative PTCs, 
low-risk (Fig. 1A, C) and high-risk (Fig. 1B, D) cases are shown 
(Fig. 1).

First, the 167 patients were divided into Ki-67 LI low-risk 
(<5%) and moderate (5%–10%)-to-high-proliferation index 
(10%–30%) groups to examine the differences in recurrence 
rates. Next, to identify independent prognostic factors for dis-
ease-free survival (DFS), univariate analyses were performed 

Fig. 1. Representative papillary thyroid carcinomas (PTCs) of low-risk (A, C) and high-risk (B, D). (A) A low-risk PTC. Case 01 was disease-free 
for 80 months after lobectomy. Conventional PTC showing focal micro-papillary and hobnail features. (B) A high-risk PTC with oncocytic 
features and conventional papillary growth. Case 160 was disease-free for 59 months after total thyroidectomy plus lateral cervical lymph 
node dissection. (C) The Ki-67 labeling index (LI) of Fig. 1A was 1%. Ki-67 immunohistochemistry with hematoxylin nuclear counter stain. (D) 
The Ki-67 LI of Fig. 1B was 20%. Ki-67 immunohistochemistry with hematoxylin nuclear counter stain.
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for each patient characteristic, and multivariate analyses were 
performed for factors that differed significantly (Tables 2, 3). 
The patients were stratified into the following three groups ac-
cording to the degree of extrathyroid invasiveness (there were 
no Ex3 cases in this patient series): Ex–group 1, early non-in-
vasive stage (Ex0, anyN, and M0); Ex–group 2, early invasive 
stage (Ex1, any N, and M0); and Ex–group 3, advanced invasive 
stage (Ex2 and 3, anyN, and M0). Tested combinations of these 
two features were examined for tumor recurrence: (1) tumor 
growth rate as the Ki-67 LI and (2) invasive capacity (Ex–group 
1, Ex–group 2, and Ex–group 3) (Table 4).

Statistical analysis
All statistical analyses were performed using EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R (R Foundation for Sta-
tistical Computing, Vienna, Austria). The chi-square test and 
the log-rank test were used for univariate analysis, and the Cox 
proportional hazards model was used for multivariate analysis. 
p-values < .05 were considered statistically significant.

RESULTS

Multivariate analysis for DFS
To identify independent prognostic factors for disease-free 
survival, univariate analyses were performed for each patient 
characteristic, and multivariate analyses were performed for 
factors that differed significantly (Tables 2, 3). Univariate anal-

ysis showed that male, tumor diameter >20 mm, Ex1/2, and Ki-
67 LI >5% were the four possible prognostic factors. Therefore, 
multivariate analysis of these four factors showed that Ki-67 LI 
>5% was an independent prognostic factor (Tables 2, 3).

Ki-67 LI and other clinicopathologic factors of recur-
rence-free survival rate
In this study, we classified the cases into three groups based on 
Ex status (Ex–group 1 for Ex0, any N, and M0; Ex–group 2 for 
Ex1, any N, and M0; and Ex–group 3 for Ex2 and 3, any N and 
M0) and into three groups based on Ki-67 LI (Ki-67–group 1 for 
Ki-LI of 0%–5%, Ki-67–group 2 of 5%–10%, and Ki-67–group 3 
of 10%–30%) (Table 4). The recurrence rate in Ex–group 1 was 
1/89 (1.1%), and the recurrent patients exhibited a Ki-67 <5%; 
however, only one patient with Ex–group 1 PTC exhibited Ki-
67 ≥5%. In contrast, recurrence occurred in 11 of 62 patients 
(17.7%) in Ex–group 2 and in five of 16 patients (31.3%) in Ex–
group 3 PTCs. A statistically significant difference between Ex–

Table 4. Recurrence rates in Ex–group 1, 2, and 3 regardless of Ki-67 LI and recurrence rates in Ki-67–groups 1, 2, and 3 regardless of Ex 
status

Total cases rec+ rec– p-value
Ex–group 1 (Ex0, any N and M0) 89 1 88 <.001
Ex–group 2 (Ex1, any N and M0) 62 11 51
Ex–group 1 (Ex0, any N and M0) 89 1 88 <.001
Ex–group 3 (Ex2/3, any N and M0) 16 5 11
Ex–group 2 (Ex1, any N and M0) 62 11 51 .298
Ex–group 3 (Ex2/3, any N and M0) 16 5 11
Group 1 (Ki-67 LI >5% and Ex0) 1 0 1 .425
Group 2 (Ki-67 LI >5% and Ex1) 23 10 13
Group 3 (Ki-67 LI >5% and Ex2/3) 11 5 6
Ki-67–group 1 (Ki-67 LI <5%) 132 2 130 <.001
Ki-67–group 2 (Ki-67 LI 5%–10%) 24 9 15
Ki-67–group 3 (Ki-67 LI 10%–30%) 11 6 5

After combining these two (Ex status and Ki-67 LI of ≥5%) parameters, recurrence (rec) rates were compared.
Ex, extrathyroid invasion; LI, labeling index.

