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Background: The optimal treatment strategy for papillary thyroid microcarcinoma (PTMC)
has remained controversial. The purpose of this study was to provide a new reference value for
PTMC to aid the selection of optimal management for minute lesions.

Patients and methods: A pool of 1176 consecutive patients who met the inclusion criteria
were ultimately enrolled in this study. The correlation of papillary thyroid carcinoma (PTC) tumor
size and lymph node metastasis was analyzed. Receiver operating characteristic curve studies
were conducted to identify the reference value by determining the optimal cut-off point of size
related to lymph node metastasis. To validate our results, all selected patients were divided into
two groups according to the cut-off point and some of the prognostic factors were compared.
Results: A moderate significant correlation was found between the tumor size and the average
number of lymph node metastases (7=0.502, P<0.01) and the percentage of lymph node metastasis
(r=0.625, P<0.01). The optimal cut-off reference value was 8.5 mm according to the receiver
operating characteristic curves. Significant differences were observed for PTC prognostic factors,
for example, extrathyroidal extension, multifocality, pathologic (p) N+ stage, occult metastasis
in clinical (c) N— stage, radioactive iodine ablation, and recurrence between the two groups.
Conclusion: Due to more aggressive behavior and poorer prognosis in larger tumor size
(>8.5 mm), a tumor size <8.5 mm in diameter may be favorable to discriminate PTMC from
PTC and aid the selection of optimal management.
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Introduction

The increasing prevalence of high-resolution ultrasound and fine-needle aspiration
biopsy performed under ultrasound guidance has led to remarkably and continuously
increased detection and diagnosis rates of thyroid cancer over the past several decades.'?
Papillary histologic types (from 3.4 to 12.5 per 100,000 people) have accounted for
most of the registered cases (>80% of all thyroid tumors), with the greatest increase
related to microcarcinoma.’* According to the World Health Organization classifica-
tion, papillary thyroid carcinoma measuring <10 mm in greatest dimension is defined as
microcarcinoma.’ Currently, theirs is the most widely used definition of papillary thyroid
microcarcinoma (PTMC). However, the clinical significance of PTMC tumors <1 cm
is widely debated; moreover, no solid basis exists for establishing the most appropriate
tumor size (<1 cm) to distinguish PTMC from papillary thyroid carcinoma (PTC), and this
criterion makes the clinical risk evaluation of these lesions quite difficult.® Importantly,
as there is still no consensus regarding the optimal treatment strategy for PTMC, the
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management of PTMC ranges from observation alone to
total thyroidectomy plus central lymph node dissection and
postoperative radioiodine ablation therapy.” Some investiga-
tors proposed a further subdivision of PTMC to aid optimal
treatment selection, such as “micromini’ or “minute’™ for
foci 5 mm in diameter or less. Collectively, the reason for the
persistent controversy is our inability to accurately predict the
aggressiveness of PTMC tumors and choose the optimal indi-
vidualized management for those patients before surgery. The
purpose of this article is to attempt to provide a new reference
value for PTMC by determining the optimal cut-off value of
size related to lymph node metastasis in PTC, which might be
a preferable method to assess PTMC and assist individualized
patient management decision making for these patients.

Patients and methods

We conducted a retrospective study. The medical records
of 1297 patients who underwent thyroidectomy plus lymph
node dissection at the Thyroid and Parathyroid Surgery
Center of the West China Hospital of Sichuan University
between September 2015 and July 2016 were reviewed. Of
these patients, 1176 patients from 18 to 80 years of age with
a histopathologic diagnosis of PTC were enrolled in this
study. The exclusion criteria were other pathologic types of
thyroid cancer and incomplete medical records. The data on
the patients’ clinical features (sex, age at diagnosis, tumor
size, autoimmune thyroid disease, radioactive iodine ablation
[RAI], recurrence, and reoperation) and pathologic param-
eters, such as extrathyroidal extension, multifocality, BRAF
mutation (tested in some of the patients), pathologic (p) T
classification and p N+ stage according to the American Joint
Committee on Cancer system (version 8), were extracted
from the database. All patient specimens were examined by
two independent pathologists in a blind fashion. The maxi-
mum tumor size was regarded as the primary tumor size and
was determined by ultrasound imaging. Receiver operating
characteristic (ROC) curve studies were conducted to deter-
mine the cut-off value when the relationship of PTC tumor
size and lymph node metastasis was verified by Spearman’s
rank correlation. Furthermore, the selected patients were
divided into two groups according to the cut-off point, and
factors of prognostic significance in PTC were compared,
that is, extrathyroidal extension, multifocality, lymph node
metastasis, adjuvant RAI, recurrence, among others.!*'* The
follow-up period of the study population was 6—16 months,
with a mean period of 8.7 months. Lymph node metastasis
was identified not only by pathologic evidence of metastasis
in the resected lymph node tissue but also by evidence of

lymph node metastasis on the initial postoperative radioactive
iodine imaging.® Recurrence was defined as newly detected
tumor or lymph node metastasis >6 months after the initial
operation, as confirmed by imaging examination (mainly
ultrasonography) or fine-needle aspiration biopsy.!* The
institutional review board of West China Hospital approved
this retrospective observational study, and written informed
consent was obtained from all patients who donated their
specimens.

