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Objective: The aim of this study was to investigate risk factors of occult carcinoma in
clinically solitary papillary thyroid carcinoma (PTC) patients, and to put emphasis on the
predictive value of risk-scoring model to determine the optimal scope of surgery

Methods: A total of 573 clinically solitary PTC patients who underwent total thyroidectomy
(TT) from two hospitals were retrospectively analyzed. Clinicopathological features were
collected, univariate and multivariate analyses were performed to determine risk factors of
occult carcinoma. The Cox proportional hazards model was used to analyze the risk factors
of recurrence. A scoring model was constructed according to independent risk factors of
contralateral occult carcinoma.

Results: 19.2% of clinically solitary PTC patients had occult carcinoma, among which
3.7% patients had ipsilateral occult carcinoma and 15.5% patients had contralateral
occult carcinoma. Factors such as male, the presence of benign nodule, and vascular
invasion increase the risk of ipsilateral occult carcinoma. Tumor size >1 cm, the presence
of benign nodule, extrathyroidal extension, central lymph node metastasis, lateral lymph
node metastasis are independent predictors of contralateral occult carcinoma.
Contralateral occult carcinoma is the independent predictor of recurrence. A 10-point
risk-scoring model was established to predict the contralateral occult carcinoma in
clinically solitary PTC patients.

Conclusion: Lobectomy is sufficient for clinically solitary PTC patients with risk factors of
ipsilateral occult carcinoma. For clinically solitary PTC patients with score ≥4, careful
preoperative evaluations are required to rule out the contralateral occult carcinoma. Even if
contralateral occult carcinoma is not detected preoperatively, TT is recommended for
high-risk patients.

Keywords: papillary thyroid microcarcinoma, contralateral occult carcinoma, ipsilateral occult carcinoma,
recurrence-free survival, surgery
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INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common
endocrine malignant tumor worldwide, accounting for
approximately 80.0% of thyroid malignant tumors (1, 2).
Although the incidence of PTC has increased rapidly in
incidence, understanding of PTC has become more and more
thorough from the molecular, diagnostic, and prognostic
perspectives. According to the 2004 World Health Organization
“Thyroid and Parathyroid Diseases and Genetic Classification”, in
addition to the most common classic PTC, there are 15 subtypes
of PTC, among which highly aggressive PTC variants, such as
diffuse sclerosing, tall-cell, insular, and poorly differentiated
subtypes, exhibit heterogeneous clinical behavior and a wide
range of mortality risk (3). Fine needle aspiration (FNA) of
thyroid nodules can detect different gene mutations and other
molecular changes in PTC, and the use of molecular pathways has
permitted the development of new targeted therapies for
aggressive PTC (4).

Despite the progress has been made in understanding the
basic biological characteristics of PTC, the optimal scope of
surgery, lobectomy vs total thyroidectomy (TT), is still
controversial. As reported, PTC frequently occurs as multifocal
lesions, with the prevalence of multifocality ranging from 20.0 to
36.1% (5–7). For tumors preoperatively detected in the bilateral
lobes, there is no controversial to perform TT. Considering the
possibility of recurrent or persistent carcinoma in the remnant
contralateral lobe, TT seems to be applicable for tumors confined
to the unilateral lobe. The rate of contralateral occult PTC
discovered by TT was reported to range from 10 to 30% (8–
11). Considering the high incidence of postoperative
complications, the routine use of TT is not recommended for
all patients with unilateral PTC. However, multifocal PTCs were
reported to be associated with poor outcome, and increased risk
of recurrence (7, 12, 13). High resolution of ultrasonography
(US), which could detect foci as small as 2–3 mm, is currently
used in detecting PTC and determining the scope of surgery (14).
However, smaller tumors remain undetected. In addition, the
ability of US to detect small malignant tumors would be
significantly reduced when patients had diffuse thyroid
disease (15).

Therefore, identifying risk factors of occult carcinoma in the
thyroid lobe may help surgeons determine the optimal scope of
surgery. By using a large series of patients who underwent
initially TT for the treatment of a single PTC confined to only
the unilateral lobe, we aimed to identify risk factors of occult
carcinoma. In addition, we investigated the effects of occult
carcinoma on clinical outcomes of patients. Different from
previous studies, we established a model based on the risk
Abbreviations: PTC, papillary thyroid carcinoma; TT, total thyroidectomy; US,
ultrasonography; FNA, fine-needle aspiration; CT, computed tomography; CND,
central neck dissection; LND, lateral neck dissection; pCND, prophylactic central
neck dissection; CLNM, central lymph node metastasis; cN0, clinically lymph
node-negative; PTMC, papillary thyroid microcarcinoma; ETE, extrathyroidal
extension; RFS, recurrence-free survival; LT4, levothyroxine; TSH, thyroid-
stimulating hormone; SD, standard deviations; ROC, receiver operating
characteristic; ATA, American Thyroid Association.
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factors of occult carcinoma. According to this risk-scoring
model, we can predict high-risk populations of occult
carcinoma among solitary PTC patients for the avoidance of
unnecessary TT, and provide individualized treatment for high-
risk populations of occult carcinoma.
MATERIALS AND METHODS

Patients
This multi-center retrospective cohort study consisted of
patients from Changzhou First People’s Hospital and Suzhou
Municipal Hospital between January 2011 and January 2018.
These patients underwent initially TT for the treatment of a
single PTC confined to only the unilateral lobe, without other
suspicious carcinoma lesions in the contralateral lobe by
preoperative image examinations or FNA. The Institutional
Review Board of Changzhou First People’s Hospital and
Suzhou Municipal Hospital approved this retrospective
study. All participants gave written informed consent for
their clinical records to be used in this study. Patients were
excluded from the study if they have any of following factors:
(1) patients with preoperative clinical evidence of multiple
PTCs or other pathologic types of thyroid malignancies; (2)
patients with the single PTC had another suspicious lesion, but
FNA was not performed for the suspicious lesion; (3) non-
PTCs (medullary/follicular/anaplastic) or other subtypes than
classic PTC (such as mixed PTC and so on); (4) patients did
not undergo the TT; (5) patients had another malignancy
before thyroidectomy; (6) patients with diffuse thyroid
disease; (7) reoperation; (8) distant metastasis at diagnosis
on pathological or clinical analysis; (9) history of neck
radiation or familial cancer; (10) incomplete clinical data or
missing follow-up. Finally, a total of 573 patients were enrolled
in this study.