Table 3. Multivariate analysis of the risk factors of recurrence of 
papillary thyroid carcinoma
Variable Odds ratio 95% CI p-value
Male sex 2.74 0.94–7.99 .065
Tumor diameter >20 mm 3.15 0.86–11.45 .081
Ex1/2 2.88 0.33–25.24 .339
Ki-67 LI >5% 13.26 2.66–66.12 .002

Ki-67 LI >5% was an independent prognostic factor.
CI, confidence interval; Ex, extrathyroid invasion; LI, labeling index.
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group 1 and the other two groups (p < .001) (Table 4) was ob-
served. When recurrence was examined only in cases with high 
(≥5%) Ki-67 LI, it was found in zero of 1 (0%) in group 1 (Ki-67 
LI ≥5% and Ex0), 10 of 23 (43.5%) in group 2 (Ki-67 LI ≥5% and 
Ex1), and five of 11 (45.5%) in Group 3 (Ki-67 LI ≥5% and Ex2) 
(Table 4). As the disease progressed, both the number of cases 
with Ki-67 LI ≥5% and the recurrence rate increased. However, 
there were no significant differences (p = .425).

As illustrated in the Kaplan-Meier method of Fig. 2, patients 
were classified based on Ki-67 LI status, Ki-67–group 1 (Ki-
LI of 0%–5%), Ki-67–group 2 (Ki-67 LI of 5%–10%), and Ki-
67–group 3 (Ki-67 LI of 10%–30%), and their relationship with 
tumor recurrence was investigated. A higher recurrence rate 
in the Ki-67–group 2 (37.5%, 9/24 cases, p < .001) and Ki-67–
group 3 (54.5%, 6/11 cases, p < .001) than that of the Ki-67–
group 1 (1.5%, 2/132 cases) is shown in the Fig. 2. A statistically 
significant difference was observed between the Ki-67–group 
1 and group 2, and between Ki-67–group 1 and group 3 (p < 
.001), but not between Ki-67–group 2 and group 3 (p = .360) 
(Fig. 2). As there were a small number of cases in this study, 
we combined Ki-67 LI 5%–10% and 10%–30% groups in one 
group (Ki-67 LI of ≥5%) and Ex1 and Ex2 groups in a second 
group (Ex1 and 2) (Table 5), and the recurrence rates were ana-
lyzed. We confirmed the recurrence is rare (1.5%) in cases with 
<5% Ki-67 LI regardless of Ex status. There was only one case 
with Ex0 and Ki-67 LI of 10%–30%, and that case did not recur.

There were two cases of tumor death. They were a case of 
Ex1 and Ki-67 LI 5%–10% and a case of Ex2 and Ki-67 LI 
20%–30%. Because of the small number of carcinoma deaths, 
analysis for cause-specific death was not carried out.

Further studies in larger patient cohorts are necessary to 
confirm our observation (negligible risk of recurrence in Ki-67 

LI of <5% patients regardless of Ex status and in Ex0 patients 
regardless of Ki-67 LI).

DISCUSSION

Overdiagnosis and overtreatment of carcinomas, including thy-
roid carcinoma, are significant issues in healthcare communi-
ties worldwide [9,22]. Identifying potential lethal malignancies 
for radical surgical intervention (TTX) and indolent thyroid 
carcinomas for more conservative surgery (lobectomy) or 
non-surgical observation is essential to reducing overdiagnosis 
and overtreatment of thyroid carcinomas. Several strategies 
have been proposed for thyroid carcinoma treatment to resolve 

Fig. 2. Disease-free survival curves of three groups of 167 total 
papillary thyroid carcinoma patients classified by Ki-67 labeling 
index [LI] <5%, 5%–10%, and 10%–30%. The disease-free sur-
vival rate of Ki-67 LI <5% is 98.0% at 10 years, that of Ki-67 LI of 
5%–10% is 60.2% at 10 years, and that of Ki-67 LI of 10%–30% is 
47.7% at 5 years (Kaplan-Meier method).

