3 frontiers ‘ Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Gianlorenzo Dionigi,
University of Milan, Italy

REVIEWED BY
Yutian Zou,

Sun Yat-sen University Cancer Center
(SYSUCC), China

Chang Cai,

Fudan University, China

*CORRESPONDENCE
Yurong Hong
hongyurong@zju.edu.cn
Pintong Huang
huangpintong@zju.edu.cn

SPECIALTY SECTION

This article was submitted to
Head and Neck Cancer,

a section of the journal
Frontiers in Oncology

RECEIVED 25 February 2022
ACCEPTED 09 September 2022
PUBLISHED 12 October 2022

CITATION

Luo Z, Hong Y, Yan C, Ye Q, Wang Y
and Huang P (2022) Nomogram for
preoperative estimation risk of cervical
lymph node metastasis in

medullary thyroid carcinoma.

Front. Oncol. 12:883429.

doi: 10.3389/fonc.2022.883429

COPYRIGHT

© 2022 Luo, Hong, Yan, Ye, Wang and
Huang. 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.

Frontiers in Oncology

TyPE Original Research
PUBLISHED 12 October 2022
p0110.3389/fonc.2022.883429

Nomogram for preoperative
estimation risk of cervical lymph
node metastasis in medullary
thyroid carcinoma

Zhiyan Luo?, Yurong Hong™, Caoxin Yan®, Qin Ye?,
Yong Wang® and Pintong Huang™

‘Department of Ultrasound Medicine, Second Affiliated Hospital, School of Medicine, Zhejiang
University, Hangzhou, China, 2Department of Pathology, Second Affiliated Hospital, School of
Medicine, Zhejiang University, Hangzhou, China, *Department of Surgery, Second Affiliated
Hospital, School of Medicine, Zhejiang University, Hangzhou, China

Objectives: Cervical lymph node metastasis (CLNM) is common in medullary
thyroid carcinoma (MTC), but how to manage cervical lymph node involvement
of clinically negative MTC is still controversial. This study evaluated the
preoperative features and developed an ultrasound (US)-based nomogram to
preoperatively predict the CLNM of MTC.

Materials and methods: A total of 74 patients with histologically confirmed
MTC were included in this retrospective study and assigned to the CLNM-
positive group and CLNM-negative group based on the pathology. The
associations between CLNM and preoperative clinical and sonographic
characteristics (size, location, solid component, shape, margin, echogenicity,
calcification, and extracapsular invasion of the tumor) were evaluated by the
use of univariable and multivariable logistic regression analysis. A nomogram to
predict the risk of the CLNM of MTC was built and assessed in terms of
discrimination, calibration, and clinical usefulness.

Results: The nomogram was based on three factors (tumor margin, US-
reported suspicious lymph node, and extracapsular invasion US features) and
exhibited good discrimination with an area under the curve (AUC) of 0.919 (95%
Cl, 0.856-0.932). The calibration curves of the nomogram displayed a good
agreement between the probability as predicted by the nomogram and the
actual CLNM incidence.

Conclusions: We constructed and validated a US-based homogram to predict
the risk of CLNM in MTC patients, which can be easily evaluated before surgery.
This model is helpful for clinical decision-making.
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Introduction

Medullary thyroid carcinoma (MTC) is a rare disease,
amounting to about 2%-5% of all thyroid malignancies
globally (1-3). It is characterized by a relatively slow tumor
growth but early lymph node (LN) metastasis (LNM), which
appeared in 40.0%~66.7% of patients when initially diagnosed,
with the predominance of cervical lymph node metastasis
(CLNM) (4). In sporadic MTC, the proportion of central and
lateral neck LNMs related with T1 tumors is 14% and 11%,
respectively; the proportion is 86% and 93%, respectively, with
pT4 tumors (5). Palpable thyroid nodules are associated with a
70% rate of CLNM and a 10% rate of distant metastasis (6).

Total thyroidectomy (TT) and dissection of cervical LNs are
standard approaches for MTC in light of preoperative serum
calcitonin (Ctn) levels, ultrasound (US)-reported suspicious LN
findings, and intraoperative or fine-needle aspiration (FNA)-
proven CLNM (1, 7, 8). However, there is a disputed topic in
performing lateral neck dissection (LND) in patients without
evidence of CLNM on preoperative US. More aggressive
prophylactic LND may raise the risk of severe nerve injury
and hypoparathyroidism without obvious survival benefits (9).

Preoperative imaging plays an important role in the
diagnosis and staging of MTC. Although several studies have
reported high-risk factors relative to clinical and US features
predictive of CLNM in MTC (10-12), the results have been
conflicting. In addition, some of the risk factors identified, such
as TNM stage, are only available after the operation (13, 14) and
cannot help in determining the extent of thyroid surgery.
Seeking a suitable and noninvasive approach for evaluating
CLNM is therefore of great importance.

For this reason, we constructed and validated a nomogram
to predict CLNM based on clinical and US features, a precise,

Patients with MTC who underwent surgery from Jan.2011
to Jan.2021(n=95)

Exclude(n=21)
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simple, and objective scoring system for preoperatively
quantifying the probability of CLNM.