Statistical analysis

Statistical analysis was performed using SPSS 20.0.0. Con-
tinuous variables with a normal distribution were expressed
as the mean£SD, and continuous variables without a normal
distribution were expressed as medians. Categorical variables
were presented as numbers and percentage. Spearman’s rank
correlation was used to analyze the relationship of tumor
size and lymph node metastasis. Box plots were used to
exclude extreme outliers. Continuous variables with a normal
distribution were compared using Student’s sample #-test or
analysis of variance. Categorical variables were compared
using the chi-square test or Fisher’s exact chi-square test. A
level of 5% was used to identify significant relationships.

Results
Of the 1297 patients who underwent thyroidectomy plus
lymph node dissection at our institution, a pool of 1176 patients
were ultimately enrolled in this retrospective study after the
exclusion criteria were applied, including 355 men (30.2%)
and 821 women (69.8%); the female/male ratio was ~2.3/1.
The mean age was 43.7 years (range: 16-82), and the tumor
size ranged from 2 to 100 mm, with a mean tumor size of 12.8
mm for this group of patients. BRAF mutation positivity was
observed in 240 (56.2%) patients. According to the final pathol-
ogy, autoimmune thyroid disease was identified in 267 (22.7%)
patients, multiple tumor formation was present in 25.3% of
patients, 155 (13.2%) patients appeared to have extrathyroidal
extension, 682 (57.9%) patients had lymph node metastasis
involving only the central compartment N1a, and 226 (19.2%)
had involvement of both the central and lateral compartments
N1b. During the follow-up, 547 (46.5%) patients received
radioactive iodine remnant ablation, 69 (5.9%) patients sus-
tained postoperative recurrence after 6 months, and 12 patients
underwent reoperation. The baseline demographics and tumor
characteristics are summarized in Table 1.

To determine the significance of PTC tumor size and
lymph node metastasis, Spearman’s rank correlation was
analyzed in our study population. As shown in Figure 1,
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a moderate significant correlation was found between the
tumor size and the average number of lymph node metas-
tases (r=0.502, P<0.01). Similarly, as shown in Figure 2, a
significant difference was observed between the tumor size
and lymph node metastasis percentage (r=0.625, P<0.01);
additionally, the analysis showed that a larger tumor size was
associated with a significantly increased risk of lymph node
metastasis and that tumor size might represent the aggres-
siveness of PTC to a certain extent.

Therefore, ROC curve analyses were conducted to predict
the invasiveness of PTC by determining the optimal cut-off
value of size related to lymph node involvement, and the

Table | Baseline demographics and tumor characteristics of the
study population

Variables Value (%)
Age at diagnosis (meanSD, years) 43.7£12.9

>55 (yes/no) 186/990
Sex (male/female) 355/821
Size of largest focus (mean+SD, mm) 12.849.1
BRAF mutation (yes/no/not applicable) 240/187/749
Autoimmune thyroid disease (yes/no) 267/909
Multifocality (yes/no) 297/879
Extrathyroidal extension (yes/no) 155/1021
p T classification (T 1/T2/T3/T4) 817/109/175/75
p N stage (NO/N1a/N1b) 494/456/226
p TNM stage (I/II/I/1V, AJCC version 8) 1072/40/37/27
RIA (yes/no) 5471629
Recurrence (yes/no) 69/1198
Reoperation (yes/no) 12/1164

Abbreviations: p, pathologic; RIA, radioactive iodine ablation; AJCC, American

Joint Committee on Cancer.

