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ABSTRACT
CENTRAL LYMPH NODE DISSECTION IN PATIENTS WITH PAPILLARY
THYROID CANCER: A POPULATION LEVEL ANALYSIS OF 14,257 CASES.
Chineme Enyioha, Sanziana Roman and Julie Ann Sosa. Department of Surgery, Yale

School of Medicine, New Haven, CT.

The role of prophylactic central lymph node dissection (CLND) in patients with
differentiated thyroid cancer has been controversial. This study analyzes the impact of
patient demographic factors and tumor size on surgery with CLND in patients with
papillary thyroid cancer (PTC) in the U.S.

All patients >18 years with PTC and follicular variant-PTC, who underwent
thyroidectomy with or without CLND in SEER, 2004-08, were included. Bivariate and
multivariate analyses were performed to determine effects of patient demographic and
clinical characteristics on the likelihood of undergoing CLND.

Of 14,257 patients in the study, 80.3% were women, 84.3% white, and the average age
was 50.1 years. 79.6% had a total thyroidectomy, and 37.1% had a CLND. Bivariate
analysis revealed that patients who were older, black, and from the South were less likely
to undergo CLND (all p<. 001). Patients with T1 tumors were least likely to undergo
CLND (36.6% compared to 57.2% of T4 tumors, p<. 01). 32.1% of patients with
microPTC (<1 cm) and 42.5% of patients with tumors 1-2 cm had CLND, of which 3.6%
(microPTC) and 8.8% (tumors 1-2cm) had positive nodes compared to 34.2% of patients

with T4 tumors. From 2004 to 2008, there was an 18.3% increase in overall use of



CLND. On multivariate analysis, younger age, female gender, white race, and Northeast

region were independently associated with an increased likelihood of undergoing CLND.
While the use of CLND has increased over time even in patients with T1 tumors, several
demographic factors remain associated with lower likelihood of receiving CLND. This

variation in practice suggests potential disparity in access and quality of surgical care for

PTC in the U.S.
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1
Introduction

Thyroid cancer is known to be one of the most common malignancies in young
women. It represents 1% of all cancers in the United States and it is the most common
endocrine malignancy, besides ovarian cancer (1-3). The incidence of thyroid cancer has
continued to increase. This trend began in the 1940s and has been observed in the United
States, Canada, and some European countries, increasing from a rate of 3.6 per 100,000
in 1973 to 16.3 per 100,000 women and 5.6 per 100,000 men by 2008 (4-6). Over the last
two decades, the annual incidence of thyroid cancer in the United States has doubled (7).
In 2010, over 40,000 people were newly diagnosed with thyroid cancer and about 1600
deaths were recorded in the United States alone (1, 4, 6). This trend has been noted for
differentiated thyroid cancer, including papillary, follicular, and hurthle cell subtypes,
which together currently account for more than 90% of all thyroid cancers and papillary
thyroid cancer accounting for most of the increased incidence (2, 3).

Among all differentiated thyroid cancers, papillary thyroid cancer is the most
common (8, 9) and some studies suggest that its incidence varies by gender and ethnicity.
Eneworld et al analyzed data from the Surveillance, Epidemiology and End Results
(SEER) program and estimated that papillary thyroid cancer incidence is higher among
females and non-Hispanic whites (9). Mitchell et al recorded similar findings; with a 7.8
fold increase and 6.6 fold increase in the incidence of papillary thyroid cancer reported
over a two-year period in women and men respectively. There was also an increased rate

of papillary thyroid cancer in whites compared to blacks (8). The reason for a higher
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incidence in women is unclear. High estrogen levels have been associated with increased
proliferation of the thyroid gland although no study has linked high estrogen levels with
thyroid cancer (10, 11). Further evaluation of incidence in the same study showed that
regional variations also exist in the incidence of thyroid cancer. The northern and
southern regions of the United States have a higher incidence rate while a decrease has
been observed in the Midwest. Thyroid cancer incidence has remained stable in the West
(3).

A higher incidence of papillary thyroid cancer has also been noted in older
patients. A study by Hughes and colleagues revealed that up until 1999, the incidence of
papillary thyroid carcinoma was higher in patients younger than 45 years of age
especially with tumors less than 1ecm. From 1999, a shift occurred with a higher incidence
of micropapillary thyroid cancer in patients 45 years or older; accounting for over 61% of
all cases (12). Eneworld and colleagues also showed that even though the increase in
incidence occurred at a higher rate in patients between the ages of 40 and 59 years, the
increase in incidence was steeper in patients between ages 60 to 79 years (9).

With regards to pathologic characteristics of thyroid cancer tumors, all ethnic groups,
except for non-Hispanic white women, have a higher number of large tumors rather than
small tumors (4). Older patients are more likely to have more than one primary tumor,
larger tumors and present at an advanced stage of disease compared to younger patients
(2).

Controversies surround proposed etiologies for this observed increasing incidence.

The major risk factor for thyroid cancer is radiation exposure. Radiation was used in the



past for treatment of benign head and neck conditions, especially in children, between the
years 1920 and 1950 (4). Studies have shown that there is a high rate of papillary thyroid
cancer among the irradiated population (13). Ronkers et al showed that in patients with
other primary malignancies treated with external beam radiation, there was a 29%
increased risk of thyroid cancer compared with the control group (14).

More recently, there have been suggestions that subclinical tumors are now better
detected with the use of fine-needle biopsy, ultrasound and computerized tomography
(CT) scan, which may lead to detection of subclinical cancers with subsequent observed
increase in thyroid cancer incidence. This theory has been supported by the fact that over
80 % of thyroid cancer tumors detected are less than 2 cm in size (5,15), especially with
the increased use of diagnostic imaging. For example, about 3 million CT scans were
performed in the United States in 1980. In 2006, that number increased to approximately
67 million (16, 17). The recognition of incidentalomas in surgical specimens especially
with the use of near or total thyroidectomy for benign thyroid disease has also been given
as an explanation for the increased incidence. Since routine biopsy of nodules less than
Icm is not recommended except if there are concerning features as stated in the ATA
guidelines, some microcarcinomas are only recognized during histological analysis of
surgical specimens (18). Others have suggested that the increased incidence is not
limited to subclinical tumors but cuts across tumors of different sizes. Infact, if the
increase in incidence is solely a result of increased detection of early-stage tumors, one
will expect a decline in the rate of incidence of larger and more advanced tumors but that

is not the case. In a study designed to investigate the trend of thyroid cancer incidence,
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Chen et al concluded that the increase in incidence is not exclusively due to detection.
There is a true increase in the number of tumors across sizes, including tumors greater
than 4cm and tumors with metastasis (19).

The following have also been suspected as risk factors for thyroid cancer: increased
body mass index (BMI), fertility drug use and changes in reproductive patterns (20-23).
Thyroid stimulating hormone (TSH) regulates the thyroid gland and an increase in TSH
level may be associated with excessive proliferation, and lead to a malignancy. Exposure
to certain environmental chemical such as polychlorinated biphenyls (PCB) has been
positively associated with elevated TSH and hence, development of cancer of the thyroid
(24, 25). Some studies support high iodine diets and goitrogenic chemicals found in food
materials as risk factors for thyroid nodules and thyroid cancer, while other studies have
refuted these findings (26).

Thyroidectomy with or without radioactive iodine administration is considered
standard of care for differentiated thyroid cancer, and together they are associated with
excellent short and long-term outcomes. Still, up to 20% of patients may develop
recurrent disease or distant metastases (27). Metastasis tends to occur first to central neck
lymph nodes and then progress to the lateral neck lymph nodes (28). Hematologic spread
to lungs, bones and liver may occur in certain types thyroid cancers. Factors associated
with recurrence or worse prognosis include age over 45 years, male gender,
extrathyroidal tumor extension, large tumor size, extent of lymph node metastases, and

presence of distant metastases at the time of diagnosis. In particular, factors associated
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with central lymph node involvement include age younger than 45 years, tumor size and
extrathyroidal involvement (29, 30).

The American Thyroid Association (ATA) recommends thyroidectomy with central
compartment lymph node dissection (CLND) for patients with differentiated thyroid
cancer and clinically positive central compartment metastatic lymph nodes, and for those
patients at high risk for occult lymph node metastases, such as patients with T3 and T4
tumors. The indications for therapeutic CLND are clear and clinical involvement of
central nodes can be detected by ultrasonography. The ideal ultrasound procedure should
include lymph node compartments of levels I to VI. Lymph node involvement detected
by ultrasound can be confirmed by ultrasound-guided fine needle aspiration (28).