Materials and methods

This retrospective study was approved by the Ethics
Committee of the Second Affiliated Hospital of Zhejiang
University School of Medicine, and the requirement for
informed consent was waived. We retrospectively evaluated
the preoperative clinical and US features for predicting CLNM
in patients with pathologically confirmed MTC surgery in our
hospital between January 2011 and January 2021. The inclusion
criteria of the nodules were as follows: 1) the thyroid US
examination was carried in our department within 2 weeks
before surgery; 2) patients who underwent initial thyroid
surgery with central neck dissection (CND) or modified
radical neck dissection during the initial surgery and were
pathologically confirmed as MTC; 3) no other treatment
before surgery. The exclusion criteria were as follows:
1) patients with distant metastases or accompanied by other
malignancies; 2) incomplete or unqualified ultrasound images;
3) patients are treated by chemotherapy or radiotherapy before
surgery; 4) for MTC patients without LND, regularly followed
up for less than 5 years. According to the above criteria, 74
patients (31 men and 43 women, mean age 43.2 = 10.9 years)
were enrolled. Figure 1 showed the flowchart of the patients
enrolled in our study. All patients underwent TT with bilateral
CND, 54 (72.9%) patients underwent modified radical neck
dissection during the initial surgery, and the remaining 20
MTC patients without LND were regularly followed up for at
least 5 years, with a median of 6.7 years [interquartile range
(IQR) 5.0-9.3 years]. Among the study subjects, 33 (44.6%)

Y

Excluded case
- With distant metastases(n=3)
- Accompanied with other malignancy(n=2)
- History with previous thyroid surgery or therapy; (n=3)
- Incomplete ultrasonic images or poor image quality
(n=7)
- Missing follow-up or the follow-up time less than 5
years for patient without LND(n=6)

Enrolled patients (n=74)

FIGURE 1

Flowchart of the patients enrolled in our study. MTC, medullary thyroid carcinoma; LND, lymph node dissection.
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patients were placed in the LNM-negative group and 41 (55.4%)
patients were placed in the CLNM-positive group according to
the pathology results. All cases were regularly followed.

Requirements for ultrasound images

The US images obtained from the picture archiving and
communication system (PACS) workstations should contain the
following requirements: 1) including as many malignant
characteristics of the tumor as possible in the longitudinal and
transverse planes; 2) clearly exhibiting the extent of contact with
the adjacent capsule; 3) US findings, including the size, location,
solid component, shape, aspect ratio (A/T), margin, echogenicity,
echotexture, peripheral halo sign, extracapsular invasion,
calcifications, vascularization, suspicious metastatic LNs,
Contrast-Enhanced Ultrasound (CEUS) patterns, and elastic
scores were independently evaluated, as previously reported (15)
by two sonographers with more than 10 years of experience in
thyroid US and were blinded to the clinical outcome. In patients
with multifocal MTCs, the dimensions of the largest MTC lesion
were used. Tumor size was classified according to the maximum
diameter. Tumor shape was classified as either oval and round or
irregular. The A/T was classified as <1 or >1. The internal
echogenicity was categorized as hyperechogenicity,
isoechogenicity, hypoechogenicity, or marked hypoechogenicity
compared with the adjacent cervical muscle. Margins were
classified as smooth, lobulated, microlobulated, and spiculated.
Calcifications, if present, were classified as microcalcifications,
macrocalcifications, or mixed calcifications. Tumor vascularity
was assessed by color Doppler flow imaging (CDFI) and
classified according to the Adler criteria [16] from 0 to 3. The
presence of extracapsular invasion (defined as that the tumor in
contact with the adjacent capsule, so that the continuity of the
capsule line was interrupted or covered by lesions). In the
preoperative assessment of CLNMs, a suspicious LN exhibited
the following features: internal microcalcification, loss of hilar
echogenicity, exhibition of peripheral flow, and cystic or
hyperechoic change. Elastography images were classified
according to the scores by Hong et al. (15) into a score of 1-6.
In this study, a malignant lesion showing Hong scores of 4-6 was
considered as “hard” malignancy and the remaining scores as
“soft.” The CEUS patterns of the thyroid nodules were classified as
hyperenhancement and hypoenhancement.

The clinical characteristics, including gender, age, preoperative
Ctn, and carcinoembryonic antigen (CEA), were collected from
the electronic medical records. In line with a previous research
(16), the thresholds set for Ctn and CEA were as follows: Ctn >8.4
pg/ml (men), Ctn 5.0 pg/ml (women), and CEA =5 ng/ml.
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Statistical analysis

The statistical analyses were performed through SPSS
version 16.0 (SPSS Inc., Chicago, IL, USA). Continuous data
are presented as mean + standard deviation (SD) and compared
by using Student’s t test. Categorical data were compared using
the Pearson chi-square test and Fisher’s exact test, and the
receiver operating characteristic (ROC) curve analysis was
performed to determine the optimal cutoff points for tumor
size in US. Variables that proved to be statistically significant on
univariate analysis were included in the multivariate logistic
regression to evaluate risk factors for CLNM in MTC patients.

A nomogram was built according to the results of the binary
logistic regression to assess the risk of CLNM preoperatively by
using R software (version 3.5.1). The performance of the
nomogram was further evaluated by discrimination and
calibration. ROC was employed to test the discriminative
power and consensus of our formulated CLNM prediction
model. The calibration of the prediction model was carried out
by plotting the CLNM-positive predicted probability of the
nomogram against the observed probability. In addition, the
nomogram was subjected to 1000 bootstrap resamples for
internal validation to assess the accuracy of the constructed
logistic regression model.