Surgical Procedures
We used the US, computed tomography (CT), or FNA to
evaluate primary lesions and lymph nodes in the neck
preoperatively. All patients underwent TT. TT was defined as
the removal of two lobes, the isthmus, and the pyramidal lobe.
For patients with clinically positive central lymph node
metastasis (CLNM), therapeutic central neck dissection (CND)
would be performed. All clinically lymph node-negative (cN0)
PTC patients underwent prophylactic central neck dissection
(pCND). CND plus therapeutic ipsilateral lateral neck dissection
(LND) were performed for patients with clinically positive or
intraoperative suspected lateral lymph node metastasis (LLNM).
The central compartment refers to level VI. CND and pCND
included the removal of prelaryngeal, pretracheal, and bilateral
paratracheal lymph nodes (16). LND was performed in the usual
fashion from at least level II to level V, sparing the internal
jugular vein, spinal accessory nerve, and sternocleidomastoid
muscle (17). According to neck levels, all lymph nodes specimens
were separated by the surgeon and were sent to the department
of pathology for paraffin fixation and histological analysis.
October 2020 | Volume 11 | Article 553577
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Histopathologic Examination of Surgical
Specimens
Two or more experienced pathologists reviewed and cross-
checked all pathology specimens microscopically. Contralateral
occult carcinoma, the tumor lesion detected by pathology
postoperatively in the contralateral lobe rather than detected
by preoperative examinations. Similarly, ipsilateral occult
carcinoma was the tumor lesion detected by pathology
postoperatively in the ipsilateral lobe rather than detected by
preoperative examinations. Two or more PTC foci within the
thyroid was defined as multifocality. Two or more PTC foci in a
single lobe were ipsilateral multifocality, while two or more PTC
foci in both lobes were bilateral multifocality. Papillary thyroid
microcarcinoma (PTMC) was defined as PTC ≤1 cm in its
maximum diameter. Extrathyroidal extension (ETE) was
defined as the primary tumor extending through the thyroid
capsule to perithyroidal soft tissue, or involving strap muscles, or
extending to surrounding structures (18). PTC was subdivided
into the following three groups according to the position: upper
pole (upper part of the high plane of the isthmus), middle pole
(parallel to the isthmus), and lower pole (lower part of the low
plane of the isthmus). The location of the tumor was determined
by the largest dominant lesion when the patient had multifocal
lesions. When the dominant lesion occupied 2 adjacent parts, the
location of the tumor was determined by the portion containing
more than two-thirds of the tumor volume. Recurrence was
defined as the any new lesions detected in cervical lymph nodes,
or other organs on cytology from aspiration biopsy. Recurrence-
free survival (RFS) was used to evaluate the outcomes. RFS was
the duration started from the surgery to recurrence.

Postoperative Management and Follow-Up
Postoperative suppressive levothyroxine (LT4) treatment was
conventionally performed in all patients. Thyroid-stimulating
hormone (TSH) suppression therapy (serum TSH level below 0.5
mIU/L) with LT4 with or without radioactive iodine (RAI)
ablation was administered to patients who underwent TT.
After the initial surgery, physical examinations, US of the neck,
and serum thyroid function (free thyroxin, TSH, thyroglobulin
and anti-thyroglobulin antibodies) were performed for
all patients every 6 months for a period of 2 years, and
thereafter once a year. The criteria for remission was defined
as (1) no evidence of tumor recurrence in clinical or radiologic
examination, and (2) serum thyroglobulin levels of <2 ng/ml
during TSH stimulation and <1 ng/ml during TSH suppression
in the absence of anti-thyroglobulin antibodies. Disease
recurrence, which included the local, regional, and distant
recurrence, was defined as new evidence of pathologically
proven recurrence in patients who initially met the criteria of
remission. After the radiographic or biochemical examinations,
histological examination of new lesion would be performed to
verify whether the lesion was the recurrent PTC.

Statistical Analyses
All statistical analyses were performed using the SPSS v 25.0
software (Chicago, IL, USA). The continuous variables were
Frontiers in Endocrinology | www.frontiersin.org 3
expressed as means ± standard deviations (SD). Univariate
analysis for the comparison between patient groups was used
Pearson’s chi-square test or Fisher’s exact test. Variables with a P
<0.05 in the univariate analysis were included in the multivariate
analysis, which were performed logistic regression analysis to
assess risk factors of contralateral/ipsilateral occult carcinoma.
The potential relationship between clinicopathological variables
and recurrence was used the Cox proportional hazards model to
analyze. A risk-scoring model was constructed to calculate the
probability of contralateral occult carcinoma on the basis of
results in the multivariate analysis. The independent risk factors
were selected as scoring items. According to the beta coefficient
obtained from the logistic regression model, the score of each
risk factor was weighted. To make the scoring model simple, all
the beta coefficient divided the least one and then rounded to the
nearest whole number. The total score for each patient
represented the sum of scores for each risk factor. Receiver
operating characteristic (ROC) curve was used to evaluate the
predictive performance of the scoring model and find an
appropriate cut-off point.
RESULTS

Base Clinicopathological Characteristics
of Patients
The baseline clinicopathological characteristics of patients are
summarized in Table 1. Among the 573 PTC patients, there were
134 men and 439 women with the mean age of 44.7±12.3 years
(range from 19 to 80 years). The mean BMI was 22.39±5.34 kg/
m2 (range from 11.03 to 39.06 kg/m2), and 208 (36.3%) patients
were overweight. The diameter of the tumors ranged from 0.10 to
6.00 cm with the mean diameter of 1.20±0.87 cm. Among
64 PTC patients who performed BRAF mutation analysis,
56 (87.5%) patients had BRAF mutation positivity.
Histopathological examination of specimens showed that one
hundred and six (18.5%) patients had benign thyroid nodules.
Occult PTC foci were detected in the contralateral lobe in 89
(15.5%) patients, and in the ipsilateral lobe in 21 (3.7%) patients.
The ETE and vascular invasion were detected in 84 (14.7%) and
28 (4.9%) patients, respectively. Tumor located in the upper
portion of the thyroid gland was detected in 221 (38.6%)
patients, and tumor located in the middle/lower lobe of
thyroid was detected in 352 (61.4%) patients. CLNM only was
present in 207 patients (36.1%), both CLNM and LLNM were
present in 64 patients (11.2%), and LLNM only was present in 20
patients (3.5%). The mean number of removed and metastatic
lymph nodes in the central compartment was 6.0±4.6 and 2.5±
1.5, respectively. And the mean number of removed and
metastatic lymph nodes in the lateral compartment was 18.3±
11.5 and 5.0±4.8, respectively.