The role of prophylactic CLND in patients with smaller tumors and with no
clinically evident central lymph node metastasis remains controversial, as there is a
paucity of evidence for overall reduced recurrence rates or improved survival. In
addition, CLND has been associated with an increased risk of surgical complications
such as hypoparathyroidism and recurrent laryngeal nerve injury (28, 31). For the
purposes of consistency with terminology, prophylactic CLND refers to CLND in the
absence of detectable nodal metastasis either clinically or by imaging while therapeutic
CLND suggests CLND after detection of nodal metastasis pre-operatively, intra-
operatively or by imaging.

Several studies have assessed the rates of complications and survival among patients
who underwent a thyroidectomy with and without CLND (32-34). These studies have

been mostly institutional series, often reporting the outcomes of high-volume and
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experienced thyroid surgeons. Access to high-volume surgeons is limited, especially for
certain vulnerable patient populations, such as the elderly, ethnic and racial minorities,
and those living in geographic areas where there are relatively few surgeons, such as in
the South and rural areas (29). For these reasons, institutional studies may not be
applicable to the general population. In addition, it appears unlikely that a randomized
controlled trial can be performed, since the number of patients needed to have adequate
statistical power to detect clinical benefit from CLND would be prohibitive (1). To our
knowledge, there has been no study assessing the influence of patient demographic
factors such as age, race/ethnicity, gender, and geographic region of the U.S. on the
likelihood of undergoing CLND in addition to thyroidectomy for differentiated thyroid

cancer.
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Statement of Purpose, Specific Hypotheses, and Specific Aim

The aim of our study was to analyze the impact of patient demographic factors and tumor
size on the likelihood of undergoing thyroidectomy with CLND for papillary thyroid
cancer in the U.S. Due to the current controversial nature of prophylactic central neck
dissection, we hypothesized that the use of CLND has increased in recent years across the
United States but disparities in access to standard of care persist. Older patients, male
patients and patients of minority ethnic groups are less likely to have central neck
dissection. The result of this study will lead to a better understanding of factors that may
influence the incorporation of central neck dissection in the treatment of patients with

differentiated thyroid cancer.
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Methods

Note: The author performed all data analysis described below.

Data sources and study subjects

The Surveillance, Epidemiology, and End Results (SEER) database was used to
obtain data on patients with papillary thyroid cancer from 2004 to 2008. SEER is a
population-based, comprehensive cancer registry that receives support from the National
Cancer Institute and Centers for Disease Control and Prevention. It has been in existence
since 1973 and has been used for numerous research projects on cancer of different kinds.
The SEER program regularly collects information on patient demographics, primary
characteristics of neoplasms such as tumor size, metastasis, course of treatment except
chemotherapy, and patient survival. We conducted a retrospective, population based
cohort analysis of adult patients >18 years diagnosed with papillary thyroid cancer
(International Classification of Diseases for Oncology [ICD-O] histology codes 8050/3,
8341, 8342, 8343, 8344, and follicular variant PTC code 8340) in the SEER 17 regions.
Areas that make up SEER 17 regions include Atlanta, Connecticut, Detroit, Hawaii,
Iowa, New Mexico, San Francisco-Oakland, Seattle-Puget Sound, Utah, Los Angeles,
San Jose-Monterey, Alaska, rural Georgia, greater California, Kentucky, Louisiana and
New Jersey (SEER). These regions represent approximately 26% of the total U.S.
population (35).

All patients with histologically confirmed papillary thyroid cancer between 2004 and

2008 were identified and of patients identified, only those with information on central
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lymph node status were included. Patients with no central lymph node involvement and
those with missing data on “lymph nodes examined” were excluded. Only patients
actively followed by SEER were included in analyses; patients were excluded if they
were diagnosed based on autopsy or death certificate.

Patient demographic variables of interest were gender, race (White, Black, Asian-
Pacific Islander, and other), age at diagnosis (18-44, 45-64, 65-79, and >80 years), year
of diagnosis (2004, 2005, 2006, 2007, and 2008), and geographic location (West,
Midwest, South, and Northeast). Clinical variables included type of surgical procedure
performed (lobectomy/isthmusectomy and total/near total thyroidectomy) and survival
status at the end of the study period. Pathologic information included tumor size, focality
(solitary or multifocal), extension (intrathyroidal vs. extrathyroidal), number of metastatic
lymph nodes removed, and PTC stage at diagnosis.

SEER provides the largest dimension of the primary tumor as the tumor size.
Extrathyroidal extension was defined as tumor invasion beyond the thyroid capsule.
Tumor size and extension were combined and subdivided into categories that correlate
with the T staging system of the 2002 American Joint Commission on Cancer’s tumor,
node and metastasis (TNM) system, with T1 tumors accounting for tumors 2cm of less in
size and intrathyroidal. T1 was further subdivided into T1a and T1b, with T1a
representing tumors limited to the thyroid and less than 1cm while T1b represents
intrathyroidal tumors between 1-2 cm in size. T2 tumors represent tumors greater than
2cm but less than 4cm in size and limited to the thyroid. T3 tumors have their greatest

dimension 4cm or more, and are limited to the thyroid or any tumor with minimal
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extrathyroidal involvement such as involvement of the perithyroid tissue and
sternothyroid muscle. T4 tumors are represented by any sized tumor that extends outside
of the thyroid capsule and involves the trachea, larynx, esophagus and surrounding

subcutaneous tissues (36). The number of lymph nodes examined was classified as none,

1, 2-5,>5.

Statistical Analysis

Baseline characteristics of patients were described with summary statistics. Bivariate
analysis of the independent variables and outcomes of interest was done with chi-square
analysis. A time trend analysis of CLND utilization based on tumor stage was performed
for all years under study. Multivariate logistic regression was used to adjust for patient
demographic and clinical characteristics. In the multivariate analysis, the strength of
association between independent variables and outcomes of interest was expressed as an
odds ratio (OR) for the likelihood of undergoing a CLND, along with 95% confidence
intervals (95% Cls). Statistical significance for all tests used was set at a probability (p)
value of <.05. Survival time was calculated as the time (in years) from diagnosis until
death, date last known to be alive, or December 31, 2008, whichever came first. Overall
and cancer-specific survival rates were calculated. Data analyses and management were
performed using SPSS version 19.0 (SPSS Inc, Chicago, IL). Because SEER is a public
database with no personal identifying information, this study was granted an exemption

from our institutional review board.
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Results

Summary Statistics

Between 2004 and 2008, a total of 14,257 adults with papillary thyroid cancer had
surgery with information regarding central compartment lymph nodes, equating to an
estimation of over 54000 cases in the United States over the four-year period. Most
patients were white (84.3%) and female (80.3%) (Table 1). The average age was 50.1
years with 46.7% of the total population between the ages of 45 and 64 years, and 2.2 %
of patients were 80 years of age or older. Patients from the West made up 48.9% of the
study population and only 8.6% of patients were from the Midwest. T1 tumors
represented 71.2% of tumors studied while T2, T3 and T4 were made up of 19.4%, 7.0 %
and 2.4% of the tumors respectively. 87.7% of patients had only one primary tumor and
98.7% had no metastases. Majority of patients underwent total thyroidectomy (79.6%),

and over a third (37.1%) underwent a CLND.

Bivariate Analysis

Although older patients were more likely than younger patients to have T4 tumors
(6.1% aged >80 years vs. 1.5% aged 18-44 years, p<0.001), older patients were less
likely to have CLND compared to younger ones (25.1% aged >80 years vs. 43.4 % aged
18-44 years, p<. 001). White patients had an increased likelihood of receiving CLND
compared to blacks (38.3% vs. 21.5%, p<.001). Patients in the South were least likely to
undergo a CLND based on geographic region (29.7%, p<. 001) whereas patient in the

Northeast had the highest likelihood (41.8%, p <. 001). (Table 2)
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Patients with more advanced stage tumors had an increased likelihood of undergoing
CLND as part of their treatment compared to patients with smaller tumors (57.2% for T4
tumors vs. 36.6% for T1 tumors, p<. 001). Of the patients with microcarcinomas (tumor
<lcm — Tla) and tumors 1-2 cm (T1b), 32.1% and 42.5% underwent CLND respectively;
3.6% of patients with T1a tumors and 8.8% of patients with T1b tumors had positive
nodes compared to 34.2% of patients with T4 tumors. Patients who underwent a total
thyroidectomy were more likely to undergo simultaneous CLND compared to patients

undergoing a lobectomy (40.6% for thyroidectomy vs. 23.1% for lobectomy, p<. 001)

Time Trend of Utilization

Table 3 shows the increasing utilization of CLND by T stage over the study period.
Over five years, there was an 18.3% overall increase in CLND, with the greatest increase
seen in patients with T1 tumors (23.2%). Patients with microcarcinomas also were noted
to have a significant increase in utilization of CLND (28.1% in 2004 vs. 34.2 % in 2008,
p<. 001). Utilization of CLND increased by 5.4% and 44.1% in patients with T2 and T3
tumors respectively. Although the least increase was seen in patients with T4 tumors at
2.53%, a greater percentage of them underwent CLND across all four years compared to

patients with less-advanced stages tumors.