Results

Demographic and clinicopathologic
characteristics

All 74 MTC patients, including 31 men and 43 women, were
confirmed by surgery and pathology. Among the 74 eligible
patients, 41 patients had CLNM [10 patients with central
compartment lymph node metastasis (CCLNM), four patients
with lateral compartment lymph node metastasis (LCLNM), and
27 patients with both compartment LNM]; the remaining 33
patients showed negative CLNM. Sixty-four patients had
measurements of their serum Ctn levels and 62 had
measurements of their CEA. In the ROC analysis, the optimal
cutoff tumor size in US between the two groups was 2.19 cm
[area under the curve (AUC), 0.579; 95% confidence interval
(CI), 0.449-0.709]. The baseline characteristics of the patients in
each group are presented in Table 1. The level of preoperative
serum Ctn was significantly higher in the CLNM-positive group
than that in the CLNM-negative group (p = 0.001); no significant
differences were found between the two groups in terms of age,
gender, tumor location, or CEA.
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TABLE 1 Clinical and US imaging characteristics of MTC.

Characteristics Non-LNM group
Mean age 46.85 + 14.17
Preoperative Ctn 270.66 + 426.32
Preoperative CEA 103.11 + 224.35
Sex

Men 14

Women 19
Location 1

Left lobe 15

Right lobe 18
Location 2

Upper lobe 12

Middle lobe 17

Lower lobe 4

Nodule size
<2.19 4
>2.19 29

Aspect ratio

<1 28

>1 5
Shape

Oval and round 19

Irregular 14
Margin

Smooth 6

Lobulated 17

Microlobulated 4

Spiculated 6
Extracapsular invasion

Yes 6

No 27
Echogenicity

Markedly hypoechogenic 18

Hypoechogenic 14

Hyperechoic or Isoechoic 1
Composition

Solid 28

Mixed 5
Echotexture

Homogeneous 6

Heterogeneous 27
Calcification

Absent 13

Microcalcification 14

Macrocalcification 6

Peripheral halo sign

Absent or fine halo 30
Thick or irregular halo 3
Vascularity

Frontiers in Oncology

LNM group

48.95 +13.43
549.1 + 697.94
113.2 + 232.85

29

33

38

20

39

10.3389/fonc.2022.883429

0.075
12.47
0.052
0.007

2.387

0.129

5.734

1.471

4.062

23.467

28.48

1.958

0.498

2.02

0.485

1.517

0.659

0.785
0.001
0.863
0.934

0.122

0.937

0.017

0.225

0.044

0.376

0.48

0.155

0.785

0.218

0.883

(Continued)
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TABLE 1 Continued

Characteristics Non-LNM group
0 6
1 6
2 3
3 18

Elastic score
<3 1
>3 13
CEUS patterns
Hypoenhancement 8
Hyperenhancement 3
US-reported LN status
Positive 2

Negative 31

10.3389/fonc.2022.883429

LNM group v P

1 0.583

0.012 0.912

2743 0
27
14

US, ultrasound; MTC, medullary thyroid carcinoma; LNM, lymph node metastasis; Non-LNM, non-lymph node metastasis; Ctn, Calcitonin; CEA, carcino-embryonic antigen; CEUS,

Contrast-enhanced Ultrasound; LN, lymph node.

Selected factors for the model

The preoperative sonographic features of MTCs are also
described in Table 1. After univariable analysis, MTCs with
positive CLNM were more often nodules with a larger size (p =
0.017), irregular shape (p = 0.044), microlobulated or spiculated
margin (p < 0.001), extracapsular invasion (p < 0.001), and US-
reported suspicious LN (p < 0.001) than those without CLNM.
While the variables of echogenicity, solid component,
echotexture, presence of calcification, halo sign, vascularity,
elastic scores, and CEUS patterns were not significantly
different between the two groups (p > 0.05 for all).

After multivariate analysis, extracapsular invasion, margin,
and US-reported LN status remained independent predictors for
CLNM, as shown in Table 2.

Predictive nomogram for the probability
of CLNM

A nomogram was built based on the results of the binary
logistic regression that integrated the above three independent
preoperative suspicious features for predicting CLNM of the
MTC (Figure 2). The value of each of these variables (margin,
extracapsular invasion, and US-reported LN status) was

TABLE 2 Multivariate analysis of risk variables for CLNM of MTC.

Characteristics B
Extracapsular invasion 1.82
US-reported LN status 2.74
Margin 1.32

proportionally assigned a score based on the point scale.
Subsequently, a total score could be obtained by summing up
each subject’s score and identifying it on the lower total point
scale, and the probability of CLNM in each patient can be finally
determined. According to the ROC analysis, the nomogram
exhibited good discrimination, with an area under the ROC
curve of 0.919 (95% CI, 0.856-0.932). A calibration curve of the
nomogram exhibits that the predicted value is in good
agreement with the actual probability of CLNM with
additional 1,000 bootstraps (Figure 3).