Clinicopathological Factors Associated
With Contralateral Occult Carcinoma
Among 89 patients with occult lesions in the contralateral gland,
31 patients had occult lesions in the upper portion of the thyroid
October 2020 | Volume 11 | Article 553577
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glands, and 58 patients had occult lesions in the middle/lower
lobe poles of the glands. The mean size of the contralateral occult
lesion was 0.27±0.19 cm (range 0.10–0.35 cm). No contralateral
occult lesions exhibited the ETE. In Table 2, contralateral occult
carcinoma presented the significant association with tumor size,
the presence of benign nodule, ETE, vascular invasion, CLNM,
and LLNM by univariate analysis (all P < 0.05). All of these
factors were included in the multivariate analysis and showed
that tumor size >1 cm (OR: 2.280, 95% CI: 1.111–4.680, P =
0.025), the presence of benign nodule (OR: 7.361, 95% CI: 3.678–
14.731, P < 0.001), ETE (OR: 15.324, 95% CI: 7.428–31.615, P <
0.001), CLNM (OR: 4.125, 95% CI: 1.914–8.891, P < 0.001),
Frontiers in Endocrinology | www.frontiersin.org 4
LLNM (OR: 6.983, 95% CI: 3.492–13.966, P < 0.001) remained
independent predictors of contralateral occult carcinoma.

Clinicopathological Factors Associated
With Ipsilateral Occult Carcinoma
Of 21 patients with occult lesions in the ipsilateral gland, 6
patients had occult lesions in the upper portion of the thyroid
glands, and 15 patients had occult lesions in the middle/lower
lobe poles of the glands. The mean size of the ipsilateral occult
lesion was 0.24±0.16 cm (range 0.10–0.31 cm). No ipsilateral
occult lesions exhibited the ETE. As summarized in Table 3,
univariate analysis revealed that male, the presence of benign
nodule, ETE, and vascular invasion were significantly associated
with the presence of ipsilateral occult carcinoma (all P < 0.05).
All of these factors were included in the multivariate analysis and
revealed that male (OR: 45.286, 95% CI: 4.819–425.574, P =
0.001), the presence of benign nodule (OR: 9.858, 95% CI: 2.120–
45.842, P = 0.004), and vascular invasion (OR: 68.081, 95% CI:
7.440–662.304, P < 0.001) were independent predictive factors of
ipsilateral occult carcinoma.

Predictors of RFS
Postoperative follow-up ranged from 7 to 89 months (average
follow-up period: 32 months). During follow-up, 31 (5.4%)
patients developed recurrent disease, including 29 (5.1%) patients
had cervical lymph nodes recurrence and 2 (0.3%) patients had
lung recurrence.

Cox regression model in relation to RFS was conducted to
determine variables which influenced recurrence. Our results
showed tumor size, bilaterality, ETE, and CLNM were factors
associated with recurrence (all P < 0.05). Multivariate analyses
showed tumor size >1 cm (HR: 2.147, 95% CI: 1.005–4.585, P =
0.048), bilaterality (HR: 5.818, 95% CI: 2.196–15.415, P < 0.001),
ETE (HR: 2.447, 95% CI: 1.033–5.793, P = 0.042), and CLNM
(HR: 5.230, 95% CI: 1.818–15.046, P = 0.002) were independent
risk predictors of recurrence, while other investigated variables
had no significant influence on RFS (Table 4).

Development of Risk-Scoring Model to
Predict Contralateral Occult Carcinoma
Considering that the bilaterality was the independent risk
predictor of recurrence, we established the risk-scoring model
to predict the contralateral occult carcinoma in solitary PTC
patients. As shown in Table 5, based on the beta coefficient of the
five independent risk factors (tumor size, the presence of benign
nodule, ETE, CLNM, and LLNM) identified in the multivariate
analysis of contralateral occult carcinoma, a 10-point risk-
scoring model was constructed.

According to the scoring model, the percentage of positive
contralateral occult carcinoma ranged from 1.3 to 100.0% in
order of total score in PTC patients (Table 6). A ROC curve of
the risk-scoring model for contralateral occult carcinoma was
plotted, and the area under the curve of the model for the
prediction of contralateral occult carcinoma was 0.910 (95% CI:
0.872–0.948, P < 0.001), indicating that the discriminative power
of this model is acceptable (Figure 1). Moreover, a total score of
TABLE 1 | Clinicopathological characteristics of 573 PTC patients.

