DIAGNOSTIC, PROGNOSTIC AND
THERAPEUTIC IMPLICATIONS OF
REGIONAL LYMPH NODE METASTASES
IN DIFFERENTIATED THYROID
CARCINOMA

Laura Y. Wang




Diagnostic, prognostic and therapeutic
implications of regional lymph node
metastases in differentiated thyroid

carcinoma

Laura Y. Wang



Research presented in this thesis has been performed on the Head and Neck Service of the Department of
Surgery (Head: prof.dr. J.P. Shah), Memorial Sloan Kettering Cancer Center, New York, USA.

Cover: Da Vinci created the first depiction of the normal thyroid gland from his cadveric dissection in the
1500's. His remarkable drawings were not seen for over 200 hundred years before being rediscovered. They
are currently on display in the Royal Library in England.

Layout by Nauka
ISBN: 9789491688133



Diagnostic, prognostic and therapeutic
implications of regional lymph node
metastases in differentiated thyroid

carcinoma

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor
aan de Universiteit van Amsterdam
op gezag van de Rector Magnificus
prof. dr. ir. K.I.J. Maex
ten overstaan van een door het College voor Promoties ingestelde commissie,
in het openbaar te verdedigen

op maandag 18 januari 2021, te 14.00 uur

door
Laura Wang

geboren te Shanghai



Promotiecommissie:

Promotor(es):

Copromotor(es):

Overige leden:

prof. dr. J.P. Shah

prof. dr. A.J.M. Balm

dr.l. Ganly

dr. S.G. Patel

prof. dr. R.J. Bennink

prof. dr. V.L.M. Vander Poorten
prof. dr. E. Fliers

prof. dr. E.J.M. Nieveen van Dijkum
prof. dr. L.E. Smeele

prof. dr. M.J. van de Vijver

dr.V.B. Wreesmann

Faculteit der Tandheelkunde

Cornell University
Universiteit van Amsterdam
Cornell University

Cornell University
Universiteit van Amsterdam
KU Leuven

Universiteit van Amsterdam
Universiteit van Amsterdam
Universiteit van Amsterdam
Universiteit van Amsterdam

Portsmouth Hospitals University NHS Trust



Contents

Chapter 1 Introduction, aims and outline 1
Part | Diagnosis of Nodal Disease

Chapter 2 Preoperative Neck Ultrasound in Clinical Node Negative
Differentiated Thyroid Cancer 17

Part Il Prognostic Features of Central Compartment Nodal Disease

Chapter 3 Level 7 Disease Does Not Confer Worse Outcome Than Level 6
Disease in Differentiated Thyroid Cancer 33

Chapter 4 Central Neck Failures in Patients with Papillary Thyroid Cancer and
Incidentally Discovered Level 6 Lymph Nodes 43

Chapter 5 Characteristics of Lymph Nodes Predictive of Outcome in the Central Neck........... 53
Part lll Prognostic Features of Lateral Compartment Nodal Disease
Chapter 6 Characteristics of Lymph Nodes Predictive of Outcome in the Lateral Neck............ 67

Chapter 7 The Impact of Nodal Stage on Outcome in Older Patients with
Papillary Thyroid Cancer 79

Part IV Outcomes Following Nodal Disease

Chapter 8 Pattern of Neck Recurrence Following Lateral Neck Dissection for
Cervical Metastases in Papillary Thyroid Cancer 95

Chapter 9 Management and Outcome of Clinically Evident Neck Recurrence in
Patients with Papillary Thyroid Cancer 107

Part V Surveillance for Nodal Recurrence

Chapter 10  Effectiveness of Routine Ultrasonographic Surveillance of Patients
with Low-Risk Papillary Carcinoma of the Thyroid 119

Chapter 11  Cost Effectiveness Analysis of Thyroid Cancer Surveillance by
ATA Risk-Category 129

Chapter 12  Discussions, Conclusions and Future Directions 145




Chapter 13

Chapter 14

Summary

Samenvatting

Appendices

Authors, Affilications and Contributions

Curriculum Vitae

Portfolio

Acknowledgments

157

160

163

164

166

168

172









Chapter 1
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Chapter 1

Introduction

Internationally, there were 567, 233 new cases of thyroid cancer diagnosed in 2018, 436, 344 of which were
in women (76.9%) (1). In the USA, thyroid cancer is the most common endocrine malignancy and the fifth
most common cancer in women with an estimated annual incidence of 56 870 cases. In the past 3 decades,
the incidence of thyroid cancer has nearly tripled, from 4.9 to 14.3 per 100,000 individuals, with similar trends
seen around the world (2-4). The increased incidence and stable mortality rate culminate in an increasing
prevalence of thyroid cancer survivors in the population.

Metastases to regional cervical lymph nodes (LN) occur early and frequently in patients with differentiated
thyroid cancer (DTC) (5). The prognostic significance of metastatic LNs has been debated and our understanding
and management of patients with metastatic disease continues to evolve. Early studies reported that the
presence of nodal disease was not prognostic of outcomes (6-8). However, later studies suggest that nodal
disease is associated with poorer outcomes, particularly in older patients (8-10). Benefit of therapeutic neck
dissection and improved outcomes are well established. However, the benefit of elective node dissection,
the extent of regional lymph node dissection, the impact of microscopic disease in lymph nodes and
timing of recurrent nodal disease management remain controversial. Since the advent of high-resolution
ultrasonography and detailed histopathological analysis, contemporary series have further stratified nodal
disease by characteristics such as size and number of lymph nodes to allow for improved prognostication
(11-15).

Pattern of nodal spread

Like other primary malignancies of the head and neck, thyroid cancer follows a predictable pattern of spread
in the cervical LNs. The central compartment, level 6 and 7, is the first echelon of involvement followed by
spread to the lateral compartment levels 2-5, followed by contralateral spread (16-19). Skip metastases to
the lateral LNs in the absence of central compartment disease has been reported in up to 20% of cases (20).
Tumors involving the upper pole of the thyroid gland are more likely to drain into ipsilateral levels 2 and 3
lymph nodes(21). Involvement of lymph nodes in the submental or submandibular region (level 1) is rare.

Incidence and significance of nodal disease

The presence of nodal metastases at initial diagnosis in patients with thyroid cancer varies significantly
between 20% - 90%. This variation is largely due to the method used to detect nodal disease. (22). Clinical
examination can detect nodal metastases approximately 1cm or larger in diameter, while the use of high-
resolution neck ultrasound can detect smaller subcentimeter LNs. Detailed histopathological examination can
increase the sensitivity of tumor detection down to a fraction of a millimeter. Depending on the method of
diagnosis, the prognostic significance of nodal disease similarly varies. This has been indirectly demonstrated
from outcomes of patients from earlier series where nodal disease detection was predominantly through
clinical examination (23) compared to more recent series where nodal disease detection is primarily through
the use of high resolution neck US, or CT scans or on detailed histopathological examination alone. Studies
have also directly compared the outcomes of patients with clinical, sonographic and clinically occult but
histopathologically detected nodal disease (12, 24). Both the direct and indirect comparisons demonstrate
that patients with clinically palpable, bulky nodal disease have poorer outcomes compared to patients with
microscopic disease detected only on histopathological analysis (25). More recently, molecular techniques
have been employed in the histopathological analysis of nodal disease, allowing for the detection of isolated
tumor cells in regional LNs (26). However, increasing evidence suggests that nodal disease detected in this
manner is of little prognostic impact with no impact on clinical outcomes (27). The prognostic significance of
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nodal metastases in papillary thyroid cancer (PTC), therefore is likely to be determined by the nodal disease
characteristics.

The 8™ edition of the AJCC staging system takes into account the location and presence of nodal disease
in thyroid cancer and its impact on survival (Table 1). In 2009 the ATA risk stratification system considered
all patients with nodal disease, whether clinically apparent or only microscopically identified disease, as
intermediate-risk for recurrence and recommended adjuvant RAI therapy for all patients with any nodal
metastases (Table 2). However, in the 2015 ATA risk stratification system, size (<0.2cm) and number of LN
metastases (<5) are considered to be NOT important factors in recommending adjuvant therapy. This change
was based upon increasing evidence that metastatic volume plays a role in prognosis (25). Although LN size
and number have been the most extensively studied characteristics, other studies have suggested that the
presence of extranodal spread (ENS) and the ratio of positive to total LN resected may also be important
prognostic factors (12, 28). Evidence for the prognostic significance of nodal characteristics in PTC stems
largely from retrospective reports on institutional cohorts. The findings for each LN characteristic will be
discussed in this thesis with reference to the current literature.

Multiple studies have suggested that increasing size and number of involved LNs are associated with greater
recurrence and poorer survival (11, 29-34). However, there is no clear consensus on the size and number
threshold which is most prognostic of poorer outcome. The literature would suggest that LN size of 0.2cm
and 5 LNs is a conservative cutoff for ATA low risk nodal disease. Nevertheless, this is an important step
acknowledging the heterogeneity of nodal disease and the characteristics of nodal disease that may be
important for prognosis.

ENE is well recognized as an important marker of aggressive tumor biology in other cancers of the head and
neck (35, 36) and is widely accepted as an indication for adjuvant chemoradiation in mucosal squamous cell
carcinoma (37). However, its importance in the outcome of patients with thyroid cancer is less well established.

LN burden or ratio is defined as the number of metastatic LNs divided by the total number of LNs resected
in a neck dissection. LN burden is dependent upon the extent and completeness of surgical resection and is
also influenced by the extent of pathological scrutiny. The concept of LN burden or ratio has been studied in
other cancers (38-41) including oral and cutaneous squamous cell carcinoma of the head and neck (42, 43).
However, the prognostic impact of LN burden has not been well explored in thyroid cancer (28, 30).

Impact of nodal disease in staging and risk stratification systems

The unique prognostic importance of age is well established in thyroid cancer. Other important prognostic
factorsinclude the presence of distant metastases, histological subtype and the presence of gross extrathyroidal
extension (ETE). The prognostic significance of cervical lymph node metastases is however more controversial.
Unlike most other solid cancers, metastatic spread to regional LNs in patients with differentiated carcinoma
of the thyroid has been traditionally regarded as having no impact on prognosis. This may be because the
majority of PTC patients with nodal disease are young and harbor subclinical micrometastases that are often
indolent in nature. For this reason, the presence of nodal disease has not been included in traditional scoring
systems including GAMES, from our institution, and AGES, MACIS and AMES from other centers (6, 8, 10).
Variables such as multifocality, ymphovascular invasion, tumor capsule invasion, and extrathyroidal extension
have been reported as predictors of nodal disease (44).

The 7™ edition of the AJCC TNM staging system classified nodal status into NO, N1a (central neck node
involvement, level VI only) and N1b (lateral neck node involvement and / or level VIl disease ). In the 8™ edition
of the AJCC staging system, level Vil is included in N1a, and only lateral neck nodes are classified as N1b. This
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stratification differentiates nodal disease based on location of nodes within the neck. While nodal metastases
occur more frequently in younger patients (22), they are generally not thought to be prognostic of survival. As
such, all patients younger than 55 years of age with no evidence of distant metastases are Stage | regardless
of nodal status (NO/N1a/N1b). In contrast, nodal disease has been shown to impact upon survival in older
patients (45-48). The current AJCC 8" staging manual stages patients over 55 years of age with nodal disease
as Stage |l, present of ETE is Stage Il and those with distant metastases are Stage IV (49)

The AJCC staging system stratifies patients into stages | to IV for overall survival. In contrast, the American
Thyroid Association (ATA) stratifies patients into low, intermediate and high-risk groups for recurrence. The
2009 ATA risk stratification system had been validated and widely adopted into clinical use (Table 1) (50, 51).In
the 2009 version of the ATA risk stratification, evidence of any cervical LN metastases upstaged patients from a
low to intermediate-risk category and this typically leads to adjuvant radioactive iodine (RAI) administration.
Recent data however, suggests that LN characteristics such as size, number, ratio, and the presence of
extranodal extension (ENE) may all impact upon prognosis (11, 13, 15, 28, 30-33). A detailed systematic
review was published by the ATA, quantifying the relationships between nodal volume and its relationship
to prognosis in thyroid cancer. It was recommended that patients be classified into “lower and higher risk N1”
categories based on number and size of nodal disease (25). ‘Low risk N1’ was defined as <5 positive LNs and
measuring <0.2cm in maximum diameter. The definition of micrometastases (<0.2cm) was based on data
from breast cancer staging. The 2015 ATA risk stratification incorporates these modifications (52). Patients with
low volume LN metastases measuring <0.2cm and <5 involved LNs will be considered in the same low-risk
category as NO patients. The clinical implications of this modification are significant because it allows patients
with low-volume nodal disease, of questionable significance, to be downstaged and potentially managed
without adjuvant RAI therapy (14). This may further call into question the need for prophylactic central neck
dissection for the purpose of disease staging.

Controversy over management of nodal disease

It is well established that clinically palpable nodal disease is associated with adverse prognosis in PTC and
as such therapeutic neck dissection is routinely performed in such patients. The practice of elective or
prophylactic central neck dissection in patients without clinically palpable or radiologically detected LNs is
more controversial.

The 2006 edition of the American Thyroid Association guidelines, suggested that routine central-compartment
(level 6) neck dissection should be considered for patients with DTC (53). This contentious recommendation
was subsequently modified, suggesting that prophylactic central compartment neck dissection may be
performed in patients with thyroid carcinoma with only advanced primary tumors (T3 or T4) and those with
lateral compartment nodal disease (52). Around the world, the majority of thyroid cancer guidelines, similarly
do not recommend routine prophylactic central neck dissections. Rather, the guidelines allow for clinician
judgment based upon surgeon experience and patient risk (54-56).

Proponents of prophylactic central neck dissection have demonstrated that prophylactic neck dissection
may reduce postoperative serum thyroglobulin (Tg) levels and improve short-term recurrence rates (57-59).
However, there remains little evidence to suggest that microscopic disease, not visible on preoperative
imaging or intraoperative palpation, is associated with poorer outcomes. Furthermore, there is little evidence
to suggest that the resection of such microscopic disease in prophylactic central neck dissection improves
overall survival (60, 61). Advocates for prophylactic central neck dissection argue that this procedure provides
more accurate assessment of nodal status. Prophylactic central neck dissection upstaged approximately
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30% of patients 45 years and older which subsequently increased the need for adjuvant RAI therapy (62, 63).
However, no data has demonstrated a survival benefit for patients with microscopic N1 disease.

Other centers including our own, perform a neck dissection only for clinically evident disease identified either
on clinical examination or on preoperative imaging, typically US clinically negative neck or CT for patients
with palpable disease. This practice is based on the philosophy that although microscopic nodal metastases
may occur early and frequently, the majority of patients will have clinically indolent disease throughout
their life. Resection can be associated with iatrogenic morbidity, while delayed nodal resection of clinically
apparent disease remains safe and offers comparable prognosis (64). Increasingly, the literature, reports that
low volume disease is not associated with poorer outcomes (14, 25). These findings further question the need
for prophylactic staging central neck dissection in PTC.

Role of molecular markers in nodal disease

In recent years, BRAF mutations, RAS mutations and RET-PTC rearrangements have been identified as the
main driver events in thyroid cancer. BRAF mutations occur in approximately 60% of patients with PTC
and is the most studied molecular marker in PTC. BRAF mutations, most commonly of V60OE, activates the
BRAF kinase in the MAPK pathway thereby promoting cell-proliferation. Its presence is diagnostic of thyroid
cancer. Some studies suggest it may be associated with adverse disease characteristics and advanced disease
stages (65-71). Patients with recurrent or persistent PTC have a higher incidence of BRAF mutation (72).
Based on these findings, some have advocated for the use of BRAF mutation status to guide extent of initial
thyroidectomy and neck dissection (65, 73, 74). It is however important to emphasize that the identification of
a molecular predictor of recurrence or mortality does not equate to improved outcomes with more aggressive
therapy; prospective studies are required to confirm therapeutic benefit. At present, mutational status does
not routinely impact management guidelines nor risk stratification systems. Further studies are required to
demonstrate if BRAF positive patients will experience therapeutic benefit from more aggressive treatment.
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Aims

By having access to a high volume of thyroid cancer cases in a dedicated tertiary care academic institution
with comprehensive electronic medical records, we decided to study the clinical spectrum of nodal disease
in differentiated thyroid cancer with special emphasis on its diagnosis, extent of treatment, clinicopathologic
characteristics and prognosis. Our aim was to study a large cohort of 3664 patients with differentiated
thyroid cancer managed at a single tertiary care cancer center over a 25 year period from 1985 to 2010. All
3664 patients were previously untreated and diagnosed, treated and received follow up on the head and
neck and endocrinology services at Memorial Sloan Kettering Cancer Center which has a long history and
expertise in cancer care. Nodal disease in well differentiated thyroid cancer is common at presentation. The
understanding of prognostic impact of nodal disease, however, is limited in thyroid cancer. Subsequently,
the assessment, initial management, recurrence management and follow up of patients with nodal disease
is varied and similarly controversial. We believe that our comprehensive characterization of nodal disease
in differentiated thyroid cancer will contribute to a better understanding of the clinical implications of this
common occurrence in thyroid cancer, which in turn will help to improve clinical guidelines for diagnosis and
management of differentiated thyroid cancer.

Our main objective was to perform a comprehensive characterization of the spectrum of nodal disease in
differentiated thyroid cancer. Our specific aims were to:

1. Correlate methods of preoperative nodal detection with clinical recurrence and survival outcomes.
2. Define the central and lateral compartment nodal disease features most prognostic of outcomes.

3. Describe patient outcomes following treatment of nodal metastases in well differentiated thyroid
cancer.

4. Investigate efficient and cost effective surveillance strategies for thyroid cancer survivors.
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Outline

Part |, Chapter 2 starts with a study to quantify the impact of preoperative ultrasound assessment of nodal
statusin patients with diagnosed thyroid cancer. At our institution we have in the past traditionally assessed the
lateral neck by clinical examination alone and experienced a period of transition to a practice of preoperative
US assessment of the neck. This unique period of transition provided patients of similar clinical features,
similar surgical techniques, radioactive iodine use and follow up methods. This provided an ideal opportunity
to investigate the utility and impact on outcomes of preoperative neck ultrasound by directly comparing
patients who received preoperative neck US and those who were assessed with clinical examination alone. We
describe changes in the preoperative assessment of nodal disease over time assessing the impact of clinical
examination to the use of preoperative ultrasonography on the rates of lateral neck dissection, impact on
response to therapy and disease recurrence.

In Part Il we investigate central compartment nodal disease and its impact on clinical outcomes. In Chapter 3
we report that the routine use of adjuvant radioactive iodine following incidentally identified nodal disease
in perithyroidal lymph nodes does not improve 5 year central compartment nodal recurrence free survival.
Central compartment is comprised of level 6 and 7 denoting fibrofatty tissue above and below the sternal
notch. In Chapter 4, we investigate patient outcomes associated with level 6 compared to level 7 disease. We
demonstrate that level 7 disease does not confer worse DSS or RFS compared to patients with only level 6
disease. In Chapter 5, we analyze central compartment nodal metastases characteristics and demonstrate
that the presence of extranodal extension (ENE) to be the most important prognostic factor for future neck
recurrence.

Part Il focuses on lateral compartment nodal metastases and its impact on outcomes. In Chapter 6 we report
that the presence of lateral neck disease to be prognostic for the development of distant metastases in older
by not younger patients. Chapter 7 investigates characteristics of lateral nodal metastases and report that the
ratio of positive to total number of lateral nodes resected determine recurrence in all ages, while the presence
of ENE is prognostic in older patients.

In Part IV, we study nodal recurrence patterns as well as subsequent outcomes. In Chapter 8, we report a
detailed analyses of patients having a therapeutic lateral neck dissection to determine the impact of the type
of neck dissection performed and the rate and pattern of disease recurrence. Chapter 9 reports our rate of
clinically evident nodal recurrence and the subsequent treatment and outcomes after treatment of nodal
recurrence. We find that patients who have appropriate surveillance and salvage treatment continue to enjoy
excellent survival with subsequent 5 years disease free survival of 97.4%.

Part V looks at surveillance investigations aimed at detecting nodal recurrence for the ever increasing
population of thyroid cancer survivors. Chapter 10 details the increased use of surveillance ultrasonography
over the study period of 25 years. We report a 5.3 fold increase in the rate of post operative surveillance
ultrasound in the ATA low risk category without a corresponding increase in the rate of disease detection.
Chapter 11 follows on from this, investigating the cost effectiveness of current surveillance protocols. We
highlight the relative cost effectiveness of present surveillance modalities across low, intermediate and high
risk ATA categories. The cost of detecting a recurrence event in the low risk group was 6 and 7 times more than
the detection of a recurrence in the high or intermediate risk group patient. Our findings suggest a need for
improvements towards a risk-stratified, cost-effective surveillance approach.
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Tables

Table 1 | AJCCTNM Thyroid cancer Nodal status comparison; 5%, 6, 7*and 8" Editions

5th Edition 1997

6th Edition 2002

7th Edition 2009

8™ Edition 2018

Regional Lymph
Nodes

NO

N1a

N1b

Cervical and upper
mediastinal lymph node(s)

No regional lymph node(s)
metastases

Metastasis in ipsilateral
cervical lymph node(s)

Metastasis in bilateral,
midline or contralateral
cervical or mediastinal
lymph node(s).

Central compartment,
lateral cervical and upper
mediastinal lymph node(s)

No regional lymph node
metastasis

Metastasis to Level IV
(pretracheal, paratracheal,
and prelaryngeal /
Delphian lymph node(s))

Metastasis to unilateral,
bilateral, or contralateral
cervical or mediastinal
lymph node(s).

Central compartment,
lateral cervical and
superior mediastinal
lymph node(s)

No regional lymph node
metastasis

Metastases to Level

VI (paratracheal and
prelaryngeal/ Delphian
lymph node(s))

Metastases to unilateral,
bilateral or contralateral
cervical (Levels |, II, 11l 1V,
orV) or retropharyngeal
or superior mediastinal

Central compartment,
lateral cervical and
superior mediastinal
lymph node(s)

No regional lymph node
metastasis

Metastases to Level

VI (paratracheal and
prelaryngeal/Delphi an
lymph node(s)) or superior
mediastinal lymph node(s)
(Level VII).

Metastases to unilateral,
bilateral or contralateral

cervical (Levels I, II, 11, IV,
orV) or retropharyngeal
lymph nodes.

lymph node(s) (Level VII).

Table 2 | American Thyroid Association Risk of Recurrence Classification changes between 2009 and 2015 (50)

2009 Edition

2015 Edition

Low

Intermediate

No cervical lymph node or distant metastases
No microscopic or macroscopic tumor invasion
Tumor does not have aggressive histology (ie tall
cell, insular, columnar cell carcinoma, Hurthle cell
carcinoma, follicular)

Microscopic tumor invasion Cervical Lymph node
metastases or |I*! uptake outside the thyroid bed
on the post therapy scan

Tumor with aggressive histology

PTC with all of the following
+ Nolocal or distant metastases
«  All macroscopic tumor resected
+ No tumor invasion of loco regional tissues or
structures
+  The tumor does not have aggressive histology (eg
tall cell hobnail variant, columnar cell carcinoma
« If1131is given, there are no RAIl avid metastatic
foci outside the thyroid bed on the first post
treatment whole body RAI scan
+ Novascular invasion
+  Clinical NO or </= 5 pathological N1
micrometatases (<0.2cm in largest dimension)
Intrathyroidal encapsulated follicular variant of PTC
Intrathyroidal, well differentiated follicular thyroid cancer
with capsular invasion and no or minimal (<4 foci)
vascular invasion
Intrathyroidal, papillary microcarcinoma, unifocal or
multifocal, including BRAFV600E mutated (if known)

Microscopic invasion of tumor into the perithyroidal soft
tissues

RAl-avid metastatic foci in the neck on the first
posttreatment whole-body RAI scan

Aggressive histology (e.g., tall cell, hobnail variant,
columnar cell carcinoma)

Papillary thyroid cancer with vascular invasion

Clinical N1 or >5 pathologic N1 with all involved lymph
nodes <3cm in the largest dimension

Multifocal papillary microcarcinoma with ETE and BRAF
V600E (if known)
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2009 Edition

2015 Edition

High
categories

risk

Macroscopic tumor invasion Gross residual disease
Distant metastases

Macroscopic invasion of tumor into the perithyroidal soft
tissues (gross ETE)

Incomplete tumor resection

Distant metastases

Postoperative serum thyroglobulin suggestive of distant
metastases

Pathologic N1 with any metastatic lymph node >/=3 cm
in largest dimension

Follicular thyroid cancer with extensive vascular invasion
(> 4 foci of vascular invasion)
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Abstract

Background

The impact of preoperative neck ultrasound (US) on management of the lateral neck in patients with
differentiated thyroid cancer (DTC) is unclear. The objective of this study was to assess the impact of
preoperative neck US on the rate of lateral neck dissection in clinical NO neck and initial Response to Therapy.

Methods

An Institutional Review Board approved retrospective review of 890 patients that had thyroid surgery for
DTC between 2009 and 2010 was performed at our institution. Patients with palpable neck disease, distant
metastases, less than total thyroidectomy, no postoperative thyroglobulin (Tg) determinations, and positive
Tg antibodies were excluded leaving 465 patients available for analysis. Patients were divided into those who
had a preoperative neck US to evaluate lateral neck nodes (n=234) and those that did not (n=231). Patient
and tumor characteristics were compared using the Chi square test. The primary endpoint was Response to
Therapy, defined by postoperative US and Tg levels.

Results

There were no significant differences in age, histology, T stage, postoperative RAl dose, AJCC stage, ATA risk
category or duration of follow up between the 2 groups. Patients with preoperative neck US were more likely
to have lateral neck dissection (LND) compared to patients without preoperative neck US (n=31 (13.2%) vs.
n=2 (0.9%); p<0.007). Preoperative neck US resulted in better RTT (p= 0.005); more likely to be no evidence of
disease (NED), less likely to have biochemical or structural incomplete response or return for delayed neck
dissection. Preoperative US group also resulted in fewer recurrences; 10 patients from the no preoperative US
group returned to operating room compared to 2 patients (4.3% vs. 0.9%, p = 0.018) that had a preoperative
neck US.

Conclusion

Preoperative neck US detects more lateral neck disease, leading to an increase in LND with subsequent
improvement in Response to Therapy and fewer return to OR for regional recurrence management.
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Differentiated thyroid cancer (DTC) is increasing in prevalence. In patients over 45 years of age, metastasis
to the regional lymphatic system is a potent indicator of the biological behavior and the distant metastatic
potential of the disease. As such, adequate evaluation of the lateral neck is essential for better determining the
nuances of an individual’s disease progression. Furthermore, a comprehensive understanding of preoperative
disease status is important because it can be informative for selecting appropriate therapeutic interventions.