An example of the nomogram in use

For example, the risk of CLNM in patient 1 who has a lesion
in the right thyroid lobe with spiculated margins, extracapsular
invasion, and US-reported suspicious LN (Figures 4A, B) could
be calculated to be 98% by drawing a vertical line on the “Total
points” scale (Figure 4C). Pathology proves the positive CLNM.
In patient 2 who has a nodule in the right lobe with lobulated
margins, no US-reported suspicious LNs, and no extracapsular
invasion (Figures 4D, E), the risk of CLNM turned out to be
about 30% (Figure 4F). Postoperative pathology demonstrated
the negative CLNM, although she had a high serum Ctn (>2,000
pg/ml).

Odds ratio (95% CI) P
1.39-27.72 0.017
2.21-109.61 0.006

1.51-9.35 0.004

LN, lymph node.
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FIGURE 2

A nomogram forecasting the risk of CLNM for patients with MTC. The value of each of these variables was proportionally assigned a score based on
the point scale. Subsequently, a total score could be obtained by summing up each subject’s score and identifying it on the lower total point scale. The
probability of CLNM in each patient can finally be determined. CLNM, cervical lymph node metastasis; MTC, medullary thyroid carcinoma.

Discussion

There are no evident recommendations for deciding the extent
of LND in MTC patients with no clinical evidence of CLNM in
preoperative images, so the clinical management of these patients
can be challenging. Supporters, for example, Al-Qurayshi et al.
(17), pointed out that preventive neck dissection upgraded 17.7%
and 14.3% of patients to N1A and N1b. A meta-analysis (18)

showed that LND was associated with lower mortality, suggesting
that preventive LND is beneficial. However, it raises the risk of
potential surgical complications such as recurrent laryngeal nerve
injury, chylorrhea, and reduced parathyroid function (9).
Therefore, an accurate and convenient way to directly assess the
preoperative risk of CLNM is urgently needed. Machens et al. (19)
found that about 70% of MTC patients with CCLNM had LCLNM,
which suggests that for MTC patients with CCLNM, preventive

1.0

0.8

0.6

Actual Probability

0.4

0.2

Apparent
Bias—corrected
Ideal

0.0

0.0 0.2

0.4

T T T T
0.6 0.8 1.0

Nomogram Predicted Probability

B= 1000 repetitions, boot

FIGURE 3

Mean absolute error=0.043 n=74

The calibration curves for the nomogram. The x-axis represents the nomogram-predicted CLNM probabilities, and y-axis represents the actual
probability of CLNM. Perfect prediction would be along the 45-degree line. The solid curve is bias-corrected by bootstrapping (B = 1,000

repetitions), indicating the observed nomogram performance. CLNM,
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FIGURE 4
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probabity
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§ 3 4 6 o 100 130 10 160 180 0 20 20 20 20

4f

Examples of using the nomogram to predict the individual probability of CLNM by drawing straight lines across the diagram. First, draw lines
straight upward to the point axis for each factor (margin status, orange line; capsular interruption, blue line; US-reported LN status, green line).
Then, calculate total points for each of the predictors. Finally, draw a line (the gray line) straight down to the “Total points” scale to obtain the
"Risk” of CLNM. (A) A 54-year-old man with MTC. (B) A small (size, 1.28 * 0.55 cm) lymph node was discovered, so the score was 85. The
margin is spiculated, so the score was 100. The capsule is interrupted, so the score was 60. (C) The total point was 245 (100 + 60 + 85). The
nomogram displayed that the chance of CLNM was more than 98%. Postoperative histology proved the positive CLNM. (D, E) A 60-year-old
woman with MTC. The margin is lobulated, so the score was 20. The capsule is interrupted, so the score was 60. No suspicious lymph node
was discovered, so the score was 0. The total point was 80 (20 + 60 + 0). (F) The probability of CLNM was approximately 30% by projecting a
line straight down on the “Total points” scale. Postoperative pathology revealed that the patient has negative CLNM. CLNM, cervical lymph node

metastasis; MTC, medullary thyroid carcinoma.

resection of ipsilateral cervical LNs is necessary. The National
Comprehensive Cancer Network (NCCN) guidelines suggest that
LND should be performed when the primary tumor is more than
1 ¢cm or there is CCLNM (7). Therefore, our research focuses on
the related factors of CLNM rather than LCLNM or CCLNM in
patients with MTC, so as to provide a basis for preventive LND. Oh
et al. (12) indicate that high preoperative Ctn levels (>65 pg/ml)
and a larger tumor size (>1.5 cm), irregular shape, spiculated
margin, and subcapsular location of the tumor in preoperative
neck US are significantly associated with LCLNM of MTCs. MTCs
with two or more predictors are at higher risk for LCLNM. MTCs
with fewer than two predictors have a very low probability of
LCLNM and might be suitable for treatment without prophylactic
lateral LND. However, the equal split of the variables in the work of
Oh et al. is quite impractical considering the nonlinear relationship
between the variable and LCLNM that brought forward further
questions about the representativeness of their prediction model
for other populations.