Number of Lymph Nodes Examined
There was no difference in the total number of lymph nodes examined based on patient
age, race, geographic location, or the year of their thyroid cancer diagnosis. The average

total number of lymph nodes removed was four. Patients with stage T4 tumors had the
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largest number of lymph nodes removed, with an average of 8 lymph nodes while those

with T1 tumors had an average of 4 lymph nodes removed. (Table 4)

Multivariate Analysis

Patient characteristics independently associated with an increased likelihood of
undergoing CLND included youth (age 18-44 years), female gender, white race, and
Northeast region. (Figure 1) Patients aged > 80 years, who were black, or lived in the

South had the lowest likelihood of undergoing CLND (p<. 001).

At the end of the study period, 98.1% of patients were still alive, with thyroid cancer-

specific mortality reported for only 33 patients (0.2%).
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Discussion

To our knowledge, this is the first population-level study to examine the impact of
patient demographic and pathologic factors on surgery with CLND in patients with
papillary thyroid cancer in the U.S. The study demonstrates that patients who are
younger, female, white, located in the Northeast, and who have T4 tumors have an
increased likelihood of undergoing CLND. Patients who are older, male, black, and living
in the South are less likely to undergo CLND for PTC.

Time trend analysis indicates an increase in utilization of CLND over time, but the
revised ATA guidelines for thyroid nodules and differentiated thyroid cancer published in
2009 still do not appear to be followed consistently. Only a third of the eligible patients
in our study underwent CLND despite the ATA recommendation, which states:
“prophylactic central-compartment neck dissection (ipsilateral or bilateral) may be
performed in patients with papillary thyroid carcinoma with clinically uninvolved central
neck lymph nodes, especially for advanced primary tumors (T3 or T4)” (37). Even with
set treatment guidelines, questions about degree of adherence among surgeons continue
to arise.

A recent study by Famakinwa et al, analyzed compliance with the 2006 ATA
guidelines for differentiated thyroid cancer treatment, and demonstrated significant
variations in practice patterns across the United States. For surgical treatment, the ATA
recommendation is a near total or total thyroidectomy for most tumors except for
isolated, intrathyroidal carcinomas with no metastasis, for which a thyroid lobectomy is

sufficient. Famakinwa and colleagues showed that 24% of patients in the study were not
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treated according to guidelines, including 8% who met the criteria for surgery but
received no surgical treatment. Radioactive iodide remnant ablation (RAI) was
recommended by the ATA for patients with stages III and IV differentiated thyroid
cancer. RAI was also recommended for patients with stage II disease and younger than
45 years of age, for most patients with stage II disease but greater than or equal to 45
years old, in addition to a few stage I disease patients such as those with nodal metastasis,
multifocal disease, vascular involvement or aggressive histologies. Of over 10,000
patients who met RAI criteria, only 62% overall compliance was observed. Among
patients with stage III differentiated thyroid cancer, only 61% of them received RAI and
64% of patients with stage IV disease received it.

For central neck dissection, at the time, the ATA recommended that it should be
performed in patients with papillary thyroid cancer over 4 cm and Hurtle cell carcinoma.
Patients with follicular cancer and patients receiving RAI could be treated with a near
total or total thyroidectomy without central neck dissection. Only 71% of the population
that met the treatment requirement was treated in accordance with the guidelines, with
15% receiving CLND alone and 25% receiving CLND plus RAI (38). The level of
compliance with the guidelines in this study was higher than that observed in our study
and it may be partly because of the inclusion of all types of differentiated thyroid cancer.
The study was also done with the 2006 ATA guidelines, which is slightly different from
the 2009 guidelines used in our study. There were also variations in surgical treatment
and use of RAI according to age, race and geographical location, all of which will be

discussed later.
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Although the recommendation is clear in its statements, the extent of
lymphadenectomy that qualifies as CLND remains unclear and has been somewhat
controversial. More recently, clear description of the surgical anatomy of the central neck
has been described. The surgical boundaries include superiorly the hyoid bone, laterally
the carotid arteries; posteriorly the deep layer of the cervical fascia; and anteriorly the
superficial layer of the cervical fascia. The innominate artery and vein make up the
inferior border. Structures in the central neck besides the thyroid and lymph nodes
include the trachea, esophagus, larynx, blood vessels of the thyroid and nerves such as
the superior and recurrent laryngeal nerve, external branch of the superior laryngeal nerve
and the parathyroid glands. The central lymph nodes most commonly involved in thyroid
cancer are the right and left para-tracheal nodes, the pre-laryngeal and pre-tracheal nodes.
The posterior retropharyngeal and retro-esophageal nodes are not usually involved.

In describing the extent of CLND, Carty and colleagues mentioned that the pre-
laryngeal, pre-tracheal and not less than one para-tracheal lymph node group should be
removed at the minimum. The dissection of the recurrent laryngeal nerve should be done
in an atraumatic manner. Both the superior parathyroid gland and its primary blood
supply should be preserved. The inferior parathyroid gland and its blood supply can be
reflected. If the parathyroid glands are devascularized, auto-transplantation can take place
(39).

In our study, only 6% of patients in the CLND group had more than 5 lymph nodes
removed. The study demonstrates that a minority of patients likely undergoes an adequate

CLND:; rather, many may have isolated resection of selected lymph nodes or incidental
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lymph node removal from the central compartment. The excision of only clinically
involved lymph nodes instead of a whole nodal group does not qualify as a CLND, and
may lead to a higher risk of persistent and recurrent disease, since all pathologic lymph
nodes may not be extirpated based only on their gross appearance (37). Some other
studies have even suggested that level VII nodes in the superior mediastinum should be
included in CLND because of the persistence of disease at this site even after central
dissection (28).

The case of ipsilateral versus bilateral central neck dissection as more beneficial for
papillary thyroid cancer has also been in question. Ipsilateral CLND includes the removal
of one paratracheal nodal basin in addition to pretracheal and prelaryngeal nodes on the
side where the tumor is located. Bilateral CLND is referred to the removal of both
paratracheal nodal basins along with the removal of the pretracheal and prelaryngeal
nodal groups (39). Moo and colleagues carried out a study to analyze the sufficiency of
ipsilateral CLND for the detection and removal of positive lymph nodes. Patients
included in the study were patients with papillary thyroid cancer who underwent either
ipsilateral or bilateral CLND prophylactically. While a total of 47 out of the 104 patients
who underwent bilateral CLND had positive lymph node involvement, 31% of them had
tumors greater than 1 cm and contralateral lymph node involvement. Patients with tumors
less than 1cm had no lymph node involvement. Their results suggest that for tumors less
than 1cm in size, unilateral CLND may be sufficient but patients with tumors greater than
1 cm will benefit from bilateral CLND. Of all the parathyroid glands found in the central

neck specimen, 60% of them were from the side contralateral to the tumor, suggesting
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that there may be a higher incidence of hypocalcemia with bilateral CLND (40).

Some studies have also looked into risk factors that may be associated with
contralateral lymph node involvement in patients with papillary thyroid cancer. Koo et al
conducted a prospective study to investigate the risk factors involved with occult
ipsilateral and contralateral lymph node involvement in the central neck of patients with
unilateral papillary thyroid cancer. A total of 111 patients were included in the study and
univariate analysis showed that having a tumor with a maximum diameter greater than 1
cm was a risk factor. Tumors with lymphovascular involvement, male gender, and high-
risk MACIS (metastases, age, completeness of resection, invasion, and size) score were
also found to be risk factors. In multivariate analysis, tumor size was found to be an
independent predictor of ipsilateral lymph node involvement which was, in turn, an
independent risk factor for contralateral neck involvement (41). The results of this study
support Moo’s findings and support bilateral CLND as beneficial for patients with tumor
sizes greater than 1cm. Other studies, however, have shown opposing results and
maintain that ipsilateral CLND is sufficient regardless of tumor size (42). Our study
focused more on the number of lymph nodes removed and did not distinguish between
ipsilateral and bilateral CLND.