The American Thyroid Association (ATA) recommends the routine use of US to assess the lateral neck for
metastatic lymph nodes in patients with DTC (1). This is based upon evidence from several studies that have
found that patients with US detectable neck metastasis have a significantly worse outcome than those with
no metastases (2) or microscopic metastases detected only on histopathology (3). Others have demonstrated
that US increases the detection of nodal disease compared to physical examination alone (4). Although these
studies may demonstrate the usefulness of preoperative neck US in the diagnosis of lymph node metastasis,
it is still controversial, if and how much preoperative neck US can improve prognosis.

At our institution, we have traditionally assessed the lateral neck by clinical examination alone and have
recently transitioned to a practice of preoperative US assessment. Early adopters within our institution practice
preoperative US assessment of the neck while later adopters relied on clinical assessment of the neck over the
study period. This unique period of transition provided patients of similar clinical features, similar surgical
techniques, radioactive iodine (RAI) use and follow up methods. This graduated change in practice therefore
gave us an ideal opportunity to investigate the utility and impact on outcome of preoperative neck US by
directly comparing patients who receive a preoperative neck US and those who do not. Our objective was to
determine the impact of preoperative neck US on the patient’s initial Response to Therapy, postoperative use
of RAl and need for additional neck surgery.

Patients and Methods

Following Institutional Review Board approval, 890 consecutive surgical patients with DTC, operated on
within our institution between January first 2009 and December 31st 2010, were reviewed from our hospital
database. Patients were excluded if they had surgery outside of MSKCC, had clinically palpable neck disease
or missing neck examination findings. The primary endpoints was Response to Therapy. Response to Therapy
was developed to determine patients’ likelihood of disease recurrence based on response to treatment as
measured by serum thyroglobulin levels and regional imaging studies. To allow for this, patients with less than
total thyroidectomy, distant metastases at presentation, no follow up thyroglobulin (Tg) or Tg antibody were
also excluded. This left 465 patients for analysis (Figure 1).

Patient, tumor and treatment characteristics were recorded. Patient characteristics included age and gender.
Tumor characteristics recorded included tumor histology, primary tumor size, presence of extrathyroid
extension or vascular invasion, number and site of lymph nodes resected. All patients had total thyroidectomy.
At our institution, we do not carry out prophylactic central neck dissection (CND)or lateral neck dissection
(LND) in patients with a clinically NO neck. Assessment of the lateral neck is performed by palpation at
preoperative clinical visit or by preoperative US. Assessment of the central compartment for all patients is
intraoperative palpation of the central compartment lymph nodes at the time of thyroidectomy. If no palpable
nodes were present in the central compartment, then elective CND is not performed. If nodes are palpable
and confirmed to have cancer on frozen section, then a central compartment neck dissection is carried out.
NO stage was defined if nodes were removed and found to be benign on pathology (pNO) or if no nodes were
suspicious on palpation during surgery and therefore not removed (Nx). We have recently published our data
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on management of the clinically negative neck (5) reporting that NO/Nx have similar outcomes. Others have
also demonstrated that Nx have very low incidence of recurrent/persistent disease, comparable to NO groups.

2009-2010
DTC
N=890
1
1 1 1
Preop Neck Exam Normal Clinical Abnormal Clinical
not avaliable Preop Neck Exam Preop Neck Exam
N=6 N=821 N=63
1
1 1

Response to Therapy
Inclusion
N=465

Exclusion n=356
Mln=3

Less than total
thyroidectomy n= 125

No postop Tg n=150
TgAb n=78 No Preop Neck US
N =231 (49.6%)

Preop Neck US
N =234(50.4%)

Figure 1| Inclusion Criteria

Postoperative treatment details recorded were use of RAI I'*'. Postoperative thyroid stimulating hormone
(TSH) suppression is practiced for all patients, aiming for a level of between 0.1-0.5 mcUnits/ml. All patients
had follow up with Tg and postoperative ultrasound. Survival outcome was classified using the AJCC
stagingsystem and recurrence risk classified using the ATA risk group stratification.

The primary end point was initial Response to Therapy. Response to Therapy was defined as no evidence of
disease (NED), biochemical persistent disease or structural persistent disease, as per previously published
risk of recurrence stratification (6). Patients were considered to be NED if they had a suppressed serum
Tg < 1 ng/mL, no detectable Tg antibodies, and no structural evidence of disease on ultrasound assessment.
Patients with persistent disease were further classified as having either biochemical evidence of disease
(elevated Tg values alone without structural correlate) or structural evidence of disease (elevated Tg values
with structural correlate on ultrasound)

The presence of local or regional structural disease recurrence following treatment was based on cytological
or histopathological confirmation of structurally identifiable disease. The median follow-up for the entire
patient cohort was 29 months (range 1-52 months).

Patient, tumor and treatment variables were compared within groups using Pearson’s chi squared test. A
p value less than 0.05 was considered significant. Statistical analysis was carried out using JMP statistical
package (SAS Institute Inc. SAS Campus Drive, Cary, NC 27513) and SPSS (IBM Company Headquarters, 233 S.
Wacker Drive, 11th Floor, Chicago, lllinois 60606).
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Results

The median age of the cohort was 48.7 years (range14-84 years) and 337 were female (72.4%). Two hundred
and thirty four patients (50.4%) had a preoperative ultrasound evaluation of cervical neck lymph nodes and
231 patients (49.6%) did not. Patient demographics stratified by preoperative neck US status are shown in
Table 1. There were no significant differences in age, histology, T stage, postoperative RAI dose, AJCC stage,
ATA risk category or duration of follow up between the 2 groups. The N1a and N1b patients were more likely to
have T3T4 tumors as one would expect. There was no difference in the histologic subtypes between patients

who were NO/ Nx, N1a and N1b.

Table 1| Comparison of Patients with and without Preoperative Neck US

No Preop US Preop US
(%) or Mean (%) or Mean pvalue
n +/-SD n +/-SD

Age <45y0 100 433 83 355 0.084
>45yo 131 56.7 151 64.5

Gender Female 181 784 156 66.7 0.005
Male 50 21.6 78 333

Histology Papillary 215 93.1 224 95.7 0.096
Follicular 9 39 2 0.9
Hurthle Cell 7 3.0 8 34

T Stage T 114 494 17 50.0 0.536
T2 31 134 41 17.5
T3 70 30.3 60 25.6
T4 16 6.9 16 6.9

N Stage pNO/Nx 168 72.7 171 731 0.000
pN1a 59 255 34 14.5
pN1b 4 1.7 29 124

Neck Dissection CND only 34 14.7 18 77 0.000
LND only 0 0.0 12 5.1
CND and LND 2 0.9 19 8.1
No ND 195 84.4 185 79.1

Side Adjusted LNs removed Mean Positive LNs/CND 36 3.8+/-34 38 4.2+/-4.2 0.637
Mean Total LN/CND 36 9.9+/-5.0 38 10.8+/-6.8 0.526
Mean Positive LNS/LND 2 2.5+/-3.5 31 2.5+/-2.4 0.988
Mean Total LN/LND 2 32.04/-21.2 31 25.8+/-16.4 0.752

RAI Therapy Yes 99 429 70 299 0.004
No 132 57.1 164 70.1

RAI Dose (mCi) Mean +/- sp 98 121 +/-41 69 119+/-34 0.713

AJCC Stage | 153 66.2 153 65.4 0.227
] 15 6.5 17 7.3
1] 49 21.2 39 16.7
\" 14 6.1 25 10.7

ATA Risk Category Low 94 40.7 113 483 0.240
Intermediate 121 524 105 449
High 16 6.9 16 6.9

Lowest Tg (within 6 months (mean+/-SD) 231 0.602 +/-2.64 234 0.094 +/-0.334 0.004

postop)

Response to Therapy NED 205 88.7 226 96.6 0.005
Biochemical incomplete 13 5.6 4 1.7
Structural incomplete 13 5.6 4 1.7

Neck Dissection for persistentor Yes 10 43 2 0.9 0.018

recurrent disease

No 221 95.7 232 99.1

FU (months) Mean +/- so Range 231 31+/-13 004-57 234 30+/-13007-54 0.352
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Rate of neck dissection

Management of the neck stratified by preoperative US is shown in Figure 2. Patients with and without
preoperative neck US did not differ in the rate of CND (15.8% ((18 +19)/234) vs. 15.6% (36/231) respectively). In
contrast, the use of preoperative neck US significantly impacted on the operative management of the lateral
neck. Patients with a preoperative neck US were more likely to have a LND compared to those without (13.2%
((12+19)/ 234) vs. 0.9% (2/231), P < .001).

Tnclusi
N=465
I
1 1
NoPreop Neck US | Preop Neck US
N=231(49.6%) | N=234 (50.4%)
1 1 1 1
[
| NoNeck Dissection Neck Dissection No Neck Dissection Neck Dissection
| N=195(84.4%) N=36(15.6%) N=185(79.1%) N=49(20.9%)
|
CND only CND only
_— fr—
N=34 N=18
CND+LND | LND only
o N=2¢ N=12
CND+LND
—
N=19

CND - Central neck dissection

IND - Lateralneck dissection

*CND and LND - patient 1 had preoperativeleft RLN paralysis, left neck disease on CT neck. Patient2
had abnommalintraoperative right level 2, 3 nodes

Figure 2 | Surgical Neck Management in patients with and without Preoperative Neck US

A detailed flowchart showing the management of the lateral neck is shown in Figure 3. Of the 234 patients
who had preoperative neck US, 48 patients had abnormal lateral compartment nodes detected. Of these, 31
patients underwent LND. Of the 17 patients that did not have LND: 8 patients had benign fine needle biopsy,
6 patients had the ‘abnormal’lymph node sampled intraoperatively and found to be benign on frozen section,
1 patient had known Hodgkin's lymphoma, 1 had metastatic prostate cancer and 1 patient had a preoperative
decision for RAI over neck dissection. No patient with a normal preoperative lateral neck on US had LND.
Of the 31 patients who had lateral ND, preoperative FNA was performed in 17 patients; 16 of which were
malignant, 1 was benign. The remaining 14 patients did not have a preoperative FNA as the findings on US
were deemed suspicious enough to warrant ND. Nine of these 14 patients had lateral neck metastases on final
histopathological evaluation.
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Response to Therapy

Inclusion
N=465
1 : 1
3 Preop Neck US
No Plei)p NeckuI(JS Performed
N=231(49.6%) N =234(50.4%)
1
E— = §
NommalNeck US Abnommal Neck US
N=177(76.6%) N=357 (24.4%)
—
| 1
CND Abnommal Lateral Abnommal Central
- 3 Compartment Compartment only
N=10 N=48(842%) N=9 (15.7%)
NoND IND CND
— e
N=167 N=31 N=7
CND NoND
o e
N=1* N=
NoND
—
N=16*

CND - Central neck dissection

IND - Lateralneck dissection

*17 patients with abnormallateralneck on US with no LND due to benign LN FNA,
abnomal LN sampled at thyroidectomy, known history of lymphoma, knownneck
metastases from other disease and preoperative endocrinology decision for RAI over LND.

Figure 3 | Lateral Neck Management based on Preoperative Neck US result

Nodal Disease and Quality of Neck Dissection

The quality of neck dissection (defined by the mean number of nodes resected per neck dissection) was
similar in both groups. The mean number of side adjusted positive nodal disease in the central and lateral
compartments did not differ in patients with and without a preoperative neck ultrasound (P =.637, P = .988
respectively). Twenty-seven patients had false negative preoperative US. Most these (n = 25) were in level 6
of the central neck (N1a), 1 was in level 7 of the central neck (N1b) and 1 patient had a borderline lateral LN
sampled intraoperatively .

RAIl therapy

Patients without a preoperative neck US were more likely to receive postoperative RAI therapy compared to
patients who had a preoperative neck US (P =.004). In patients that received RAI, the mean RAl administered
activity did not differ between the two groups (P =.713).

23



24

Chapter 2

Response to initial therapy

Response to Therapy was significantly better in patients with a preoperative neck US (Table 1). Two hundred
and twenty six patients (96.6%) with a preoperative neck US were classified as NED within 18 months compared
to 205 patients (88.7%) without a preoperative neck US (P=.005). Biochemical and structural persistence were
also lower in the group with preoperative US (1.7% vs. 5.6%, 1.7 vs. 5.6% respectively).

Neck Dissection for Recurrent or Persistent disease

In addition to better Response to Therapy, patients who had preoperative US were significantly less likely to
have a subsequent lateral neck dissection for recurrent or persistent disease. Figure 4 shows details of 12
patients who required neck dissection. Ten patients from the no preoperative US group returned to operating
room compared to 2 patients (4.3% vs. 0.9%, P =.018) that had a preoperative neck US. Overall median follow
up for this group was 38 months. No patient with a normal preoperative neck US required a neck dissection
following treatment for recurrent or persistent disease.

Response to Therapy

Inclusion
N=465
|
| |
No Preop Neck US Preop Neck US
Performed Performed
N=231(49.6%) N =234 (50.4%)
1
1 1
Neck Dissection Normal Preop Neck Abnormal Preop Neck
% Us Us
H=i0 N=177 N=57
Neck Dissection Neck Dissection
N=0 N=2**

*10 patientsrequiring neck dissections did not have preoperative neck US

**2 had abnomal preoperative neck US

1 patienthad abnormal LNs on preoperative US that were sampled intraoperative but no formalneck
dissection was camied out.

1 patienthadright central andlateralneck dissection at first operation but required retum to OR despite
this

Figure 4 | Lateral neck dissection for recurrent or persistent disease

Discussion

Occult metastases in patients with DTC are common occurring in 20%-90% of patients (7, 8). Despite this
high frequency, occult central or lateral metastases have no effect on outcome and are largely thought to
be indolent disease (3). However, lateral compartment location and macrometastases (nodes > 1cm in size)
are thought to confer worse prognosis, especially in older patients (9,10). This is reflected in the AJCC staging
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system where patients over 45 years of age are stage lll if they have central neck disease and stage IV if they
have lateral neck disease. It is therefore important to carefully assess the lateral neck by clinical examination
supplemented with imaging in patients with DTC.

In the assessment of neck nodes, it has been shown that preoperative neck ultrasound has improved
sensitivity compared to preoperative physical examination for the diagnosis of nodal disease. Kouvaraki et
al demonstrated that preoperative neck US detected LN metastases in neck compartments believed to be
uninvolved by physical examination in 21% of patients undergoing primary thyroid surgery (11) and the
detection of preoperative US cervical lymph nodes potentially alters the surgical management in up to 30%
of patients (11,12). Furthermore, diagnosis of positive regional lymph nodes has been associated with poorer
outcomes, particularly in older patients (2, 3). As a result of these studies, the ATA recommends preoperative
neck US to assess the lateral neck compartment lymph nodes for all patients undergoing thyroidectomy for
thyroid cancer (1). However, it should be noted that the use of US in the assessment of the central neck lymph
nodes is much less sensitive (13). In the present study, the overall sensitivity and specificity of US assessment of
both lateral and central neck nodes was 57% and 88% respectively. The reduced sensitivity was largely due to
the failure to detect positive nodes in the central neck. Twenty-seven patients had false negative preoperative
US. Most these (n = 25) were in level 6 of the central neck (N1a), 1 was in level 7 of the central neck (N1b) and
1 patient had a borderline lateral LN sampled intraoperatively (N1b). This further illustrates the limitations of
preop US in assessing the central compartment neck nodes.

Sonographic features suggestive of abnormal metastatic lymph nodes include loss of the fatty hilus, a rounded
rather than oval shape, hypoechogenicity, cystic change, calcifications, and peripheral vascularity. However,
no single feature is adequately sensitive for detection of lymph nodes with metastatic thyroid cancer (14, 15).
US has been shown to be superior to other imaging modalities such as computer tomography (CT), magnetic
resonance imaging (MRI), (MRI) and positron emission tomography (PET) for the detection of cervical lymph
node metastases where sensitivities range between 30%-40% (16). US examination also has the additional
benefit of being easily combined with fine needle aspirate biopsy (FNAB). US with FNAB is a more accurate
method for assessment of neck node status. A Dutch study of 120 patients found the specificity of combined
US and FNAB results was significantly higher than US alone; 92.9% compared with 60.0% (17). Our institution
increasingly utilizes FNAB cytological confirmation of sonographically suspicious cervical lymph nodes to
guide the extent of neck dissection. While the utility of US in regional LN diagnosis has been established, how
preoperative neck US changes prognosis is still unclear.

At our institution, we have traditionally assessed the lateral neck by clinical examination and have only
recently employed US assessment in selected patients. In the years 2009 to 2010 approximately 50% of our
patients did not have preoperative lateral neck node assessment prior to surgery. This therefore gave us an
ideal and unique opportunity to investigate the ATA recommendations with regards to the utility and efficacy
of preoperative neck US. By directly comparing patients who had and those that did not have preoperative
neck US we were able to directly compare response to therapy between groups and also directly compare
subsequent later neck dissection rates for persistent or recurrent neck disease. This study also gave us an
opportunity to compare the therapeutic outcome, with reference to disease specific and recurrence free
survival, as well as the frequency of neck dissection in each group.

In our cohort, suspicious cervical LNs were identified in 24.4% of patients with normal clinical neck exams
on preoperative US, a finding consistent with the literature; preoperative US identifies suspicious cervical
lymph nodes in 20%-31% of cases (2, 18, 19). One of the major findings of our study was that patients with a
preoperative neck US had a higher rate of lateral neck dissection (13.2% vs. 0.9%, P <.001) and a significantly
better Response to Therapy than patients without preoperative US (P =.005). In addition, patients who had
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preoperative neck US were less likely to return to the OR for recurrent or persistent disease (0.9% vs. 4.3%,
P =.018). Another important finding from our study was that those who did not have a preoperative neck US
were more likely to receive postoperative RAI (42.9 vs. 29.9%, P =.004). Patients without a preoperative lateral
neck node assessment by US were more likely to have an elevated Tg following total thyroidectomy and this
likely led to the initiation of adjuvant RAI. This is supported by the finding that patients with a preoperative
neck US have a significantly lower postoperative Tg value (0.094 ug/ml +/-0.334) compared to patients without
preoperative US (0.602 ug/ml +/- 2.64) (P = .004). These 3 observations (improved Response to Therapy,
reduced rate of subsequent neck dissection for persistent or recurrent neck disease and reduced RAl usage)
support the recommendation that preoperative assessment of the lateral neck detects impalpable lateral
neck disease thereby identifying select patients who will benefit from subsequent lateral neck dissection.

These results therefore provide some justification for the use of preoperative ultrasound. However, one could
also argue that the use of preoperative ultrasound results in many patients being overtreated with some
patients having lateral neck dissections unnecessarily. While preoperative US decreases return to OR for
persistent or recurrent disease, it is not clear if early detection and surgical intervention results in improved
survival. When we compare the DSS of our preoperative US cohort vs the no preoperative US cohort, the
3 year DSS are identical at 100% for both groups. Longer follow up of both groups is required to better define
the impact of this improved Response to Therapy on survival. It is possible that early detection results in no
improvement in survival compared to a management strategy of only carrying out a lateral neck dissection
when nodes become clinically palpable. In addition, early detection by preoperative US may result in some
patients having a neck dissection unnecessarily. For example, in our study, neck dissection was performed
initially in 13.2% of preoperative US patients (31/234). In the no preoperative US cohort, 2 patients required
neck dissection initially but a further 10 required a neck dissection later on making an overall neck dissection
rate of 5.2% (12/231). This suggests that over 50% of the preoperative US patients may have underwent LND
for potentially indolent disease.

Therefore one can argue that both management strategies (1. preoperative US and early detection of nodes
with early LND and 2. no preoperative US with salvage LND when clinically palpable nodes become apparent)
are equally effective in terms of survival. The early detection strategy has the potential advantage in terms of
patient counseling; as these patients can be reassured after the first Tg blood measurement and postoperative
US assessment that they have a negligible risk of recurrence and can thus have less intense follow up. The
same cannot be said for the late detection strategy (no preoperative US cohort) as we do not know which of
these patients will recur and therefore all patients in this cohort require long term follow up. The benefit of
the late detection strategy means that all LND will be performed for clinically detectable disease, rather than
for subclinicial disease.

In conclusion, our study demonstrates that the use of preoperative neck node assessment by US facilitates a
more complete surgical resection to the regional lymph nodes in patients with DTC. This results in improved
Response to Therapy, reduces adjuvant RAI treatments and reduces regional recurrence rates. Such a policy
is beneficial for patient counseling, limits subsequent follow up tests and allows for early patient discharge.
However, although this policy results in improved Response to Therapy, it remains unclear if there is any
impact on survival.
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Abstract

Background

Level 7 nodal disease increases patients from N1a to N1b in the American Joint Committee on Cancer (AJCC)
TNM classification of differentiated thyroid cancers (DTCs). This results in upstaging of patients older than
45 years of age from stage Ill to IV. Our objective was to determine if patients with level 7 disease had poorer
outcome in comparison to patients with isolated level 6 disease.

Methods

A total of 599 patients with DTC limited to the central neck (level 6 and 7) were identified from an institutional
database. Patients with N1b disease due to lateral compartment (level 1-5) involvement or M1 disease were
excluded. Fifty-seven patients had positive level 7 disease, and 542 patients had nodal disease limited to level
6. Disease-specific survival (DSS) and recurrence-free survival (RFS) were calculated for each group.

Results

Median age was 41 years (range 12-91) and follow-up was 61 months (range 1-330). There were no disease-
specific deaths at 5 years. Among patients with level 6 disease at presentation, there were 42 nodal recurrences,
and among patients with level 7 disease, there were two recurrences. There were no differences in overall RFS
between patients with level 6 or 7 disease (5-year RFS 90.7 vs. 98.2 %, respectively; p = 0.096).

Conclusions

Our results suggest that N1b disease due to level 7 disease does not confer worse DSS or RFS compared with
patients with level 6 disease only. Classifying all central neck disease (levels 6 and 7) into the N1a category, and
reserving the N1b classification only for patients with lateral neck disease may be more reflective of prognosis.
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Patients with differentiated thyroid cancer (DTC) with metastatic disease to the level 6 neck compartment,
without level 7 or lateral neck disease, are classified as N1a according to the American Joint Committee on
Cancer (AJCC) 7th edition TNM staging system.! The addition of positive lymph nodes (LNs) in level 7 or in the
lateral neck (levels 1-5) increases that same patient’s nodal status to N1b. In patients older than 45 years of age,
the addition of level 7 nodal disease or lateral neck disease will upstage their overall AJCC TNM classification
from stage Ill to IV. This results in a decrease in 5-year relative survival of patients from 90 % for stage Ill disease
to 50 % for stage IV disease.” There is good evidence reporting poorer outcomes in patients with N1b disease
due to lateral neck disease (level 1-5).2> However, to our knowledge, there is no data to suggest that level 7
(superior mediastinal) disease, in the absence of lateral neck disease, confers poorer survival or recurrence
prognosis in comparison to level 6 disease. Rather, the recommendation to upstage patients to N1b status
based on positive level 7 disease is based on expert opinion. Our objective was therefore to determine if
patients with central compartment level 7 disease have poorer outcomes in comparison to patients with only
level 6 disease.

Methods

Following approval by the Institutional Review Board, the records of 3,664 consecutive patients treated
with surgery for DTC at the Memorial Sloan Kettering Cancer Center (MSKCC) between 1986 and 2010 were
identified from our institutional database. All patients without nodal disease (NO/NX), with lateral nodal disease
(level 1-5), and with M1 disease were excluded. Five hundred and ninety-nine patients with histologically
confirmed nodal metastases limited to only the central neck (level 6 and 7) were included for analysis. Fifty-
seven patients had positive LNs in level 7 (with or without level 6 disease), and 542 patients had nodal disease
limited to level 6. Patient selection for superior mediastinal compartment dissection was based on surgeon
judgment.

We performed a retrospective review of patient demographics, surgical details, tumor features, treatment
factors, and patient outcomes for the 599 inclusion patients. Histopathological details reviewed included
tumor histology, size, presence of extrathyroidal extension, and location of metastatic LNs. Pathologists would
report the location of LNs based on surgeon-labeling of specimens. As this was a retrospective study, extent
of central neck dissection and specimen labeling was surgeon-dependent. Pathology reports describing LN
location as ‘central neck’ were considered to be level 6 (not level 7). Those explicitly described as ‘level 6" or
‘level 7 on pathology reports were considered level 6 and 7, respectively. Postoperative treatment details
were recorded for all patients, including the use of radioactive iodine (RAI) or external radiotherapy.

The primary outcomes of this study were overall recurrence-free survival (RFS), nodal RFS, and disease-specific
survival (DSS). Local recurrence in the thyroid bed and regional recurrences in the neck LNs were determined
by clinical examination supplemented with imaging and fine-needle aspiration. Distant recurrence was
determined by imaging studies, including RAI uptake scans, computer tomography scans, positron emission
tomography scans, or cytological and histopathological evidence where available. Serum thyroglobulin was
routinely used to identify recurrence from the year 2000 onwards. Follow-up ultrasound of the neck and
thyroid bed was employed to detect locoregional recurrence from 2005 onwards, and both have become
standard practice and now influence further investigation of patients within this cohort.

Disease-specific outcomes were calculated using the date of last follow-up with the treating surgeon or
endocrinologist at MSKCC. Details of death were determined from the social security death index and hospital
records where available. All patients who had evidence of active structural disease at the time of last follow-up
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and who died during follow-up were considered to have died of disease. The median follow-up for the entire
patient cohort was 61 months (range 1-330), and outcomes were therefore calculated at 5 years.

Statistical analysis was carried out using SPSS, version 21 (IBM Corporation, Armonk, NY, USA). Variables were
compared within groups using Pearson’s x? test. Recurrence and survival outcomes were analyzed using the
Kaplan-Meier method. A p value less than 0.05 was considered significant.

Results

The median age of this cohort was 41 years (range 11-91). In patients in whom the largest central LN diameter
could be determined from the pathology report, 94.4 % (n = 419) had a central LN diameter measuring
>0.2 cm, and less than 0.2 cm in 5.6 % (n = 25).

The demographics of the two patient groups are shown in Table 1. Patient, tumor, and treatment characteristics
were similar between the level 6 and level 7 cohorts in terms of sex (p = 0.956), age (p = 0.547), extent of
thyroid surgery (p = 0.053), histology (p = 0.586) and T stage (p = 0.144). Level 7 disease was associated with a
higher rate of extrathyroidal extension (p =0.018), and patients with level 7 disease were more likely to receive
RAl therapy (p = 0.006).