Clinicopathological characteristics No. (%)

Sex
Male 134 (23.4%)
Female 439 (76.6%)

Age (Y), Mean±SD (range) 44.7 ± 12.3 (19–80)
≥55 113 (19.7%)
<55 460 (80.3%)

BMI (kg/m2), Mean±SD (range) 22.39 ± 5.34 (11.03–39.06)
Normal 365 (63.7%)
Overweight 208 (36.3%)

Maximum tumor size (cm), Mean±SD (range) 1.20 ± 0.87 (0.10–6.00)
≤1 283 (49.4%)
>1 290 (50.6%)

BRAF mutation*
Absence 8 (12.5%)
Presence 56 (87.5%)

With benign nodule
Absence 467 (81.5%)
Presence 106 (18.5%)

Occult carcinoma
Absence 463 (80.8%)
Contralateral occult carcinoma 89 (15.5%)
Ipsilateral occult carcinoma 21 (3.7%)

ETE
Absence 489 (85.3%)
Presence 84 (14.7%)

Vascular invasion
Absence 545 (95.1%)
Presence 28 (4.9%)

Tumor location
Upper 221 (38.6%)
Middle/Lower 352 (61.4%)

LNM
Without LNM 282 (49.2%)
CLNM only 207 (36.1%)
LLNM only 20 (3.5%)
CLNM and LLNM 64 (11.2%)

No. of removed LNs in CC, Mean±SD (range) 6.0 ± 4.6 (2–32)
No. of removed LNs in LC, Mean±SD (range) 18.3 ± 11.5 (5–51)
No. of metastatic LNs in CC, Mean±SD (range) 2.5 ± 1.5 (0–18)
No. of metastatic LNs in LC, Mean±SD (range) 5.0 ± 4.8 (3–22)
Recurrence 31 (5.4%)
LNs 29 (5.1%)
Lung 2 (0.3%)
PTC, papillary thyroid carcinoma; Y, year; SD, standard deviation; ETE, extrathyroidal
extension; LNM, lymph node metastasis; CLNM, central lymph node metastasis; LLNM,
lateral lymph node metastasis; LN, lymph node; CC, central compartment; LC, lateral
compartment.
*BRAF mutation analysis was started in 2017 and it was performed in 64 patients with
PTC.
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3.5 with the highest Youden’s J value (0.717) was selected as the
appropriate cut-off value for the model. Patients with a total
score between 0 and 3 had the low risk of contralateral occult
carcinoma, while patients with a total score ranging from 4 to 9
had the high risk of contralateral occult carcinoma.
DISCUSSION

Continued attention has been paid to PTC given its increasing
incidence, which is reaching epidemic proportions. The treatment
of PTC, especially PTMC, remains the controversial topic.
According to the latest American Thyroid Association (ATA)
guidelines, TT is recommended for patients with tumor size >4cm,
gross maximal ETE (T4), cervical lymph node metastasis, or
distant metastasis. For preoperatively detected bilateral PTMC
patients, TT is generally accepted, while for unilateral PTMC
patients without ETE or cervical lymph node metastasis,
lobectomy may be sufficient. In addition, considering that
PTMC behaves more like a benign lesion, some scholars have
proposed less aggressive strategies, such as “watch-and-wait”
Frontiers in Endocrinology | www.frontiersin.org 5
rather than surgery (19). However, some PTMCs may be occult
and accompanied by aggressive behavior, which may lead to the
local recurrence and cervical lymph node metastasis (8). In this
study, we investigated the association between clinicopathological
characteristics and occult carcinoma in order to identify solitary
PTC patients with high risk of occult carcinoma, who would
clearly benefit from a more extensive treatment.

In our study, we used the entire thyroid to determine the
prevalence and distribution pattern of occult carcinoma in 573
consecutive patients with isolated nodule detected by
preoperative US. Different from previous studies which defined
“occult carcinoma” as the undetected carcinoma in the
contralateral lobe when TT was performed in patients with
preoperative unilateral PTC (20), we divided the occult
carcinoma into contralateral and ipsilateral occult carcinoma.
Our study found that 19.2% of clinically solitary PTC patients
had occult carcinoma, among which 3.7% patients had ipsilateral
occult carcinoma and 15.5% patients had contralateral occult
carcinoma. The incidence of contralateral occult cancer in this
study is consistent with the 10 to 30% reported in previous
studies (8–11). Considering serious complications of TT, such as
TABLE 2 | Associations between clinicopathological characteristics and contralateral occult carcinoma in PTC patients.

Variables Contralateral occult Solitary P value OR 95% CI P value

N = 89 (16.1%) N = 463 (83.9%)

Sex
Female 22 (24.7%) 95 (20.5%)
Male 67 (75.3%) 368 (79.5%) 0.375

Age (Y)
≥ 55 12 (13.5%) 95 (20.5%)
< 55 77 (86.5%) 368 (79.5%) 0.124

BMI (kg/m2)
Normal 62 (69.7%) 290 (62.6%)
Overweight 27 (30.3%) 173 (37.4%) 0.206

Tumor size (cm)
≤ 1 22 (24.7%) 253 (54.6%) 1
> 1 67 (75.3%) 210 (45.4%) <0.001 2.280 1.111–4.680 0.025

BRAF mutation*
Absence 1 (7.1%) 6 (12.8%)
Presence 13 (92.9%) 41 (87.2%) 0.919

With benign nodule
Absence 44 (49.4%) 409 (88.3%) 1
Presence 45 (50.6%) 54 (11.7%) <0.001 7.361 3.678–14.731 <0.001

ETE
Absence 41 (46.1%) 440 (95.0%) 1
Presence 48 (53.9%) 23 (5.0%) <0.001 15.324 7.428–31.615 <0.001

Vascular invasion
Absence 80 (89.9%) 459 (99.1%) 1
Presence 9 (10.1%) 4 (0.9%) <0.001 1.026 0.224–4.708 0.974

Tumor location
Upper 39 (43.8%) 172 (37.1%)
Middle/Lower 50 (56.2%) 291 (62.9%) 0.236

CLNM
Absence 15 (16.9%) 277 (59.8%) 1
Presence 74 (83.1%) 186 (40.2%) <0.001 4.125 1.914–8.891 <0.001

LLNM
Absence 45 (50.6%) 427 (92.9%) 1
Presence 44 (49.4%) 36 (7.8%) <0.001 6.983 3.492–13.966 <0.001
October 2
020 | Volume 11 | Article
PTC, papillary thyroid carcinoma; Y, year; BMI, body mass index; ETE, extrathyroidal extension; CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis; OR, Odds
ratio; 95% CI, 95% confidence interval.
*BRAF mutation analysis was started in 2017 and it was performed in 61 PTC patients in this table.
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vocal cord paralysis and hypoparathyroidism, the 15.5%
incidence of contralateral occult carcinoma cannot convince
all patients with clinically solitary PTC to routinely undergo TT.
Hence, we further examined any clinicopathological characteristics
related to the presence of occult carcinoma, especially contralateral
occult carcinoma, to help select high-risk patients with
occult carcinoma.