There are conflicting studies in the literature regarding the benefits and
disadvantages of prophylactic CLND. With regards to the disadvantages, the close
proximity of the recurrent laryngeal nerve places it at risk for injury during central neck
dissection. Most importantly, the parathyroid glands share the same blood supply as some

lymph nodes, and are often confused with lymph nodes, and thereby at risk for
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inadvertent devascularization or resection (32). CLND has been shown to increase the
risk of hypoparathyroidism, both temporary and permanent, as well as the risk of
recurrent laryngeal nerve palsy. While some studies have demonstrated increased risks of
injury to the recurrent laryngeal nerve and postoperative hypoparathyroidism compared
to thyroidectomy alone (30, 32, 43, 44), other studies have suggested that CLND in the
hands of experienced surgeons does not necessarily increase the risk of complications
(33). For instance, Bozec and colleagues, in a retrospective study to evaluate morbidity
associated with central neck dissection, found that post-operative hypocalcemia occurred
in 28% of the study population, with 13 % developing permanent hypoparathyroidism.
Only 4.8% of patients without CLND developed hypocalcemia. No statistically
significant association between CLND and recurrent laryngeal nerve injury was found
(30). In another study, Rosenbaum et al collected data on patients from a single
institution who were treated for papillary thyroid cancer. 20% of the 110 patients in the
study had CLND with initial surgical therapy. Transient hypocalcemia occurred in 86%
of patients who underwent CLND compared with 61% of those with thyroidectomy
alone. The only patient who developed permanent hypoparathyroidism had CLND (45).
On the other hand, Shindo et al conducted a retrospective study and compared
complication rates in patients who underwent thyroidectomy with and without CLND.
They found that the both groups had a similar incidence rate of permanent recurrent
laryngeal nerve injury and similar incidence of permanent hypocalcemia. (33).

For patients who did not previously have a CLND and develop a recurrence of

disease, reoperative CLND is usually done. Some argue that complication rates are higher
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with reoperative CLND compared with initial dissection especially with distorted neck
anatomy and scarring after thyroidectomy, and therefore, initial CLND is more beneficial
(46). However, Shen and colleagues carried out a study to compare complication rates
between initial and reoperative CLND. 106 out of 295 cases involved in the study were
reoperations. Their result showed that patients with initial CLND had a higher rate of
transient hypocalcemia compared to patients with reoperation. 41% of patients with
initial CLND had transient hypocalcemia while only 23.6% of the reoperative cases
developed this complication. For other complications such as neck hematoma, transient
and permanent hoarseness, and permanent hypoparathyroidism, both groups had similar
rates. (32)

There is also controversy regarding the benefits of prophylactic CLND in terms of
disease recurrence and survival benefit, with some authors maintaining that CLND
reduces local recurrence rates of papillary thyroid cancer, and others showing minimal to
no benefit overall (8,31,47). For example, Shen’s study mentioned above showed a
similar rate of papillary thyroid cancer recurrence in both patients who underwent initial
CLND and those with reoperative CLND. Studies such as that done by Zuniga and
colleagues support the idea that prophylactic CLND may not have significant benefit. In a
cohort study by Zuniga’s group, data were collected on patients who were treated for
stage NO papillary thyroid cancer. Of the 266 patients in the study, 136 of them had
prophylactic neck dissection and over 90% of all patients had a follow-up time of more
than two years. 82.3% of patients who underwent prophylactic CLND had lymph node

metastasis. 5-year disease free survival in patients with CLND was 88.2% and 85.6 % for
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those who did not undergo CLND (34).

In many cases, the goal of therapy is to have an undetectable thyroglobulin level
after surgery and for many patients; an elevated thyroglobulin level after thyroidectomy
and radioactive iodine ablation is an indication of recurrence. Some studies have
suggested that lower thyroglobulin level is associated with lymph node dissection and an
inverse relationship exists between thyroglobulin levels and the extent of CLND (42,48).
In addition, although cervical ultrasonography has a high specificity and positive
predictive value for detecting lymph node metastasis in the central neck, the sensitivity is
low (49). This allows for clinically involved lymph nodes to go undetected many times
and leads to persistent disease. Hence, an indication of the possible benefit of
prophylactic CLND.

Several opposing results such as those mentioned above have only heightened the
controversy over prophylactic CLND. Many of these studies are retrospective in nature
and this serves as a limitation to their ability to sufficiently predict clinical outcomes. To
test the possibility of overcoming this limitation, Carling and colleagues analyzed the
feasibility of a prospective randomized trial to compare the prophylactic CLND and an
absence of the procedure in patients with cNO papillary thyroid cancer. According to that
analysis, with the assumption of a 7 — year study period, a 4 —year enrollment period, a
minimum and maximum follow-up of 3 and 5 years respectively, and primary outcome of
persistent, recurrent or metastatic disease after CLND, over 5000 patients will be required

to participate in the study to realize a statistical power of 80%. Thousands of patients
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will need to be enrolled for significant difference in the rates of complications to be
identified especially with the low rates of morbidity associated with papillary thyroid
cancer. The cost for such a study is estimated to be about $20 million. In addition,
because of the large number of patients that will be needed to achieve statistically
significant results, it will need to be a multi-institutional study with the participation of
many surgeons and other physicians and this will be associated with several challenges,
making such a study not feasible. (1)

Our study showed that vulnerable populations are less likely to undergo CLND. We
found that older age was negatively associated with undergoing a CLND. This was
revealed even though elderly patients tend to present with more aggressive disease
secondary to less timely evaluation of their complaints or symptoms of thyroid cancer.
They have been shown to have larger tumors, extra thyroidal and vascular involvement
(2). Our finding is similar to that of Famakinwa et al who demonstrated a low
compliance with the guidelines for lymphadenectomy and RAI in older patients. There
was about a 20% difference in adherence between older and younger patients. Park et al
also conducted a retrospective cohort study to assess patterns of treatment in elderly
patients. The study showed that older patients with differentiated thyroid cancer receive
less aggressive treatment compared with younger patients. Although patients who age 65
years or older had larger tumors and worse disease, only 74% of them had a total
thyroidectomy compared with 80% of younger patients. Older patients were also less

likely to have RAI treatment, with 47% of them receiving RAI compared with 54% of
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younger patients (2). Another study by Bilimoria et al showed that patients older than 65
years were 35% less likely to have a total thyroidectomy compared with patients younger
than 45 years (18). In a similar way, a study by Sosa and colleagues showed that age is
inversely proportional to getting a thyroidectomy (50). As demonstrated by these
various studies, older patients are less likely to receive standard treatment of care.

Numerous other studies have shown age-related variations in treatment for other
types of health concerns. For example, with breast cancer, the second leading cause of
cancer death in women, treatment varies by age. In a study of stage I and II breast
cancer treatment by August and colleagues, an analysis of age-related differences in
treatment was carried out. Only 59 out of 77 patients who were older than or equal to 65
year of age received surgery including axillary dissection compared with 50 out of 51
patients in the younger age group. As little as 7% of older patients received
chemotherapy (51). The higher rate of co-morbidity in older women was cited as a
possible reason for some patients receiving sub-standard care but it was not applicable to
all patients involved. Treatment variation by age has also been reported in patients with
endometrial cancer, where Ahmed et al, in determining the extent of surgery in older
women with endometrial cancer, found an inverse relation between age and the
likelihood of receiving surgery. Only 75% of women older than 84 years received the
recommended surgical treatment, while in the youngest group of ages 50-64 years, 96%
of the women underwent surgery (52). No reasons were proposed for the disparity noted
the study.

Earlier studies have revealed that older patients may have a significant benefit from
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resection of metastatic lymph nodes because disease recurrence is more common in
elderly patients shortly after initial treatment (53, 54). It has been suggested also that
tumor cells of older patients may harbor biological changes, which may make radioactive
iodine therapy (RAI) less effective. Schlumberger and colleagues conducted a study
showing that while uptake of RAI at metastatic sites in patients younger than 40 years
occurred in 90% of patients, only 53% of patients over age 40 years had adequate RAI
uptake. The capacity for tumors to take up iodine falls with increasing age (55, 56).
Treatment with RAI may not be sufficient especially in older patients, thus making
CLND in this patient population even more important.