Table 5. Recurrence rates of 167 PTC patients classified by Ex status (Ex0 vs. Ex1 and 2/3) and Ki-67 LI (<5% vs. 5%–30%)
Ki-67 labeling index

Subtotal
<5% 5%–30%

Ex0 1/88 (1.1) 0/1 (0) 1/89 (1.1)
Ex1 and 2 1/44 (2.3) 15/34 (44.1) 16/78 (20.5)
Subtotal 2/132 (1.5) 15/35 (42.9)

Values are presented as number (%).
Low-risk: Risk of recurrence is 1.5% (0%–2.3%) 2/132.
High-risk: Risk of recurrence is 44.1% (15/34).
Ex0: no Ex, Ex1: microscopic Ex; Ex2: gross and clinical Ex.
The recurrence rate of 34 patients with both Ki-67 LI 5%–30% and Ex1/2/3 is significantly higher (44.1%) than the other groups (either Ki-67 LI 
<5% or Ex0) (1.1%) with a median follow-up period of 64 months. Statistically significant differences were observed (p < .001).
PTC, papillary thyroid carcinoma; Ex, extrathyroid invasion; LI, labeling index.
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these uncertainties: (1) do not include asymptomatic adults in 
thyroid carcinoma screening [23], (2) do not apply fine-needle 
aspiration cytology to low-risk small thyroid nodules [24], (3) 
downgrade low-risk neoplasms from carcinoma category to 
non-malignant (borderline) tumor category [25], (4) active 
surveillance (non-surgical option) to low-risk small PTCs 
[8,26,27], and (5) do not apply TTX and radioactive iodine to 
low-risk thyroid carcinomas [24]. However, these five strategies 
did not improve the overtreatment of thyroid carcinomas suffi-
ciently, and a paradoxical phenomenon that early-stage thyroid 
carcinoma patients can live longer than the general population 
has been reported [28]. We speculated that there are a signifi-
cant number of invasive thyroid carcinomas (Ex1 or Ex2) that 
do not cause disease-specific death as they are not targets of 
the above five strategies and are still treated with unnecessary 
aggressive carcinoma surgery (TTX). This study was conduct-
ed to identify low-risk carcinomas for recurrence in invasive 
PTCs, which are almost synonymous with the so-called “very-
slow growing carcinoma” defined by Welch and Black [9] to 
never progress to clinically significant carcinoma. Among 167 
surgically treated PTCs in a single institute under a conserva-
tive treatment strategy in Japan were few studies focusing on 
recurrence, comprising 17 (10.2%) cases who developed tumor 
recurrence with a median of 64 months of follow-up and two 
cases of cause-specific death (1.2%).

Recurrence rates between Ex–group 1 (Ex0, any N and M0) 
and 2 (Ex1, any N and M0) were statistically different (p < 
.001), as were those between Ex–group 1 and 3 (Ex2, any N and 
M0) (p < .001). Recurrence rates in Ki-67–groups 1 (<5%), 2 
(5%–10%), and 3 (10%–30%) were 1.5% (2/132), 37.5% (9/24), 
and 54.5% (6/11), respectively (Table 3). When recurrence rates 
based on Ex status (Ex–groups 1, 2, and 3) were examined in 
only cases with Ki-67 LI ≥5% (combined Ki-67 LI ≥5% and Ex 
status), recurrence rates of group 1 (Ex0 and Ki-67 LI ≥5%), 
group 2 (Ex1 and Ki-67 LI ≥5%), and group 3 (Ex2/3 and Ki-
67 LI ≥5%) were 0% (0/1), 43.5% (10/23), and 45.5% (5/11), 
respectively (Tables 3, 4). There were no significant differences. 
When combining Ex status into two groups (Ex0 and Ex1/2/3) 
and Ki-67 proliferation status into two groups (<5% and ≥5%), 
the DFS rate of the Ex0 and Ki-67 LI <5% group was only 1.1%, 
while that of Ex1/2/3 and Ki-67 LI 5%–30% was 44.1% (Table 4). 
No recurrence was found among patients with Ex0, N0, and Ki-
67 LI <5% (data not shown).