TABLE 1 | Comparison of patient, tumor and treatment, by group: level 6 vs. level 7 nodal metastases

Level 6 Level 7 p value
n % n %

Sex
Female 388 716 41 719 0.956
Male 154 284 16 28.1

Age, years
<45 320 59.0 36 63.2 0.547
=45 222 41.0 21 36.8

Thyroid surgery
Less than total® 65 12.0 2 35 0.053
Total thyroid 477 88.0 55 96.5

Histology
Follicular 5 0.9 0 0.0 0.586
Hurthle 5 0.9 0 0.0
Papillary 532 98.2 57 100.0

ETE
None 272 50.2 19 333 0.018
Micro 185 34.1 22 38.6
Macro 85 15.7 16 28.1

T stage
T 189 349 13 22.8 0.144
T2 66 12.2 5 8.8
T3 248 458 35 61.4
T4 39 7.2 4 7.0

Adjuvant RAI
No 171 315 8 14.0 0.006
Yes 371 68.5 49 86.0

Bold values indicate statistically significant p < 0.05
ETE extrathyroidal extension, RA/ radioactive iodine

2 Less than total—isthmusectomy, lobectomy, subtotal thyroidectomy
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There were no disease-specific deaths (DSD) in level 6 or 7 patients at 5 years. Overall, nine patients developed
distant metastases, five of whom were dead of disease at last follow-up (Table 2). Among patients with level
6 disease at presentation, there were 42 regional recurrences—10 in the central compartment only, 29 in the
lateral compartment only, and 3 in both compartments. Among patients with level 7 disease at presentation,
there were two recurrences, both of which were in the lateral neck. There was no significant difference in the
5-year RFS between patients with level 6 disease and those with level 7 disease (90.7 vs. 98.2 %, respectively;
p = 0.096). There was no significant difference in nodal RFS between patients with level 6 and 7 disease (91.4
vs. 98.2 %, respectively; p = 0.167) (Fig. 1).

Level 6
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FIG. 1 | Nodal recurrence-free survival by level 6 and level 7 nodal disease
Table 2 | Characteristics of nine patients who developed distant recurrence
Sex Age atsurgery Tumorsize  Nodal ETE T stage Neck Distant recur Last FU
(years) (cm) level recur (month) status (month)
1 M 27.9 4 6 Macro T3 No 14.5 AWD 153.7
2 F 389 1.1 6 None Tib No 1.1 AWD 162.9
3 M 44.8 7.5 6 Micro T3 No 49.8 DSD 69.6
4 M 55.9 4 6 None T2 Lateral 133.7 DSD 144.6
5 F 56.2 5 6 Macro T4a No 126.6 DSD 155.5
6 M 59.4 4.5 6 Macro T4a No 66.7 AWD 69.2
7 M 65.1 3 6 Macro T4a No 79.0 DSD 90.1
8 M 69.3 12 6 Macro T4a Central 75.5 AWD 132.8
9 F 724 2 6 Macro T4a Lateral 135.0 DSD 142.6
M Male, F Female, Ete Extrathyroidal Extension, Awd Alive With Disease, Dsd Disease-Specific Death, Fu Follow-Up

Discussion

The objective of our study was to determine if patients with DTC and metastatic disease to level 7 of the neck
had poorer outcome compared with those with metastatic disease confined to level 6 alone. Level 7 is defined
superiorly by the sternal notch, inferiorly by the innominate vessels, and laterally by the carotid arteries, in
direct continuity with the level 6 compartment. Our data provides evidence that suggests that patients with
level 7 disease do not have poorer outcome in terms of survival (100 vs. 100 %) or overall recurrence (90.7
vs. 98.2 %, p = 0.096) at 5 years. This would suggest that upstaging level 7 disease to N1b stage may not be
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justified. Furthermore, it suggests that prognosis based on location of nodal disease may be better defined by
stratifying into central compartment disease (level 6 and 7) and lateral compartment disease (level 1-5) only.

Traditional risk stratification systems in DTC (GAMES/MACIS/AMES) uniformly recognize the importance of age
and the presence of distant metastases in outcome. Nodal metastases has traditionally not been considered
to be an independent prognostic factor of survival.5® Over the years, the AJCC TNM classification system
has gone through a variety of changes. The changes in nodal (N) status between the 5th edition in 1997,
the 6th edition in 2002, and the 7th and latest edition in 2009 are highlighted in Table 3. Interestingly, the
5th edition of the AJCC manual did not consider those with level 6 (first echelon pretracheal, paratracheal,
prelaryngeal or Delphian) LNs to be prognostically significant.® N1a status described patients with ipsilateral
cervical LN metastasis, and N1b status described patients with bilateral, midline, or contralateral node disease.
It was in the AJCC 6th edition in 2002 that regional nodal disease was changed to the current understanding
of central and lateral compartments. N1a status was allocated to LN metastases in level 6, and N1b status
allocated to metastases in any lateral neck compartment but also the superior mediastinal compartment LNs.™
These recommendations suggest that level 7 or superior mediastinal disease carried poorer prognosis when
compared with level 6 disease. However, it is important to note that these recommendations were based on
expert opinion at the time and not on any published literature on this topic. The 7th and latest edition in 2009
clarified the wording of N1b disease and included retropharyngeal LN metastasis as a component of N1b
disease. No other changes were made to the NO or N1a categories.

Table 3 | AJCC TNM thyroid cancer nodal status comparison: 5th, 6th and 7th editions'*

5th edition, 1997 6th edition, 2002 7th edition, 2009
Regional  Cervical and upper mediastinal lymph  Central compartment, lateral cervical Central compartment, lateral cervical
lymph node(s) and upper mediastinal lymph node(s) and superior mediastinal lymph node(s)
nodes
NO No regional lymph node(s) metastases ~ No regional lymph node metastasis No regional lymph node metastasis
N1a Metastasis in ipsilateral cervical lymph ~ Metastasis to level IV [pretracheal, Metastases to level VI [paratracheal and
node(s) paratracheal, and prelaryngeal/ prelaryngeal/Delphian lymph node(s)]
Delphian lymph node(s)]
N1b Metastasis in bilateral, midline, or Metastasis to unilateral, bilateral, or Metastases to unilateral, bilateral, or
contralateral cervical or mediastinal contralateral cervical or mediastinal contralateral cervical (levels |, 11, 11l 1V,
lymph node(s) lymph node(s) orV), or retropharyngeal or superior

mediastinal lymph node(s) [level VII]

The AJCC TNM staging system for DTC now recognizes the impact of nodal disease, categorizing patients
over 45 years of age as stage IV if they have a greater extent of nodal disease (N1b) and stage Ill if they have
less extensive nodal disease (N1a). Recent literature increasingly highlights the prognostic importance of
LN characteristics in DTC.""-'* Patients with N1b disease may either have metastases to the lateral neck or
have metastases to level 7 (superior mediastinum) of the neck. Although there is good evidence reporting
poorer outcome if patients have N1b disease due to lateral neck disease,>*'® to our knowledge there is no
data to suggest that level 7, superior mediastinal disease, in the absence of lateral neck disease, confers
poorer survival or recurrence prognosis. In our study, we provide strong evidence that suggests that patients
with level 7 disease do not have poorer outcome in terms of survival or overall recurrence, suggesting that
upstaging level 7 disease to N1b stage may not be justified (Table 3).

However, it is important to realize that our study has several limitations which require discussion. Our
study was retrospective and therefore we cannot fully account for physician treatment selection bias, both
in the selection for level 7 neck dissection and subsequent adjuvant RAI therapy. Level 7 dissection is not
routinely recommended with level 6 dissections by the American Thyroid Association guidelines,’” nor other
international guidelines.’®-2°
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Therefore, the decision to dissect level 7 was determined by the individual surgeon based on the degree
of suspicion of disease in that compartment as well as risks associated with dissection. For example, if the
surgeon was concerned about the functional status of the recurrent laryngeal nerve following dissection of
level 6, they may not risk further injury by dissecting level 7. Similarly, if the surgeon considered dissection
of level 7 to be high risk due to the presence of prominent veins, dilated innominate artery, or high riding
brachiocephalic vein, then level 7 dissection may have been avoided. Additionally, if palpable disease is
noted in level 6 but not in level 7, the surgeon may also have decided not to perform a superior mediastinal
dissection on the presumption that non-palpable disease in level 7 was not clinically important.

A further limitation of our study was the potential for misclassification of LN level. It is possible that some
surgeons dissected both level 6 and level 7 but that the specimen was then labeled as central compartment.
This would result in some level 7 LNs being misclassified as level 6. If nodal disease in level 7 represents poorer
outcome, then this would negatively bias the outcome of our level 6 cohort. On the other hand, specimens
distinctly labeled as level 7 LNs were considered as such. Thus, recurrence outcomes for level 7 are therefore
accurate.

Conclusions

Our results suggest that level 7 nodes do not carry a poorer outcome in patients with DTC; however, our
results should be interpreted with some caution due to potential selection bias and misclassification effects.
The issue of selection bias and misclassification can be addressed with a prospective trial in which all patients
undergoing a central neck dissection have both levels 6 and 7 dissected, and all neck dissection specimens
be divided in the operating room into level 6 and 7 by the operating surgeon so that correct level-specific
pathology can be produced. We would encourage any other large institution with such systematic data to
analyze their data and publish their results so that this important topic can be adequately addressed. If our
results are validated by other datasets, the current AJCC staging system may need to be adjusted to classify
all patients with central neck disease as N1a, and for the N1b category to be reserved for positive lateral neck
disease alone.
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Abstract

Background

Following total thyroidectomy (TT) for papillary thyroid cancer (PTC), pathological assessment can occasionally
reveal incidental perithyroidal lymph nodes (LNs) with occult metastases. These cNOpN1a patients often
receive radioactive iodine (RAI) therapy for this indication alone. The aim of this study was to determine the
central compartment nodal recurrence-free survival in patients treated without RAl compared to those who
received RAIl treatment.

Methods

An institutional database of 3664 previously untreated patients with differentiated thyroid cancer operated
between 1986 and 2010 was reviewed. A total of 232 pT1-3 patients managed with TT and no neck dissection
were subsequently found to have incidental level 6 LNs on pathology. Patients with other indications for RAI,
such as extrathyroidal extension and close or positive margins, were excluded. One hundred and four patients
remained for analysis. Kaplan—-Meier method was used to determine central neck LN recurrence-free survival
(RFS).

Results

The median age of the cohort was 40 years (range 17-83). The median follow-up was 53 months (range
1-211). The median number of positive LNs removed and maximum LN diameter were 1 (range 1-8) and
5 mm (range 1-16 mm), respectively. A total of 67 (64%) patients had adjuvant RAI and 37 (36%) did not.
Patients with vascular invasion (P = 0-01), LNs >2 mm (P = 0-07) and >2 positive nodes (P = 0-06) were more
likely to be selected for adjuvant RAI therapy. Patients without RAI therapy had similar 5-year central neck LN
RFS compared to those treated with RAI: 96-2% vs 94-6%, respectively (P = 0-92).

Conclusion

There is no difference in the 5-year central compartment nodal recurrence-free survival in patients treated
without RAl compared to those who received RAI treatment.
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Introduction

Following total thyroidectomy for papillary thyroid cancer (PTC), pathological assessment can occasionally
reveal incidental perithyroidal lymph nodes (LNs) with occult metastases. In the absence of prospective
evidence, subsequent management of these patients is largely dependent on personal preferences and
institutional practices.! Although management guidelines do not specifically address this clinical scenario,
clinical NO but pathological N1a patients often receive radioactive iodine (RAI) therapy, in the absence of other
indications for RAI. This practice was, in part, justified by the 2009 American Thyroid Association (ATA) risk
stratification of differentiated thyroid cancer.? These clinical NO, pathological N1a patients were classified as
intermediate risk of recurrence as a result of microscopic nodal disease. In the anticipated 2015 ATA guidelines,
the low-risk category will be expanded to incorporate patients with <5 pathological N1 micrometastases
that measure <0-2 cm in dimension. The aim of this study was to determine the central compartment nodal
recurrence-free survival in patients treated without RAl compared to those who received RAI treatment.

Methods

Following approval by the Institutional Review Board, the records of 3664 consecutive patients treated
surgically for differentiated thyroid cancer between 1986 and 2010 were identified from an institutional
database. Patients with non-PTC, less than total thyroidectomy, neck dissection of the central or lateral neck,
and those presenting with distant metastases were excluded. This left 248 patients with PTC managed with
total thyroidectomy and no planned neck dissection that had incidental level 6 LNs on pathology. Patients
with other indications for adjuvant RAI therapy, such as the presence of extrathyroidal extension (ETE) and
close or positive margins, were then excluded. This left 104 patients for analysis. A flow chart showing the
patients selected for analysis is shown in Fig. 1.

3664 differentiated thyroid cancer
MSKCC 1986-2010 Exclusions n = 3685
Nonpapillary
I o Less than total thyroidectomy
v Neck dissection
N1a or N1b disease
Incidental N1a disease in paplillary M1 at presentation
thyroid cancer PTC
n =248
Exclusions n = 144
Extrathyroidal extension
. Non negative margin status
Incidental N1a disease & no
additional indications for RAI
therapy
n =104
= No adjuvant RAI therapy
5 ea:' n_eglz (ns:s?:)s% AT
v 5 year neck RFS 96-0%
(4 central,
(1 central neck recurrence)
1 lateral neck recurrences)

RAI- radioactive iodine
RFS = recurrence free survival

Figure 1| Flow chart of inclusion patients.
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At our institution, neck dissections are only carried out for clinically confirmed lymph node metastases, or if
suspicious LNs are found on clinical examination, on preoperative imaging or during surgery. Intra-operative
LN biopsies for frozen section are performed based on surgeon preference. If no LNs are suspected to contain
metastases, then thyroidectomy alone is performed. We do not practise elective central compartment node
dissection.Therefore, allincluded patients had eitherincidental occult LN metastases detected on pathological
examination of perithyroidal tissue, which was included with the thyroidectomy specimen or positive LNs
found on permanent sectioning after a negative frozen section biopsy.

Patient demographic information, surgical details and histopathological details including number of positive
LNs, size of largest positive LN and the presence of LN extracapsular spread (ECS) were recorded. LN diameter
was defined as the diameter of the largest LN containing a focus of metastatic thyroid cancer. The presence of
ECS was defined as tumour extension beyond the LN capsule. As this study includes patients with pathology
reports from 1986 through 2010, all LN features were not reported in patients from the earlier years. Analysis
of LN characteristics was limited to patients with available pathology details. Size cut-off of micrometastatic
positive LNs was based on other studies in the literature®** Details of postoperative adjuvant RAl therapy were
recorded, and patients were then stratified into 2 groups: those who received RAI and those who did not.
Postoperative serum thyroglobulin (Tg) levels were taken as the lowest Tg level prior to adjuvant RAI therapy
or within 1 year of surgery if no RAl was administered. Tg measurements for patients with raised Tg antibodies
within the same time period were excluded from analysis. Since 1999, Tg values have been measured using
the Dynotest-TgS immunoradiometric assay (Brahms, Inc., Berlin, Germany; functional sensitivity 0-6 pg/I
normalized to Certified Reference Material 457).°

The primary outcome of interest was central compartment nodal recurrence-free survival (RFS). LN recurrences
were determined by clinical examination supplemented with imaging and fine-needle aspiration. Patients
with biochemical recurrences alone, defined by elevated thyroglobulin (Tg) levels, were not considered to
be sufficient measures for nodal recurrence outcome. Outcomes data were calculated at 5 years. Statistical
analysis was carried out using SPSS (version 21, IBM Corporation, Armonk, NY, USA). Pearson’s chi-squared
test was used to compare variables between the RAlI and no RAI groups. Survival outcomes were analysed
using the Kaplan—Meier method. Univariate analysis was carried out by the log-rank test. A P value <0-05 was
considered significant.

Results

The median age of the cohort was 40 years (range 17-83). The median follow-up was 53-4 months (range
1-211). The median number of positive LNs identified was 1 (range 1-8). The median LN diameter was
5 mm (range 1-16 mm). Sixty-seven (74%) patients received adjuvant RAl and 37 (34%) patients had no RAL.
Table 1 shows patient, tumour and treatment characteristics for the RAl and no RAl groups. Those with vascular
invasion (P =0-01), LNs >2 mm (P = 0-07) and >2 positive nodes (P = 0-06) were more likely to be selected for
adjuvant RAI therapy. There were no statistically significant differences in terms of age, primary tumour size
(P = 0-23), multicentricity (P = 0-67), LN extracapsular spread (P = 0-37) or postoperative Tg measurements
(P = 0-22). Central neck recurrence occurred in 5 patients: 4 patients in the RAl group and 1 patient in the
no RAI group. Fig. 2 demonstrates the Kaplan-Meier plot for central neck nodal recurrence for patients who
received adjuvant RAI therapy and those who did not. Patients with and without RAI therapy had similar
5-year central neck LN RFS of 94-6% and 96:2%, respectively (P = 0-92).



Incidentally Discovered Level 6 Lymph Nodes

0 —————— No RAI
RA
084
T 06+
s 06
>
13
3
2
E
=
O 04+
02+
00
T T T T T T
0 12 24 36 48 60

Time (months)

Figure 2 | Kaplan Meier plot for Central neck recurrence-free survival in patients with incidental pN1aM0 managed with and without adjuvant
RAl therapy.

Table 1 | Comparison of patient demographics with and without RAI ablation

No Adjuvant RAI Adjuvant RAI
n=37 % n=67 % P value
Gender
Female 31 83-8% 44 657% 0-05
Male 6 16:2% 23 34:3%
Age
<45 years 26 70-3% 41 61:2% 0-36
245 years 11 29-7% 26 38:8%
Size
<2cm 30 81-1% 50 74-6% 023
<4cm 7 18:9% 12 17:9%
>4cm 0 0-0% 5 7:5%
T Stage
Tla 13 351% 21 31:3% 0-41
T1b 17 45.9% 29 43:3%
T2 7 18:9% 12 17-9%
T3 0 0-0% 5 7-5%
Multifocality
No 16 43-2% 26 38:8% 0-66
Yes 21 56-8% 41 61:2%
Vascular Invasion
Absent 35 94-6% 48 73-8% 0-01
Present 2 5-4% 17 26:2%
ECS
Absent 27 90-0% 41 95:3% 0-37
Present 3 10-0% 2 4-7%
LN size
<0-2cm 8 33:3% 7 14-9% 0-07

>0-2cm 16 66-7% 40 85-1%
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No Adjuvant RAI Adjuvant RAI
n=37 % n=67 % P value
No. of Positive LNs
1 25 67-6% 33 49-3% 007
>1 12 32:4% 34 50-7%
2 32 86:5% 47 70-1% 0:06
>2 5 13:5% 20 29-9%
Postsurgery Tg level
<1lg/l 23 95-8% 45 86-5% 0-22
>1lg/l 1 4-2% 7 13:5%

RAI - radioactive iodine, ECS - extracapsular spread, LN - lymph node, Tg - thyroglobulin.
Bold text represents statistically significant findings.

Discussion

After total thyroidectomy for PTC, histopathological examination occasionally detects unexpected microscopic
LN metastases in the perithyroidal tissue. Physicians are faced with a clinical dilemma of whether or not to treat
these patients with adjuvant RAI therapy. Patients with pathologically confirmed central compartment LN
metastases were previously considered to be ATA intermediate risk of recurrence, and as such, many clinicians
administer adjuvant RAI therapy to destroy suspected nodal metastases with the intention of reducing risk
of recurrence in these patients.? The new 2015 ATA management guidelines are anticipated to recognize
that this upstaging of patients with micrometastatic nodal disease is likely unwarranted. The new expanded
criteria for ATA low-risk category will include patients with micrometastases in the central compartment.
The management and outcomes of patients with occult, perithyroidal LN metastases, however, has not
been studied. In this study, we analysed the outcomes of patients with T1-3 PTC tumours with incidentally
discovered level 6 lymph nodes. We report that selected patients, without any adverse features in the primary
tumour and with incidental nodal disease <2 mm, can be safely managed without adjuvant RAI.

Numerous publications have described LN characteristics such as size and number of lymph nodes to be
predictive of recurrence.’ The American Thyroid Association recently published a detailed systematic review
quantifying thyroid cancer nodal volume and its relationship to prognosis. It was observed that recurrence
rates in PTC have varied greatly, between 0% and 42%, depending on size of primary tumour as well as the
volume of nodal disease.* The literature has reported on a wide range of metastatic LN sizes between 0-2 cm
and 3 cm, to be associated with greater recurrence rates.® Publications from our institution suggest that
LN extracapsular spread may also be prognostic.® As the prognostic impact of central LN characteristics is
elucidated, N1a disease should no longer be considered a homogeneous entity requiring RAI therapy in all
circumstances.

The question of whether or not incidentally found central neck LNs require further adjuvant RAI has not
been studied. In our series, 64% of patients with incidental N1a disease were determined to be at risk for
recurrence and therefore received adjuvant RAI therapy following surgery. Patients with vascular invasion
were significantly more likely to receive postoperative RAI therapy compared to those without vascular
invasion (P = 0-01). Although the presence of vascular invasion has been associated with increased risk of
disease recurrence,’’ there are inadequate data to determine whether RAl ablation has benefits after adjusting
for tumour size and patient age.? Nevertheless, at our institution, the presence of vascular invasion was
associated with greater rates of RAl therapy administration.
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RAltherapy is not without adverse effects; consideration must be given to the balance of minimizing iatrogenic
harm versus preventing cancer morbidity. Uptake outside the thyroid gland results in salivary and lacrimal
dysfunction which results in a significant, deleterious impact on patients quality of life’" as well as a small but
significant increase in the rate of secondary malignancy at high doses.’>" Clinical indications for adjuvant RAI
therapy are frequently based on limited data, and guidelines often leave decisions to clinician discretion.?
Although management recommendations should ideally be based on prospective randomized studies, in
the absence of such studies, the analysis presented here is a very useful adjunct to physician judgment in the
management of PTC patients with incidentally discovered, low-volume central compartment nodal disease.

It is important to point out the limitations of our study. This is a retrospectively conducted study with
inherent patient- and physician-related selection bias relating to the administration of RAl therapy. However,
at Memorial Sloan Kettering Cancer Center, we have a large experience in managing patients with thyroid
cancer with a multidisciplinary team approach. Therefore, selection bias will be limited due to this extensive
experience. Another limitation is the small sample size, which can limit a rigorous statistical analysis. However,
our database of 3664 patients is one of the largest single institution cohorts reported. It is highly probable
that the pathological details reported in our analysis are not recorded in many other institutional data sets. We
would encourage other institutions with detailed synoptic reporting on pathology, to analyse their data and
verify the results presented here. Lastly, one may argue that follow-up was limited, thereby underestimating
the true risk of recurrence. However, the previous literature now reports that recurrence is most likely in the
first 2-3 years following treatment.™ Therefore, with a follow-up of 53 months, the majority of recurrences
would have occurred in our patient cohort.

Our data therefore provide further evidence for the 2015 ATA risk stratification system which is anticipated to
categorize patients with low-volume central neck disease as low risk. We report that in selected PTC patients
with incidental central compartment nodal disease, there is no difference in the 5-year central compartment
nodal recurrence-free survival in patients treated without RAl compared to those who received RAI treatment.
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Abstract

Background

The aim of our study was to determine central compartment lymph node (LN) characteristics predictive of
outcomes in patients with differentiated thyroid cancer (DTC) and pathologically confirmed positive central
LNs, in the absence of lateral neck disease or distant metastases at presentation.

Methods

Aninstitutional database of 3664 previously untreated patients with DTC operated between 1986 and 2010 was
reviewed. Six hundred patients with central compartment nodal disease on histopathology were identified.
Patient demographics, number of positive LNs, size of largest LN, and presence of extranodal spread (ENS)
were recorded for each patient. Variables predictive of recurrence-free survival (RFS) were identified using the
Kaplan-Meier method. Univariate analysis was carried out by the log-rank test and multivariable analysis was
carried out using cox proportional hazard model.

Results

The median age of the cohort was 41 years (range 12-91 years). The median follow-up was 61 months
(range 1-330 months). Neck recurrence occurred in 43 patients. Recurrence occurred in the central neck in
11 patients, lateral neck in 27 patients, and both compartments in five patients. Factors predictive of neck
RFS on univariate analysis were higher T stage (p = 0.007), increased number of positive LNs, increased LN
diameter, and presence of ENS (p = 0.001). Multivariable analysis of LN characteristics showed that the only
statistically significant predictor of neck recurrence was the presence of ENS. Neck RFS at five years for patients
with and without ENS was 84.7% and 94.5% respectively (p = 0.001).

Conclusion

The LN feature most predictive of neck recurrence appears to be the presence of ENS in the positive central
neck.
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Introduction

Metastases to the central compartment lymph nodes (LNs; levels 6 and 7) in patients with differentiated thyroid
cancer (DTC) are common. In the majority of patients, these LNs are subclinical micrometastases of uncertain
prognostic significance. In the majority of cases, the presence of micrometastases represents indolent disease.
Because of this, the presence of cervical nodal metastases was not considered to be associated with survival
and thus was not included in traditional scoring systems such as GAMES, MACIS, and AMES (1-3). However,
some studies have reported that cervical LNs measuring > 1.5 cm (4) or >3 cm (5) are prognostic. Other studies
have suggested that the number of pathologically positive LNs is prognostic (6,7). Reflective of these data on
the prognostic significance of positive nodal disease, the AJCC staging system now upstages patients with
N1a disease to stage lll in patients >45 years of age.

The aim of our study was to explore this topic further by determining central compartment LN characteristics
predictive of recurrence outcomes in patients with DTC and pathologically confirmed positive central LNs.
Size, number of positive nodes, and the presence of extranodal spread (ENS) were analyzed in a large data set
of patients treated at a single institution.

Methods

Following approval by the Institutional Review Board, the records of 3664 consecutive patients treated
surgically for DTC between 1986 and 2010 were identified from an institutional database. Six hundred pN1a
patients on histopathology were identified for review. Patients who were treated at an outside facility prior
to referral, had disease confined to the thyroid gland, had evidence of lateral compartment nodal disease,
presented with distant metastasis, or were discovered to have distant metastases on postoperative RAl scan
(within six months) were excluded from analysis. At our institution, we do not routinely carry out prophylactic
central neck dissections but only dissect the central neck whenever nodes are found on palpation, on
preoperative imaging, or during surgery. Therefore, the 600 pathologically confirmed patients with central
compartment disease consist of patients having a central neck dissection for macroscopic LNs on clinical or
radiologic examination. In addition, we also included patients with occult metastases found in perithyroidal
LNs included in the thyroidectomy specimen, and included nodes found to be positive on node sampling.