The nomogram is a predictive tool that uses a visual chart of a
statistical predictive model to solve the complexity of balancing
different variables; it also reduces the bias caused by individual
abnormal clinical or imaging variables. Moreover, nomograms play
important roles in personalized risk stratification and help doctors
in choosing the treatments when no guidelines exist, especially in
the field of cancer (20). Previous studies (21-24) have demonstrated
that nomograms have been useful in predicting CLNM risk in PTC
patients, but there were relatively few reports for predicting CLNM
risk in MTC patients. In our present study, a noninvasive
nomogram model for the preoperative prediction of CLNM of
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MTC was built using US features. This nomogram model exhibited
a satisfying result with a good discriminative ability of a C-index of
0.919 (95% CI, 0.856-0.932) and a good calibration.

According to our findings, tumor margin, US-reported
suspicious LNs, and extracapsular invasion were independent
risk factors for CLNM of MTC. The presence of ETE in MTC is
considered a risk factor for aggressive behavior and CLNM (25-
27). The extrathyroidal extension (ETE) is confirmed by
postoperative pathology. However, extracapsular invasion,
defined as a tumor abutting the thyroid capsule or there was a
discontinuity of the capsule, could be a useful preoperative US
feature for predicting ETE in pathological reports (28). MTC
cancer cells are low-differentiated, highly invasive, and often
grow infiltrating. The thyroid capsule can be regarded as a
barrier. Once the malignant tissue infiltrates the capsule, it is
easy to enter the lymphatic circulation system, which makes it
extremely prone to LN and distant metastasis (29). In this study,
in MTC patients with CLNM, the invasion of the capsule was
significantly higher than that of noninvasive (80.5% vs 18.2%),
which indicates that the invasion of the capsule has a greater
impact on CLNM. This finding suggests the importance of
careful US examination to determine extracapsular invasion of
MTCs because of its usefulness in predicting CLNM.

The finding that merits discussion is the potential influence
of the tumor margin on CLNM, which is the largest contributor
to scores of the US-based model. A lobulated or spiculated
margin on a preoperative US image was considered a predictive
factor for CLNM in MTC. With significant improvements of
ultrasonic resolution and the application of higher-frequency
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probes, margin details of thyroid nodules are better exhibited
now, which can promote a more nuanced assessment of thyroid
lesions. A smooth margin of the tumor was almost found in the
CLNM-negative group. When the MTCs present expansile
growth, a group of tumor cells “pushing” into surrounding
normal thyroid tissue, forming a lobulated margin, this result
was consistent with those earlier studies (30-33). When the
MTC infiltrated and grew extensively, the boundary presents
microlobulated or spiculated, and it was more likely to infiltrate
the thyroid capsule and metastasize to adjacent cervical LNs. In
this study, CLNM risk increased with the microlobulated or
spiculated margin. Therefore, attention should be fixed on the
identification of margins.

It is reported that neck ultrasonography demonstrated low
sensitivity but high specificity and a positive rate in diagnosing
CLNM. Neck US showed only a 6% sensitivity when diagnosing
CCLNM (34). Especially, micrometastasis may be hidden by the
thyroid tissues. In our study, preoperative US examination
found suspicious LNs in 29 cases (29/41, 70.7%) with a
relatively low sensitivity (65.9%) but high specificity (93.9%)
and positive predictive value (PPV) (93.1%), higher than those in
previous studies (85%-88% and 77%-83%, respectively) (35).

In our present study, univariate analysis indicated that the
level of preoperative serum Ctn and tumor’s size were obviously
higher and larger in patients with positive CLNM than those with
negative CLNM, which agreed with the previous research that a
high preoperative Ctn level is related to the extent of CLNM and
poor prognosis in MTC (36-41). However, multivariate analysis
showed that they were not independent predictors for predicting
CLNM, which may be due to the small sample size; the other
reason may be that the level of preoperative serum Ctn and the
size of MTC were partially overlapped. With the increase in the
diameter of the primary tumor, the basal Ctn level gradually
increases, as does the number of LNMs. Therefore, the two factors
are strongly correlated.

This study successfully constructed an US-based nomogram,
which perfectly stratified patients according to their risk of CLNM
and demonstrated a satisfactory performance. We recommend that
patients with high scores should undergo prophylactic LCLN
dissection to prevent reoperations due to recurrence or
metastasis. For patients with low scores, which indicate that they
are at low risk of CLNM, prophylactic LCLN dissection should be
avoided to reduce unnecessary damage and possible surgical
complications. In the American Thyroid Association guidelines,
prophylactic LCLN dissection based on the Ctn level is suggested
with a Grade I recommendation (recommends neither for nor
against it) (1). About 36% of the CLNM-negative patients of this
study displayed high preoperative Ctn levels (>150 pg/ml) before
the operation, which lead to the LCLN dissection. When the
nomogram was used to evaluate the risk of CLNM in each
patient, 75% of patients had low scores. This finding indicates
that these MTC patients could choose a more suitable surgical
strategy if the prediction model is used.

Frontiers in Oncology

08

10.3389/fonc.2022.883429

There are some limitations in our study. First, this is a
retrospective single-center study that may be affected by
selection biases. Second, our study failed to contain a complete
biochemical assessment with serum Ctn, CEA levels, and other
imaging studies. Third, it is worth noting that our nomograms
have not been validated by external cohorts, and we will use
other databases for calibration in our future studies.