In this study, factors such as male, the presence of benign
nodule, and vascular invasion were independent predictors of
ipsilateral occult carcinoma. As for contralateral occult
carcinoma, tumor size >1 cm, the presence of benign nodule,
ETE, CLNM, LLNM were independent predictors. Our results
were consistent with previous studies regarding the risk factors
of multifocality (21–23). To our surprise, the presence of
benign nodule was the risk factor of both contralateral and
ipsilateral occult carcinoma. This result may be due to the
presence of occult small carcinoma obscured by benign
nodules. Moreover, the accurate of US in detecting lesions
with diameters less than 5 mm was only 53.8% (24), and 7.9 to
18% of the aspirates were classified as “indeterminate” by FNA,
Frontiers in Endocrinology | www.frontiersin.org 6
which carry the risk of malignancy (25, 26). Therefore, the
presence of benign nodule in the lobe by preoperative
evaluation should be regarded as the significant predictive
factor of potential presence of the occult carcinoma in the
both contralateral and ipsilateral lobe.

Due to the excellent prognosis of PTMC, some people hold
the view that the treatment of PTMC should be different from
PTC (19). We further analyzed risk factors of recurrence. In
addition to the tumor size >1 cm, ETE, and CLNM, which
previously confirmed to be associated with recurrence (27–30),
we found bilaterality, that is, the occult carcinoma in the
contralateral lobe, is also the independent predictor of
recurrence. However, ipsilateral multifocality, that is, the occult
carcinoma in the ipsilateral lobe, has no association with
recurrence. This result was consistent with previous studies.
For example, a recent study involving 2,211 Chinese PTC
patients showed the 10-year disease-free survival rate of
patients with bilateral PTC was much lower than that of
those with unilateral-multifocal and solitary PTC (78.8 vs 85.7
and 89.3%, respectively; P = 0.005) (31). Moreover, a study of
TABLE 3 | Associations between clinicopathological characteristics and ipsilateral occult carcinoma in PTC patients.

Variables Ipsilateral occult Solitary P value OR 95% CI P value

N = 21 (4.3%) N = 463 (95.7%)

Sex
Female 4 (19.0%) 368 (79.5%) 1
Male 17 (81.0%) 95 (20.5%) <0.001 45.286 4.819–425.574 0.001

Age (Y)
≥ 55 6 (28.6%) 95 (20.5%)
< 55 15 (71.4%) 368 (79.5%) 0.539

BMI (kg/m2)
Normal 13 (61.9%) 290 (62.6%)
Overweight 8 (38.1%) 173 (37.4%) 0.946

Tumor size (cm)
≤ 1 8 (38.1%) 253 (54.6%)
> 1 13 (61.9%) 210 (45.4%) 0.137

BRAF mutation*
Absence 1 (33.3%) 6 (12.8%)
Presence 2 (66.7%) 41 (87.2%) 0.378

With benign nodule
Absence 14 (66.7%) 409 (88.3%) 1
Presence 7 (33.3%) 54 (11.7%) 0.010 9.858 2.120–45.842 0.004

ETE
Absence 8 (38.1%) 440 (95.0%) 1
Presence 13 (61.9%) 23 (5.0%) <0.001 2.152 0.139–33.219 0.583

Vascular invasion
Absence 6 (28.6%) 459 (99.1%) 1
Presence 15 (71.4%) 4 (0.9%) <0.001 68.081 7.440–662.304 <0.001

Tumor location
Upper 10 (47.6%) 172 (37.1%)
Middle/Lower 11 (52.4%) 291 (62.9%) 0.333

CLNM
Absence 10 (47.6%) 277 (59.8%)
Presence 11 (52.4%) 186 (40.2%) 0.265

LLNM
Absence 17 (81.0%) 427 (92.2%)
Presence 4 (19.0%) 36 (7.8%) 0.153
October
 2020 | Volume 11 | Article
PTC, papillary thyroid carcinoma; Y, year; BMI, body mass index; ETE, extrathyroidal extension; CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis; OR, Odds
ratio; 95% CI, 95% confidence interval.
*BRAF mutation analysis was started in 2017 and it was performed in 50 PTC patients in this table.
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2,095 patients with PTC who underwent TT found that
multifocality rather than bilaterality was the independent
predictor of disease recurrence or persistence (32). Therefore,
Frontiers in Endocrinology | www.frontiersin.org 7
conservative treatment, such as lobectomy, can be performed for
clinically solitary PTC patients with risk factors of ipsilateral
occult carcinoma.

In addition to showing contralateral occult carcinoma risk
stratification data, we developed and validated a 10-point risk-
TABLE 4 | Cox proportional hazards model demonstrating factors associated with recurrence-free survival in PTC patients.

Variables Univariate analyses Multivariate analyses*

HR 95% CI P value HR 95% CI P value

Sex
Male 1
Female 1.652 0.706–3.865 0.247

Age (Y)
< 55 1
≥ 55 0.758 0.324–1.771 0.522

BMI (kg/m2)
Normal 1
Overweight 1.841 0.875–3.872 0.108

Tumor size (cm)
≤ 1 1 1
> 1 2.621 1.094–6.280 0.031 2.147 1.005–4.585 0.048

Multifocality
Solitary 1 1
Ipsilateral Multifocality 1.262 0.639–2.490 0.503 1.398 0.339–5.757 0.643
Bilaterality 2.560 1.040–6.299 0.041 5.818 2.196–15.415 <0.001

ETE
Absence 1 1
Presence 2.560 1.040–6.299 0.041 2.447 1.033–5.793 0.042

Vascular invasion
Absence 1
Presence 1.390 0.560–3.450 0.477

Tumor location
Middle/Lower 1
Upper 1.322 0.659–2.650 0.432

CLNM
Absence 1 1
Presence 5.047 1.712–14.877 0.003 5.230 1.818–15.046 0.002

LLNM
Absence 1
Presence 1.091 0.529–2.250 0.814
Octobe
r 2020 | Volume 11 | Article
PTC, papillary thyroid carcinoma; Y, year; BMI, body mass index; ETE, extrathyroidal extension; CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis; HR, Hazard
ratio; 95% CI, 95% confidence interval.
*The multivariate models were performed using a backward stepwise selection procedure. All clinically relevant variables with P < 0.05 in univariate results were used in the multivariate model.
TABLE 5 | Development of a 10-point risk-scoring model to predict contralateral
occult carcinoma in PTC patients.