Patient demographic information, surgical details, and histopathological details, including number of positive
central LNs, size of largest positive LN, and presence of ENS, were recorded. LN diameter was defined as the
diameter of the largest LN containing a focus of metastatic thyroid cancer. The presence of ENS was defined as
tumor extension beyond the LN capsule. Details of postoperative use of radioactive iodine (RAI) therapy were
recorded and postoperative thyrotropin (TSH) suppression was initiated based on individual risk of recurrence.

As this study includes patients with pathology reports from 1986 to 2010, LN features were not reported in all
patients. Figure 1 shows the LN data available for analysis. To maximize statistical power, patients with one or
more missing LN feature were censored for the analysis of that LN variable. To ensure there was no selection
bias between patients with all LN features reported and patients with one or more missing LN features,
Pearson’s chi square test was performed comparing these two groups. No difference in sex, age, T stage, or
histology was found (data not shown).
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Figure 1| Inclusion criteria.

The primary outcome of interest was nodal recurrence-free survival (RFS). Neck LN recurrences were
determined by clinical examination supplemented with imaging and fine-needle aspiration. Patients with
biochemical recurrences defined by elevated thyroglobulin levels were not considered to be robust endpoints
to measure nodal recurrence outcome. Prior to 2000, postoperative serum thyroglobulin (Tg) was not used to
detect recurrence. The use of serum Tg measurements and serial ultrasounds has become standard practice at
our institution since 2005, and now influence the further investigation of patients in this cohort. The median
follow-up for the cohort was 61 months (range 1-330). Outcome data were therefore calculated at five years.

Statistical analysis was carried out using SPSS Statistics for Windows v21 (IBM Corp., Armonk, NY). Categorical
cutoffs for size and number of positive LNs were based on frequently used cutoff from the literature as well
as by receiver operating characteristic (ROC) curves. ROC curves were plotted for all LN number and size cut-
points. The value at which sensitivity and specificity was maximized for nodal RFS was also selected for analysis.
Pearson’s chi-square test was used to compare variables within groups. Survival outcomes were analyzed
using the Kaplan-Meier method. Univariable analysis was carried out by the log-rank test, and multivariable
analysis was carried out using the Cox proportional hazard model. A p-value < 0.05 was considered significant.

Results

The median age of the cohort was 41 years (range 12-91 years). The median time to regional nodal recurrence
was 50.5 months (range 1-330 months). Nodal recurrence occurred in 43 patients. Recurrence occurred in
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the central neck in 11 patients, lateral neck in 27 patients, and both compartments in five patients. Distant
recurrence developed in 10 patients, and disease-specific death occurred in five patients.

Predictors of neck RFS on univariable analysis

Factors predictive for neck RFS were increasing LN diameter and the presence of ENS (Table 1). Although T
stage was predictive (p = 0.007), sex, age, histology, and postoperative RAl administration were not predictive.

LN diameter (n = 446). Patients with central LN micrometastases of <0.2 cm had similar five-year neck RFS
compared to patients with LNs > 0.2 cm (93.6% vs. 92.6%; p = 0.603). At a LN cutoff of 0.75 cm, determined
by ROC analysis, patients with LN <0.75 cm had a small but statistically significant superior five-year neck RFS
(96.8% vs. 90.2%; p = 0.040). Similarly, patients with a LN diameter <1 cm and <2 c¢m had superior five-year
neck RFS compared to patients with LNs > 1 cm and > 2 cm respectively (Table 1).

Table 1 | Regional Lymph Node Recurrence-Free Survival

n No.events 5yearneck  p-Value
RFS

Sex
Female 430 27 93.0% 0.216
Male 170 16 90.5%

Age
< 45 years 357 26 92.4% 0.882
> 45 years 243 17 92.3%

T stage
T1 202 9 94.4% 0.007
T2 70 2 98.1%
T3 283 24 91.3%
T4 45 8 81.8%

Histology
Follicular 5 0 100.0% 0.815
Hurthle 4 0 100.0%
Papillary 591 43 92.2%

Nodal stage
N1a 543 41 91.6% 0.179
N1b 57 2 98.2%

Max diameter of largest node
<0.2cm 48 2 93.6% 0.603
>0.2cm 398 24 92.6%
<0.75cm 247 9 96.1% 0.007
>0.75cm 199 21 88.6%
<lcm 299 13 95.3% 0.006
>1cm 147 17 87.5%
<2cm 431 27 93.3% 0.042
>2cm 15 3 75.8%

Number of positive nodes
<3 423 24 94.1% 0.043
>3 174 19 88.2%
<5 495 31 93.5% 0.070
>5 102 12 87.6%
<8 543 33 93.5% 0.001

>8 54 10 80.7%
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n No.events 5yearneck  p-Value
RFS
ENS
None 318 15 94.5% 0.001
Micro/macro 97 15 84.7%
ATA risk category
Low NA NA NA
Intermediate 488 31 92.7% 0.243
High 112 12 90.8%
Adjuvant RAI
No 180 7 97.2% 0.121
Yes 420 36 90.8%

Bold indicates significant values.

RFS, recurrence-free survival; RAI, radioactive iodine.

Number of positive LNs (n=597). Comparison of five-year neck RFS for patients with three or fewer and more
than three positive LNs (94.1% vs. 88.2%, p = 0.043), five or fewer and more than five positive LNs (93.5% vs.
87.6%; p = 0.070) as well eight or fewer and more than eight positive LN patients (93.5% vs. 80.7%;p = 0.001;
Table 1) showed a general trend toward poorer neck RFS with increasing number of positive central LNs. A
cutoff of eight or fewer positive LN was determined by ROC analysis.

ENS (n=415). A total of 23.4% of patients with N1a disease had evidence of ENS reported on histopathology.
Patients with ENS had a significantly poorer five-year neck RFS survival compared to patients without ENS
(84.7% vs. 94.5%; p = 0.001; Table 1 and Fig. 2). When stratified by age > 45 and < 45 years, the presence of ENS
remained significant in both age cohorts (p =0.044 and p = 0.005 respectively).

1.0 1 M
08 1 ENS+
S
'E 06 1
=
w
E 04
[&]
0.2 1
0.0
0 12 24 36 48 60

Time (months)
Figure 2 | Neck recurrence-free survival in patients with and without extranodal spread.
Predictors of neck RFS on multivariable analysis

A total of 354 patients had all LN variables (maximal LN diameter, number of positive LNs, and ENS) available
for analysis and were therefore included in the multivariable analysis of significant LN characteristics
predictive for neck recurrence. We were limited to three variables for multivariable analysis due to the limited
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number of neck recurrences. Table 2 shows nine models of multivariable analysis of LN variables, including all
combinations of LN diameters (<0.75 cm/>0.75 cam, < 1 cm/=1 cm, and < 2 cm/>2 cm), number of positive LNs
(three or fewer/more than three, five or fewer/more than five, eight or fewer/more than eight) and presence of
ENS. In all nine models, the presence of ENS was independently predictive for neck RFS.

When we controlled for T stage, ENS remained a significant predictor for neck recurrence conferring a hazard
ratio of 3.1 ([confidence interval (Cl) 1.491-6.515], p = 0.003).

Table 2 | Multivariable Model of Central Lymph Node Features

Cl
HR Lower Upper p-Value

Model 1

Largest LN 0.75 cm — — — 0.075

>3 positive LNs — — — 0.860

LN ENS 2.997 1.238 7.257 0.015
Model 2

Largest LN 0.75 cm — — — 0.092

>5 positive LNs — — — 0.490

LN ENS 2.738 1.092 6.863 0.032
Model 3

Largest LN 0.75 cm — — — 0.117

>8 positive LNs — — — 0.116

LN ENS 2.520 1.021 6.221 0.045
Model 4

Largest LN 1 cm — — — 0.292

>3 positive LNs — — — 0.668

LN ENS 3.121 1.241 7.849 0.016
Model 5

Largest LN 1 cm — — — 0.329

>5 positive LNs — — — 0.352

LN ENS 2816 1.087 7.298 0.033
Model 6

Largest LN 1 cm — — — 0.406

>8 positive LNs — — — 0.080

LN ENS 2619 1.029 6.663 0.043
Model 7

Largest LN 2 cm — — — 0.185

>3 positive LNs — — — 0.714

LN ENS 3430 1.409 8.349 0.007
Model 8

Largest LN 2 cm — — — 0.224

>5 positive LNs — — — 0.378

LN ENS 3.066 1.213 7.754 0.018
Model 9

Largest LN 2 cm — — — 0.309

>8 positive LNs — — — 0.088

LN ENS 2.809 1.129 6.986 0.026

Bold indicates significant values.

Cl, confidence interval; LN, lymph node; ENS, extranodal spread.
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Distant recurrence and disease-specific survival

No central compartment LN features were predictive of distant RFS or disease-specific survival (DSS) on
univariable analysis.

Discussion

Metastases to the central compartment LNs (levels 6 and 7) in patients with DTC are common. In the majority of
patients, these are subclinical micrometastases, and the prognostic significance of them is very controversial.
Recent data suggest that the size and number of positive LNs are prognostic (4-8). The American Thyroid
Association recently published a detailed systematic review quantifying thyroid cancer nodal volume and its
relationship to prognosis. In this review, it was recommended that patients be classified into “lower and higher
risk N1” categories based on volume of nodal disease (9). The definition of micrometastases being < 0.2 cm
was based on data from breast cancer staging. No recommendation at the time was made for stratification
of patients with evidence of ENS. To explore this controversial subject further, we sought to analyze our own
results using a data set of 600 patients with central compartment nodal disease. We analyzed size of LNs,
number of positive nodes, and the presence of ENS using this data set, and report that all three characteristics
are significant. However, it is the presence of ENS that appears to be the most prognostic in the central
compartment.

With regards to the size of the metastatic LN, several studies have reported larger LN size and metastatic foci
diameter to be prognostic in DTC. Ito et al. have published several studies on the prognostic implications of
central neck metastatic LN size in papillary thyroid cancer (4,10). That group reported on 626 patients with
papillary thyroid cancer > 1 cm undergoing prophylactic central neck dissection with or without lateral neck
dissection. On multivariable analysis, in addition to other predictors, central LN features associated with a
significantly worse RFS were LN diameter > 1.5 cm and more than 10 positive LNs (4). In a similar study by
Sugitani et al., patients with papillary thyroid cancer > 1 cm with central and/or lateral neck disease were
examined. Multivariable analysis suggested that LN metastases > 3 cm were predictive of DSS and RFS in
patients aged 50 years or older but not in younger patients (5). In a case control study by Yamashita et al.,
large LN deposits >1 cm in size as well as ENS were significantly higher in the metastatic group on univariable
analysis. LN size, however, was not significant on multivariable analysis when controlling for other LN variables.
A more recent study reported central LN metastases of > 0.2 cm to be prognostic of recurrence. However,
presence of ENS was not controlled for in this study (8). Data from this current study suggest that increasing
size of positive central compartment LNs is associated with a trend toward poorer RFS: 96.1% for those with
LNs < 0.75 cm in contrast to 75.8% for patients with LN > 2 cm (Table 1). However, at no size was LN diameter
independently predictive of nodal recurrence when controlling for presence of ENS (Table 2).

Many international groups have also reported on the prognostic significance of increasing number and ratio
of positive LNs in DTC. The cutoffs considered to be prognostic have differed significantly between groups
from more than two positive LNs in the central or lateral compartment (6) to more than five LNs in younger
but not older patients (5). Others have found > 10 LNs in the central or lateral compartment (7) and > 10 LNs
in the central compartment alone (4) to be prognostic of recurrence when adjusting for the presence of ENS.
In our own study, we explored various cutoffs for the number of central LNs that were predictive of recurrence.
We did not find a clear cutoff for the number of positive LNs. For this reason, systematic multivariable analysis
for three or fewer or more than three LNs, five or fewer or more than five LNs as well as eight or fewer or more
than eight LNs, adjusting for LN diameter and presence of ENS, was performed (Table 2). Whilst an increasing
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number of positive central LNs increases risk of recurrence on univariable analysis (Table 1), this risk would
seem to be secondary to its association with ENS rather than an independent predictor.

With regards to ENS, many studies have shown ENS to be an important predictor of outcome in other head and
neck cancers (11,12), and it is widely accepted as an indication for additional adjuvant therapy in squamous
cell carcinoma (13). However, there are few studies on the impact of ENS on outcome in patients with thyroid
cancer. Earlier studies were unable to detect an association between ENS and outcome, possibly due to the
small sample size (14). However, several recent international groups have observed ENS to be prognostic of
outcome (7,15-17). More recently, a review of 111 PTC patients with total thyroidectomy and positive central
LN metastases by Lee et al. suggested that the rate of ENS in PTC patients was higher with younger age, large
tumor size, and increased number of central neck LN metastasis. However, due to the short follow-up period
in this study, the impact on outcome could not be determined (18).

The extent of ENS on prognosis has also been investigated. Several Japanese groups have demonstrated poorer
outcomes in patients with evidence of macroscopic ENS (17,19) in central or lateral neck LNs. Macroscopic ENS
was defined as LN invasion of cervical organs, vessels, or nerves that required partial or full excision. The same
group investigated the role of ENS in central compartment LNs and found no association between ENS and
outcome (4). Other studies have reported microscopic ENS alone is predictive of RFS and DSS outcome (20,21).
Yamashita et al. performed a matched pair analysis of 50 patients with distant metastatic DTC disease with 50
control patients without distant disease, together with histological review of pathology slides. Univariable
analyses demonstrated that among other tumor and patient factors, LN deposits > 1 cm and presence of
microscopic ENS were significantly higher in the distant metastatic group. However, on multivariable analyses,
ENS was the only statistically significant LN predictor of outcome (20).

It is important to note that our study has several limitations. Due to its retrospective nature, our study is
susceptible to all the limitations associated with such studies. First, our institutional policy is to perform
neck dissections only in patients with palpable or ultrasound evidence of cervical neck metastases. It is
therefore possible that some N1a patients included in this study had subclinical lateral neck disease not
detected at the time of preoperative work-up. Lateral neck recurrence events in this cohort may therefore
represent persistent disease rather than recurrent disease and thus neck recurrence events may have been
overestimated. Nevertheless, the impact of microscopic disease on outcome has not been demonstrated. A
second limitation is that the quality and detail of histopathology reporting of both the primary tumor and the
LN features has improved significantly in the modern era. Of the 600 patients, only 354 (59.0%) patients had
all three LN features (size of largest LN, number of positive LNs, and presence of ENS) available for analysis. Our
multivariable analysis is therefore based upon this smaller number of patients.

In conclusion, in patients with positive central compartment nodes, we have found LN diameter, number
of LN metastasis, and LN ENS to be predictive for neck recurrence. We report that the strongest predictor
appears to be the presence of ENS. Management guidelines may consider these data when recommending
adjuvant therapy for patients with differentiated thyroid cancer. However, further studies on larger data sets
with complete synoptic reporting of all of these LN characteristics is required to support the impact that ENS
has on outcome definitively.
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Abstract

Purpose

To identify lateral lymph node (LN) characteristics predictive of outcome in papillary thyroid cancer patients
with clinically evident nodal disease.

Methods

A total of 438 patients with lateral neck metastases from papillary thyroid cancer were identified from an
institutional database of 3,664 differentiated thyroid cancers. The number of positive LNs, size of the largest
LN, number of positive LNs to total number of LNs removed (LN burden), and presence of extranodal spread
(ENS) were recorded. Cutoffs for continuous variables were determined by receiver operating characteristic
curves. LN variables predictive of recurrence free survival and disease-specific survival (DSS) were identified
by the Kaplan—-Meier method and the Cox proportional hazard model.

Results

The median age was 41 years (range 5-86 years). The median follow-up was 65 months (range 1-332 months).
Fifty-nine patients developed disease recurrence; these were local in five, regional in 40, and distant in
30 patients. Fifteen patients died of disease. Receiver operating characteristic cutoffs were >10 positive
LNs and a LN burden >17 %. No lateral LN characteristics were predictive of DSS. In patients <45 years old,
univariate predictors of recurrence were >10 positive nodes (p = 0.049) and LN burden >17 % (p < 0.001).
In patients >45 years old, >10 positive nodes, LN burden >17 %, and presence of ENS were predictive of
recurrence (p=0.019, p=0.019, and p = 0.029, respectively).

Conclusions

LN burden >17 % (1 positive LN in 6 LNs removed) in the lateral neck is predictive for recurrence in patients of
all ages, whereas ENS is also prognostic for recurrence in older patients.

Previously published retrospective studies have suggested that regional lymph node (LN) metastases do not
affect survival in patients with papillary thyroid cancer (PTC)."* As such, prognostic scoring systems such as
GAMES from our institution, as well as MACIS and AMES, based on multivariate analyses, did not find nodal
disease to be a predictor of outcome.’> However, more recent literature shows that nodal disease is important,
particularly in patients over 45 years of age; this is now reflected in the American Joint Committee on Cancer
(AJCC) staging system for thyroid cancer.* In patients aged >45 years, N1a status is considered stage lll disease,
and N1b status is considered stage IV disease. This staging system, however, considers only the location of
the metastatic nodes and does not take into consideration other characteristics of the metastatic nodes.
Several recent publications have suggested that increasing number, size, and ratio of positive LNs in the neck
predicts poorer outcome in patients with PTC.>-'° The objective of this study was to define which lateral LN
characteristics have prognostic significance in patients with clinical or radiologic evidence of metastatic LNs
in the lateral neck.
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Methods

After receipt of approval by the institutional review board, the records of 3,664 consecutive patients
treated surgically for PTC between 1986 and 2010 were identified from an institutional database. Of these,
438 patients had pathologic confirmation of palpable or radiologic ally demonstrated lateral neck metastases
after a therapeutic neck dissection. Patients who were treated at an outside facility before referral, who did not
have pN1b disease, who presented with distant metastasis, or who were discovered to have distant metastasis
on postoperative radioactive iodine (RAI) scan (within 6 months) were excluded from analysis. Figure 1
demonstrates the inclusion cohort. Our institutional policy is not to perform prophylactic neck dissections.
Therefore, these patients had macroscopic LNs either on clinical or radiologic examination.

DTC n=3664
1986-2010 Exclusion n=3226
Non-papillary histology
Unresectable disease
No lateral compartment
. nodal disease
Inclusions . Distant metastases
Lateral compartment disease
n=438
Size of +LLN Number of LN burden ENS
Analysis +LN Analysis Analysis Analysis

Missing Missing

Missing

Missing

variables variables
n=23 n=180

variables
n=16

variables
n=98

Figure 1| Flowchart indicating study inclusion and exclusion criteria

Patient demographic information, surgical details, and histopathologic details, including number of positive
lateral LNs, total number of LNs removed, size of largest LN, and presence of extranodal spread (ENS), were
recorded. Details of postoperative use of RAI were recorded. Postoperative thyroid-stimulating hormone
suppression was practiced according to recurrence risk for all patients.

Because this study spans patients with pathology reports between 1986 through 2010, the desired LN features
were not reported in some patients from earlier years. Figure 1 shows the LN data available for analysis.
Patients with one or more missing LN features were censored for the analysis of that LN variable.

Disease outcomes of interest were disease-specific survival (DSS) and recurrence-free survival (RFS). DSS was
calculated using the date of last follow-up with a Memorial Sloan Kettering Cancer Center physician from
the thyroid cancer multidisciplinary team. Details of death were determined from the Social Security Death
Index and hospital records. All patients who had evidence of structural disease at the time of last follow-
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up and died during follow-up were considered to have died of disease. Local and regional recurrences
were determined by clinical examination supplemented with imaging and fine-needle aspiration. Distant
recurrence was determined by imaging studies including ultrasound, RAl scan, computer tomography, and
positron emission tomography scan. Confirmation of disease by cytology and histopathology were recorded
when available. Before 2000, postoperative serum thyroglobulin was not routinely used to detect recurrence.
Serum thyroglobulin measurements and serial ultrasounds have become standard practice at our institution
since 2005, and they now influence the further investigation of patients in this cohort. The median follow-up
for the cohort was 65 months (range 1-332 months). Outcomes data were therefore calculated at 5 years.

Statistical analysis was carried out by SPSS software, version 21 (IBM, Armonk, NY). To determine categorical
cutoffs for LN size, number, and burden of metastatic LNs that were predictive of DSS and RFS, we used cutoff
values previously reported in the literature as being significant. In addition, we also plotted receiver operating
curves for number of positive LNs as well as LN burden (LN burden was defined as the percentage of positive LN
out of total number LNs resected) from the lateral compartment. Values were chosen to maximize sensitivity
and specificity for RFS and DSS. Survival outcomes were analyzed by the Kaplan-Meier method. Univariate
analysis was carried out by the log rank test, and hazard ratios were calculated by the Cox proportional hazard
model. A p value of <0.05 was considered significant.

Results

The median age was 41 years (range 5-86 years). A total of 188 patients (43 %) were >45 years old at the
time of diagnosis. Extent of lateral neck dissection was determined by a combination of surgeon preference
and patient risk profile. Of the 438 patients, the majority of the cohort (71 %) underwent an ipsilateral
comprehensive neck dissection including at least levels 2, 3, 4, and 5. Twenty percent of patients had an
ipsilateral selective neck dissection of neck levels at highest risk of harboring disease, and a further 9 %
received bilateral neck dissection. An average of 33 LNs were removed per patient.

The majority (79 %) of this cohort received adjuvant RAI therapy within 6 months of thyroidectomy surgery.
The median dose received was 150 mCi (range 29-478 mCi). Fifty-nine patients (13.5 %) had recurrent disease;
this was local in 5, regional in 40, and distant in 30 patients (Supplementary Fig. 1). Receiver operating
characteristic analysis showed that cutoffs that maximized sensitivity and specificity were number of positive
nodes of >10 and a LN burden >17 %.

LN Characteristics Prognostic of DSS

A total of 15 patients died of disease. All but one patient was aged <45 years at the time of diagnosis. As such,
predictors of DSS were limited to only patients >45 years of age. No LN characteristics—size, number, burden,
or presence of ENS—were predictive of DSS (Supplementary Table 1).
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Table 1| LN characteristics predictors of 5-year recurrence-free survival in patients <45 years of age

Characteristic 5 year RFS (%) p HR (95 % Cl) p
No. of positive LNs
<5 nodes 92.0 - -
>5 nodes 87.1 0.46 1.3(0.6-2.6) 0.46
<6 nodes 91.8 - -
>6 nodes 86.1 0.26 1.5(0.7-3.1) 0.27
<10 nodes 91.7 - -
>10 nodes 81.1 0.05 2.2(1.0-4.8) 0.05
Largest LN size (cm)
<1 94.1 - -
>1 89.4 0.54 0.7 (0.2-2.1) 0.54
<2 933 - -
>2 87.1 0.68 1.19(0.5-2.7) 0.68
<3 93.0 - -
>3 79.4 0.22 1.7 (0.7-4.2) 0.22
LN burden (%)
<17 99.1 - -
>17 81.2 <0.001 4.8(2.0-11.9) 0.001
Extranodal spread
None 91.1 - -
Yes 92.7 0.99 1.0(0.3-3.3) 0.99

LN lymph node, HR hazard ratio, Cl confidence interval
LN Characteristics Predictive of RFS

Factors predictive of RFS in patients <45 years of age are shown in Table 1. Number of positive nodes >10
(5-year RFS 81.0 vs. 91.7 %, p = 0.05) and a LN burden >17 % (5-year RFS 81.2 vs. 99.1 %, p < 0.001) were
predictive of recurrence on Kaplan-Meier analysis (Fig. 2a, b). Increasing LN size was associated with poorer
RFS, but this was not statistically significant (5-year RFS 79.4 vs. 93.0 %, p = 0.20 for size >3 cm). LN ENS was
not predictive of recurrence (Fig. 2c). Using the Cox proportional hazard model, we found that patients with
>10 positive nodes were 2.2 times more likely to experience recurrence. Patients with a LN burden >17 %
were 4.8 times more likely to experience recurrence compared to patients with a <17 % LN burden (p < 0.001).

Table 2 shows factors predictive of recurrence in patients >45 years of age. Number of positive nodes >10
(5-year RFS 71.8 vs. 87.3 %, p = 0.02) and a LN burden >17 % (5-year RFS 77.7 vs. 90.5 %, p = 0.02) were also
predictive of recurrence (Fig. 3a, b). Patients with >10 positive nodes were 3.1 times more likely to experience
recurrence (p = 0.03). Patients with a LN burden >17 % were 2.7 times more likely to experience recurrence
compared to patients with <17 % LN burden (p = 0.02). Increasing LN size was not significant. In addition, the
presence of ENS was also significant in the older patients (5-year RFS 79.5 vs. 93.0 % p = 0.03) (Fig. 3¢). Patients
with ENS were 3.4 times more likely to experience recurrence compared to patients with no ENS (p = 0.04).
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Figure 2 | Kaplan-Meier graph for RFS for patients <45 years old based on a number of positive LNs (p = 0.05), b LN burden (p < 0.001), and

CENS (p=0.99)
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Figure 3 | Kaplan-Meier graph for RFS for patients =45 years old based on a number of positive LNs (p = 0.02), b LN burden (p = 0.02), and
cENS (p=0.03)
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Table 2 | LN characteristics predictors of 5-year RFS in patients >45 years of age

Characteristic 5 year RFS (%) p HR (95 % Cl) p
No. of positive LNs
<5 nodes 87.7 - -
>5 nodes 81.2 0.16 1.81(0.8-4.2) 0.17
<6 nodes 87.5 - -
>6 nodes 80.8 0.19 1.77 (0.7-4.2) 0.20
<10 nodes 87.4 - -
>10 nodes 71.8 0.02 3.10(1.5-8.4) 0.03
Largest LN size (cm)
<1 80.0 - -
>1 86.5 0.84 1.2(0.2-9.2) 0.84
<2 88.3 - -
>2 84.6 0.72 1.2(0.5-2.8) 0.72
<3 87.1 - -
>3 83.1 0.75 0.8 (0.3-2.5) 0.75
LN burden (%)
<17 90.5 - -
>17 77.7 0.02 2.70(1.1-6.4) 0.02
Extranodal spread
None 93.0 - -
Yes 74.2 0.03 3.38(1.1-10.7) 0.04
LN lymph node, RFS recurrence-free survival, HR hazard ratio, Cl confidence
interval

A total of 30 patients (6.8 %) developed distant metastases, 21 of whom were >45 years old at the time of
initial diagnosis. Univariate predictors of distant recurrence were >10 positive lateral neck LNs (5-year distant
RFS 87.2 vs. 94.5 %, p = 0.01) and LN burden >17 % (5-year distant RFS 89.8 vs. 96.4 %, p = 0.01). Presence of
ENS was associated with a poorer distant RFS, but this was not statistically significant (5-year distant RFS 96.0
vs. 92.6 %, p = 0.08).