In conclusion, we established and validated a user-friendly
and accurate US-based nomogram for forecasting the
probability of CLNM in MTC patients preoperatively, which
may guide clinicians in stratifying patients and assist surgeons to
choose the appropriate surgical strategy and thus reduce
overtreatment of indolent MTC, which is suitable to the
current trend toward personalized care.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material.. Further
inquiries can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Second Affiliated
Hospital of Zhejiang University School of Medicine. Written
informed consent from the participants’ legal guardian/next of
kin was not required to participate in this study in accordance
with the national legislation and the institutional requirements.

Author contributions

ZL: Collection of data, interpretation of data and drafting the
article; YH: Revising the article and provide the acquisition of
funding; CY: Collection of data, interpretation of data; YW:
Provide patient information and surgical specimens; QY:
Provide pathological results; PH: general supervision of the
research group. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by Natural Science Foundation nonprofit
research projects of Zhejiang Province of China (LGF19H180020).

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.

frontiersin.org


https://doi.org/10.3389/fonc.2022.883429
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Luo et al.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Wells SJ, Asa SL, Dralle H, Elisei R, Evans DB, Gagel RF, et al. Revised
American thyroid association guidelines for the management of medullary thyroid
carcinoma. Thyroid (2015) 25:567-610. doi: 10.1089/thy.2014.0335

2. Mohammadi M, Hedayati M. A brief review on the molecular basis of
medullary thyroid carcinoma. Cell J (2017) 18(4):485-92. doi: 10.22074/
cellj.2016.4715

3. Fagin JA, Wells SJ. Biologic and clinical perspectives on thyroid cancer. N
Engl ] Med (2016) 375:1054-67. doi: 10.1056/NEJMral501993

4. Fan W, Xiao C, Wu F. Analysis of risk factors for cervical lymph node
metastases in patients with sporadic medullary thyroid carcinoma. J Int Med Res
(2018) 46(5):1982-9. doi: 10.1177/0300060518762684

5. Machens A, Hinze R, Thomusch O, Dralle H. Pattern of nodal metastasis for
primary and reoperative thyroid cancer. World ] Surg (2002) 26(1):22-8.
doi: 10.1007/s00268-001-0176-3

6. Moley JF. Medullary thyroid carcinoma: Management of lymph node
metastases. ] Natl Compr Canc Netw (2010) 8(5):549-56. doi: 10.6004/
jncen.2010.0042

7. Haddad RI, Nasr C, Bischoff L, Busaidy NL, Byrd D, Callender G, et al.
NCCN guidelines insights: Thyroid carcinoma, version 2.2018. ] Natl Compr Canc
Netw (2018) 16(12):1429-40. doi: 10.6004/jnccn.2018.0089

8. Tuttle RM, Haddad RI, Ball DW, Byrd D, Dickson P, Duh QY, et al. Thyroid
carcinoma, version 2.2014. J Natl Compr Canc Netw (2014) 12(12):1671-80.
doi: 10.6004/jnccn.2014.0169

9. Deng L, Cao Y, Lin J. Regional recurrence rate of lymph-Node-Positive
thyroid carcinoma after selective or comprehensive neck dissection. Oral Oncol
(2019) 90:147-9. doi: 10.1016/j.oraloncology.2018.11.034

10. Trimboli P, Giovanella L, Valabrega S, Andrioli M, Baldelli R, Cremonini N,
et al. Ultrasound features of medullary thyroid carcinoma correlate with cancer
aggressiveness: a retrospective multicenter study. J Exp Clin Cancer Res (2014) 33
(1):87. doi: 10.1186/s13046-014-0087-4

11. Yun G, Kim YK, Choi SI, Kim JH. Medullary thyroid carcinoma:
Application of thyroid imaging reporting and data system (TI-RADS)
classification. Endocrine (2018) 61(2):285-92. doi: 10.1007/s12020-018-
1594-4

12. Oh HS, Kwon H, Song E, Jeon MJ, Song DE, Kim TY, et al. Preoperative
clinical and sonographic predictors for lateral cervical lymph node metastases in
sporadic medullary thyroid carcinoma. Thyroid. (2018) 28(3):362-8. doi: 10.1089/
thy.2017.0514

13. Siddiqui S, White MG, Antic T, Grogan RH, Angelos P, Kaplan EL, et al.
Clinical and pathologic predictors of lymph node metastasis and recurrence in
papillary thyroid microcarcinoma. Thyroid. (2016) 26(6):807-15. doi: 10.1089/
thy.2015.0429

14. Wang Y, Guan Q, Xiang J. Nomogram for predicting central lymph node
metastasis in papillary thyroid microcarcinoma: A retrospective cohort study of
8668 patients. Int ] Surg (2018) 55:98-102. doi: 10.1016/j.ijsu.2018.05.023

15. Hong YR, Yan CX, Mo GQ, Luo ZY, Zhang Y, Wang Y, et al. Elastography,
and contrast enhanced US features of papillary thyroid microcarcinoma predict
central compartment lymph node metastases. Sci Rep (2015) 5:7748. doi: 10.1038/
srep07748

16. Adler DD, Carson PL, Rubin JM, Quinn-Reid D. Doppler Ultrasound color
flow imaging in the study of breast cancer: preliminary findings. Ultrasound Med
Biol (1990) 16(6):553-9. doi: 10.1016/0301-5629(90)90020-d