Variables P value Beta coefficient Point

Tumor size (cm)
≤ 1
> 1 0.025 0.824 1.000

With benign nodule
Absence

Presence <0.001 1.996 2.000
ETE
Absence
Presence <0.001 2.729 3.000

CLNM
Absence
Presence <0.001 1.417 2.000

LLNM
Absence
Presence <0.001 1.944 2.000
PTC, papillary thyroid carcinoma; CLNM, central lymph node metastasis; LLNM, lateral
lymph node metastasis; ETE, extrathyroidal extension.
TABLE 6 | Risk scores and percentage of contralateral occult carcinoma in PTC
patients.

Risk score contralateral
occult

carcinoma
(+)

contralateral
occult

carcinoma (–)

Total Positive
rate (%)

0 2 147 149 1.3%
1 4 101 105 3.8%
2 1 74 75 1.3%
3 8 88 96 8.3%
4 8 18 26 30.8%
5 14 22 36 38.9%
6 25 11 36 69.4%
7 13 0 13 100.0%
8 7 2 9 77.8%
9 7 0 7 100.0%
PTC, papillary thyroid microcarcinoma.
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scoring model to predict the presence of contralateral occult
carcinoma in clinically solitary PTC patients based on tumor
size, the presence of benign nodule, ETE, CLNM, and LLNM in
our study. Predictive models can not only understand the response
probabilities of each predictor to other factors, but also quickly
assess the response probabilities of individual subjects. According
to the ROC curve, the area under the curve of the model for the
prediction of contralateral occult carcinoma was 0.910 (95% CI:
0.872–0.948, P < 0.001), showing the high discrimination accuracy
of the scoring model. The average incidence of contralateral occult
carcinoma in PTC patients with score ≥4 (high risk) was
significantly higher than that in patients with score ≤3 (low risk)
(58.3 vs. 3.5%, P < 0.001). The risk scoring model is simple and
effective, which could be implemented in clinical work. By
identifying the high-risk groups in the relatively objective
manner, it can provide the personalized treatment for these
patients. For example, combined with preoperative image
examinations, clinically solitary PTC patients with score ≥4 are
recommended to undergo extensive treatment, such as TT, to
improve the prognosis, while clinically solitary PTC patients with
score ≤3 should undergo the lobectomy in consideration of high
complication rates of TT

There are several potential limitations in our study, which
expects to be extended upon in the further researches. First, our
research was a retrospective study, which might have the selection
bias. Compared with the prospective studies, retrospective studies
tend to have more errors and biases. For instance, the data we
provided were extracted from the document and were not captured
in the actual conversation. The possibility of residual confounding
variables of unmeasured factors could not be ruled out. Second,
different surgeons were involved in performing TT and lymph
Frontiers in Endocrinology | www.frontiersin.org 8
node dissection. Postoperative results may be affected by surgeon-
specific factors. Third, since LND is not generally recommended as
a prophylactic procedure, there may be undetected LLNM.
Moreover, the follow-up time was relatively short (average time:
32 months), which may lead to a low recurrence rate. Longer
follow-up period may make the result more stable. Finally, more
external validation, such as validation of the risk-scoring model in
other institutions or other countries, is still necessary in the future.

In conclusion, our study found that male, the presence of
benign nodule, and vascular invasion increase the risk of
ipsilateral occult carcinoma in clinically solitary PTC patients.
And tumor size >1 cm, the presence of benign nodule, ETE,
CLNM, LLNM were independent predictors of contralateral
occult carcinoma in clinically solitary PTC patients. Considering
that bilaterality (occult carcinoma in the contralateral lobe) is the
independent predictor of recurrence, we developed a 10-point risk-
scoringmodel for contralateral occult carcinoma to better guide the
treatment in clinically solitary PTC patients. For clinically solitary
PTC patients with score ≥4, careful preoperative evaluations are
required to exclude the contralateral occult carcinoma. Even if
contralateral occult carcinoma is not detected preoperatively, TT is
recommended for high-risk patients.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

This study has been approved by the Institutional Review Board
of Changzhou First People’s Hospital and Suzhou Municipal
Hospital ethics committee, and has been performed according to
the ethical standards laid down in the 1964 Declaration
of Helsinki.
AUTHOR CONTRIBUTIONS

A-CQ took charge of conceiving and designing the study. HP
and W-XW were responsible for collecting the data and
analyzing and interpreting the data. J-WF took charge of
writing the manuscript. JY was responsible for providing
critical revisions. B-QW participated in the revision of this
manuscript and put forward important revisions. Approving
the final version of the manuscript was in charge of YJ.
All authors contributed to the article and approved the
submitted version.
ACKNOWLEDGMENTS

Lei Qin, the English language editor, was responsible for
correcting language and grammar issues.
FIGURE 1 | Receiver operating characteristic curves of the ability of risk-
scoring model to predict the risk of contralateral occult carcinoma.
October 2020 | Volume 11 | Article 553577

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Feng et al. Management of Contralateral Occult Carcinoma
REFERENCES

1. Seib CD, Sosa JA. Evolving Understanding of the Epidemiology of Thyroid
Cancer. Endocrinol Metab Clin North Am (2019) 48(1):23–35. doi: 10.1016/
j.ecl.2018.10.002

2. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in Thyroid Cancer
Incidence and Mortality in the United States, 1974-2013. Jama (2017) 317
(13):1338–48. doi: 10.1001/jama.2017.2719

3. Ho AS, Luu M, Barrios L, Chen I, Melany M, Ali N, et al. Incidence and
Mortality Risk Spectrum Across Aggressive Variants of Papillary Thyroid
Carcinoma. JAMA Oncol (2020) 6(5):1–8. doi: 10.1001/jamaoncol.2019.6851