Discussion

Metastatic disease in the lateral compartment LNs of the neck in patients with PTC is known to be predictive
of poorer outcomes, particularly in older PTC patients, and as such, it is recognized by the current edition of
the AJCC staging manual.*'" Recent data suggest that in addition to LN location, LN characteristics such as
maximal size, number, ratio, and ENS are also prognostic.>'° Age at diagnosis is uniquely critical in the staging
of differentiated thyroid cancer, and in this series of 438 PTC patients with lateral neck disease, we report LN
characteristics that are predictive of outcome in two age cohorts of patients, those <45 years old and those
>45 years old. In both age groups, both number of positive LNs >10 and LN burden >17 % (which equated to
1 positive node per 6 removed) were predictive for recurrence. In addition, the presence of ENS was predictive
of recurrence in patients >45 years old. Size of LNs did not appear to be predictive in our cohort of patients.

Many studies have reported the size of the metastatic lateral neck LN to be prognostic in PTC. Studies have
suggested that LN metastases >3 cm are associated with poorer prognosis.®'? In a study of LN characteristics
by Ito et al., N1b patients with metastatic nodes >3 cm were found to have a significantly poorer RFS compared
to N1a patients. In a study of both central and lateral LNs by Sugitani et al., it was found that LN metastases
>3 cm were predictive of DSS in patients aged =50 years but not in patients aged <50 years at the time of
diagnosis.’ These results suggest that the size of lateral neck LN is likely to be prognostic in PTC, particularly in
older patients. In the present study, no discrete size cutoff was statistically associated with poorer prognosis
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in either age cohort. However, the data suggest that larger LN metastases are associated with poorer RFS;
patients with LNs measuring <1 cm had a 5-year RFS of 91.2 % compared to those with LN >3 cm, who had a
5-year RFS of just 80.9 %.

Several groups have also investigated the prognostic impact of the number of positive lateral compartment
LNs. Studies have reported a wide range of LNs considered to be prognostic, ranging from 2 to >10 positive LNs,
when looking at the number of LNs within the central and lateral compartments.”® When focusing only on LN
metastases within the lateral compartment, Ito et al. reported that >5 positive lateral neck LNs affected RFS.'?
Moreno et al. similarly focused on the lateral neck LNs features and observed that the number of abnormal
neck compartments on ultrasound, as an indirect marker of the number of positive LNs, correlated with the
risk of regional recurrence.” In our own cohort, receiver operating characteristic analysis suggested that 10
positive nodes was the cutoff that maximized sensitivity and specificity. Indeed, >10 nodes was predictive of
recurrence. Interestingly, the previously reported cutoffs of >5 positive nodes was not prognostic in our series.

LN burden is defined as the number of metastatic LNs divided by the total number of LNs resected, expressed
as a percentage. Because LN burden is the percentage of positive to total LNs resected, the two are closely
correlated. However, LN burden additionally takes into consideration the extent of surgical resection as well as
the extent and aggressiveness of disease. LN burden has been found to be a significant predictor of outcome
in other cancers, including oral and cutaneous squamous cell carcinoma of the head and neck."*' Within
the thyroid cancer literature, the prognostic impact of lateral LN burden has not been well explored. Several
publications have previously investigated the significance of LN burden in the central compartment alone
and within the central and lateral compartments combined. Beal et al. analyzed data from the Surveillance,
Epidemiology, and End Results database to identify 9,926 patients with primary, well-differentiated, MO
thyroid cancer.?® Increasing LN burden was associated with decreased survival on multivariate analysis in all
primary thyroidectomy patients. Others have observed central compartment LN burden to be predictive of
postoperative thyroglobulin levels as well as recurrence.> Our study specifically focuses on the prognostic
significance of lateral compartment LN characteristics. Our data show that younger patients with LN burden
>17 % were 4.8 times (p < 0.001) and older patients 2.7 times (p < 0.02) more likely to develop disease
recurrence.

With regard to ENS, we have noted that ENS was the LN characteristic most prognostic of nodal recurrence
within the central neck compartment.?’ In the current study on lateral neck LN metastases, we observed that
ENS is predictive of RFS specifically in patients >45 years of age. ENS was similarly distributed between the
older (41.3 %) and younger (39.4 %) cohorts (p = 0.755). However, in older patients, the presence of lateral
nodal ENS was associated with higher T4 disease (p < 0.001) as well as ATA high-risk category (p < 0.001) (data
not shown). Lee et al. similarly found ENS to be associated with large tumor size.?2 Others have reported similar
findings; Ito et al. concluded that the presence of lateral compartment ENS was independently prognostic of
DSS in patients aged >55 years.'? ENS is a known indicator of aggressive tumor biology in other head and neck
cancers.??* Its importance in relation to older age is a unique finding and requires further research.

Some limitations of this study warrant discussion. This is a retrospectively conducted study and therefore
susceptible to limitations associated with such studies. First, our institutional policy is to perform lateral
neck dissection only for patients with clinical or radiologic evidence of neck disease. This cohort therefore
does not include subclinical disease. However, it can be argued that it is the higher-risk, clinically evident
N1b patients who are of most relevance. Second, the extent of lateral neck dissection is surgeon dependent,
and the identification of LN characteristics is pathologist dependent. Both of these physician factors may
bias the reported LN characteristics. Last, only 224 (51.1 %) of our patients had all LN features available on
histopathology for data collection and analysis. This could limit our analysis. To ensure there was no selection
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bias by excluding patients without all characteristics, we compared the clinical and tumor characteristics of
patients with variables reported and those without. For LN size, number, and ENS, we found no significant
differences in terms of age, T stage, adjuvant therapy, or duration of follow-up between groups with these
variables reported and not reported (data not shown). Nevertheless, it would be desirable to have complete
data on all these LN variables on all patients. As such, future studies with larger sample size and complete
synoptic reporting are required to validate our findings.

In summary, our data suggest that the presence of LN burden >17 % is predictive for overall recurrence
and development of distant metastases in both patient age cohorts, <45 and =45 years of age. In patients
>45 years, the presence of ENS is also predictive of recurrence.

DISCLOSURE The authors declare no conflict of interest.
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Abstract

Background

The impact of clinically or radiologically detected nodal metastases on survival inpatients with papillary
thyroid cancer (PTC) is controversial but seems more important and relevant in older patients. The objective
of this study was to determine the impact of clinically or radiologically detected nodal metastases on outcome
in patients 45 years of age or older.

Methods

Retrospective analysis of 834 patients 45 years or older who underwent operation for PTC between 1986 and
2005.

Results

With a median follow up of 77 months, the 5 year disease-specific survival (DSS) and recurrence-free survival
(RFS) were 99% and 94%, respectively. Patients with clinically N+ nodes with pathologic confirmation were
stratified into pNO/Nx, pN1a, and pN1b, respectively. Five-year DSS was 100%, 100%, and 91% for pNO/NXx,
pN1a, and pN1b disease; P < .001. Patients with pN1b disease had poorer distant RFS compared with pNO/Nx
and pN1a patients (84%, 99%, and 99%; P <.001). The presence of pN1b disease was an independent predictor
of worse DSS and distant RFS on multivariate analysis, conferring a 10-fold increased risk of distant metastases
and death. All cause-specific deaths were due to distant metastases.

Conclusion

Older patients with PTC and N1b disease at presentation have poorer DSS compared with patients with pNO/
Nx or N1a disease. The cause of death in these patients is due to distant metastases rather than locoregional
recurrence. (Surgery 2014;156:137-46.)
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Many risk-stratification systems (GAMES'/MACIS*AMES?) have been developed for patients with papillary
thyroid cancer (PTC). All recognize the importance of age and the presence of distant metastases. Primary
tumor factors, such as size, the presence of extra thyroid extension, and aggressive histologic features, also
are recognized, but the presence of nodal metastases generally are not. The impact of nodal metastases on
survival is thus not considered an independent factor impacting on prognosis, although nodal metatstases
often appear to have prognostic importance in older patients.*® This recognition of nodal status is now
reflected in the current tumor-node-metatstasis (TNM) staging system categorizing patients older than
45 years of age as stage IV if they have N1b disease and stage Il if they have N1a disease. We have previously
published matched pair analysis data demonstrating that older patients presenting with lateral neck disease
had a decreased 20-year survival compared with patients with no nodal disease,* but these findings did not
reach clinical importance.* The objective of this current study was to analyze the impact of clinically evident
neck metastases on outcome in patients 45 years of age or older in a larger and more recent cohort of patients.

Patients and Methods

After approval by the institutional review board, records of 834 consecutive patients who were 45 years or
older at the time of operation for PTC between 1986 and 2005 were identified from our institutional database.
All patients were treated by 1 of 14 surgeons in our institution with an interest and training in thyroid surgery.
We excluded patients who underwent initial treatment elsewhere before referral and those presenting
with evidence of distant metastasis at presentation or on postoperative radioactive iodine (RAI) scan within
6 months.

Data collected included patient demographics and operative details, including the presence of gross
extrathyroid extension. Histopathologic details recorded included tumor histology, primary tumor size,
presence of extra-thyroid extension, and presence of metastatic lymph nodes. TNM/Union for International
Cancer Control was defined as recommended by the American Joint Committee on Cancer Staging Manual
2010.5 N status was defined as pNO if nodes were removed and found to be benign on pathology or if no
nodes were suspicious on palpation during operation and, therefore, not removed (Nx). pN1a was defined
as pathologically positive metastatic nodes removed from the central compartment (level VI), and pN1b
was defined as pathologically positive metastatic nodes removed from the lateral neck (Levels I-V) or from
the superior mediastinum (Level VII). Postoperative treatment details recorded were use of RAI or external
radiotherapy.

On the basis of clinical and histopathologic features, cases were classified into low-, intermediate-, and
high-risk groups for death based on the previously published Memorial Sloan Kettering Cancer Center risk-
stratification system.! Low-risk patients are younger than 45 years and have low risk disease (T1/2 M0), high-
risk patients are >45 years with high risk disease (T3/4 or M+), and intermediate-risk patients comprise older
patients with low-risk disease or younger patients with high-risk disease.

Patients were also assigned a risk according to the system published by the American Thyroid Association.”
This system considers patients at low risk of recurrence if the patient is considered disease-free and without
evidence of extra thyroid extension after initial therapy, at intermediate risk if regional metastases are detected
or if there is microscopic extra thyroid extension or aggressive pathology, and high risk if patients have gross
extra thyroid extension, incomplete tumor excision, or distant metastases.

In the cohort of patients from 1986 to 2005, preoperative ultrasonography was not used routinely for the
assessment of the central and lateral compartment lymph nodes. The assessment of the lateral neck nodes
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was based on preoperative clinical examination and, if enlarged, ultrasonography or other imaging studies
such as computed tomography were carried out in some patients. Assessment of the central compartment
for all patients was intraoperative by palpation of the central compartment lymph nodes at the time of
thyroidectomy. If no palpable nodes were present in the central compartment, then central compartment
neck dissection was not done. If nodes were palpable, then a therapeutic, compartment-oriented neck
dissection was preformed. In the cases of a central neck dissection, nodal tissue was cleared from carotid
to carotid and from the level of the hyoid to the innominate vein. In lateral nodal disease, levels II-V were
dissected with preservation of the internal jugular vein, accessory nerve, and sternomastoid muscle where
possible. Postoperative suppression of thyroid-stimulating hormone was practiced for all patients based on
risk, aiming for a level of between 0.1 and 0.5 pU/mL.

Outcomes data included local, regional, and distant recurrence as well as details of death. Local and regional
recurrences were determined by clinical examination supplemented with imaging and fine-needle aspiration
if recurrence was suspected. Locoregional recurrence was only recorded if proven with cytologic or histologic
evidence. Local recurrence was defined as recurrence within the operated thyroid bed. Regional recurrence
was defined as recurrence within the regional lymph nodes. Distant recurrence was determined by imaging
studies including radioiodine uptake scans, computed tomography, positron emission tomography, or
cytological and histopathologic evidence where available. From 1985 to 2000, serum thyroglobulin was
not routinely used to detect recurrence. Similarly, annual ultrasonography was not used uniformly as a tool
for detection of recurrent disease during the majority of the study period. Both the use of thyroglobulin
monitoring and serial ultrasonography have become standard practice within our institution, however, since
2005 and now influence the further investigation of patients within this cohort.

Disease-specific survival (DSS) was calculated using the date of last follow up with the treating surgeon or
endocrinologist at Memorial Sloan Kettering Cancer Center. Details of death were determined from death
certificates and hospital records where available. All patients who had evidence of active structural disease
at the time of last follow-up and died during follow up were considered to have died of disease. The median
follow-up for the entire patient cohort was 77 months (range, 1-320 months). Outcomes data were therefore
calculated at 5 years.

Statistical analysis was performed using the JMP statistical package (SAS Institute Inc, Cary, NC) and SPSS
(IBM Company Headquarters, Chicago, IL). Variables were compared within groups using the Pearson’s x? test.
Survival outcomes were analyzed using the Kaplan-Meier method. Univariate analysis was carried out by the
log rank test and multivariate analysis by Cox proportional hazards method.

Results

The median age of the cohort was 57 years (range, 45-91 years), and 589 were female (71%). A total of 421
patients were pT1 (50%), 109 pT2 (13%), 231 pT3 (28%), and 72 (9%) pT4. Two hundred sixty-six patients were
pT1a, and 155 were pT1b. Six hundred and five patients (73%) were pNO/Nx, 229 (27%) were pN1 (99 pN1a
and 130 pN1b). The demographics of the overall cohort were stratified by pN status are shown in Table |. The
presence of pN1 disease was significantly associated with male sex, larger tumors and the presence of extra
thyroid extension. Three hundred seventy-three patients (45%) received RAI; 99 of 130 N1b (76%), 76 of 99
N1a (77%), and 198 of 605 NO/Nx patients (33%).
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Table I | Comparison of group by pN stage

Total (%), n = 834 pNO/Nx (%), n = 605 pN1a (%), n=99 pN1b (%), n =130 P value
Sex
Female 589 (71) 461 (76) 65 (66) 63 (48) <.001
Male 245 (29) 144 (24) 34 (34) 67 (52)
Tumor size, cm
<4 764 (92) 566 (94) 88(89) 110 (87) .013
>4 66 (8) 38 (6) 11(11) 17(13)
ETE
No gross ETE 719 (86) 558(92) 67 (68) 94 (72) <.001
Gross ETE 115 (14) 47 (8) 32(32) 36 (28)
pT status
pT1 421 (50) 364 (60) 21 (21) 36 (28) <.001
pTla 266 (32) 229 (38) 11(11) 26 (20)
pT1b 155(18) 135(22) 10(10) 10(8)
pT2 108 (13) 90 (15) 12(12) 6(5)
pT3 231(28) 129 (21) 46 (47) 56 (43)
pT4 72 (8) 21 (4) 20 (20) 31(24)
pT4a 69 (8) 20(3) 19(19) 30(23)
pT4b 1(1) 1(1) 1(1) 1(1)
AJCC stage™
| 364 (44) 364 (60) 0(0) 0(0) <.001
I 90 (11) 90 (15) 0(0) 0(0)
1] 208 (25) 129 (21) 79 (80) 0(0)
v 171 (20) 21(4) 20 (20) 130 (100)
IVa 167 (20) 20(3) 19(19) 128 (99)
IVb 1(<1) 1(1) 1(1) 1(1)
GAMES risk group'
Low 0(0) 0(0) 0(0) 0(0) <.001
Int 537 (64) 456 (75) 35(35) 46 (35)
High 297 (36) 149 (25) 64 (65) 84 (65)
ATA risk group'®
Low 451 (54) 451 (75) 0(0) 0(0) <.001
Intermediate 267 (32) 106 (17) 67 (68) 94 (72)
High 116 (14) 48 (8) 32(32) 36 (28)

AJCC, American Joint Committee on Cancer; ATA, American Thyroid Association; ETE, extrathyroid extension.
Survival

The median follow-up of the cohort was 77 months (range, 1-320 months). Five hundred ninety-five patients
(71%) had a minimum of 5 years’ follow-up, and 207 (25%) had at least 10 years of follow-up. The 5 year DSS
was 99%. There were 20 disease-specific deaths. When stratified by N status, 5-year DSS was 100%, 100%,
and 91% for pNO/Nx, N1a, and N1b disease, respectively, P < .001 (Table II, Fig 1). Factors predictive of DSS
on univariate and multivariate analysis are shown in Table Il. Tumor size, extrathyroid extension (ETE), nodal
status, pT status, and overall AJCC stage were predictive for worse outcome. The low number of disease-
specific deaths in our cohort limited the number of variables we could include in our multivariate models. Not
surprisingly, analysis showed gross ETE was independently predictive of poorer survival, conferring a 4-fold
risk of death. Our data also demonstrated that the presence of pN1b disease was independently predictive of
poorer survival, conferring a greater than 10fold risk of death. The DSS for N1b at 5 years was 91% compared
with a DSS of 100% for pNO/ Nx and N1a patients. (P <.001). Thus, in our cohort all patients dying with disease
presented with N1b disease at presentation.
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Table Il | Factors predictive of DSS

5-yrDSS Univariate P value Multivariate
HR 95% CI P value
Sex
Female 99% .062
Male 98%
Tumor size, cm
<4 99% <.001*
>4 92%
ETE
No gross ETE 99% <.001* Referent
Gross ETE 93% 4.264 1.727-10.562 .002*
Nodal status
pNO/Nx 100% <.001* Referent
pN1a 100%
N1b 91% 10.195 3.607-28.814 <.001*
pT1 99.7% <.001*
pTla 99.5%
pT1b 100%
pT status
pT2 100%
pT3 98%
pT4 91%
pT4a 90%
pT4b 100%
AJCC stage'®
| 100% <.001*
Il 100%
ln 100%
v 93%
IVa 93%
IVb 100%

*Statistically significant.
Cl, Confidence interval; DSS, disease-specific survival; ETE, extrathyroid extension; HR, hazard ratio.

Recurrence

Local. Only three patients in our cohort developed local recurrence. All patients had excellent local recurrence-
free survival (RFS) irrespective of nodal status at presentation (100%, 99%, and 99%, P < .001 for pNO/Nx, N1a,
and N1b, respectively Fig 2). Only 14 patients in our cohort received postoperative radiotherapy to the neck;
6 of 130 N1b, 4 of 99 N1a, and 4 of 605 NO/Nx patients. Therefore, excellent local control was not related to the
use of postoperative radiotherapy.
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Figure 2 | Local RFS stratified by N stage.
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Regional

Table Il shows 5-year regional RFS. In our cohort, 35 patients developed regional recurrences. The regional RFS
stratified by N status showed patients with N1b disease had a decreased incidence of regional RFS compared
with pNO/Nx patients (99%, 93%, and 90%, P < .001 for pNO/ Nx, pN1a and pN1b; Fig 3). Multivariate analysis
of gross ETE and pN status showed that both were independent predictors of regional recurrence conferring
a 4.5x and 4.2x risk of recurrence.

Table 11l | 5-year regional RFS

5-year regional RFS Univariate P value Multivariate
HR 95% ClI P value
Sex
Female 97% .014*
Male 95%
Tumor size, cm
<4 97% .199
>4 94%
ETE
No gross ETE 98% <.001* Referent
Gross ETE 88% 4.481 2.228-9.013 .002*
pT status
pT1 99% <.001*
pTla 99%
pT1b 98%
pT2 100%
pT3 94%
86 pT4 84%
pT4a 93%
pT4b 100%
N status
pNO/Nx 99% <.001* Referent
N1a 93% 2523 0.981-6.494 .055
N1b 90% 4.160 1.865-9.278 <.001*

*Statistically significant.

Cl, Confidence interval; ETE, extrathyroid extension; HR, hazard ratio; RFS, recurrence-free survival.
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Figure 3 | Regional RFS stratified by N stage.
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The 5-year distant RFS for our cohort is shown in Table IV. There were 32 distant recurrences identified more
than 6 months after initial therapy. The distant RFS stratified by N status showed patients with N1b disease had
a decreased incidence of distant RFS compared with pNO/Nx patients (99%, 99%, and 84%, P < .001 for pNO/
Nx, pN1a, and pN1b; Fig 4). Multivariate analysis of ETE and pN status showed that both were independent
predictors of distant recurrence. Gross ETE conferred a 3.6x risk of distant recurrence. In comparison with pNO0/
Nx, N1b conferred a 10.5x risk of distant recurrence.

Table IV | 5-year distant recurrence-free survival

5-year distant RFS Univariate P value HR Multivariate 95% CI P value
Sex
Female 98% .003*
Male 94%
Tumor size, cm
<4 98% <.001*
>4 87%
ETE
No gross ETE 98% <.001* Referent
Gross ETE 90% 3.619 1.765-7.418 <.001*
pT status
pT1 99% <.001*
pTla 99.5%
pT1b 97%
pT2 100%
pT3 95%
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5-year distant RFS Univariate P value HR Multivariate 95% Cl P value

pT4 88%

pT4a 87%

pT4b 100%

N Status

pNO/Nx 99% <.001* Referent
N1a 99% 3.506 1.097-11.205 .034*
N1b 84% 10.481 4.091-26.852 <.001*

*Statistically significant.
Cl, Confidence interval; ETE, extrathyroid extension; HR, hazard ratio; RFS, recurrence-free survival.
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Figure 4 | Distant RFS (DRFS) stratified by N stage.
Cause of death

There were 20 disease-specific deaths. Of these patients, 12 had pulmonary metastasis alone, 2 had
extrapulmonary distant metastases alone, and 6 had distant metastases with locoregional recurrence at the
time of death. All 20 patients had N1b disease at presentation. No patients died of uncontrolled locoregional
recurrence. Thus, all disease-specific deaths were associated with distant metastases.

Discussion

Nodal disease is not considered as a prognostic factor in many of the major prognostic scoring systems
(eg, GAMES'/MACIS*/AMES?®) designed to predict the risk of death in patients with PTC. Some published risk
stratifications, including work from the Ohio State University® and the National Treatment Co-opertation
Study Registry Group,” however, do recognize lymph node status as a predictive factor. The current TNM
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staging system does categorize patients older than 45 years of age as stage IV if they have N1b disease and
stage Il if they have N1a disease. Although the impact of nodal metastases on outcome has been debated in
younger patients, its impact in older patients is becoming clearer. As a greater number of older patients are
seen presenting with PTC, understanding factors that predict outcome in this group is more important than
ever.

The overall impact of nodal metastases on survival in PTC is controversial. Early work suggested that the
presence of regional metastases was in fact protective.'®’" However, as our understanding of the disease
evolved, clinicians came to recognize that this may have been related to the greater rates of metastatic lymph
nodes in younger patients. The difference in impact of nodal disease in older patients was demonstrated in
earlier work from our institution4 and in work from Japan.'? This finding was again observed when Zaydfudim
et al” analyzed outcomes from the Surveillance, Epidemiology, and End Results database in 2008 and is
reflected in the current AJCC staging system.® Our findings reported in the present study further corroborate
that patients older than 45 year of age presenting with lateral neck disease at presentation have poorer DSS
at 5 years compared with patients with no lateral neck disease (99% vs 100%; P < .001). Interestingly, patients
with central compartment nodal metastases had no adverse impact on DSS.

The impact of nodal disease on recurrence has been well documented. Factors including the number of
metastatic lymph nodes, their size, and the presence of extra nodal extension have all been reported to predict
recurrence.”"">When neck dissection specimens are analyzed, those patients with lateral nodal metastases
(pN1b) and those with multiple positive nodes have been shown to be at greater risk of recurrence.'®'* This
information can be used, not only to identify those at greater risk but also to identify patients with small
volume nodal disease who are at very low risk for recurrence.? This is particularly true when prophylactic
nodal dissection is performed, as recognized by the American Thyroid Association in 2012.2'

Consistent with published literature, our results show that nodal disease is related to more aggressive features
of the primary tumor, including size and ETE. When analyzed in a multivariate model, the presence of lateral
neck disease (pN1b) was found to be an independent predictor of regional and distant recurrence. Those
patients without evidence of nodal metastases (pNO/Nx) had a regional and distant RFS of 99% and 99%
compared with 90% and 84% at 5 years for those with lateral neck metastases (pN1b). Although central
compartment nodal metastases did not impact on DSS in our study, it did decrease the regional RFS to 93%,
compared with 99% for patients who were NO/Nx.

In contrast to other groups, our results also confirm the impact of nodal status on survival. When analyzed
in a multivariate model, the presence of lateral neck disease (pN1b) was also found to be the most powerful
independent predictor of DSS, conferring a greater than 10-fold risk of death. These results confirm our
previously published findings* that the presence of clinically evident nodal metastases in older patients
impacts not only recurrence but also survival. These older patients with advanced loco-regional disease
should be considered high risk and treated accordingly.

As an institution, our departmental policy is not to perform prophylactic central or lateral neck dissections.
Therefore, the nodes excised in this current study represent only clinically or radiologically apparent
metastases. When we examine the 605 patients who did not have clinically apparent metastases (pNO/Nx),
these patients all had excellent outcomes. Therefore, the concept that additional neck surgery performed
prophylactically to identify occult disease would improve either survival (5-year DSS 100%) or recurrence
(5-year RFS 98%) is questionable. This finding is in keeping with findings from analysis of the Surveillance,
Epidemiology, and End Results database, which confirm that even in patients considered NO, potential nodal
under staging is inconsequential to survival in PTC.22
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One of the major findings of our study was that despite the advanced loco-regional disease of these patients
at presentation, the cause of death was not uncontrolled loco-regional disease. All of our disease-specific
deaths were attributable to distant metastases. Thus, the presence of N1b disease in older patients represents
asurrogate indicator for future distant metastases and poorer survival. Itis likely that patients with N1b disease
who die of disease will have neoplasms with a different genomic profile compared with those who do not die.
Hence, future research should be directed toward studying the genomic landscape of these patients. These
studies may result in the identification of new targets for therapy for patients with N1b disease at risk of death.

Another important finding from our study is that the DSS and distant RFS of N1a patients are similar to those
of the pNO/NXx patients (DSS of pNO/Nx and N1a are both 100% at 5 years; distant RFS for pNO/Nx and N1a are
both 99% at 5 years). This finding is in significant contrast to the DSS and Distant RFS for N1b patients which
are 91% and 84% respectively.

Asaresultofthese findings, itis clear that older patients with lateral neck disease should be treated aggressively.
This approach involves total thyroidectomy, comprehensive neck dissection, and postoperative RAl in most
cases. In contrast, however, those patients who have no evidence of lateral neck metastases are at very low
risk. No such patient died during follow-up in our study, and recurrence rates in pNO/Nx patients was rare.
In these low-risk cases, a less aggressive approach is called for. Although therapeutic central neck dissection
is indicated for those with apparent central neck disease, elective neck dissection is not recommended. In
addition with such low rates of recurrence and death, clinicians should consider carefully the potential for
benefit from adjuvant RAI.