CLND may lead to more accurate disease staging, improve prognosis for patients at
high risk for extensive disease especially among patients over 45 years of age who have
an increased risk of nodal metastasis. A retrospective study conducted by Shindo et al
compared the incidence of central lymph node involvement in patients younger than age
45 years to patients older than 45 years undergoing thyroidectomy for PTC; they
demonstrated that 28% of tumors in the older patients would have been under-staged had
CLND not been performed (53).

Surgery in elderly patients does appear to come with increased associated morbidity
and may explain the age-related variation in treatment (57, 58). Sosa et al, in a study of
more than 22,000 patients who underwent thyroidectomy for thyroid cancer, showed that
complication rates for patients aged >80 years increased by 34% compared to patients
aged 65-79 years. Length of hospitalization was longer by 60% for patients 80 years of

age and above compared with patients between 65 and 79 years. Higher cost of
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treatment was also associated with older patients with almost a $2000 difference (50). In
another study of patients with adrenalectomy, Kazaure and colleagues showed that
patients older than 70 years of age had more complications than patients less than 60
years; 22.6% vs. 14.1% respectively. Patients who were 70 years or older also had
increased length of hospital stay and mortality compared with younger patients (57).
Thomas et al, who studied outcomes in patients undergoing parathyroidectomy (59),
noted a similar result.

Older patients are also known to have co-morbidities such as other ailments and
functional limitations that may lead to a higher risk of complications including non-
thyroid cancer related deaths (60, 61). In Sosa’s study, older patients had more co-
morbidities, and major loss of function was found in about 10% of patients older than 84
years and barely 4% of patients between the ages 65-79 years. The number of co-
morbidities also varied with older patients having 3 or more while younger patients had
fewer. Another finding was provider characteristics that differed for the different age
groups. Older patients were less likely to have their thyroidectomies in urban and
academic medical centers compared with younger patients. In addition, more of the older
patients received their care from low volume surgeons. With significant morbidity, a risk-
analysis on cancer treatment options comes into play for the elderly and the risk of peri-
operative cardiac or pulmonary complications may be more than the potential benefit of
the surgical treatment of thyroid cancer (2). A surgeon’s concern about the potential for
higher complication rates and shorter overall life expectancy among older patients may in

part explain our observed finding of lower rates of CLND.
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In our analysis, patients who were black were also less likely to have CLND with
thyroidectomy. Some studies have shown that although black patients tend to have larger
tumors than white patients, they also may have lower rates of lymph node metastases
(3,7). This may partly explain why CLND is less common among them, as our study
demonstrates. Racial disparities in treatment have remained a concern over the years and
numerous studies have been done to show disparate treatment across ethnic groups. A
retrospective study by Bilimoria and colleagues in a study of factors that predict the use
of total thyroidectomy found that black patients were 11% less likely to undergo a total
thyroidectomy compared with white patients. Asian patients had a higher likelihood of
undergoing a total thyroidectomy compared with white patients (18). In our study, Asian
patients were more likely than blacks but less likely than whites to have CLND.

A robust finding across studies is that blacks and other racial and ethnic minority
populations have less access to experienced surgeons or high quality care (29,62,63), and
this may lead to these groups undergoing less aggressive cancer treatment. A
retrospective study conducted by Brown et al to assess the effect of race on the
presentation and management of thyroid cancer in an equal access healthcare system
showed that black and white patients presented with large tumors at a similar rate. The
rate of total thyroidectomy and radiation was also similar, 65.3% vs. 63.3% and 56.5%
vs. 51.8% for blacks and whites respectively (7). The equal access healthcare setting of
the study may limit its applicability to the general population. In addition, Sosa and

colleagues investigated clinical and economic outcomes of thyroidectomy across
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different races and the result showed that black patients more commonly had a benign
diagnosis compared with other groups. Black patients were more likely to have a subtotal
or substernal thyroidectomy instead of total thyroidectomy when indicated and this may
be due to limited access to high quality care (29).

Differences in the qualifications and competency of physician who treat black and
white patients have been described (64, 65). Bach and colleagues studied the differences
between primary care providers of white and black patients. Physicians who had more of
a black patient population in their practice were more likely to practice in low-income
areas and less likely to be board certified in their specialty than those with predominantly
white patients. With regards to an assessment of their own ability to provide certain
aspects of care, there were differences associated with the race of the patient population.
27.8 % of physicians with black patients stated their inability to provide high-quality care
for all their patients compared with 19.3% of physicians treating white patients. They
were less likely to provide access to subspecialists of high quality, high quality diagnostic
imaging, non-emergency hospital admissions and ancillary services (65). This study was
based on the subjective responses of physicians, and patient outcomes, which may verify
the effect of the result, was not analyzed. The inability of some physicians to provide
high quality care may be related to the inability of patients to bear the cost and not a
deliberate act on the part of the physicians involved.

Although limited access of black patients to high quality care may be a contribution
to the lower rates of thyroidectomy with CLND observed in the current study, it may not

be as significant of a contributor as expected because some other studies have shown
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otherwise. Armstrong and colleagues, in a retrospective cohort study to compare surgical
treatment in black and white women with endometrial cancer, found that black women
sought treatment from physicians with higher training and in urban, large volume
hospitals (66). Other factors such as cultural and religious differences or personal biases
may also play a key role in the way people of different ethnicities approach health care.
An example of such was observed in a study by Margolis and colleagues, who assessed
the prevalence of the belief of tumor spread of lung cancer by air during surgery and the
influence of this belief on the willingness to undergo surgery for lung cancer among
black and white patients. 61% of blacks and 29% of whites had this belief. 19% of blacks
gave the belief as the reason behind their refusal to undergo surgery and 14% of them did
not believe their physician’s statement of the falseness of the belief (67).

Racial disparities in treatment for other types of cancers have been reported,
including treatment for early stage pancreatic cancer where black patients appear to have
compromised access to pancreatic resection. These observed disparities were not believed
to be due to patient refusal of standard of care; rather, it was postulated that black patients
were less likely to be offered pancreatic surgery, in spite of the survival benefit it is
known to convey (68). Similarly, Epstein and colleagues performed a literature review to
detect if racial disparities in renal transplantation are clinically appropriate or a reflection
of other factors. The result showed that, in patients with end-stage renal disease, fewer
blacks were deemed appropriate for renal transplant compared with whites; 9% vs.
20.9%, and more blacks had incomplete evaluation, suggesting that even with equal

access, fewer blacks will be referred for transplant or placed on the waiting list. This was
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also observed among those deemed appropriate for transplant (69). The possibility of
fewer matching donors for black patients may also be a contributing factor to the
observed disparity. Another study of patients with advanced breast cancer showed that
black and Hispanic patients were associated with a decreased likelihood of receiving
radiation therapy compared with their white counterparts (70).

Some have suggested that racial disparities in treatment are driven by geographical
variations, with blacks and some other minority groups residing in regions of the country
with relatively low-volume and or low-quality providers (71). This may explain the
geographical variation in the utilization of CLND that was observed in our study. Living
in the west is associated with having a higher likelihood of receiving CLND compared
with patients in other regions. Patients in the South are least likely to undergo CLND.
Improvement in racial disparities may not necessarily improve treatment on a national
level and may be dependent on addressing the regional variations.

Our study found that men were less likely than women to undergo CLND. Although
women have a higher rate of disease and present at a younger age than men, they have
less aggressive disease. In a study examining the demographics of PTC, Mitchell et al
demonstrated that tumors greater than 4cm and with evidence of lymph node involvement
were more common in men than in women. Mortality rates also were higher in men (3).
Machens and colleagues had similar findings, with larger tumor diameter in men than
women, 26mm vs. 19.3mm. Lymph node metastasis was found in 60% of men and 44%
of women in the study population. Distant metastasis was found in 29% of men and only

15% of women (72). Based on these findings, more aggressive surgery would seem to



30
potentially benefit men; nevertheless, at the population level, men seem to undergo less
CLND than women. Examinations of the influence of gender on surgical treatment for
other types of tumors have been carried out in the past. O’Connell and colleagues
examined the use of cancer directed therapies in patients with cancer of the breast,
esophagus, stomach, pancreas, rectum, non-small cell lung carcinoma and sarcoma. They
observed that the rate of cancer directed therapy was not affected by gender for most of
the cancers studied except for lung cancer and sarcoma, in which women were favored
(73).