4. Ferrari SM, Fallahi P, Ruffilli I, Elia G, Ragusa F, Paparo SR, et al. Molecular
testing in the diagnosis of differentiated thyroid carcinomas. Gland Surg
(2018) 7(Suppl 1):S19–s29. doi: 10.21037/gs.2017.11.07

5. So YK, Kim MW, Son YI. Multifocality and bilaterality of papillary thyroid
microcarcinoma. Clin Exp Otorhinolaryngol (2015) 8(2):174–8. doi: 10.3342/
ceo.2015.8.2.174

6. Ng SC, Kuo SF, Chen ST, Hsueh C, Huang BY, Lin JD. Therapeutic Outcomes
of Patients with Multifocal Papillary Thyroid Microcarcinomas and Larger
Tumors. Int J Endocrinol (2017) 2017:4208178. doi: 10.1155/2017/4208178

7. Kuo SF, Lin SF, Chao TC, Hsueh C, Lin KJ, Lin JD. Prognosis of multifocal
papillary thyroid carcinoma. Int J Endocrinol (2013) 2013:809382. doi:
10.1155/2013/809382

8. Chow SM, Law SC, Chan JK, Au SK, Yau S, Lau WH. Papillary
microcarcinoma of the thyroid-Prognostic significance of lymph node
metastasis and multifocality. Cancer (2003) 98(1):31–40. doi: 10.1002/
cncr.11442

9. Hay ID, Hutchinson ME, Gonzalez-Losada T, McIver B, Reinalda ME, Grant
CS, et al. Papillary thyroid microcarcinoma: a study of 900 cases observed in a
60-year period. Surgery (2008) 144(6):980–987; discussion 987-988. doi:
10.1016/j.surg.2008.08.035

10. Mercante G, Frasoldati A, Pedroni C, Formisano D, Renna L, Piana S, et al.
Prognostic factors affecting neck lymph node recurrence and distant
metastasis in papillary microcarcinoma of the thyroid: results of a study in
445 patients. Thyroid (2009) 19(7):707–16. doi: 10.1089/thy.2008.0270

11. Schönberger J, Marienhagen J, Agha A, Rozeboom S, Bachmeier E, Schlitt H,
et al. Papillary microcarcinoma and papillary cancer of the thyroid <or=1 cm:
modified definition of the WHO and the therapeutic dilemma.
Nuklearmedizin (2007) 46(4):115–20quiz N141–112. doi: 10.1160/nukmed-
0059

12. Khan M, Syed AA, Khan AI, Hussain SR, Urooj N. Association of tumor size
and focality with recurrence/persistence in papillary thyroid cancer patients
treated with total thyroidectomy along with radioactive-iodine ablation and
TSH suppression. Updates Surg (2018) 70(1):121–7. doi: 10.1007/s13304-017-
0465-5

13. Choi WR, Roh JL, Gong G, Cho KJ, Choi SH, Nam SY, et al. Multifocality of
papillary thyroid carcinoma as a risk factor for disease recurrence. Oral Oncol
(2019) 94:106–10. doi: 10.1016/j.oraloncology.2019.05.023

14. Chen HY, Liu WY, Zhu H, Jiang DW, Wang DH, Chen Y, et al. Diagnostic
value of contrast-enhanced ultrasound in papillary thyroid microcarcinoma.
Exp Ther Med (2016) 11(5):1555–62. doi: 10.3892/etm.2016.3094

15. Lee J, Park JH, Lee CR, Chung WY, Park CS. Long-term outcomes of total
thyroidectomy versus thyroid lobectomy for papillary thyroid
microcarcinoma: comparative analysis after propensity score matching.
Thyroid (2013) 23(11):1408–15. doi: 10.1089/thy.2012.0463

16. Carty SE, Cooper DS, Doherty GM, Duh QY, Kloos RT, Mandel SJ, et al.
Consensus statement on the terminology and classification of central neck
dissection for thyroid cancer. Thyroid (2009) 19(11):1153–8. doi: 10.1089/
thy.2009.0159

17. Stack BC, Ferris RL, Goldenberg D, Haymart M, Shaha A, Sheth S, et al.
American Thyroid Association consensus review and statement regarding the
anatomy, terminology, and rationale for lateral neck dissection in differentiated
thyroid cancer. Thyroid (2012) 22(5):501. doi: 10.1089/thy.2011.0312

18. Tuttle RM, Haugen B, Perrier ND. Updated American Joint Committee on
Cancer/Tumor-Node-Metastasis Staging System for Differentiated and
Frontiers in Endocrinology | www.frontiersin.org 9
Anaplastic Thyroid Cancer (Eighth Edition): What Changed and Why?
Thyroid (2017) 27(6):751–6. doi: 10.1089/thy.2017.0102

19. D’Agostino TA, Shuk E, Maloney EK, Zeuren R, Tuttle RM, Bylund CL.
Treatment decision making in early-stage papillary thyroid cancer.
Psychooncology (2018) 27(1):61–8. doi: 10.1002/pon.4383

20. Pelizzo MR, Boschin IM, Toniato A, Piotto A, Bernante P, Pagetta C, et al.
Papillary thyroid microcarcinoma (PTMC): prognostic factors, management
and outcome in 403 patients. Eur J Surg Oncol (2006) 32(10):1144–8. doi:
10.1016/j.ejso.2006.07.001

21. Wang P, Wang Y, Miao C, Yu X, Yan H, Xie Q, et al. Defining a New Tumor
Dimension in Staging of Papillary Thyroid Carcinoma. Ann Surg Oncol (2017)
24(6):1551–6. doi: 10.1245/s10434-017-5764-z

22. Kiriakopoulos A, Petralias A, Linos D. Multifocal Versus Solitary Papillary
Thyroid Carcinoma.World J Surg (2016) 40(9):2139–43. doi: 10.1007/s00268-
016-3628-5

23. Vorasubin N, Nguyen C, Wang M. Risk factors for cervical lymph node
metastasis in papillary thyroid microcarcinoma: A meta-analysis. Ear Nose
Throat J (2016) 95(2):73–7.