Like all retrospective studies, our data have limitations. The use of ultrasonography and serial Tg monitoring
has only become routine practice in the last decade. Many of the patients included in this dataset were
managed before this time and as such were followed with clinical examination. For this reason, the clinically
occult nodal disease at presentation or during follow-up may have been overlooked. Current practice within
our institution has evolved, and now preoperative ultrasonography is routine in all patients who present with
PTC. Cross-sectional imaging is used in those patients who have bulky nodal metastases. Whether there is any
clinical significance in finding microscopic disease is unclear. Certainly no patients considered pNO0/ Nx within
our reported cohort died of disease during follow-up, and only 2% had suffered recurrence at 5 years, so it is
unlikely that more intense investigation would have resulted in improved outcomes.

In conclusion, our results show that those patients with PTC who are 45 years of age or older with N1b disease
at presentation have poorer DSS and distant RFS compared with patients with pNO/ Nx or N1a disease.
The cause of death in these patients is attributable to distant rather than locoregional recurrence. N1b is a
strong independent predictor of distant metastases and DSS, conferring a greater than 10-fold risk for distant
metastases and death.
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Abstract

Background

The objective of this study was to determine the rate and pattern of nodal recurrence in patients who
underwent a therapeutic, lateral neck dissection (LND) for papillary thyroid cancer (PTC) with clinically evident
cervical metastases and to determine if there was any correlation between the extent of initial dissection and
the rate and pattern of neck recurrence.

Methods

A total of 3,664 patients with PTC treated between 1986 and 2010 at Memorial Sloan Kettering Cancer Center
were identified from our institutional database. Tumor factors, patient demographics, extent of initial LND,
and adjuvant therapy were recorded. Patterns of recurrent lateral neck metastases by level involvement were
recorded and outcomes calculated using the Kaplan-Meier method.

Results

A total of 484 patients had an LND for cervical metastases; 364 (75%) had a comprehensive LND (CLND)
and 120 (25%) had a selective neck dissection (SND). The median duration of follow-up was 63.5 months. As
expected, patients with CLND had a greater number of nodes removed as well as a greater number of positive
nodes (P < .001). There was no difference in overall lateral neck recurrence-free status (CLND 94.4% vs SND
89.4%, P=.158), but in the dissected neck, the ipsilateral lateral neck recurrence-free status was superior in the
CLND patients (97.7% vs 89.4%, P < .001).

Conclusion

Patients with clinically evident neck metastases from PTC managed by CLND have lesser rates of recurrence
in the dissected neck compared with patients managed by SND. SND should only be done in highly selected
cases with small volume disease. (Surgery 2016;159:1565-71.)



Pattern of Neck Recurrence Following Lateral Neck Dissection

In patients with well-differentiated papillary thyroid cancer (PTC), metastases to the cervical lymph nodes are
common.The majority of these are clinically occult, metastatic nodes, which are thought to be of no prognostic
significance in the majority of patients."?In contrast, clinically evident neck metastases, especially in the lateral
neck, are of greater clinical importance, because these patients are at increased risk of additional regional
nodes and distant disease. This is especially true in patients >45 years of age.3* In patients with clinically
evident lateral neck disease, optimum management of the lateral neck is, therefore, of great importance.

There has been much debate in the literature as to the extent of dissection of the lateral neck nodes when
clinically evident neck metastases are present. The most commonly involved levels of the lateral neck with
metastases are levels Ill and IV.°These levels are included in all lateral neck dissections (LNDs) carried out for
metastatic PTC. Nodal metastases to level | occur rarely, and therefore, dissection of this level is generally
not indicated.® In contrast, metastases to level Il and level V are not infrequent. Operations that have been
recommended range from a modified radical neck dissection type 3, removing lymph nodes in levels II-V,
to the super-selective nodal dissections, which remove only the compartments demonstrating gross nodal
disease. There is no published evidence that one procedure is better than another, although it is well known
that “berry-picking” procedures are associated with a greater incidence of regional recurrence.’

The decision on the extent of neck dissection is based on volume of disease and levels involved as well as
surgeon and patient preference. At our institution, patients with gross lateral neck nodal disease are managed
with a comprehensive lateral dissection of lymph nodes from levels II-V. Rarely, patients with lesser volume
disease localized to levels Il or IV may be managed with a selective neck dissection (SND). The objectives of our
study were to answer 3 questions. First, which patients are selected to have comprehensive LND (CLND) versus
SND? Second, what is the neck recurrence rate and pattern of nodal recurrence in patients who have had
CLND and SND? Lastly, do patients who undergo CLND have less recurrence in the ipsilateral neck compared
with those who have an SND?

METHODS

After Institutional Review Board approval, patients who had a therapeutic LND were identified from an
institutional database of 3,664 patients with thyroid cancer treated between 1986 and 2010 at Memorial Sloan
Kettering Cancer Center. Patients who had nonpapillary histology, M1 disease at presentation, and those who
were considered to have unresectable disease were excluded, leaving 484 patients available for analysis. LND
was categorized into comprehensive (CLND), which includes levels 1I-V, and selective (SND), which removes
only the nodal basins with macroscopic disease with or without the addition of other at-risk levels. In CLND
for thyroid cancer, we remove levels II-V preserving the sternocleidomastoid muscle, internal jugular vein,
and accessory nerve. In level Il, level 1A is dissected. Level IIB is dissected if there are suspicious lymph nodes
in level llA. In level V, only level VB (infra-accessory nerve) is dissected; it has been reported widely that
metastases to level VA are rare.® In SND, we dissect levels lll and IV routinely but will dissect level Il if clinically
suspicious nodes are found at operation. The neck dissections were done in conjunction with thyroidectomy.
The incision used for both SND and CLND were skin crease incisions in the mid neck extending laterally. The
incision used for CLND extends more posteriorly to the level of the trapezius muscle. Both incisions follow
natural skin creases (Fig 1).
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Figure 1| Skin incision (A) and levels dissected (B) in CLND for thyroid cancer. (Color version of figure is available online.)

Data collected included patient demographics and operative details such as the extent of thyroidectomy
and the extent of LND. Histopathologic details recorded included pathologic T stage, N stage, and presence
of extracapsular extension. TNM/International Union Against Cancer stage as defined in the American Joint
Committee on Cancer Staging Manual 2010 was used.’ N status was defined as pNO if nodes were removed
and found to be benign on pathology. pN1a was defined as pathologically positive metastatic nodes removed
from the central compartment (level V1), and pN1b was defined as pathologically positive metastatic nodes
removed from the lateral neck (levels I-V) or from superior mediastinum (level VII). The postoperative
treatment details recorded were use of radioactive iodine (RAI) or external beam radiotherapy.

The neck was staged by clinical examination supplemented with imaging and cytology. Preoperative
ultrasonography (US) is effective for identifying metastatic nodes in the lateral neck. Since the year 2000,
the sensitivity of this imaging modality has improved considerably, and we have increased our use of the
modality. In addition, in patients with bulky neck disease, we supplement our examination with preoperative
contrast-enhanced computed tomography (CT).

The number and level of positive lymph nodes in the neck dissection specimen were recorded from
pathology reports. In patients who had neck recurrence, the patterns of recurrent lateral neck metastases
by level involvement were recorded. Recurrence was detected by physical examination, radiologic imaging
(I-131 whole body uptake scan, US, CT, and positron emission tomography), and/or measurements of serum
thyroglobulin. Fine-needle aspiration biopsy of metastatic nodes was performed to confirm recurrent thyroid
cancer in all patients with regional recurrence. The time from the initial thyroidectomy and neck dissection
until a documented recurrence and subsequent treatment was determined for all patients.

Statistical analysis was carried out using SPSS (version 21, IBM Corporation, Armonk, NY). Clinical and pathologic
variables were compared between CLND and SND groups using the x* analysis. Recurrence outcomes were
analyzed using the Kaplan-Meier method. The overall lateral neck recurrence-free probability (Overall LNRFP)
and the ipsilateral dissected neck recurrence free probability (Ipsilateral LNRFP) was determined for the CLND
and SND groups using the Kaplan-Meier method and compared using the log-rank test.
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Results

Of the 484 patients, 281 (58%) patients were female, and 203 (42%) were male; 275 (56.8%) were >45 years old;
432 (89.3%) patients underwent total thyroidectomy; 364 (75%) patients had a CLND; and 120 (25%) patients
had an SND (Fig 2).

Study Inclusions
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3 % o Neck Di .
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Figure 2 | Flowchart showing pattern of recurrence and recurrence rates in CLND and SND patients. NRFS, Nodal recurrence free survival.
Compatrison of clinical and pathologic characteristics of CLND and SND patients

The 2 groups were similar with respect to age, sex, and initial thyroidectomy performed (Table). There was no
difference between the 2 groups regarding adjuvant RAI administration or postoperative radiation therapy
(P> .3 each). With regard to tumor characteristics, there was no difference between the 2 groups for pT stage;
222 patients in the CLND group (62%) had T3 or T4 tumors versus 73 (62%) patients in the SND group (P =.34).
As expected, the CLND group had more advanced nodal disease with 96% of patients having pN1b disease
versus 78% in the SND group (P = .002). The CLND group had a greater number of nodes removed in the
specimen as well as a greater number of positive nodes (ie, Nodal burden) than the SND group did (P < .001).

Table | Comparison of patient, tumor, and treatment characteristics in patients managed with CLND and SND

All patients CLND patients SND patients
Variable n % n % n % P value
Age (y)
<45 275 56.8 214 58.8 61 50.8 127
>45 209 43.2 150 41.2 59 49.2
Sex
Female 281 58.1 209 574 72 60.0 619

Male 203 419 155 42,6 48 40.0
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All patients CLND patients SND patients
Variable n % n % n % Pvalue
Operation
Less than total thyroid 52 10.7 42 11.5 10 83 325
Total thyroidectomy 432 89.3 322 88.5 110 91.7
T stage
pT1 146 30.4 114 31.6 32 26.9 335
pT2 39 8.1 25 6.9 14 1.8
pT3 228 47.5 176 48.8 52 437
pT4 67 14.0 46 12.7 21 17.6
N stage
pNO 23 48 1 3.0 12 10.0 .002
pN1a 20 4.1 5 1.4 15 125
pN1b 441 91.1 348 95.6 93 775
ECS
No 154 59.7 120 58.5 34 64.2 458
Yes 104 40.3 85 415 19 358
PORT
No 475 98.1 356 97.8 119 99.2 463
Yes 9 19 8 2.2 1 0.8
RAI
No 120 24.8 86 23.6 34 28.3 3
Yes 364 75.2 278 76.4 86 717
Variable Mean sD Mean sD Mean sD P value
Number of positive nodes 5.2 53 57 5.4 3.6 4.5 <.001
Total number of nodes 322 19.4 352 19.4 22.1 15.6 <.001
Duration of follow-up 91 739 94.3 73.1 81.1 75.6 .098

CLND, Comprehensive lateral neck dissection; ECS, extracapsular extension; PORT, postoperative radiation therapy; SND, selective neck
dissection; RAI, radioactive iodine.

Overall neck recurrence rate and pattern of nodal recurrence in patients who had CLND
and SND

The median duration of follow-up was 63.5 months. Overall, 38 (8.0%) patients developed a lateral neck
recurrence: 27 of 364 (7.4%) in the CLND group and 11 of 120 (9.2%) in the SND group (Fig 2). In CLND patients,
9 recurrences occurred in the ipsilateral dissected neck (9 of 364 = 2.5%), 1 in ipsilateral level 1 (0.2%), 15
(4.1%) in the contralateral neck, and 2 (0.5%) in both ipsilateral and contralateral neck. In SND patients, all
recurrences (11 of 120 = 9.2%) were in the ipsilateral dissected neck. Seven patients recurred within the
previously dissected nodal levels only. Two patients recurred within the previous dissected nodal levels as
well asinipsilateral levels that had not been dissected previously. Two patients recurred in both the ipsilateral
(dissected and undissected neck levels) and contralateral neck. Kaplan-Meier analysis demonstrated no
difference in overall LNRFP between the 2 groups (CLND 94.4% vs 89.4%; P = .158) (Fig 3).
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Figure 3 | Kaplan-Meier plot showing the 5-year overall lateral neck recurrence-free probability (ipsilateral and contralateral) in CLND and
SND patients.

Ipsilateral (dissected neck field) LNRFP for CLND and SND groups

Although there was no difference in overall neck recurrence rates, patients who underwent SND were more
likely to recur in the ipsilateral dissected neck compared with the CLND patients (Fig 2 shaded boxes: 9.2% vs
3%; P =.001). Kaplan-Meier analysis demonstrated a difference in ipsilateral (dissected neck) LNRFP between
the 2 groups (CLND 97.7% vs 89.4%; P < .001) (Fig 4).
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Figure 4 | Kaplan-Meier plot showing the 5-year ipsilateral (dissected neck field), lateral neck, recurrence-free probability in CLND and SND
patients.

Complications associated with neck dissection for CLND and SND

Complications associated with neck dissection, ie, chyle leak, hematoma, shoulder dysfunction, and
hypoglossal nerve or marginal mandibular nerve injury, are shown in the Supplementary Figure. Shoulder
dysfunction complications were more frequent in patients having CLND (P = .019); however, these were
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temporary in duration, and only 1 patient had long-term shoulder dysfunction. There were no differences
in the rate of chyle leak, hematoma, and hypoglossal or marginal mandibular nerve injury between groups.

Discussion

Clinically evident lateral neck disease in patients with differentiated thyroid cancer is clinically important
because these patients are at increased risk of developing additional regional and distant disease. This
possibility is especially true in patients who are >45 years of age. A recent report from our institution
demonstrated that patients with PTC who are >45 years old with N1b disease at presentation have poorer,
disease-specific survival as well as distant recurrence-free survival compared with patients who have pN0/
Nx or N1a disease.* Optimum management of the lateral neck is, therefore, of great importance, especially
in the older patient. Because there has been much debate as to the extent of dissection of the lateral neck
in patients with clinically evident lateral neck disease, we sought to answer 3 questions. First, which patients
are selected to have a CLND versus an SND? Second, what is the neck recurrence rate and pattern of nodal
recurrence in patients who had CLND and SND? Finally, do patients who undergo CLND have less recurrence
in the ipsilateral neck compared with those who have an SND?

Our data support our practice of offering CLND to patients with more extensive and bulky nodal disease
(Table) with more N1b disease. Those patients with a lesser volume of neck disease and disease limited to
1 or 2 levels were chosen to have a more selective approach. With regard to question 2, we found that in
these highly selected patients who had a limited neck dissection, all recurrences were within the previously
dissected neck levels (2 patients also had contralateral neck recurrence). This finding was in contrast to patients
managed by CLND, where more than half of the patients developed contralateral neck recurrence, which
would be consistent with the CLND cohort’s more advanced neck disease, including metastasized neck nodes
and a greater volume and number of levels compared with patients with SND. For question 3, we report that
the overall neck recurrence rates between the 2 groups were similar. It is important, however, to observe that
control in the ipsilateral dissected neck was superior in the CLND patients compared with the SND patients,
despite the fact that the CLND patients had a greater volume of neck disease; this finding would be consistent
with the greater efficacy of a CLND compared to an SND.

In our series, there were 27 recurrences in the CLND patients (7.4%) and 11 recurrences in the SND patients
(9.2%), with an overall recurrence rate of 38 (7.8%). Published data analyzing specific disease outcomes in
patients with PTC who undergo therapeutic LNDs at the time of primary thyroidectomy are limited. The
literature suggests recurrence that develops in the cervical lymph nodes ranges from 5.4-13% after the
initial thyroidectomy.”® A study by O’Neill et al'' demonstrated a 13% neck nodal recurrence rate after total
thyroidectomy, central neck dissection, and compartment-oriented nodal dissection of involved lateral lymph
node compartments (n = 116). Nine of their 15 recurrences occurred within the previously dissected ipsilateral
lateral neck, and 3 patients recurred in the contralateral neck, totaling a lateral neck recurrence rate of 10.3%.

Kim et al'? reviewed 126 patients who underwent therapeutic LND with total thyroidectomy and bilateral
central neck dissection concomitantly for PTC at the National Cancer Center in Korea. Recurrence occurred
in 22 patients (17.5%), with 1 patient (0.8%) dying of brain metastasis. Excluding 2 of those recurrences who
recurred with distant disease only and another 4 patients who recurred in the central neck only, they had 16
lateral neck recurrences (including contralateral lateral neck recurrences) for a lateral neck recurrence rate of
12.7%; 12 patients recurred in the previously dissected ipsilateral lateral neck. Lastly, Forest et al'® reported
an 11.8% recurrence rate in 34 patients who underwent central and LND with the initial management of their
PTC.



Pattern of Neck Recurrence Following Lateral Neck Dissection

Although our data suggest that the ipsilateral neck recurrence rate is less in patients who had CLND (3%)
compared with SND (9%), one may argue that the rates of recurrence for SND are still acceptable and may
potentially avoid any complications that may occur from a more comprehensive neck dissection. It is widely
accepted that complications, such as chyle leak, hematoma, and shoulder dysfunction resulting from damage
either to the accessory nerve or to the nerve supply to the posterior triangle neck musculature, are more
common after CLND."*'® In our own series, we did not observe any statistically significant differences in
complication rates for chyle leak, hematoma, and hypoglossal or marginal nerve injury. Shoulder dysfunction
complications were more frequent in patients undergoing a CLND (P =.019), but shoulder dysfunctions were
temporary in duration, and only 1 patient had long-term shoulder dysfunction.

We do, however, acknowledge that a retrospective chart review for functional complications in shoulder
movement is highly prone to underreporting. It is important to note that we were only able to achieve a
recurrence rate of 9% in SND patients by being highly selective and only carrying out this operation in patients
with small volume lymph nodes limited to 1 or 2 neck levels. One would expect recurrence rates to be greater
if SND was done in multilevel bulky neck nodes scenarios.

As is the nature of retrospective studies, our data have limitations associated with retrospective data
collection. Collected data are dependent on the accuracy of chart review as well as pathology review. It is
well recognized that the nodal yield reported by pathologists can vary widely between pathologists and is
highly dependent on the investment of time and detail to which neck dissection specimens are scrutinized.
Our institution has many years of experience in the management of thyroid cancer, and as such, the variation
of nodal yield from pathologic analysis is limited by such quality control. Second, one can never fully account
for the selection bias that takes place in the decision to carry out an LND and the extent of such a dissection,
but our philosophy of treatment has remained uniform; patients with bulky lateral neck disease tend to have
more comprehensive neck dissection.

We were stringent in choosing patients for SND, limiting our selection to patients with low volume of disease
restricted to 1 or 2 neck levels. As well as selection bias, we recognize that there is also possible misclassification
bias within our own data set. For example, some surgeons may remove part of level V, such as the anterior
portion, yet these dissections may be labeled as an SND of levels lI-IV. In addition, some surgeons may remove
level Vincompletely through a medial approach and code this as a CLND (levels II-V).

Furthermore, our data may underestimate the extent of neck recurrence. Regular US and serial monitoring of
serum thyroglobulin has only become routine practice in the last decade. Many of the patients included in this
data set were managed before this time and as such were followed with clinical examination alone. For this
reason, small, nonpalpable recurrent neck disease may not have been identified in those early years, which
would lead to an underestimation of the rate of subclinical neck recurrence that we are reporting.

In conclusion, despite having more aggressive disease, patients with clinically evident lateral neck disease in
PTC managed by CLND have comparable overall rates of neck recurrence to patients with SND. Importantly,
we report less rates of ipsilateral dissected neck recurrence in the CLND cohort compared with patients
managed by SND (3% vs 9%, P <.05) in keeping with the more comprehensive nature of these types of neck
dissection. As such, we recommend that SND should be reserved only for highly selected patients who have
low volume disease localized to 1 or 2 specific nodal compartments.

Supplementary Data

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/j.surg.2016.02.005.
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Abstract

Background

The aim of this study was to report our incidence of clinically evident neck recurrence, salvage neck
management and subsequent outcomes in patients with papillary thyroid cancer. This is important to know
so that patients with thyroid cancer can be properly counselled about the implications of recurrent disease
and subsequent outcome.

Methods

An institutional database of 3664 patients with thyroid cancer operated between 1986 and 2010 was
reviewed. Patients with nonpapillary histology and gross residual disease and those with distant metastases
at presentation or distant metastases prior to nodal recurrence were excluded from the study. Of these, 99
(3.0%) patients developed clinically evident nodal recurrence. Details of recurrence and subsequent therapy
were recorded for each patient. Subsequent disease-specific survival (sDSS), distant recurrence-free survival
(sDRFS) and nodal recurrence-free survival (sNRFS) were determined from the date of first nodal recurrence
using the Kaplan-Meier method.

Results

Of the 99 patients, 59% were female and 41% male. The median age was 41 years (range 5-91). The majority
of patients had pT3/4 primary tumours (63%) and were pN+ (78%) at initial presentation. The median time to
clinically evident nodal recurrence was 28 months (range: 3-264). Nodal recurrence occurred in the central
neck in 15 (15%) patients, lateral neck in 74 (75%) patients and both in 10 (10%) patients. After salvage
treatment, the 5-year sDSS was 97.4% from time of nodal recurrence. The 5-year sDRFS and sNRFS were 89.2%
and 93.7%, respectively.

Conclusion

In our series, isolated clinically evident nodal recurrence occurred in 3.0% of patients. Such patients are
successfully salvaged with surgery and adjuvant therapy with sDSS of 97.4% at 5 years.

Keywords

lymph nodes, neck recurrence, outcomes, papillary thyroid cancer, survival
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Introduction

There is great controversy about the true incidence of recurrence in papillary thyroid cancer (PTC). Long-
term overall PTC recurrence rates are commonly referenced at 30%."? However, recurrence rates vary widely
depending on the extent of primary disease and on the method of recurrence measurement.>* Recurrence
rates are greater if one includes subcentimetre nodes identified on high-resolution ultrasound with elevated
thyroglobulin measurements. Recurrence due to clinically evident nodal recurrence which requires further
surgery is less common. The majority of regional recurrences manifest within the first few years after initial
therapy.® Of those who develop regional nodal recurrence, few patients ultimately succumb to their disease.
Although prognostic factors of PTC have been extensively investigated, patient outcomes after clinically
evident nodal recurrence remain unclear. The objectives of our study were twofold: firstly, to report the
incidence of clinically evident nodal recurrence in a large cohort of previously untreated patients managed
at a single tertiary care institution and secondly, to describe the subsequent treatment of these patients and
report the long-term outcomes after salvage treatment.

Methods

Following institutional review board approval, the records of 3664 consecutive patients treated with primary
thyroid surgery for differentiated thyroid cancer at Memorial Sloan Kettering Cancer Center (MSKCC) between
1986 and 2010 were reviewed. Patients with nonpapillary histology and gross residual disease and those with
distant metastases at presentation or distant metastases prior to nodal recurrence were excluded from the
study, leaving 3344 cases. Of these, 99 (3.0%) patients with PTC developed clinically evident nodal recurrence
which required further treatment. All patients had biopsy-proven neck recurrence prior to further treatment.
Patients with subclinical recurrence, defined as subcentimetre nodules in the central or lateral neck with or
without an elevated thyroglobulin level, were not included in this study.

Patient demographics and primary surgical and histopathological details were recorded. Details of all
adjuvant radioactive iodine (RAI) treatments or radiotherapy (RT) were also recorded. Clinically evident nodal
recurrence was identified by clinical examination and imaging studies with ultrasound (US) or CT scan and
was confirmed with cytology or histopathology.

Disease outcomes included subsequent disease-specific survival (sDSS), subsequent distant recurrence-free
survival (sDRFS) and subsequent nodal recurrence-free survival (SNRFS). These outcomes were calculated from
the date of first nodal recurrence. sDSS was calculated using the date of last follow-up with an MSKCC physician
from the thyroid cancer multidisciplinary team. Details of death were determined from the social security
death index and hospital records. Biochemical disease in the absence of imaging disease was not considered
sufficient evidence of tumour recurrence. Imaging studies to detect recurrence included US, diagnostic RAI,
computer tomography and positron emission tomography scans. Patients with evidence of structural disease
at the time of last follow-up and died during follow-up were considered to have had disease-specific death.

Statistical analysis was carried out using SPSS (version 21, IBM Corporation, Armonk, NY, USA). Variables were
compared within groups using Pearson’s chi-squared test. Survival outcomes were analysed using the Kaplan-
Meier method. Outcomes data were calculated at 5 years.
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Results

Initial patient, disease and management characteristics

Of 3364 patients, 99 (3.0%) patients developed clinically evident nodal recurrence. Table 1 shows the patient,
primary disease and initial treatment characteristics of the patients that developed nodal recurrence. Of the
99 patients, 59% were female. The median age of the cohort was 41 years (range: 5-91) at time of initial PTC
diagnosis. The majority of patients had locally advanced disease (63% T3 or T4 disease) and presented with
nodal disease in 78% (42% N1a and 35% N1b disease). At the time of primary surgery, 85 (86%) patients
underwent total thyroidectomy and 14 (14%) less than total thyroidectomy. Central neck dissection was
performed in 25 (25%), lateral neck dissection in nine (9%), both in 24 (24%) and not performed in 41 (41%)
patients. Adjuvant RAl was administered to 74 (75%) patients.

Table 1| Initial patient, treatment and tumour characteristics

n=99 %

Gender

Female 58 38.6

Male 41 414
Age

<45y 58 38.6

245y 41 4.4
Thyroid surgery

Less than total 14 14.1

Total thyroidectomy 85 85.9
Neck dissection

110 None 41 414

Central compartment 25 253

Lateral compartment 9 9.1

Central & lateral 24 24.2
pT stage

T 26 26.3

T2 10 10.1

T3 47 47.5

T4 16 16.2
pN stage

NO/X 22 222

N1a 42 424

N1b 35 354
AJCC stage

Stage 1 59 59.6

Stage 2 1 1.0

Stage 3 14 14.1

Stage 4 25 253
ATA risk group

Low 6 6.1

Intermediate 69 69.7

High 24 24.2
Adjuvant RAI

No 25 253

Yes 74 74.7

Range of RAI dose was 60.5-268 mCi.
RAI, radioactive iodine.
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Nodal recurrence location and treatment

Nodal recurrence details are summarized in Table 2. The median time to clinically evident nodal recurrence
was 28 months (range: 3-264). The median follow-up from the time of nodal recurrence was 50 months (range:
1-330). Nodal recurrence occurred in the central neck compartment alone in 15 (15%) patients, lateral neck
compartment only in 74 (75%) patients and both neck compartments in 10 (10%) patients.