Dwivedi et al. [29] analyzed the expression of Ki-67 and 
observed a greater expression of this marker in PTCs than in 

non-neoplastic lesions. Miyauchi et al. [23] found that Ki-67 
in PTCs was an independent prognostic factor for disease-free 
survival. However, most previous studies neglected tumor 
stage and invasion status (T, N, M, and Ex status). We further 
incorporated invasive status (Ex0, Ex1, and Ex2/3) into analysis 
of the Ki-67 proliferation index for tumor recurrence for the 
first time because both are essential criteria of carcinoma (un-
controlled proliferation and invasion into nearby tissue). This 
means that a tumor cannot be a biologically malignant pro-
gressive lethal carcinoma when either one of the two essential 
carcinoma criteria is missing or insufficient. This study is the 
first to successfully show a higher recurrence rate in cases with 
both high (≥5%) Ki-67 LI and Ex 1 or Ex 2/3 invasive status, 
while there is a negligible risk of recurrence in cases with either 
one or without these two features (Ex0 [no invasion into nearby 
tissue] and Ki-67 LI <5% [low tumor growth rate]).

Matsuse et al. [30] reported that Ki67 LI and BRAF/TERT 
gene mutations are risk factors for the recurrence of PTCs. Al-
though BRAF and TERT mutations are prognostically import-
ant oncogene mutations in patients with PTC, TERT mutations 
are rarely present in patients younger than 45 years. Therefore, 
this method cannot be applied to many young patients with 
PTC. Our method, using invasive status and Ki-67 LI, can be 
applied in more patients and does not involve the cost burden 
related to genetic testing. However, TERT, BRAF, and Ki-67 LI 
may be used to extract and confirm high-grade PTCs in older 
patients with advanced-stage tumors.

A cutoff of 5% for Ki-67 LI was introduced in the 3rd edition 
World Health Organization (WHO) classification [31] and by 
several authors, including Kakudo et al. in 2015 [30,32]. Ki-
67 LI is a continuous variable that should not be divided into 
two groups, <5% and ≥5%. Even in cases higher than 5%, a 
difference between 5%–10% and 10%–30% is expected, as con-
firmed in this study (Table 4). These PTCs with a high Ki-67 LI 
of 10%–30% might have covered lesions equivalent to poorly 
differentiated carcinoma introduced in the 3rd edition WHO 
classification [31] and high-grade differentiated thyroid carci-
noma introduced in the 5th edition WHO classification [33]. 
In their diagnostic criteria, increased mitoses and/or tumor 
necrosis have very similar implications to Ki-67 LI greater than 
10%. Therefore, we recommend pathologists include the abso-
lute value of Ki-67 LI in their pathology reports so that clinical 
doctors can understand risk of recurrence and carcinoma death 
more precisely. This can inform clinicians about the risk of 
recurrence and grading of tumor death risk, as Ki-67 LI is a 
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continuous variable with a higher value associated with worse 
prognosis.

Using a larger number of cases than ours (312 cases with 5% 
or less), Miyauchi et al. [23] reported a recurrence prognosis of 
86.4% at 10 years for PTC with a Ki-67 LI <5%, a lower figure 
(higher recurrence rate) than our 98.5%. Possible explanations 
for this include the following. (1) There are differences in the 
methods of measuring Ki-67 LI. Standardization of measure-
ment methods is desired as a solution. (2) Tumor specimens in 
advanced stages of disease may show diversity in proliferative 
potential within the specimen. In such cases, the value of the 
examined site with the highest proliferative potential (hot spot) 
was used in this study, although it is possible that the hot spot 
did not have the maximum potential in the specimen. In ad-
dition, (3) if the values used for comparison are not hot spots 
but average values, differences in the conclusions are expected. 
However, the studies agree about the importance of a higher 
Ki-67 LI and a higher recurrence rate. (4) Two different cutoff 
values, 3% and 5%, have been proposed to identify high-grade 
MTCs by two independent groups [10,34]. While the interna-
tional consensus has adopted the cutoff of 5% [12], Australia 
(Sydney Group) is still using 3% [8]. Thus, the value of the 
cutoff for the Ki-67 labeling rate needs to be determined by the 
pathology laboratory.

We also considered a situation with a Ki-67 labeling rate cut-
off of 4%, but this resulted in a recurrence rate of 1.6% for the 
0%–4% Ki-67 labeling group (n = 123) and 20.7% for the 4%–
10% Ki-67 labeling group (n = 29). Due to this large difference, 
we ultimately adopted the cutoff value of 5% as in the study by 
Kakudo et al. [32].