evaluated optimal cut-off point of tumor size in this study
was 8.5 mm (area under the curve: 0.723) in Figure 3. Impor-
tantly, we considered that the tumor sizes of the enrolled PTC
patients in this study, which included extreme values such as
100 mm, may have impacted the optimal cut-off point. As
shown in Figures 4 and 5, we employed a box plot method to
exclude extreme outliers and performed ROC curve analysis
again in patients with tumor sizes between 2 and 40 mm,
which unexpectedly showed the same result: the optimal
calculated cut-off point was 8.5 mm (area under the curve:
0.706). In conclusion, the results suggested that tumors with
a diameter >8.5 mm had a stronger predilection for lymph
node metastasis than those with a diameter <8.5 mm.
Additionally, to verify the rationality of the cut-off point,
all the patients were divided into two groups according to the
tumor size using the cut-off point (Group A and Group B),
as shown in Table 2. Of these patients, 445 and 731 patients
belonged to Group A (<£8.5 mm) and Group B (>8.5 mm),
respectively. Next, the essential prognostic factors were
compared. No significant differences were found for age, the
presence of autoimmune thyroid disease, BRAF mutation,
and reoperation between the two groups (all P>0.5). The
cut-off point of tumor size, however, was significantly related
to the male sex and the risk of extrathyroidal extension, mul-
tifocality, lymph node metastasis, RAI, and recurrence (all
P<0.05). Among the patients, males comprised 236 (32.3%)
patients in Group B compared with 119 (26.7%) patients in
Group A. The patients in Group B showed higher rates of
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Figure | Spearman’s correlation analysis between tumor size and average number of lymph node metastases.
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Figure 2 Spearman’s correlation analysis between tumor size and lymph node metastasis percentage.
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Figure 3 ROC curve to predict the risk of lymph node metastasis.
Abbreviation: ROC, receiver operating characteristic.

multifocality (27.8% vs 21.1%), extrathyroidal extension
(14.9% vs 10.3%), p N+ stage (71.4% vs 36.0%), occult
metastasis in clinical (c) N— stage (56.5% vs 25.4%), RAI
(51.2% vs 38.9%), and recurrence (7.1% vs 3.8%).

Discussion
Neck ultrasonography combined with fine-needle aspiration
cytology has led to dramatically increased registered cases

of thyroid carcinoma recently. Specifically, since 1975, the
incidence of thyroid cancer has nearly tripled from 4.9 to
14.3 per 100,000 people® and the particular variant of PTMC
accounts for up to 30% of all the differentiated thyroid carci-

18 These increased microcarcinoma cases account

noma cases.
for 38.5% of the papillary thyroid cancers in the US, up to
48.8% in France, and 35.7% in Shanghai, China.!?! However,
many current guidelines and recommendations regarding the
optimal treatment strategy for PTMC remain controversial.
Considerable debate has centered on the clinical significance
of PTMC and whether these tumors should be managed as
aggressively as other malignancies of the thyroid. Although
PTMC is considered an indolent cancer with relatively benign
biologic behavior and an excellent prognosis, certain aspects
of PTMC biologic behavior are quite poor, which may present
as lymph node metastasis, distant metastasis, recurrence, and
may even cause death.”??* As the reported mortality rate of
PTMC ranges from 0% to 1% and presents relatively benign
biologic behavior,® some researchers reported that PTMC
should not be overtreated. Rather, periodic observation with-
out surgical treatment' has been suggested, and in the Ameri-
can Thyroid Association and the British Thyroid Association
guidelines, lobectomy was described as the primary opera-
tive management of PTMC without aggressive features, for
example, extrathyroidal extension, multifocality, and central
or lateral lymph node metastasis;*** moreover, prophylactic
central lymph node dissection was not recommended without
a suspicious enlarged lymph node in the treatment of PTC?
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Figure 5 ROC curve to predict the risk of lymph node metastasis in PTC with
tumor sizes between 2 and 40 mm.
Abbreviation: ROC, receiver operating characteristic.
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because it provides no survival benefit?® and may even increase
the incidence of postoperative complications.?” In Conzo et al’s
study, patients underwent total thyroidectomy with increasing
rate of transitory or definitive hypoparathyroidism, laryngeal
nerve injury, and cervical hematoma.*® However, other studies
demonstrated that total or near-total thyroidectomy is associ-
ated with reduced recurrence rates compared with lobectomy;
moreover, completion thyroidectomy is relatively safe in the
hands of an experienced surgeon.’! Finally, total or near-total
thyroidectomy offers treated patients a chance to receive radio-
active iodine therapy postoperatively, which has been shown
to improve survival and reduce recurrence;**3 additionally,
it also offers the possibility of better surveillance by aiming
to detect persistent disease or recurrence by thyroglobulin
measurements and scintigraphic scans. Central lymph node
dissection permits accurate assessment of the tumor stage
postoperatively.’* Furthermore, the risk of recurrence is
significantly increased in PTMC patients with central lymph
node metastasis and a second operation will increase the risk
of postoperative complications.?>-3
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Table 2 Analysis of clinical and pathologic characteristics of PTC divided by cut-off value of tumor size