Table 2 | Nodal recurrence characteristics

n=99 %

Time to nodal recurrence (mo)

Median 27.8 -

Range 3-264 -
Site of nodal recurrence

Central compartment 15 15.2

Lateral compartment 74 74.7

Central and lateral 10 10.1
Recurrence management

Surgery only 65 65.7

Surgery and RAI 22 22.2

RAl only 6 6.1

RT 4 4.0

Observation only 2 2.0

RAI, radioactive iodine; RT, radiotherapy.

The majority of patient were treated either with surgery alone (65 of 99, 66%) or surgery with adjuvant therapy
(22 of 99, 22%). Ten patients (10%) were treated without surgery (RAl and/or external beam radiation therapy
[EBRT]), and two (2.0%) patients were observed without treatment.

Outcomes after nodal recurrence

Subsequent disease-specific survival

The 5-year sDSS was 97.4% from time of nodal recurrence (Figure 1A). A total of four patients died of disease
during follow-up. All four patients died after developing lung metastases, and one patient also developed
brain metastases (Table 3).

Table 3 | Details of patients who died following neck recurrence

Age/Gender Stage ATArrisk category  Primary RAIl Site of NR NR treatment  Overall Cause of death
survival (mo)

64.4F T3N1b High Yes Central, lateral ~ RT 30.2 Lung metastases
709F T1bN1b Intermediate Yes Lateral Surgery & RAI 135.5 Lung metastases
559M T4aN1a High No Lateral Surgery 144.6 Lung metastases
724F T4aNla High Yes Lateral Surgery 142.6 Lung metastases
91.3M T4aN1a High No Lateral Surgery 49.7 Other

85.3F T4aNX High No Lateral Surg & RAI 102.3 Other

Six patient deaths; four disease-specific deaths and two deaths due to other causes.
RAI, radioactive iodine treatment; NR, nodal recurrence.

Subsequent distant recurrence

Eight patients (8.0%) went on to develop distant disease at a median of 85 months (range: 5-130) from
time of nodal recurrence. Five patients developed isolated lung metastases, one patient had lung and brain
metastases, one had lung and bone metastases, and one patient developed isolated bone metastases. The
5-year sDRFS was 89.2% (Figure 1B).
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Subsequent nodal recurrence

Twelve of the 99 patients went on to develop a further episode of nodal recurrence at a median of 118 months
(range 76-300) from the time of initial nodal recurrence. At 5 years, the sSNRFS was 93.7% (Figure 1C).
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Figure 1 | (A) Five-year subsequent disease-specific survival following salvage neck management. (B) Five-year subsequent distant
recurrence-free survival following salvage neck management. (C) Five-year subsequent neck recurrence-free survival following salvage neck
management
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Discussion

In our experience, the incidence of clinically evident nodal recurrence after initial surgery for patients with
well-differentiated PTC was 3%. The majority of patients can be salvaged such that the 5-year subsequent DSS
is 97.4%.

Our low rate of clinically evident nodal recurrence merits a detailed discussion. The literature generally reports
on combined local and regional recurrence-free survival, with limited breakdown of recurrence sites by thyroid
bed and regional lymph node (LN) recurrence. Traditionally, the recurrence figure of 30% by Mazzarferri et al."?
is commonly quoted. In this study, two-thirds of the recurrences were locoregional. However, subsequent
publications have reported much lower figures. Durante et el reported 1.4% locoregional recurrence rate in
1020 patients with PTC,® and Ito et al.” reported 7% reoperation rate in the central neck compartment in a
series of 5969 patients with PTC, while Coburn et al.® reported 9.4% regional LN recurrence in 382 patients with
differentiated thyroid cancer.Yim et al. reported 10.0% locoregional recurrence rate in a series of 1357 patients
with PTC, and Shen et al. published central neck recurrence rate of 11.6% and lateral neck recurrence rate of
21.7%. In a recent review by Randolph et al.,?* locoregional recurrence rates in PTC ranged widely between
0% and 42% based on the size of primary tumour and volume of initial LN metastases. This review suggested
the range of recurrence figures was determined by the variety of inclusion criteria and outcomes reported in
these studies. Locoregional recurrence rate of 24% was reported with 40 years of follow-up by the Mazzaferri
series.2This is in contrast to the low recurrence rate of 3.0% that we report in our study. One explanation for the
high rate reported by Mazzaferri could be the longer follow-up period that the Mazzaferri cohort underwent.
However, given that approximately 84% of neck reoperations occur within the first 2 years of primary surgery,
additional follow-up beyond the first 5 years is unlikely to dramatically impact nodal recurrence rates. Of
note, data collection from the Mazzarferri series started in the 1960s, on military personnel and their families
under the care of military general surgeons. These surgeons were not specialty trained, and the technique of
carrying out subtotal thyroidectomy was readily accepted at that time. These two factors are associated with
higher recurrence and mortality rates.’

With the introduction of high-resolution ultrasound and the use of serum thyroglobulin, it is now possible to
detect subclinical recurrent disease in the neck due to small subcentimetre nodes. We did not include these
patients in our study, and therefore, it is likely that we have underestimated the true recurrence rate in our
patient cohort. However, it is now recognized that the majority of these patients do not require any treatment
as the majority of subclinical disease remains indolent.’'" The decision to operate in patients with subclinical
disease has to be weighed against the possible complications which may result from such surgery.''" It is also
possible that some of the patients in our cohort may represent persistent disease rather than recurrence as
there were several patients who developed disease within 3 months of initial therapy. In these patients, it is
likely that subclinical disease was present initially and this became clinically and radiologically evident on the
post-treatment ultrasound scan. This would tend to overestimate the recurrence rate.

In our series, the majority of nodal recurrences were managed surgically with or without additional RAI
therapy. Occasionally, in earlier years, the management of nodal recurrence was with nonsurgical modalities
alone. The majority of patients were successfully salvaged with a subsequent survival at 5 years of 97.4%. This
compares favourably with reports from the literature. In a series of 329 PTC patients with initial central nodal
recurrence, Ito el al reported DSS of 95% at 5 years.” Other institutional publications have reported death
due to disease ranging between 0% and 16% of patients after locoregional recurrence.>'*'* In a study of DSS
after salvage neck reoperation in PTC, conducted through the Californian Cancer Registry, DSS was found to
be approximately 90% at 5 years.® Our 5-year disease-specific death rate of 3.6% is within the lower end of
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the reported range presented in the literature. Therefore, we can conclude that despite nodal recurrence, the
5-year subsequent survival in these patients remains very high at 97.4%.

Few publications in the literature report subsequent nodal or distant recurrence outcomes after initial
nodal recurrence. Those that do tend to report subsequent locoregional and distant failure rates in term of a
percentage figure, making comparisons difficult as each series is associated with a different length of follow-
up. For example, subsequent locoregional failure was reported in 9.6% patients by Yim et al. and in 18.2%
of patients by Onkendi et al.”?'* In this current series, only 12 (12.1%) patients went on to develop a second
episode of clinically evident nodal failure after treatment of their initial nodal recurrence, corresponding to a
5-year sNRFS of 93.7%.

Distant recurrence-free survival after the development of nodal disease is also infrequently reported in
the literature. Yim et al.”® reported five of 83 (6.0%) patients subsequently developed distant disease after
treatment for nodal recurrence. This is comparable to the subsequent distant failure rate of eight (8.1%)
patients and 5-year sDRFS of 89.2% observed in this present study.

Our study has some limitations that require discussion. Firstly, this is a retrospective cohort with patients
managed at a single institution over a 25-year period. As such, we cannot account for changes in follow-
up management practices over this time. In particular, postoperative neck ultrasound and thyroglobulin
measurements were not routine prior to 2000-2005. Prior to this time, recurrence was determined on
clinical examination and then confirmed by fine-needle aspirate. It is therefore probable that we may have
misclassified patients as being free of disease in patients not assessed by US or thyroglobulin (Tg), and this
would have resulted in an underestimation of nodal disease recurrence. Although serum Tg is a more sensitive
marker of differentiated PTC disease,*'*'® its use in determining indication and success of nodal recurrence
treatment can be problematic. The use of biochemical determinants of persistent or recurrent disease can
lead to additional surveillance and intervention along with its associated morbidity. This is particularly of
concern for the many patients who are already at very low risk from their disease. In this regard, one can argue
that the use of structural disease is a more clinically meaningful measure of outcome.

Another limitation of our cohort is the relatively short follow-up period. There may be patients with nodal
recurrence who are lost to follow-up. This would artificially improve our NRFS. However, as the majority
of nodal recurrence in PTC occur within the first 2-3 years of diagnosis,® we do not expect the true nodal
recurrence rate to be significantly higher than 3.0% with longer follow-up. Outcomes after nodal recurrence
are reported here with a median follow-up of 50 months. It may be likely that with additional follow-up, DSS
and sDFRS may decrease. However, as nodal recurrence events tend to occur early, we expect that SNRFS
would remain the same with additional follow-up.

In conclusion, in this series of patients with PTC, clinically evident nodal recurrence occurred in 3.0% of
patients. Salvage management is mainly surgical with or without additional RAI therapy. Patients continue to
experience excellent outcomes after nodal disease recurrence, with a subsequent 5-year DSS of 97.4%.
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Abstract

Background

Over the last 15 years, there has been a change in clinical practice for the detection of recurrence in all patients
with papillary thyroid cancer (PTC). In the past, recurrence was detected by clinical examination supplemented
with fine-needle aspiration cytology; however, routine neck ultrasonography (US) and measurements of serum
thyroglobulin were introduced for follow-up in 2000 and are now used widely for recurrence surveillance. The
aim of this study was to describe the effectiveness of this changing trend in the use of routine surveillance
ultrasonography for the detection of recurrence in low-risk PTC at a single institution.

Methods

Patients undergoing total thyroidectomy for PTC between January 2000 and December 2010 were identified
from an institutional database. Of these, 752 (43.1%) were categorized as low risk by the risk stratification of
the American Thyroid Association and included for analysis. The number of US examinations per patient per
year of follow-up was then determined. The number of recurrences and deaths from disease was recorded
similarly.

Results

The median age was 48 years (range, 16-83) and the median follow-up was 34 months (range, 1-148).
Between 2003 and 2012, the number of US examinations per patient-year of follow-up increased by 5.3-fold.
Over the same time period, 3 structural recurrences (clinically evident neck masses or nodes) were detected
with no disease-related deaths.

Conclusion

At our institution, the annual rate of neck US examination increased by 5.3-fold per low-risk PTC patients
between 2003 and 2012. Despite this increase, only 3 structural recurrences were detected. The routine use of
neck US for surveillance of low-risk PTC patients requires review. (Surgery 2016;159:1390-5.)
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Over the last 15 years, there has been a progressive change in the methods employed to detect locoregional
recurrence in patients with papillary thyroid cancer (PTC). Detection of locoregional recurrence in the past was
by clinical examination supplemented with fine-needle aspiration cytology (FNAC). Now, neck ultrasonography
(US) and postoperative measurements of thyroglobulin (Tg) are the mainstay of postoperative surveillance for
recurrence.

In the 2006 edition of the management guidelines of the American Thyroid Association (ATA), surveillance US
of the neck was recommended every 6 months in the first year and then annually for >3-5 years, depending on
the patient risk for recurrent disease.! This recommendation was based on evidence that suggested that neck
US was more sensitive than clinical examination and serum Tg levels alone.?* In the updated 2009 edition, the
recommended frequency and duration of surveillance neck US was relaxed to “1 or 2" US examinations in the
first postoperative year and then periodically, depending on patient risk.*The change in the recommended
frequency of surveillance was in part due to the high rate of unwarranted FNAC of minute, subclinical disease
as a result of increased neck imaging. In the current 2015 ATA guidelines, recommendations concerning
surveillance neck US recommendations remain unchanged with much of surveillance management based on
clinician discretion.

The focus of this study was to analyze the impact of the frequency of surveillance neck US in ATA low-risk
patients over the past decade and to correlate surveillance practices with detection of recurrence over
the same time period. With the rapid increase in low-risk PTC over the past 15 years, optimizing follow-up
management in this low-risk category will have substantial clinical and economic benefits.

Methods

After approval by our institutional review board, we identified 1,746 consecutive patients with differentiated
thyroid cancer operated on within our institution between 2000 and 2010 from an established institutional
database. Patient, tumor, and treatment characteristics were reviewed to categorize patients based on ATA
risk stratification (Table 1).¢ Patients with nonpapillary histology or ATA intermediate-/high-risk categories
were excluded from analysis. Patients with another cancer diagnosis at any time and those treated outside
of the head and neck surgical service were also excluded, because this may influence choice of postoperative
imaging modality and frequency. After this approach, 752 ATA low-risk PTC patients were available for analysis.

Table I | American Thyroid Association 2009 risk categories for papillary thyroid cancer

Low risk Intermediate risk High risk
No local or distant metastases Microscopic perithyroidal invasion Macroscopic tumor invasion
All macroscopic disease resected Cervical lymph node metastases or "'l uptake Gross residual disease

outside thyroid bed on posttreatment scan, if done
No locoregional invasion Aggressive histology Distant metastases
No aggressive histology
No vascular invasion

No 3"l uptake outside thyroid bed on post
treatment scan, if done

Follow-up duration was calculated from the date of thyroidectomy to the date last seen by a physician
within the thyroid cancer multidisciplinary team at Memorial Sloan Kettering Cancer Center (MSKCC). All
follow-up surveillance data were captured between 2003 and 2012. In 2003, we instituted a policy of annual
postoperative US surveillance. We therefore elected to analyze the outcomes related to US after the initiation
of our US surveillance program in 2003. The annual surveillance US rate relative to outcomes are therefore
analyzed for 2003 through to 2012.
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The number of thyroid cancer patients under surveillance and the number of surveillance US was recorded
for each calendar year with adjustments for a partial year of follow-up (ie, 6 months of follow-up surveillance
for the calendar year equates to 0.5 patients). Similarly, the number of neck US performed per calendar year
was also recorded. The total number of neck US performed was divided by the total number of patients under
surveillance to calculate the average number of surveillance US per patient for each calendar year between
2003 and 2012. All US examinations included in this study were performed within the MSKCC radiology
department by head and neck sonographers, not the head and neck surgeons.

Over the past 5 years, we have progressively used preoperative US examinations to assess the lymph nodes in
the central and lateral compartment. We published our data recently on our institution’s use of preoperative
neck US.” Assessment of the central compartment for all patients is by intraoperative palpation of the lymph
nodes in the central compartment at the time of thyroidectomy. Prophylactic neck dissections are not
performed in patients with a clinically NO neck. Assessment of the lateral neck is performed by palpation at
preoperative clinical visit or by preoperative US examination.

Surveillance practices have evolved at our center over recent years. For low risk patients, routine radioactive
iodine scans are no longer performed. There is increasing preference for routine, non-stimulated, serum Tg
levels and high-resolution US of the thyroid bed and cervical lymph nodes. Current surveillance practices at
our institution are shown in Table I1.2

Locoregional recurrence outcomes were determined by clinical examination supplemented with US or other
imaging and FNAC confirmation. Only patients with a recurrence with structural abnormality (enlarged lymph
node or mass) confirmed by cytology were considered to have recurrence. Only patients with nodules in the
thyroid bed or lateral neck of >1 cm were considered for FNAC. Patients with biochemical recurrence, defined
by increased serum levels of Tg, without cytologic or histopathologic confirmation, were not considered
sufficient endpoints of disease outcome.

Table Il | Postoperative surveillance strategy based on American Thyroid Association risk stratification of papillary thyroid cancer

6 months 12 months 18 months 24 months
Thyroglobulin All All All All
Ultrasound neck — All — All
Diagnostic RAl scan — — Intermediate/High risk —
CT/MRI — High risk — High risk
PET scan — High risk — High risk

All, Low, intermediate, and high risk; CT, computed tomography; RIA, radioactive iodine.

Results

The median age was 48 years (range, 16-83), and the median follow-up was 34 months (range, 1-148). Fig 1
shows the progressive increase in surgical volume in low-risk PTC patients over time. Low-risk PTC increased
from 15 patients in 2000 to 142 patients in 2010, corresponding to a 9.5-fold increase in annual incidence over
a decade.

The number of patients with low-risk PTC under surveillance, corresponding number of surveillance US
performed, and the recurrence events by calendar year are shown are Table Ill; 1,115 surveillance neck US were
performed on this cohort of low-risk patients between 2003 and 2012. In 2003, 11 neck US were performed
for 69 patients under surveillance, or 0.16 US per patient. By 2012, there were 247 US performed for 290
patients being followed, or 0.85 per patient. These changes represent a 5.3-fold increase in the number of
surveillance US examinations per patient (Fig 2). Over this time period, adjuvant radioactive iodine therapy



Effectiveness of Routine Ultrasonographic Surveillance of Patients with Low-Risk Papillary Carcinoma of the Thyroid

for patients with low-risk PTC decreased over the 10-year period from 40% in 2000 to 8.5% in 2010 (P < .001;
Supplementary Table, available at http://dx.doi.org/10.1016/j.surg.2015.11.018).
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Figure 1| Number of patients with low-risk papillary thyroid cancer requiring operative management by year.

Table 11l | Number of patients with low-risk papillary thyroid cancer under surveillance and corresponding number of surveillance US
performed by calendar year

ATA Low-risk 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
No of patients followed 69.4 102.4 138.8 179.7 225.8 282.0 3473 413.8 416.9% 290.2*
No of surveillance US 1 17 27 31 68 104 142 210 258* 247*
No of US per patient 0.16 0.17 0.19 0.17 0.30 0.37 0.41 0.51 0.62 0.85
Recurrence 0 0 0 0 1 0 0 1 1 0

*Only includes patients and US for patients with papillary thyroid cancer between 2000 and 2010.
ATA, American Thyroid Association; US, ultrasonography.
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Figure 2 | Number of locoregional structural recurrences and number of surveillance neck ultrasonographies (US) per patient per year of
follow-up.
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Over the same time period, 3 structural recurrences (0.4%) were detected. All 3 recurrences were detected
with routine neck surveillance US. Two patients were found to have thyroid bed nodules confirmed on FNAC
and were treated with therapeutic radioactive iodine dose. One patient had an enlarged lateral neck lymph
node and was treated with lateral neck dissection. All 3 patients had no evidence of disease at last follow-up,
and there were no disease-related deaths in the cohort.

Discussion

Over the last 15 years, there has been a change in the management of thyroid cancer with increased emphasis
on a systematic care plan and institution of management guidelines.’ Traditionally, locoregional recurrences
were detected by clinical palpation of the neck supplemented with FNAC when necessary. High-resolution
neck US and serum measurements of Tg are now recommended and used in routine surveillance. In this
study, we analyzed the impact of this change in the use of surveillance US examinations in patients with low-
risk PTC at our institution and correlated these changes with locoregional recurrences over the same time
period.

The average number of surveillance US examinations performed on each patient increased from 0.16 to 0.85
during the study period, corresponding with a >5-fold increase over the decade. During this still short follow-
up period for PTC, only 3 locoregional recurrences (0.4%) were detected, and there were no disease-specific
death events. These data question what is appropriate follow-up of low-risk PTC. Is routine performance of
follow-up US always necessary or cost effective in patients with low-risk PTC? If so, how frequently should this
be done and for what duration? More controversially, is surveillance of patients with low-risk PTC necessary at
all, given the extremely low rates of recurrence? Although we cannot resolve all these issues based on a single
institutions experience and still somewhat limited follow-up, the data herein should promote a discussion
regarding the clinical and economic aspects of care in patients with low-risk PTC.

Historically, surveillance of PTC patients after surgery was life-long secondary to the belief that recurrence
was common and estimated to be as high as 30%. These outcomes reported by Mazzaferri et al,>'° however,
were based on patients treated 30-40 years ago. More recent literature suggests that recurrence rates are
substantially less.""* Patients with low-risk PTC have an excellent recurrence-free survival of in excess of
97%.""? Durante et al' followed 312 consecutive patients with T1aNOMO classic PTC and with a median
follow-up of 6.7 years; there were no structural disease recurrences and no disease-specific deaths. The
authors demonstrated that, in a well-selected cohort of patients with very low-risk PTC, outcomes are excellent
irrespective of surveillance. Our data along with the recent literature demonstrates clearly that recurrence
rates for patients with low-risk PTC are very low. Given this fact, it seems that follow-up imaging should be
tailored to the risk of recurrence.

The ATA now categorizes patients with PTC into low, intermediate, and high risk for recurrence and recognizes
that follow-up imaging should be tailored to this risk. The ATA guidelines recommend currently neck US
6-12 months postoperatively and then periodically, depending on the risk of recurrent disease and Tg status.*
Survey results from thyroid cancer clinicians in the United States by Haymart et al,”® however, demonstrated
wide variation in all aspects of long-term management of patients with thyroid cancer. Of the 534 endocrine
and nuclear medicine physicians surveyed, 45.4% would routinely follow American Joint Committee on
Cancer stage | patients with PTC with an undetectable serum Tg level with surveillance US examinations.”™
Limited research, the ready availability of portable US machines, and the clinician concern over missing
disease recurrence are likely reasons for the increased use of surveillance US over the past decade.
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The rationale for surveillance US in PTC is based on the fact that neck US is more sensitive than clinical
examination or other modalities of disease follow-up.2* Neck US can detect cervical nodal disease as small as
2-3 mm in diameter. Such small nodal recurrence is often difficult to find even intraoperatively in scar tissue
and likely has no relevance in the overall oncologic outcome. The use of neck US would be justified if the
development of clinically meaningful recurrence was a frequent event; however, the recurrence events in our
series have remained remarkably stable with a total of only 3 (0.4%) recurrence events.

Neck US is viewed generally as a safe, low-cost imaging modality with greater sensitivity than clinical
examination alone. One may argue that there is no harm associated with routine US surveillance. Also it is
important to acknowledge that results of US are known to be highly user dependent and frequently cannot
distinguish thyroid bed recurrences from benign nodules.'®'” In the postoperative setting, indeterminate or
false-positive readings on US examination can lead to unnecessary FNAC and additional investigations. Such
investigations are associated with additional cost and complications and can lead to unnecessary anxiety for
the physician and the patient.’ Any iatrogenic harm associated with low-risk PTC is difficult to justify, when
recurrence rates in ATA low-risk patients are only 3%, and disease-specific mortality is zero. The incidence
of PTC is increasing in the United States and worldwide, and the majority of increases are owing to low-risk,
and often subclinical, disease.’®?' Although physicians generally view US as a low-cost imaging modality,
from a societal perspective, the cumulative cost of routine US surveillance in all patients with low-risk PTC is
substantial and will only continue to increase if not addressed.

It is important to note that our study has several limitations. Owing to its retrospective nature, our study is
susceptible to all the limitations associated with such studies. First, many patients are followed ultimately by
their local endocrinologist; it is not possible to know how many of these patients also underwent additional
surveillance US. Our study therefore, underestimates the true rate of increase in US examinations. Similarly,
it may also underestimate the “true” risk of recurrent disease in patients who were followed elsewhere and
did not return to our institution when recurrence developed. Second, we report a very low rate of structural
recurrence. One may argue that due to the surgical expertise of our high-volume center and the inherent bias
of a tertiary referral center, these findings are not generalizable. It is important to emphasize that surgical and
medical expertise has remained unchanged at our institution over the study period, yet the rate of surveillance
US has increased with no corresponding change in structural recurrence. Nevertheless, we would recommend
that similar studies should be repeated at other institutions to establish the generalizability of our findings.

In conclusion, we report a 5.3-fold increase in the use of surveillance neck US for patients with low-risk PTC
over a decade. This increase in US surveillance has not resulted in increased detection of structural recurrence
events norimproved the already excellent outcomes of this low-risk cohort. The results presented in this study
question the benefit and justification of routine and frequent surveillance US in patients with low-risk PTC.
We acknowledge that patients with an increased Tg level in the absence of structural abnormality should
continue to be followed with serial US; however, the routine use of US in patients with undetectable Tg level
seems difficult to justify. In the context of the increasing incidence of low-risk PTC in the United States and
worldwide, the clinical and economic implications of routine US surveillance will become more substantial
with time if follow-up US use is not rationalized.

Supplementary Data

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/j.surg.2015.11.018.
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Abstract

Background

The recent overdiagnosis of subclinical, low-risk papillary thyroid cancer (PTC) coincides with a growing
national interest in cost-effective health care practices. The aim of this study was to measure the relative cost-
effectiveness of disease surveillance of low-risk PTC patients versus intermediate- and high-risk patients in
accordance with American Thyroid Association risk categories.

Methods

Two thousand nine hundred thirty-two patients who underwent thyroidectomy for differentiated thyroid
cancer between 2000 and 2010 were identified from the institutional database; 1845 patients were excluded
because they had non-PTC cancer, underwent less than total thyroidectomy, had a secondary cancer, or had
<36 months of follow-up. In total, 1087 were included for analysis. The numbers of postoperative blood tests,
imaging scans and biopsies, clinician office visits, and recurrence events were recorded for the first 36 months
of follow-up. Costs of surveillance were determined with the Physician Fee Schedule and Clinical Lab Fee
Schedule of the Centers for Medicare and Medicaid Services.

Results

The median age was 44 years (range, 7-83 years). In the first 36 months after thyroidectomy, there were 3, 44,
and 22 recurrences (0.8%, 7.8%, and 13.4%) in the low-, intermediate-, and high-risk categories, respectively.
The cost of surveillance for each recurrence detected was US $147,819, US $22,434, and US $20,680,
respectively.

Conclusions

The cost to detect a recurrence in a low-risk patient is more than 6 and 7 times greater than the cost for
intermediate- and high-risk PTC patients. It is difficult to justify this allocation of resources to the surveillance
of low-risk patients. Surveillance strategies for the low-risk group should, therefore, be restructured.

Keywords

cost-effectiveness analysis, epidemiology, recurrence, thyroid neoplasm, ultrasonography.
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Introduction

The increasing incidence of thyroid cancer in the United States and many parts of the world has been well
documented in recent years.”? In the United States, the incidence of thyroid cancer has nearly tripled in the
last 30 years from 4.9 to 14.3 per 100,000 individuals. This is largely due to an increase in the diagnosis of
subclinical disease arising largely from increased sensitivity and frequency of ultrasound use.* Despite this
increase in thyroid cancer incidence, mortality rates have been remarkably stable at 0.5 deaths per 100,000.!
The combined effect of this increased diagnosis of low-risk disease, increased sensitivity of tools for disease
surveillance, and stable disease mortality is a dramatic increase in the pool of papillary thyroid cancer (PTC)
survivors in need of disease surveillance. Limited attention has been directed toward the clinical and financial
implications for surveillance these thyroid cancer survivors.> Which is especially important at a time of
growing national interest in cost-effective health care. It is against this backdrop that we sought to analyze
our institution’s surveillance practice for PTC patients. Our aim was to measure the relative cost-effectiveness
of disease surveillance on the basis of American Thyroid Association (ATA) risk categories.