In the present study, we stratified 167 PTCs according to 
invasive status combined with tumor growth rate using Ki-67 
LI for recurrence. At the same time, we excluded exceptional 
PTCs that were likely to show anaplastic transformation (high-
grade PTCs with a high Ki-67 labeling rate >30% and with an 
anaplastic carcinoma component). We believe that this strategy 
allowed us to elucidate a clear difference between cases with Ki-
67 LI ≥5% and <5% in PTCs, and recurrence was seen in PTCs 
with Ki-67 LI <5% was only 2/132 patients (1.5%). Therefore, 
this prognostic characteristic (a negligible risk of recurrence at 
1.5% for a median 64-month follow-up in PTCs with Ki-67 LI 
<5%) is essential information for a patient immediately after 
surgery, when the typical patient most frequently experiences 
carcinoma anxiety. As there are rare exceptional occurrences in 
low Ki-67 LI cases, we cannot guarantee absence of recurrence. 

However, a 1.5% risk is negligible in invasive PTCs, and no 
recurrence was found among patients with Ex0, N0, and Ki-67 
LI <5%. Doctors could comfort patients with Ki-67 LI <5%, N0, 
and Ex0 suffering from severe carcinoma anxiety immediately 
after surgery when planning postoperative follow-up strate-
gies. Even in patients with Ex0-3 and/or N1/2 PTCs, curative 
surgery was possible in 98.5% if the Ki-67 LI was <5%. This is 
important data for alleviating the fear of carcinoma recurrence, 
metastasis, and tumor mortality. However, for advanced-stage 
PTCs in which curative resection is not possible and the disease 
is persistent, an alternative strategy is required to predict pa-
tient outcomes, and the serum TG doubling time and doubling 
rate, proposed by Miyauchi et al. [23], play a significant role in 
predicting patient outcomes in such cases. Based on the results 
obtained in this study, we believe that patients with a Ki-67 LI 
<5% should be followed up as usual. Conversely, patients with 
a Ki-67 LI ≥5% are at high risk of recurrence and should be fol-
lowed with imaging studies at relatively short intervals.

Ki-67 LI is a clinically useful predictive factor for recur-
rence-free survival in patients with papillary thyroid carcino-
ma. We believe the evidence for low tumor recurrence risk may 
contribute to use of more conservative treatment options for 
invasive-stage PTCs and help alleviate patient anxiety about 
tumor recurrence and death.

A limitation of this study was the small number of patients 
analyzed. However, the results showed significant differenc-
es even in this small patient cohort, which indicates that the 
difference between high (≥5%) Ki-67 LI PTCs and low (<5%) 
Ki-67 LI PTCs is clear and biologically meaningful. Howev-
er, further confirmatory studies in a large patient series and 
different ethnic populations are required before our proposal 
is widely accepted worldwide. A second limitation is our in-
dication for thyroid surgery. The choice of lobectomy or TTX 
deviated slightly from Western thyroid nodule practice, and 
most patients were treated with lobectomy even in a significant 
number of patients with lateral nodal metastasis (N1b). How-
ever, all surgeries were performed by a single surgeon (K.Y.) 
and his team, and we believe that the indications for surgery 
and choice of surgery type were constant during this rather 
extended (2010–2022) study period. A third limitation of this 
study is the lack of a genetic profile of the PTCs studied, as the 
health insurance system in Japan does not cover genetic tests 
for diagnosis of PTCs. Last, another key limitation is the lack 
of interlaboratory reproducibility of Ki-67 LI measurements 
due to multiple sources of variation, including antibody clones, 
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antibody formats, staining methods, testing personnel, and 
staining platforms. Technical standardization of the Ki-67 im-
munohistochemical assay among laboratories is essential for 
establishing a reliable risk classification for thyroid carcinomas. 
As expected, our determination of the Ki-67 LI threshold varies 
from those reported in other publications by Miyauchi et al. 
[22,23] due to inherent challenges in the Ki-67 immunostaining 
and LI measurement methods, particularly antigen preserva-
tion, antibody clones, antibody incubation time, DAB reaction 
time, reaction temperature, and immuno-staining method 
used. Consequently, a cutoff value established for one assay sys-
tem might not universally apply to others. In clinical practice, 
it is imperative to account for the specific measurement system 
employed and its validated cutoff values rather than relying ex-
clusively on generalized thresholds.
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