The current study also revealed that having an advanced-staged tumor was a strong
predictor of undergoing CLND. This observation may be attributed to large tumor size as
a risk factor for lymph node involvement and the role that this knowledge plays in the
decision to perform a CLND or not. Majority of the patients in this group may have
received therapeutic and not prophylactic CLND. The current study could not distinguish
between the two types of CLND.

The time-trend analysis showed an increase in utilization of CLND over time; this
was particularly poignant for micro tumors. This observed trend might be explained in
part by the fact that there is more widespread acceptance that even microPTCs can be
associated with metastatic lymph nodes (74). We found that 11% of tumors 1cm or less
in size had coincident malignant lymph node metastases. Other recent studies have shown
that simultaneous lymph node metastasis may occur with microPTCs. Zuniga and
colleagues, in a cohort study of patients with CLND, found that over 30% of patients

with tumors less than or equal to 1cm had lymph node metastasis (34). Similarly,
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Bonnet et al found that 42% of patients with tumors less than 2cm in their study had
lymph node metastasis (56). Lymph node information can also lead to a more accurate
staging of tumors and inform the need for possible additional RAI therapy in small, node-
negative thyroid cancers. In the same study by Bonnet and colleagues, lymph node
involvement led to a modification for RAI requirement about 30% of patients with T1
tumors. With the increased utilization of high sensitivity serum thyroglobulin assays for
detection of PTC recurrence, mild elevations in serum thyroglobulin levels may create
distress among patients and physicians alike. Removal of central lymph nodes and its
association with a reduced risk of positive thyroglobulinemia can make follow-up less
stressful for patients, their endocrinologists and surgeons. This also may play a role in the
observed increase in the performance of CLND in recent years.

Our study showed a thyroid cancer specific death of 0.2%. The study period was not
sufficient to fully compare mortality rates between patients who underwent CLND and
those who did not. In general, patients with thyroid cancer have been known to have a
longer overall survival period than patients with other types of malignancies. A study by
Scott and colleagues showed that patients with papillary thyroid cancer in the United
States have a 10-year survival rate of 93% (Scott). The low mortality rate makes
recurrent disease the outcome of choice when analyzing benefits of treatment modalities
of thyroid cancer.

Limitations to this study include those associated with large administrative and
clinical databases, such as sampling and coding errors; the SEER database has been

validated since 1973 and is known to have a high level of accuracy. The lack of a
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consensus with regards to the definition of CLND makes coding in SEER likely to be
inconsistent. Except for other types of cancer, SEER lacks information regarding co-
morbidities; the “number of primary tumors” was used as a proxy for other co-
morbidities. Patient co-morbidities may have influenced surgeons’ decision to perform a
CLND. This could not be evaluated in our study. The information in SEER does not
allow for a distinction between prophylactic and therapeutic CLND or ipsilateral and
bilateral dissection. SEER also lacks data regarding laboratory values (i.e. thyroglobulin
levels), disease recurrence, reoperations, and socioeconomic status of patients; therefore,
these variables could not be analyzed.

In conclusion, this study is the first of its kind to examine at a population level the
rates of utilization of thyroidectomy with CLND for patients with PTC. We were also
able to look at the number of lymph nodes resected, determine patient demographic
factors associated with CLND, and analyze trend of CLND over time. The fact that only
6% of our study population had enough lymph nodes resected to qualify for a true CLND
according to existing guidelines speaks volumes to the observed variation in thyroid
cancer care across the U.S. Prophylactic CLND remains controversial, as the benefits and
risks balance remain debatable. While some surgeons may be concerned about
complications associated with CLND, experienced surgeons have been shown to have
low rates of complications overall. Patient access to experienced surgeons is often
compromised by a relative paucity of these surgeons and their poor distribution in some

geographic regions of the country, including the South. Additional studies should be
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undertaken to examine disease recurrence rates and need for reoperations in these

patients.
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Table 1: Demographic, clinical and pathological characteristics of patients with papillary thyroid cancer
undergoing thyroidectomy with central lymph node dissection, SEER 2004-08. (N = 14257)

Patient characteristic N %

Demographics

Age (years) 5169 36.3
-18-44 6658 46.7
-45 - 64 2120 14.9
-65-79 310 2.2
>80

Gender
- Female 11450 80.3

Race (N = 14139)

- White 11913 84.3
- Black 968 6.8
- Asian/Pacific Islander 1139 8.0
- Other 119 0.9
Geography
- Northeast 3558 25.0
- Midwest 1226 8.6
- South 2497 17.5
- West 6976 489

Clinical and pathologic characteristics

Surgery at primary site

- Lobectomy 2907 20.4
- Total thyroidectomy 11350 79.6
Tumor stage ( based on size and extension)
-Tla 6692 46.9
-T1b 3461 24.3
-T2 2772 19.4
-T3 993 7.0
-T4 339 24

Number of primary tumors

-1 12504 87.7
-2 1506 10.6
>3 247 1.73

Number of lymph nodes examined

(N=14080)
-0 8973 63.7
-1 1988 14.1
-2-5 2184 15.5
->5 935 6.64
Metastases (N=14254)
- None 14066 98.7
- Distant metastases 89 0.6

- Unknown 99 0.7
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Table 2: Unadjusted analysis of demographic and clinical characteristics of patients with papillary

thyroid cancer undergoing thyroidectomy with central lymph neck dissection, SEER 2004-2008

Patient characteristics (N = 14257) % CLND P value
Demographics
Age (years) <0.001
-18 -44 43.4
-45 - 64 35.2
-65-79 294
>80 25.1
Gender <0.001
- Male 34.8
- Female 37.6
Race (N = 14139) <0.001
- White 38.3
- Black 21.5
- Asian/Pacific Islander 34.8
- Other 39.5
Geography <0.001
- Northeast 41.8
- Midwest 34.3
- South 29.7
- West 37.7
Year of diagnosis <0.001
- 2004 33.8
- 2005 35.5
- 2006 36.6
- 2007 38.7
- 2008 40.0

Clinical characteristics

Surgery at primary site <0.001
- Lobectomy 231
- Total thyroidectomy 40.6

Tumor stage ( based on size and extension) <0.001
-Tla 321
-T1b 425
-T2 40.1
-T3 36.5
-T4 57.2

Number of primary tumors <0.001
-1 37.6
-2 34.1
23 29.6

Metastases <0.001
- None 36.8
- Distant metastases 50.6

- Unknown 56.6
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Table 3: Patients with papillary thyroid cancer who underwent thyroidectomy and central lymph
node dissection by year of diagnosis, SEER 2004-08

Stage Patients who underwent thyroidectomy with CLND (%)

2004 2005 2006 2007 2008 P value
(N=2573) (N=2791) (N=2775) (N =2906) (N =3212)

Tla 28.1 32.0 32.0 33.0 34.2 <0.001
TIb 36.7 424 41.6 42.7 48.0 <0.001
T2 38.7 34.2 39.5 47.5 40.8 <0.001
T3 30.8 33.4 35.2 37.5 444 <0.001
T4 63.0 51.3 57.9 51.9 61.4 <0.001

Table 4: Number of lymph nodes removed in patients undergoing thyroidectomy for papillary

thyroid cancer, by T stage of primary tumor, SEER 2004-08

T stage % of patients by number of lymph nodes
removed (N =14080) (all p<.001)

0 1 2-5 >5
Tla 68.6 13.8 13.4 42
TIb 58.3 154 18.0 8.2
T2 60.9 13.9 16.4 8.8
T3 64.1 13.3 15.3 72

T4 43.5 111 243 21.0
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Figure 1.
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Figure 1 — Multivariate analysis of factors independently associated with patients
undergoing thyroidectomy with CLND for papillary thyroid cancer, SEER 2004-08.
(Referents are ages 18-44 years, male gender, white race, West geographic region, and

T1 tumor stage)

-



38

References
1. Carling T, Carty SE, Ciarleglio MM, Cooper GS, Doherty GM et al. 2012. For The
American Thyroid Association Surgical Affairs Committee R. American thyroid
association design and feasibility of a prospective randomized controlled trial of
prophylactic central lymph node dissection for papillary thyroid carcinoma. Thyroid.
22(3): 237-44
2. Park HS, Roman SA, Sosa JA. 2010. Treatment patterns of aging Americans with
differentiated thyroid cancer. Cancer. 116:20-30.
3. Mitchell I, Livingston EH, Chang AY, Holt S, Snyder WH 3™ et al. 2007. Trends in
thyroid cancer demographics and surgical therapy in the United States. Surgery.
142:823-828
4. Yu G, Li JC, Branovan D, McCormick S and Schantz SP. 2010. Thyroid cancer
incidence and survival in the National Cancer Institute Surveillance, Epidemiology and
End Results race/ethnicity groups. Thyroid. 20:465-473.
5. Davies L, Welch HG. 2006. Increasing incidence of thyroid cancer in the United
States, 1973-2002. JAMA. 295(10): 2164-2167.
6. Lal G, Groff M, Howe JR, Weigel RJ and Sugg SL et al. 2012. Risk of subsequent
primary thyroid cancer after another malignancy: latency trends in a population-based
study. Ann Surg Oncol. 19(6): 1887-96
7. Brown SR, Lee S, Brown TA, Waddell BE. 2010. Effect of thyroid cancer care in an

equal access healthcare system. The American Journal of Surgery. 199:685-689.