17. Al-Qurayshi Z, Khadra H, Chang K, Pagedar N, Randolph GW, Kandil E.
Risk and survival of patients with medullary thyroid cancer: National perspective.
Oral Oncol (2018) 83:59-63. doi: 10.1016/j.oraloncology.2018.06.002

18. Ahn SH, Chung EJ. Significance of neck dissection for the treatment of
clinically-evident medullary thyroid carcinomas: A systematic review. Auris Nasus
Larynx. (2019) 46(3):417-23. doi: 10.1016/j.an1.2018.08.017

19. Machens A, Hauptmann S, Dralle H. Prediction of lateral lymph node metastases
in medullary thyroid cancer. Br J Surg (2008) 95(5):586-91. doi: 10.1002/bjs.6075

Frontiers in Oncology

09

10.3389/fonc.2022.883429

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

20. Liang W, Zhang L, Jiang G, Wang Q, Liu L, Liu D, et al. Development and
validation of a nomogram for predicting survival in patients with resected non-Small-
Cell lung cancer. J Clin Oncol (2015) 8:861-9. doi: 10.1200/JCO.2014.56.6661

21. Qi Q, Xu P, Zhang C, Guo S, Huang X, Chen S, et al. Nomograms
combining ultrasonic features with clinical and pathological features for
estimation of delphian lymph node metastasis risk in papillary thyroid
carcinoma. Front Oncol (2021) 11:792347. doi: 10.3389/fonc.2021.792347

22. Huang C, Cong S, Shang S, Wang M, Zheng H, Wu S, et al. Web-based
ultrasonic nomogram predicts preoperative central lymph node metastasis of cNO
papillary thyroid microcarcinoma. Front Endocrinol (Lausanne). (2021) 12:734900.
doi: 10.3389/fend0.2021.734900

23. Hu Q, Zhang WJ, Liang L, Li LL, Yin W, Su QL, et al. Establishing a
predictive nomogram for cervical lymph node metastasis in patients with papillary
thyroid carcinoma. Front Oncol (2022) 11:766650. doi: 10.3389/fonc.2021.766650

24. Zhou SC, Liu TT, Zhou J, Huang YX, Guo Y, Yu JH, et al. An ultrasound
radiomics nomogram for preoperative prediction of central neck lymph node
metastasis in papillary thyroid carcinoma. Front Oncol (2020) 10:1591.
doi: 10.3389/fonc.2020.01591

25. Ernani V, Kumar M, Chen AY, Owonikoko TK. Systemic treatment and
management approaches for medullary thyroid cancer. Cancer Treat Rev (2016)
50:89-98. doi: 10.1016/j.ctrv.2016.09.006

26. Momin S, Chute D, Burkey B, Scharpf J. Prognostic variables affecting
primary treatment outcome for medullary thyroid cancer. Endocr Pract (2017) 23
(9):1053-8. doi: 10.4158/EP161684.0R

27. Youngwirth LM, Adam MA, Scheri RP, Roman SA, Sosa JA. Extrathyroidal
extension is associated with compromised survival in patients with thyroid cancer.
Thyroid (2017) 27(5):626-31. doi: 10.1089/thy.2016.0132

28. Russ G, Bonnema SJ, Erdogan MF, Durante C, Ngu R, Leenhardt L.
European Thyroid association guidelines for ultrasound malignancy risk
stratification of thyroid nodules in adults: The EU-TIRADS. Eur Thyroid ]
(2017) 6(5):225-37. doi: 10.1159/000478927

29. Wu X, Li B, Zheng C, Liu W, Hong T, He X. Risk factors for lateral lymph
node metastases in patients with sporadic medullary thyroid carcinoma. Technol
Cancer Res Treat (2020) 19:1533033820962089. doi: 10.1177/1533033820962089

30. Mai KT, Perkins DG, Yazdi HM, Commons AS, Thomas J, Meban S.
Infiltrating papillary thyroid carcinoma: Review of 134 cases of papillary
carcinoma. Arch Pathol Lab Med (1998) 122(2):166-71.

31. Kim KJ, Hong SW, Lee YS, Kim BW, Lee SC, Chang HS, et al. Tumor
margin histology predicts tumor aggressiveness in papillary thyroid carcinoma: a
study of 514 consecutive patients. | Korean Med Sci (2011) 26(3):346-51.
doi: 10.3346/jkms.2011.26.3.346

32. Siebert SM, Gomez AJ, Liang T, Tahvildari AM, Desser TS, Jeffrey RB, et al.
Diagnostic performance of margin features in thyroid nodules in prediction of
malignancy. AJR Am J Roentgenol. (2018) 210(4):860-5. doi: 10.2214/AJR.17.18787

33. Yang GCH, Fried KO. Pathologic basis of the sonographic differences between
thyroid cancer and noninvasive follicular thyroid neoplasm with papillary-like nuclear
features. Ultrasonography (2018) 37(2):157-63. doi: 10.14366/usg.17045

34. Gimm O. Extent of surgery in clinically evident but operable MTC - when is
central and/or lateral lympadenectomy indicated? Thyroid Res (2013) 6 Suppl 1
(Suppl 1):S3. doi: 10.1186/1756-6614-6-S1-S3