Variables Group A (<8.5 mm) Group B (>8.5 mm) P-value
n=445 n=731

Age at diagnosis (meanzSD, years) 44.6%13.1 43.1£12.8

>55 (yes/no) 65/380 121/610 0.375
Sex (male/female) 119/326 236/495 0.045%
Autoimmune thyroid disease (yes/no) 101/344 166/565 0.996
Multifocality (yes/no) 94/351 203/528 0.0l I**
Extrathyroidal extension (yes/no) 46/399 109/622 0.025*
p N stage (NO/NIa/NIb) 285/132/28 209/324/198 <0.01*
Occult metastasis in ¢ N— stage (yes/no) 97/285 272/209 <0.01*
BRAF mutation (yes/no/not applicable) 101/88/256 139/99/493 0.304
RIA (yes/no) 173/272 374/357 <0.01*
Recurrence (yes/no) 17/428 52/679 0.019*
Reoperation (yes/no) 5/440 71724 0.776

Note: *Statistically significant differences.

Abbreviations: c, clinical; p, pathologic; PTC, papillary thyroid carcinoma; RIA, radioactive iodine ablation.

Malignant tumors, being distinct from benign, harbor
aggressive features. Before treatment, an accurate predictive
assessment of the tumor aggressiveness will aid the physician
in choosing the optimal individualized patient management.
Because PTMC is being diagnosed with increasing frequency,
it is important to describe the clinical and histologic charac-
teristics that confer cancer aggressiveness. It is quite likely
that molecular studies will be able to discriminate aggressive
PTMC from the tumors with an indolent clinical course and to
determine whether any specific morphologic and/or molecular
marker exists that predicts the clinical behavior and distin-
guishes PTMC from PTC. However, the size of the tumor is
widely used to predict the aggressiveness of PTMC to aid
clinical decision making because it is the easiest parameter to
determine using ultrasound images. In previous studies, inves-
tigators have attempted to identify the tumor diameter cut-off
value predictive of aggressiveness by ROC curves in PTMC
(tumor size <10 mm) and have proposed a further subdivision
of PTMC by cut-off point related to lymph node metastasis to
guide management of these minute lesions.®® This proposal
has had highly variable results, with some studies reporting
that tumors <5 mm are less likely to metastasize, while other
studies have reported a cut-off of 6, 7, or 8 mm.>"*

To the best of our knowledge, this study may be a novel
report that may assist the selection of optimal management for
these minute lesions by focusing on the definition of PTMC.
In this study, a moderate significant correlation was found
between the tumor size and the average number of lymph
node metastases (7=0.502, P<0.01) and the lymph node
metastasis percentage (r=0.625, P<0.01). The optimal cut-off
value of size related to lymph node metastasis was 8.5 mm
in PTC patients, regardless of whether box plots were used
to exclude extreme outliers by ROC curves (areas under the

curve: 0.723 and 0.706, respectively). We then divided the
patients into two groups by the tumor diameter (8.5 mm) and
compared many prognostic factors between the two groups.
Although a small gap was observed in the two groups in
terms of male sex (32.3% vs 26.7%), extrathyroid extension
(14.9% vs 10.3%), and multifocality (27.8% vs 21.1%), the
significant statistical difference was found due to relative
large scale in our present study. Similarly, significant differ-
ences were also observed for p N+ stage, occult metastasis in
¢ N—stage, RAI, and recurrence between the two groups. In
Roti et al’s study of PTMC,* patients with tumor size 28 mm
had higher cancer aggressiveness, approximately consistent
with our current study, which suggested that tumors with a
diameter >8.5 mm might be more aggressive and have a worse
prognosis than those with a diameter <8.5 mm. Therefore, a
tumor size <8.5 mm in diameter may be a new reference value
for microcarcinoma. During follow-up, we observed that 69
patients (5.8%) had recurrences (17 cases in Group A and
52 cases in Group B) and none experienced cancer-related
mortality. Because of the limited follow-up (6—16 months),
the results concerning the recurrence rate are likely under-
estimated; thus, recurrence-free survival curves between the
two groups were not shown in this study. However, we will
follow-up these patients continually and construct disease-free
survival curves to further determine the clinical significance
of the aforementioned findings in the future.

Taken together, the size of the tumor determined by ultra-
sound images was related to the risk of lymph node metastasis
in PTC. According to a new reference value identified by
the ROC curves, a tumor size <8.5 mm in diameter may be
a favorable tumor size to distinguish PTMC from PTC, and
it could be an easy predictor for the clinical significance of
PTC and assist us to choose optimal treatment.
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