39
8. Guerrero MA, Clark OH. 2011. Controversies in the management of papillary thyroid
cancer revisited. ISRN Oncol. 2011:303128.
9. Eneworld L, Kangmin Z, Ron E, Marrogi AJ, and Stojadinovic A et al. 2009. Rising
thyroid cancer incidence in the United States by demographic and tumor characteristics,
1980 — 2005. Cancer Epidemiol Biomarkers Prev. 18(3): 784-791.
10. Chan EK, Sepkovic DW, Bowne Y, Yu GP and Schantz SP. 2006. A hormonal
association between estrogen metabolism and proliferation of thyroid disease.
Otolaryngol Heas Neck Surg. 134:893-900.
11. Lee ML, Chen GG, Vlantis AC, Tse GM and Leung CA et al. 2005. Induction of
thyroid papillary carcinoma cell proliferation by estrogen is associated with an altered
expression of Bel-xL. Cancer J. 11:113-121.

12. Hughes DT, Haymart MR, Miller BS, Gauger PG and Doherty GM. 2011. The most
commonly occurring papillary thyroid cancer in the United States is now a
microcarcinoma in a patient older than 45 years. Thyroid. 21(3): 231-236
13. Ron E, Lubin JH, Shore RE, Mabuchi K, Modan B et al. 1995. Thyroid cancer after
exposure to external radiation; a pooled analysis of seven studies. Radiat Res 141:259-77.
14. Ronckers CM, McCarron P and Ron E. 2005. Thyroid cancer and multiple primary
tumors in the SEER cancer registries. IntJ Cancer. 117:281-8.

15. Kent WD, Hall SF, Isotalo PA, Houlden RL and George RL et al. 2007. Increased
incidence of differentiated thyroid carcinoma and detection of subclinical disease. CMAJ

177:1357-1361.



40
16. Amiss ES, Butler PF, Applegate KE, Birnbaum SE, Brateman LF et al. 2007.
American College of Radiology white paper on radiation dose in medicine. J Am Coll
Radiol. 4(5): 272-284.
17. Mettler FA, Thomadsen BR, Bhargavan M, Gilley DB and Gray JE et al. 2008.
Medical radiation exposure in the U.S. in 2006: preliminary results. Health Phys. 95(5):
502-507
18. Bilimoria KY, Bentram DJ, Linn JG, Freel A, Yeh JJ et al. 2007. Utilization of total
thyroidectomy for papillary thyroid cancer in the United States. Surgery. 142(6): 906-913
19. Chen A, Jemal A, Ward E. 2009. Increasing incidence of differentiated thyroid cancer
in the United States, 1988 — 2005. Cancer. 115(16): 3801-3807.
20. Engeland A, Tretli S, Akslen LA, Bjorge T. 2006. Body size and thyroid cancer in
two million Norwegian men and women. Br J Cancer. 95:366-370.
21. Hannibal CG, Jensen A, Sharif H, Kjaer Sk. 2008. Risk of thyroid cancer after
exposure to fertility drugs; results from a large Danish cohort study. Hum Reprod.
23:451-456.
22. Brindel P. Doyon F, Rachedi F, Boissin JL, Sebbaq J et al. 2008. Menstrual and
reproductive factors in the risk of differentiated thyroid carcinoma in native women in
French Polynesia: a population-based case-control study. Am J Epidemiol. 167(2): 219-
229.
23. Negri E, Dal Maso L, Ron E, La Vecchia C, Mark SD et al. 1999. A pooled analysis
of case-control studies of thyroid cancer. II. Menstrual and reproductive factors. Cancer

Causes Control. 10(2):143-155



41
24. Boas M, Feldt-Rasmussen U, Skakkebaek NE, Main KM. 2006. Environmental
chemicals and thyroid function. European Journal of Endocrinology. 154:599-611
25. Roger PP and Dumont JE. 1987. Thyrotropin is a potential growth factor for normal
human thyroid cells in primary culture. Biochem Biophys Res Commun. 149: 707-711.
26. Mack W, Preston —Martin S, Bernstein L, Qian D. 2002. Lifestyle and other risk
factors for thyroid cancer in Los Angeles county females. Ann Epidemiolo. 12(6): 395-
401
27. Pacini F, Castagna MG, Brilli L, Pentheroudakis G. 2009. Differentiated thyroid
cancer: ESMO clinical recommendations for diagnosis, treatment and follow-up. Ann
Oncol. 20(4): 143-146.
28. Hughes, DT and Doherty, GM. 2011. Central neck dissection for papillary thyroid
cancer. Cancer Control. 18(2): 83-88.
29. Sosa JA, Mehta PJ, Wang TS, Yeo HL and Roman SA. 2007. Racial disparities in
clinical and economic outcomes from thyroidectomy. Ann Surg. 246(6): 1083-1091.
30. Bozec A, Dassonville O, Chamorey E, Poissonnet G, Sudaka A et al. 2011. Clinical
impact of cervical lymph node involvement and central neck dissection in patients with
papillary thyroid carcinoma: a retrospective analysis of 368 cases. Eur Arch
Otorhinolaryngol. 268(8): 1205-1212.
31. Costa S, Giugliano G, Santoro L, Ywata De Carvalho A, Massaro MA et al. 2009.
Role of prophylactic central neck dissection in cNO papillary thyroid cancer. Acta

Otorhinolaryngologica Italica. 29(2): 61-69.



42
32. Shen WT, Ogawa L, Ruan D, Suh I, Kebebew E et al. 2010. Central neck lymph
node dissection for papillary thyroid cancer: comparison of complication and recurrence
rates in 295 initial dissections and reoperations. Arch Surg. 145(3): 272-275.
33. Shindo M, Stern A. 2010. Total thyroidectomy with and without selective central
neck dissection. A comparison of complication rates. Arch Otolaryngol Head Neck Surg.
136(6): 584 — 587.
34. Zuniga S, Sanabria A. 2009. Prophylactic central neck dissection in stage NO
papillary thyroid carcinoma. Arch Otolaryngo Head Neck Surg. 135(11): 1087-1091

35. National Cancer Institute. SEER: Surveillance, Epidemiology and End Results

Program. Available at http:/fwww.seer.cancer.gov| Accessed September 2011

36. Greene FL, Page DL, Fleming ID, Fritz A, Balch CM et al, eds 2002. AJCC Cancer

Staging Manual. 6™ ed. Springer Verlag New York p 77-87
37. Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL et al. 2009. Revised
American Thyroid Association management guidelines for patients with thyroid nodules
and differentiated thyroid cancer. Thyroid. 19:1167-1214.

38. Famakinwa OM, Roman SA, Wang TS, Sosa JA. 2010. ATA practice guidelines for
the treatment of differentiated thyroid cacner: were the guideline followed in the United
States? Am J Surg. 199(2): 189-198
39. Carty SE, Cooper DS, Doherty GM, Duh QY, Kloos RT et al. 2009. Consensus
statement on the terminology and classification of central neck dissection for thyroid
cancer. Thyroid. 19(11): 1153-1158.