35. Wu LM, Gu HY, Qu XH, Zheng J, Zhang W, Yin Y, et al. The accuracy of
ultrasonography in the preoperative diagnosis of cervical lymph node metastasis in
patients with papillary thyroid carcinoma: A meta-analysis. Eur J Radiol (2012) 81
(8):1798-805. doi: 10.1016/j.ejrad.2011.04.028

36. Brammen L, Niederle MB, Riss P, Scheuba C, Selberherr A, Karanikas G,
et al. Medullary thyroid carcinoma: Do ultrasonography and f-DOPA-PET-CT
influence the initial surgical strategy? Ann Surg Oncol (2018) 25(13):3919-27.
doi: 10.1245/s10434-018-6829-3

37. BaeSY,JungSP, Choe JH, KimJS, Kim JH. Prediction of lateral neck lymph node
metastasis according to preoperative ctn level and tumor size for medullary thyroid
carcinoma. Kaohsiung ] Med Sci (2019) 35(12):772-7. doi: 10.1002/kjm2.12122

frontiersin.org


https://doi.org/10.1089/thy.2014.0335
https://doi.org/10.22074/cellj.2016.4715
https://doi.org/10.22074/cellj.2016.4715
https://doi.org/10.1056/NEJMra1501993
https://doi.org/10.1177/0300060518762684
https://doi.org/10.1007/s00268-001-0176-3
https://doi.org/10.6004/jnccn.2010.0042
https://doi.org/10.6004/jnccn.2010.0042
https://doi.org/10.6004/jnccn.2018.0089
https://doi.org/10.6004/jnccn.2014.0169
https://doi.org/10.1016/j.oraloncology.2018.11.034
https://doi.org/10.1186/s13046-014-0087-4
https://doi.org/10.1007/s12020-018-1594-4
https://doi.org/10.1007/s12020-018-1594-4
https://doi.org/10.1089/thy.2017.0514
https://doi.org/10.1089/thy.2017.0514
https://doi.org/10.1089/thy.2015.0429
https://doi.org/10.1089/thy.2015.0429
https://doi.org/10.1016/j.ijsu.2018.05.023
https://doi.org/10.1038/srep07748
https://doi.org/10.1038/srep07748
https://doi.org/10.1016/0301-5629(90)90020-d
https://doi.org/10.1016/j.oraloncology.2018.06.002
https://doi.org/10.1016/j.anl.2018.08.017
https://doi.org/10.1002/bjs.6075
https://doi.org/10.1200/JCO.2014.56.6661
https://doi.org/10.3389/fonc.2021.792347
https://doi.org/10.3389/fendo.2021.734900
https://doi.org/10.3389/fonc.2021.766650
https://doi.org/10.3389/fonc.2020.01591
https://doi.org/10.1016/j.ctrv.2016.09.006
https://doi.org/10.4158/EP161684.OR
https://doi.org/10.1089/thy.2016.0132
https://doi.org/10.1159/000478927
https://doi.org/10.1177/1533033820962089
https://doi.org/10.3346/jkms.2011.26.3.346
https://doi.org/10.2214/AJR.17.18787
https://doi.org/10.14366/usg.17045
https://doi.org/10.1186/1756-6614-6-S1-S3
https://doi.org/10.1016/j.ejrad.2011.04.028
https://doi.org/10.1245/s10434-018-6829-3
https://doi.org/10.1002/kjm2.12122
https://doi.org/10.3389/fonc.2022.883429
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Luo et al.

38. Torresan F, Mian C, Cavedon E, Iacobone M. Cure and survival of
sporadic medullary thyroid carcinoma following systematic preoperative ctn
screening. Langenbecks Arch Surg (2019) 404(4):411-9. doi: 10.1007/s00423-
019-01764-3

39. Machens A, Lorenz K, Dralle H. Time to ctn normalization after surgery for
nodenegative and node-positive medullary thyroid cancer. Br J Surg (2019) 106
(4):412-8. doi: 10.1002/bjs.11071

Frontiers in Oncology

10

10.3389/fonc.2022.883429

40. Opsahl EM, Akslen LA, Schlichting E, Aas T, Brauckhoff K, Hagen Al et al. The role of
ctn in predicting the extent of surgery in medullary thyroid carcinoma: A nationwide
population-based study in Norway. Eur Thyroid J (2019) 8(3):159-66. doi: 10.1159/000499018

41. Ye L, Zhou X, Lu J, Wang Y, Xie X, Zhang J. Combining serum ctn,
carcinoembryonic antigen, and neuron-specific enolase to predict lateral lymph
node metastasis in medullary thyroid carcinoma. J Clin Lab Anal (2020) 34(7):
€23278. doi: 10.1002/jcla.23278

frontiersin.org


https://doi.org/10.1007/s00423-019-01764-3
https://doi.org/10.1007/s00423-019-01764-3
https://doi.org/10.1002/bjs.11071
https://doi.org/10.1159/000499018
https://doi.org/10.1002/jcla.23278
https://doi.org/10.3389/fonc.2022.883429
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Nomogram for preoperative estimation risk of cervical lymph node metastasis in medullary thyroid carcinoma
	Introduction
	Materials and methods
	Requirements for ultrasound images
	Statistical analysis

	Results
	Demographic and clinicopathologic characteristics
	Selected factors for the model
	Predictive nomogram for the probability of CLNM
	An example of the nomogram in use

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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 false
  /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 false
  /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 false
  /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