24. Ha SM, Kim JK, Baek JH. Detection of Malignancy Among Suspicious
Thyroid Nodules <1 cm on Ultrasound with Various Thyroid Image
Reporting and Data Systems. Thyroid (2017) 27(10):1307–15. doi: 10.1089/
thy.2017.0034

25. Piana S, Frasoldati A, Ferrari M, Valcavi R, Froio E, Barbieri V, et al. Is a five-
category reporting scheme for thyroid fine needle aspiration cytology
accurate? Experience of over 18,000 FNAs reported at the same institution
during 1998-2007. Cytopathology (2011) 22(3):164–73. doi: 10.1111/j.1365-
2303.2010.00777.x

26. Nayar R, Ivanovic M. The indeterminate thyroid fine-needle aspiration:
experience from an academic center using terminology similar to that
proposed in the 2007 National Cancer Institute Thyroid Fine Needle
Aspiration State of the Science Conference. Cancer (2009) 117(3):195–202.
doi: 10.1002/cncy.20029

27. Hughes CJ, Shaha AR, Shah JP, Loree TR. Impact of lymph node metastasis in
differentiated carcinoma of the thyroid: a matched-pair analysis. Head Neck
(1996) 18(2):127–32. doi: 10.1002/(SICI)1097-0347(199603/04)18:2<127::
AID-HED3>3.0.CO;2-3

28. Lee J, Song Y, Soh EY. Central lymph node metastasis is an important
prognostic factor in patients with papillary thyroid microcarcinoma. J Korean
Med Sci (2014) 29(1):48–52. doi: 10.3346/jkms.2014.29.1.48

29. Beasley NJ, Lee J, Eski S, Walfish P, Witterick I, Freeman JL. Impact of nodal
metastases on prognosis in patients with well-differentiated thyroid cancer.
Arch Otolaryngol Head Neck Surg (2002) 128(7):825–8. doi: 10.1001/
archotol.128.7.825

30. Lee KJ, Cho YJ, Kim SJ, Lee SC, Kim JG, Ahn CJ, et al. Analysis of the
clinicopathologic features of papillary thyroid microcarcinoma based on 7-
mm tumor size. World J Surg (2011) 35(2):318–23. doi: 10.1007/s00268-010-
0886-5

31. Wang W, Su X, He K, Wang Y, Wang H, Wang H, et al. Comparison of the
clinicopathologic features and prognosis of bilateral versus unilateral
multifocal papillary thyroid cancer: An updated study with more than 2000
consecutive patients. Cancer (2016) 122(2):198–206. doi: 10.1002/cncr.29689

32. Kim HJ, Sohn SY, Jang HW, Kim SW, Chung JH. Multifocality, but not
bilaterality, is a predictor of disease recurrence/persistence of papillary thyroid
carcinoma. World J Surg (2013) 37(2):376–84. doi: 10.1007/s00268-012-1835-2

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Feng, Ye, Wu, Pan, Qin, Jiang and Wu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
October 2020 | Volume 11 | Article 553577

https://doi.org/10.1016/j.ecl.2018.10.002
https://doi.org/10.1016/j.ecl.2018.10.002
https://doi.org/10.1001/jama.2017.2719
https://doi.org/10.1001/jamaoncol.2019.6851
https://doi.org/10.21037/gs.2017.11.07
https://doi.org/10.3342/ceo.2015.8.2.174
https://doi.org/10.3342/ceo.2015.8.2.174
https://doi.org/10.1155/2017/4208178
https://doi.org/10.1155/2013/809382
https://doi.org/10.1002/cncr.11442
https://doi.org/10.1002/cncr.11442
https://doi.org/10.1016/j.surg.2008.08.035
https://doi.org/10.1089/thy.2008.0270
https://doi.org/10.1160/nukmed-0059
https://doi.org/10.1160/nukmed-0059
https://doi.org/10.1007/s13304-017-0465-5
https://doi.org/10.1007/s13304-017-0465-5
https://doi.org/10.1016/j.oraloncology.2019.05.023
https://doi.org/10.3892/etm.2016.3094
https://doi.org/10.1089/thy.2012.0463
https://doi.org/10.1089/thy.2009.0159
https://doi.org/10.1089/thy.2009.0159
https://doi.org/10.1089/thy.2011.0312
https://doi.org/10.1089/thy.2017.0102
https://doi.org/10.1002/pon.4383
https://doi.org/10.1016/j.ejso.2006.07.001
https://doi.org/10.1245/s10434-017-5764-z
https://doi.org/10.1007/s00268-016-3628-5
https://doi.org/10.1007/s00268-016-3628-5
https://doi.org/10.1089/thy.2017.0034
https://doi.org/10.1089/thy.2017.0034
https://doi.org/10.1111/j.1365-2303.2010.00777.x
https://doi.org/10.1111/j.1365-2303.2010.00777.x
https://doi.org/10.1002/cncy.20029
https://doi.org/10.1002/(SICI)1097-0347(199603/04)18:2%3C127::AID-HED3>3.0.CO;2-3
https://doi.org/10.1002/(SICI)1097-0347(199603/04)18:2%3C127::AID-HED3>3.0.CO;2-3
https://doi.org/10.3346/jkms.2014.29.1.48
https://doi.org/10.1001/archotol.128.7.825
https://doi.org/10.1001/archotol.128.7.825
https://doi.org/10.1007/s00268-010-0886-5
https://doi.org/10.1007/s00268-010-0886-5
https://doi.org/10.1002/cncr.29689
https://doi.org/10.1007/s00268-012-1835-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Management of Clinically Solitary Papillary Thyroid Carcinoma Patients According to Risk-Scoring Model for Contralateral Occult Carcinoma
	Introduction
	Materials and Methods
	Patients
	Surgical Procedures
	Histopathologic Examination of Surgical Specimens
	Postoperative Management and Follow-Up
	Statistical Analyses

	Results
	Base Clinicopathological Characteristics of Patients
	Clinicopathological Factors Associated With Contralateral Occult Carcinoma
	Clinicopathological Factors Associated With Ipsilateral Occult Carcinoma
	Predictors of RFS
	Development of Risk-Scoring Model to Predict Contralateral Occult Carcinoma

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