40. Moo T, Umunna B, Kato M, Butriago D and Kundel A et al. 2009. Ipsilateral versus


http://www.seer.cancer.gov/

43
bilateral central lymph node dissection in papillary thyroid carcinoma. Ann Surg. 250(3):
403-408
41. Koo BS, Choi EC, Yoon YH, Kim DH and Kim EH et al. 2009. Predictive factors for
ipsilateral or contralateral central lymph node metastais in unilateral papillary thyroid
carcinoma. Ann Surg. 2009; 249(5): 840 -844
42. Sywak M, Cornford L, Roach P, Stalberg P and Sidhu S et al. 2006. Routine
ipsilateral level VI lymphadenectomy reduces postoperative thyroglobulin levels in
papillary thyroid cancer. Surgery.140 (6): 1000-1007.
43. Cheah WK, Arici C, Ituarte PH, Siperstein AE and Duh QY et al. 2002.
Complications of neck dissection for thyroid cancer. World J. Surg. 26(8): 1013-1016.
44. Henry JF, Gramatica L, Denizot, A, Kvachenyuk A, Puccini M et al. 1998. Morbidity
of prophylactic lymph node dissection in the central neck area in patients with papillary
thyroid carcinoma. Langenbecks Arch Surg. 383(2): 167-169.
45. Rosenbaum M, McHenry C. 2009. Central neck dissection for papillary thyroid
cancer. Arch Otolaryngol Head Neck Surg. 135(11): 1092-1097
46. White M, Gauger P, Doherty G. 2007. Central lymph node dissection in differentiated
thyroid cancer. World J Surg. 31(5): 895-904
47. Roh JL, Park YL, Park, CI. 2007. Total thyroidectomy plus neck dissection in
differentiated papillary thyroid carcinoma patients: pattern of nodal metastasis,
morbidity, recurrence, and postoperative levels of serum parathyroid hormone. Ann Surg.

245:604-610.



44
48. Qubain S, Nakano S, Baba M, Takao S and Aikou T. 2002. Distribution of lymph
node micrometastasis in pNO well-differentiated thyroid carcinoma. Surgery. 131(3):
249-256
49. Roh JL, Park JY, Kim JM and Song CJ. 2009. Use of preoperative ultrasonography as
a guidance for neck dissection in patients with papillary thyroid cancer. L Surg Oncol.
99(1): 28-31
50. Sosa JA, Mehta PJ, Wang TS, Boudourakis L., Roman SA. 2008. A population-based
study of outcomes of thyroidectomy in aging Americans: at what cost? J Am Coll Surg.
206(6): 1097-10.
51. August DA, Rea T, Sondak VK. 1994. Age-related differenced in breast cancer
treatment. Ann Surg Oncol. 1:45-52
52. Ahmed A, Zamba G, DeGeest K, Lynch CF. 2008. The impact of surgery on survival
of elderly women with endometrial cancer in the SEER program from 1992-2002.
Gynecol Oncol. 111:35-40.
53. Shindo M, Wu JC, Park EE, Tanzella F. 2006. The importance of central
compartment elective lymph node excision in the staging and treatment of papillary
thyroid cancer. Arch Otolaryngol Head Neck Surg. 132:650-654.
54. Vini L, Hyer SL, Marshall J, A’Hern R, Harmer C. 2003. Long-term results in elderly
patients with differentiated thyroid carcinoma. Cancer. 97(11): 2736-2742.
55. Schlumberger M, Challeton C, De Vathaire F, Travagli JP, Gardet P et al. 1996.
Radioactive iodine treatment and external radiotherapy for lung and bone metastasis from

thyroid carcinoma. J Nucl Med. 37(4): 598-605.



45
56. Bonnet S, Hartl D, Leboulleux S, Baudin E, Lumbroso JD et al. 2009. Prophylactic
lymph node dissection for papillary thyroid cancer less than 2cm: Implications for
radioiodine treatment. J Clin Endocrinol Metab. 94(4): 1162-1167.
57. Kazaure HS, Roman SA, Sosa JA. 2011. Adrenalectomy in older Americans has
increased morbidity and mortality: An analysis of 6416 patients. Ann Surg Oncol.
18(10): 2714-21.
58. Makary MA, Segev DL, Pronovost PJ, Syin D, Bandeen-Roche K et al. 2010. Frailty
as a predictor of surgical outcomes in older patients. ] Am Coll Surg. 210(6): 901-908.
59. Thomas D, Roman S, Sosa J. 2011. Parathyroidectomy in the elderly: analysis of
7313 patients. Journal of Surgical Research. 170:240-246
60. Yancik R. 1997. Cancer burden in the aged: an epidemiologic demographic overview.
Cancer 80:1273-1283
61. Extermann M. 2000. Measurement and impact of comorbidity in older cancer
patients. Crit Rev Oncol Hematol. 35:181-200
62. Liu JH, Zingmond DS, McGory ML, SooHoo NF, Ettner SL et al. 2006. Disparities
in the utilization of high-volume hospitals for complex surgery. JAMA. 296(16): 1973-
1980.
63. Hayanga AJ, Waljee AK, Kaiser HE, Chang DC and Morris AM. 2009. Racial
clustering and access to colorectal surgeons, gastroenterologists, and radiation
oncologists by African Americans and Asian Americans in the United States. Arch Surg.

144(6): 532-535.



46
64. Mukamel DB, Murthy AS, Weimer DL. 2000. Racial differences in access to high-
quality cardiac surgeons. Am J Public Health. 90:1774-1777
65. Bach PB, Pham HH, Schrag D, Tate RC, Hargraves JL. 2004. Primary care
physicians who treat blacks and whites. N Engl J Med. 351(6) 575-584.
66. Armstrong K, Randall TC, Polsky D, Moye E, Silber JH. 2011. Racial differences in

surgeons and hospitals for endomentrial cancer treatment. Med Care. 49(2): 207-214

67.|Margolis ML]|Christie JD||Silvestri GAJ|Kaiser L| 2003. Racial differences pertaining

to a belief about lung cancer surgery: results of a multicenter survey|Annals of Internal

Medicine|139(7): 558-563

68. Bilimoria KY, Bentrem DJ, Ko CY, Stewart AK, Winchester DP et al. 2007. National
failure to operate on pancreatic cancer. Ann Surg. 246(2): 173-80.

69. Epstein A, Ayanian J, Keogh J, Noonan S. 2000. Racial disparities in access to renal
transplantation — clinically appropriate or due to underuse or overuse? N.Engl J Med.

343: 1537-1544

70.[Martinez SR|{Beal SH}[Chen SL] Canter RJ, Khatri VP et al. 2010. Disparities in the

use of radiation therapy in patients with local-regionally advanced breast cancer. Int J
Radiat Oncol Biol Phys. 78(3): 787-92.

71. Baicker K, Chandra A, Skinner J. 2005. Geographic variation in healthcare and the
problem of measuring health disparities. Perspect Biol Med 48(1): S42-S53

72. Machens A, Hauptmann S, Dralle H. 2006. Disparities between male and female
patients with thyroid cancers: sex difference or gender divide? Clin Endocrinol. 65(4):

500-505


http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Margolis+ML%22
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Christie+JD%22
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Silvestri+GA%22
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Kaiser+L%22
http://ukpmc.ac.uk/search/?page=1&query=ISSN:%220003-4819%22
http://ukpmc.ac.uk/search/?page=1&query=ISSN:%220003-4819%22
http://www.ncbi.nlm.nih.gov/pubmed?term=Martinez%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=20619550
http://www.ncbi.nlm.nih.gov/pubmed?term=Beal%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=20619550
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=20619550

47
73. O’Connell J, Maggard M, Ko C. 2004. Cancer-directed surgery for localized disease:
decrease use in the elderly. Annals of Surgical Oncology 11(11): 962-969
74. Ross DS, Litofsky D, Ain KB, Brierley JD, Cooper DS et al. 2009. Recurrence after
treatment of micropapillary thyroid cancer. Thyroid. 19(10): 1043-1048
75. Hundahl SA, Flemming ID, Fregmen AM, Menck HR. 1998. A national cancer
database report on 53,856 cases of thyroid carcinoma treated in the U.S., 1985-1995.

Cancer. 83 (12) 2638-2648.



	Yale University
	EliScholar – A Digital Platform for Scholarly Publishing at Yale
	January 2013

	Central Lymph Node Dissection In Patients With Papillary Thyroid Cancer: A Population Level Analysis Of 14257 Cases
	Chineme Enyioha
	Recommended Citation


	tmp.1449853284.pdf.33u8g