Materials and Methods

Following approval by the Institutional Review Board, records of Two thousand nine hundred thirty-two patients
who underwent thyroidectomy for differentiated thyroid cancer between January 2000 and December 2010
at Memorial Sloan Kettering Cancer Center were reviewed. Only surveillance within 36 months of primary total
thyroidectomy was included for analysis. The choice for the 3-year time frame was 2-fold. First, the literature
suggests that the majority of recurrences in PTC occur within the first 2 to 3 years after the diagnosis.® Second,
the costs associated with surveillance for thyroid cancer are mostly incurred immediately after surgery. Unless
the recurrence event developed within 3 years of surgery, all patients completed 3 years of follow-up. One
thousand eight hundred forty-five patients were excluded from the analysis for one or more of the following
indications. One hundred two patients (5.5%) were excluded for having nonpapillary histology, 487 patients
(26.2%) were excluded for having a secondary cancer diagnosis, 65 patients (3.5%) were excluded because
of surgical management outside of the head and neck department, 483 (26.4%) were excluded for less than
total thyroidectomy, and 704 patients (38.2%) without a recurrence event and less than 36 months of follow-
up were excluded. This left 1087 patients available for analysis. The inclusion cohort was stratified into low,
intermediate, and high recurrence risk categories as per the ATA classification system’ (Table 1).

Table 1 | American Thyroid Association Risk Categories, 2009 Edition

Low Risk Intermediate Risk High Risk
No local or distant metastases Microscopic perithyroidal invasion Macroscopic tumor invasion
All macroscopic disease resected Cervical lymph node metastases or '*'| uptake outside Gross residual disease

thyroid bed on posttreatment scan, if done
No locoregional invasion Aggressive histology Distant metastases
No aggressive histology
No vascular invasion

No *'| uptake outside thyroid bed on
posttreatment scan, if done

The number of postoperative serum thyroglobulin (Tg) tests, Tg antibody tests, imaging studies (including
ultrasound, computer tomography, magnetic resonance imaging, positron emission tomography, and fine-
needle aspiration biopsy), and office visits for thyroid cancer were recorded in the first 36 months of follow-up
by retrospective chart review (Fig. 1). Disease recurrence events were similarly recorded.
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Differentiated thyroid cancer
MSKCC
2000-2010 n=2932

Exclusions n=1845
Non-papillary thyroid cancer
Secondary cancer Diagnosis

Mx outside of Head and Neck Service
Less than Total thyroidectomy
No recurrence and <36m of follow-up

Inclusion
n= 1087

| l

ATA Low Risk ATA Intermediate Risk ATA High Risk
n=362 (33.1%) n=561 (51.6%) n=164 (15.1%)
3 recurrence events (0.8%) 44 recurrence events (7.8%) 22 recurrence events (13.1%)

Figure 1| Inclusion cohort. ATA indicates American Thyroid Association; MSKCC, Memorial Sloan Kettering Cancer Center; Mx, management.

Costs of surveillance were determined with the fee schedules of the Centers for Medicare and Medicaid
Services (CMS). For services involving a physician (ie, radiologic or nonlaboratory tests/procedures), the 2014
Medicare National Payment Amount nonfacility reimbursement rates were obtained from the CMS Physician
Fee Schedule Search Web site through the entry of the appropriate Current Procedural Terminology/Healthcare
Common Procedure Coding System code.® Current Procedural Terminology codes are a trademark of the
American Medical Association; they correspond to Medicare’s Healthcare Common Procedure Coding System
level | codes. The dollar amount includes the “26" professional component and the technical component. For
laboratory services, the 2014 CMS Clinical Lab Fee Schedule was used to determine midpoint reimbursement
fees.?

The total cost of surveillance for each ATA risk category was calculated by the summation of the cost of each
surveillance investigation for each patient within the risk category. The cost of surveillance for an average
patient was calculated by the division of the total cost by the number of patients under surveillance in each
risk group. The benefit of disease surveillance was measured by the detection of recurrence events in each ATA
risk category. The cost to detect 1 recurrence event was calculated by the division of the cost of surveillance
for all patients by the number of recurrence events in each respective risk category.

The calculated ratios of cost per recurrence were dependent in this analysis on actual clinical data of events
gathered from this cohort. Therefore, a deterministic sensitivity analysis was performed to analyze the
robustness of these results. In the first sensitivity analysis, we varied the rate of recurrences by a factor of 3in all
risk groups and determined the cost per recurrence. We chose a factor of 3 because this approximates higher
published rates of recurrence based on 2009 ATA risk stratification.'®'" For the second sensitivity analysis, we
varied the rate of testing. Specifically, we varied the rate of ultrasonography by a factor of 3 in all risk groups
and determined the cost per recurrence. We only to vary chose ultrasound rates because our observed rates of
1 to 2 ultrasounds per patient in a 3-year period might realistically be as high as 6 at some institutions (every
6 months as suggested as a maximum in the 2009 ATA guidelines). We did not vary the number of other tests
because 1) it seems unlikely that patients would get several factors more or less of Tg or radioactive iodine
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scans than our observed group, for example and 2) there are no guidelines or published higher or lower rates
of these other tests and procedures.

Results

The median age was 44 years (range, 7-83 years). Three-hundred sixty-two patients (33.3%) were low-risk, 561
(51.6%) were intermediate-risk, and 164 (15.1%) were high-risk according to the ATA. The rates of recurrence in
the low-, intermediate-, and high-risk groups were 0.8% (n 5 3), 7.8% (n 5 44), and 13.4% (n 5 22), respectively.

Surveillance Cost per Patient

Table 2 presents the Medicare cost associations with thyroid cancer surveillance as per the CMS reimbursement
schedules.®® The number of surveillance office visits with Memorial Sloan Kettering clinicians and the number
of serum Tg, Tg antibody, and imaging scans performed in the first 36 months of surveillance at our institution
are shown in Table 3 and Figure 2. The overall Medicare reimbursement cost of surveillance was US $443,456
for low-risk patients, US $987,080 for intermediate-risk patients, and US $454,961 for all high-risk patients (ATA
categories). For patients in the low-, intermediate-, and high-risk categories, the Medicare reimbursement
cost of surveillance was US $1225, US $1760, and US $2774 respectively. The relative cost of surveillance for an
individual patient with an intermediate risk of recurrence was 1.4 times the cost of surveillance for a low-risk
patient. For a patient with a high risk of recurrence, the surveillance cost was 2.3 times greater than that for a
low-risk patient.

Table 2 | Cost per Surveillance Modality

Cost (US $) CPT/HCPCS Code Source
Office visit 73.08 99213 CMS Physician Fee Schedule
Tg test 29.61 84432 CMS Clinical Lab Fee Schedule
Tg Ab test 29.32 86800 CMS Clinical Lab Fee Schedule
Neck ultrasound 123.59 76536 CMS Physician Fee Schedule
FNA of neck 295.89 — CMS Physician Fee Schedule
RAl scan 319.54 78018 CMS Physician Fee Schedule
CT scan 247.89 70491 CMS Physician Fee Schedule
MRI scan 51047 70543 CMS Physician Fee Schedule
PET scan 693.51 —b CMS Physician Fee Schedule

Abbreviations: Ab, antibody; CMS, Centers for Medicare and Medicaid Services; CPT, Current Procedural Terminology; CT, computed
tomography; FNA, fine-needle aspirate; HCPCS, Healthcare Common Procedure Coding System; MRI, magnetic resonance imaging; PET,
positron emission tomography; RAI, radioactive iodine; Tg, thyroglobulin

2 Multiple codes are billed when this study is performed: initial for adequacy ($146.87, code 88173); first determination ($54.45, code
88172); and special stains, first group ($94.57, code 88312).

> Multiple codes are billed when this study is performed: PET component ($124.31, code 78815), CT chest ($241.80, code 71260); and CT
abdomen/ pelvis ($327.40, code 74177)
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Figure 2 | Surveillance by ATA risk category in the first 3 years after thyroidectomy. Ab indicates antibody; ATA, American Thyroid Association;
CT, computed tomography; FNA, fine-needle aspirate; MRI, magnetic resonance imaging; PET, positron emission tomography; RAI, radioactive
iodine; Tg, thyroglobulin; US, ultrasound.
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Intermediate-risk 561 8.7 50 45 1.9 0.1 1.3 0.5
High-risk 164 9.4 64 438 1.8 0.0 1.7 24

Figure 3 | Surveillance ATA risk category in the first 3 years after thyroidectomy. Ab indicates antibody; ATA, American Thyroid Association; CT,
computed tomography; FNA, fine-needle aspirate; MRI, magnetic resonance imaging; PET, positron emission tomography; RAI, radioactive
iodine; Tg, thyroglobulin; US, ultrasound.
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Surveillance Cost to Detect 1 Recurrence

Next, we calculated the cost of surveillance for each recurrence detected. At 3 years, there were 3, 44, and
22 recurrences in the low-, intermediate-, and high-risk categories, respectively; these values corresponded
to recurrence rates of 0.8%, 7.8%, and 13.4% at 3 years. The cost of surveillance to detect 1 recurrence event
was greatest for the low-risk cohort at US $147,819. The cost of recurrence detection for the intermediate-
and high-risk categories was similar at US $22,434 and US $20,680, respectively (Table 3 and Fig. 3). The
cost to detect 1 recurrence event in the low-risk category was 6.6 and 7.1 times greater than the cost in the
intermediate- and high-risk categories.

Sensitivity Analyses

Sensitivity analyses were performed to determine the effect on the cost per recurrence if the rates of recurrence
and the rates of testing were different from what was observed in our cohort. If the rates of recurrence were
3 times higher (ie, 2.5%, 24%, and 40%), the magnitude difference between the 3 groups would be the same,
but the cost to detect a recurrence would be $49,272 in the low-risk group (Table 4). If the rates of ultrasound
use were 3 times higher for all groups (3.8%, 5.6%, and 5.3%), the magnitude difference between the low-risk
group and the intermediate- and high-risk groups would again be the same, but costs would increase to
$185,884 per recurrence for low-risk patients versus $28,332 for intermediate-risk patients and $23,904 for
high-risk patients (Table 5).

Discussion

Thyroid cancer detection is continuing to rise with an increasing shift toward low-risk PTC in the United States.
These trends coincide with a growing national interest in cost-effective health care practices. The aim of our
study was to analyze the cost-effectiveness of PTC surveillance in the first 3 years after surgery for low-risk
patients versus intermediate- and high-risk patients according to ATA categories. To our knowledge, this is
the first study to investigate the cost-effectiveness of posttreatment PTC disease surveillance. As anticipated,
we found that the relative cost of the surveillance of higher risk patients to be greater than that of lower risk
patients. The surveillance cost of intermediate- and high-risk PTC patients was 1.4 and 2.3 times greater than
the surveillance cost of a low-risk patient. More importantly, the cost to detect 1 recurrence event in the
low-risk category was 7 times greater than that for the high-risk category (low risk, US $147,819; high-risk,
US $20,680). Changing the frequency of recurrence or the frequency of testing in sensitivity analyses led to
different dollar amounts but did not eliminate the magnitude of the differences between the groups. Because
of the epidemic proportional rise in the incidence of low-risk thyroid cancer, it is important to question this
allocation of health resources to the surveillance of low-risk PTC patients after initial treatment.

What Are Current Management Recommendations?

The ATA management guideline recommendations for surveillance are based on a patient’s risk of disease
recurrence. The 2009 and 2015 editions of the ATA guidelines recommend surveillance neck sonography
6 to 12 months after the operation and then periodically according to the patient’s risk of recurrent disease
and Tg status.” Much of the recommended long-term surveillance regimen is left to the individual physician’s
interpretation and discretion. This is reflected in the wide variation in long-term thyroid cancer management
strategies in a survey conducted among United States-based thyroid cancer clinicians. Of the 534 United
States—based endocrine and nuclear medicine physicians surveyed, more than 45% reported that they
would routinely follow American Joint Committee on Cancer stage | patients with an undetectable serum
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Tg level with surveillance ultrasound.12 However, despite management guidelines suggesting risk-stratified
surveillance, there is significant variation in the surveillance strategies being performed.

Why It Is Inportant to Address Low-Risk PTC Surveillance Practices?

The estimated annual cost of thyroid cancer to the US health care system is expected to increase from $1.4 billion
in 2010 to $2.4 billion in 2019 with current practice standards.® The incidence of thyroid cancer increased
nearly 3-fold between 1975 and 2009, and almost all of this was due to an increase in PTC. Furthermore, this
increase is dominated by low-risk PTC cases, many of which are papillary microcarcinomas. In 2009, 39% of all
new thyroid cancer diagnoses were 1 cm or smaller, whereas only 25% of cases were 20 years ago." Because of
these well-documented epidemiological trends of increasing low-risk PTC in conjunction with stable disease
mortality, the reservoir of thyroid cancer survivors in the community will continue to increase at an exponential
rate. Medical resources associated with disease surveillance for these thyroid cancer survivors will further
increase. A recent Surveillance, Epidemiology, and End Results Medicare database study demonstrated a trend
toward increased use of postdiagnostic imaging modalities across all risk categories over recent decades.”™
Although thyroid cancer is a disease with a relatively low clinical recurrence and death burden, the economic
burden of the disease is not insignificant and continues to grow. A review of surveillance practices to improve
cost-effectiveness in low-risk PTC could significantly curb the rising costs of thyroid cancer management.

The increase in low-risk thyroid cancer is occurring during a time of increasing concern over health care
spending. In 2012, US national health expenditures were estimated at $2.8 trillion, or 18% of the gross
domestic product, the highest of any developed country. Cancer care accounted for an estimated $124.6 billion
in medical care." It is anticipated that by 2022, national health spending will account for nearly one-fifth
of the US economy.” The escalation in health care costs is a growing burden on society and poses a great
challenge to all aspects of government and medicine. As physicians, we have a responsibility to recognize the
significance of the situation, encourage open discussion and research, and move toward more sustainable
and cost-effective care.

What Is the Physician’s Role and Position on Cost-Effective Practices?

In general, most physicians are aware of the costs of health care. However, studies suggest that physicians
often hold more conflicted views about the implementation of cost-effective health care delivery. In a
cross-sectional survey mailed to more than 3800 US physicians (response rate, 65%), it was found that most
physicians agreed that “trying to contain costs is the responsibility of every physician”and that “doctors need
to take a more prominent role in limiting use of unnecessary tests.” The same group of physicians disagreed
with the statement that they “should sometimes deny beneficial but costly services to certain patients because
resources should go to other patients that need them more!”*® Similar inconsistencies are demonstrated in a
survey of US and Canadian oncologists. When directly asked how much benefit a new drug would need to
provide to justify its cost and warrant its use, the majority of oncologists agreed that less than $100,000 per life-
year gained would be worthwhile therapy. However, when this was rephrased in the context of a hypothetical
patient case, the oncologists endorsed a cost as high as $250,000 per life-year gained." This inconsistency is
likely a reflection of the tension between the fundamental principles of beneficence and nonmaleficence (to
individual patients) and justice (to society as a whole). When this is applied to PTC surveillance, the low cost-
effectiveness of surveillance in low-risk PTC patients suggests that as a subspecialty we have tipped too far
toward beneficence for the individual, low-risk patient and away from concerns about justice for non-low-risk
patients.
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What Evidence Is There for Surveillance of Low-Risk Patients?

Commonly, the thyroid cancer recurrence rate is quoted at 30%. This outcome was reported by Mazzaferri et
al'®' for patients treated 30 to 40 years ago, most of whom had clinically palpable primary or nodal disease
at the time of presentation. Our subspecialty’s vigilance for surveillance in PTC is still deeply influenced
by the outcomes of Mazzaferri et al’s publications of thyroid cancer outcomes. Many recent publications
have demonstrated substantially lower recurrence rates of 3% to 10%.'%%?2 Durante et al*® followed 312
consecutive stage TTaNOMO patients with classic PTC, and with a median follow-up of 6.7 years, the group
reported no structural disease recurrence events and no disease-specific deaths.’ Our data, along with the
recent literature, clearly demonstrate that recurrence rates for low-risk PTC are very low. Several publications in
recent years have similarly recognized a need for reduced PTC surveillance? based on the risk of recurrence.*
The challenge now is to recalibrate surveillance regimes to reflect modern recurrence outcomes for more
cost-effective surveillance practices.

Limitations

It is important to note that our study has several limitations. Because of its single-institution and retrospective
nature, our study is susceptible to a selection bias due to physician management and the large number of
patients excluded from the analysis. We report the results from an institution with a high volume of thyroid
cancer and decades of experience in the management of PTC. Our experience is characterized by a very low
structural recurrence rate. This is a limitation of the study, and consequently, our results may not be translatable
to the wider community. The threshold for instigating surveillance investigations is also likely to be different
between centers. Physicians at our center have previously advocated for a higher threshold before biopsy of
suspicious ultrasound findings.? This would also influence the cost-effectiveness of surveillance practices if
our findings were applied to other centers. Second, surveillance practices evolved during the inclusion period.
Current surveillance practices are presented in Table 6.2 The cost-effectiveness data presented are, therefore,
averaged for 2000 to 2010. A prospectively conducted, multi-institution study would better ensure uniformity
of the patient cohort as well as subsequent management.

Table 6 | Postoperative Surveillance Strategy Based on the American Thyroid Association Risk Category

6 mo 12 mo 18 mo 24 mo
Thyroglobulin All All All All
Neck ultrasound — All — All
Diagnostic RAl scan — — Intermediate/high risk —
CT/MRI — High risk — High risk
PET scan — High risk — High risk

Abbreviations: All, low, intermediate, and high risk; CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission
tomography; RAI, radioactive iodine.

The cost to detect a recurrence in a low-risk patient is more than 7 times greater than the cost for a high-risk papillary thyroid cancer
patient. It is difficult to justify this allocation of resources, and surveillance strategies for the low-risk group should be reviewed.

Other limitations are related to the degree to which we might be underestimating the true cost of surveillance
practices. For example, some patients had additional surveillance investigations performed outside Memorial
Sloan Kettering Cancer Center, often for personal or logistic reasons. It is not possible to know how many
patients or which additional surveillance investigations were performed. In addition, the data used for costs
are from CMS reimbursement schedules, and those costs may be below the costs and charges for patients
with private insurance. Finally, we have not accounted for the costs and harms of surveillance practices, which
are hard to measure in dollars (eg, days of work missed and harm from needle biopsy or contrast imaging).
Ultimately, the question of whether or not our data can be extrapolated to the general population should be
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explored by an analysis of the incidence of disease recurrence and surveillance practices at other high-volume
thyroid surgery centers.

In summary, we have demonstrated that the Medicare reimbursement cost to detect a recurrence event in
a low-risk patient (ATA category) is more than 6 times greater than the cost to detect a recurrence eventin a
high-or intermediate-risk patient at US $147,819. We acknowledge, of course, that this dollar amount could
not possibly be representative of the costs of surveillance nationally. Regardless, our findings raise important
questions regarding the allocation of health care resources and the ways in which surveillance of low-risk PTC
patients should be tailored to maximize effectiveness. Currently, in this cohort, we believe that the cost of
surveillance for PTC patients is unjustifiably greater for low-risk patients. In light of the continued rise in the
incidence of low-risk PTC, surveillance costs will continue to increase. We cannot comprehensively resolve
this issue on the basis of a single institution’s experience. We, therefore, encourage other centers to review
the cost-effectiveness of their surveillance practices for their own low-risk PTC patients. We hope to promote
discussion on appropriate PTC surveillance practices that reflect contemporary recurrence rates so that we
can improve the cost-effectiveness of thyroid cancer management.
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Dicussion

Our main objective was to perform a comprehensive characterization of the spectrum of nodal disease in well
differentiated thyroid cancer. The studies presented in this thesis show that well differentiated thyroid cancer
is common with excellent survival outcomes in a great majority of patients. Between 1986-2010, 3664 patients
were diagnosed and treated with well differentiated thyroid cancer in the Head and Neck service, while
39 patients were diagnosed with poorly differentiated thyroid cancer and 95 patients with anaplastic thyroid
cancer.The cohort of previously untreated, well differentiated thyroid cancers comprised of 73% females, with
PTC accounting for 93.8% of histologies (Table 1). Patients with T1 disease accounted for 51.2%, central neck
disease in the absence of lateral neck disease was identified in 15.0% of patients and an additional 15.3% of
patients had lateral neck disease at the time of diagnosis. 2% of patients had distant disease at the time of
diagnosis. The overall disease specific survival was excellent at 98.6% at 5 years and 96.2% at 10 years (Table 2).

CHAPTER 2: Preoperative Neck Ultrasound in Clinical Node Negative Differentiated Thyroid Cancer

The initial diagnosis of well differentiated thyroid cancer, was typically established through physical
examination, imaging with US and FNA confirmation. Work up included a thorough physical examination
complemented with an ultrasound to evaluate the extent of primary tumor and any nodal disease in the
central compartment. The most frequent site of spread is to the regional cervical lymph nodes. Over the past
decade, increased availability and sensitivity of ultrasound has permitted the detection of subclinical disease
which would have been previously undiagnosed with physical examination alone. Previous studies have
shown US to be more sensitive than clinical examination alone (1). This is particularly true when assessing the
lateral compartment of cervical lymph nodes, as this compartment is free from the distorting effects of air in
the trachea. A direct comparison of the extent of neck dissection and treatment outcomes following the use
of preoperative neck ultrasound had not been evaluated until our publication. Consistent with the literature,
24% of patients with negative clinical examination of the neck were found to have suspicious lymph nodes
on ultrasound. We carried out a direct comparison of patients with and without preoperative neck ultrasound
and demonstrated that preoperative neck ultrasound increased the rate of initial lateral neck dissection from
0.9% to 13.2%. The preoperative ultrasound cohort undergoing neck dissection had lower postoperative
unstimulated Tg levels (0.09ug/ml vs. 0.6 ug/ml, p=0.004), reduced need for adjuvant RAI therapy (30% vs.
43%, p= 0.004), and reduced rate of salvage neck dissections (0.9% vs. 4.3%, p =0.018) (2). We conclude that
preoperative use of ultrasound identifies patients who may benefit from upfront lateral neck dissection
affording the patient a more comprehensive initial clearance of disease.

CHAPTER 3: Level 7 Disease Does Not Confer Worse Outcome Than Level 6 Disease in Differentiated Thyroid
Cancer

The central compartment is important in thyroid cancer as it is the first echelon of nodal spread. This nodal
compartment encompasses the fibrofatty tissue between the two carotid arteries laterally, hyoid bone,
superiorly and innominate artery inferiorly. It also contains the thyroid gland as well as the parathyroid glands,
recurrent and superior laryngeal nerves. The central compartment is further divided into an upper (level 6)
and a lower (level 7), also termed the anterior mediastinal nodes. The junction between these two levels is
demarcated by the level of the sternal notch. On cross sectional imaging, the sternal notch is a definite bony
landmark. However, in the operating room with the patient lying supine, the demarcation of the sternal notch
is highly variable based largely on the degree of cervical extension. At the time of publication, of our study
presence of level VIl disease, upstaged it to N1b status according to the 7™ edition of the AJCC staging system.
In older patients this resulted in upstaging from stage Ill to stage IV disease. However, this recommendation
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for the upstaging level VIl disease was based on expert recommendation. Data from our publication
demonstrated that overall recurrence free survival and disease specific survival for patients with level VI vs.
level VIl nodal disease were statistically comparable. (3). Our data contributed to the revision of the nodal
staging for level VIl to N1a in the AJCC 8" edition in 2017, where all lymph nodes in the central compartment
(Level VI and level VII) are now grouped together in the N1a category.

CHAPTER 4: Central Neck Failure in Patients with Papillary Thyroid Cancer and Incidentally Discovered Level 6
Lymph Nodes

Cancer is characterized by its ability to spread to adjacent structures, to regional lymphatics and to distant
sites. As the central compartment lymph nodes are the most common site of initial spread, patients with
central compartment nodal metastases may be considered to have more aggressive disease, with higher
risk of recurrence. As such, clinicians administer adjuvant RAI therapy, often for a concern of residual nodal
metastases in order to reduce the risk of recurrence in these patients. When routine histopathological
examination of thyroidectomy specimens detects unexpected microscopic LN metastases in perithyroidal
lymph nodes adjacent to the thyroid gland, physicians are faced with a clinical decision on whether to
reoperate, and complete a central compartment node dissection, treat these patients with RAI or to observe.
The management and outcomes of patients with incidentally found occult, perithyroidal LN metastases in
thyroidectomy specimen, however has not been studied. Commonly used management guidelines do not
specifically address this scenario. In such circumstances clinicians often offer patients additional treatment
for concern of undertreatment with an increased risk of recurrence in the central neck compartment. We
identified a subset of patients with well differentiated, encapsulated thyroid tumors who underwent only a
total thyroidectomy, and no formal neck dissection and were found to have incidental perithyroidal (central
compartment) lymph node metastases on routine histopathological evaluation of the thyroid gland. The
characteristics of these central nodal metastases and further treatment were further scrutinized. The median
number of positive central lymph nodes removed was 1 (range 1-8), the median size of disease containing
lymph node removed was 5mm (1-16mm). No patients returned to the OR for immediate completion central
neck dissection, 64% received adjuvant RAI therapy and 34% were only on surveillance/observation. The
5 year central neck recurrence free survival was 96% in the RAl treated cohort vs. 95% in the observation group
(p=0.92).We report that in selected patients with low risk features such as lymph nodes < 2mm, fewer involved
nodes, encapsulated primary disease without lymphovascular invasion may be observed safely without
additional surgery or adjuvant RAI (4). Our observations provided support to the 2015 recommendations of
the ATA to downstage intermediate risk patients (according to 2009 recommendations), to low risk group if
they have less than 5 lymph nodes and less than 2 mm metastatic deposits.

CHAPTER 5: Characteristics of Lymph Nodes Predictive of Outcome in the Central Neck

Routine histopathological evaluation is increasingly more rigorous. Finer histopathological sections,
comprehensive review of all specimen slides, synoptic reporting and dedicated pathologists with thyroid
focus have led to greater detail and accuracy of thyroid cancer histopathological reports in recent years.
Details such as size of metastatic deposit in the lymph nodes, number of involved lymph nodes, total number
of resected lymph nodes, and presence of extranodal extension (ENE) are now routinely reported in the
synoptic pathology reports as recommended by the College of American Pathologists (CAP). With this new
documentation, we can conclude that nodal disease occurs across a continuous spectrum rather than a binary
categorization of patients based on presence and absence of nodal disease. At the time of our publication,
AJCC stratified nodal disease based on presence (NO or N+) and location (N1a or N1b), while the ATA grouped
all patients with nodal disease in to intermediate or high risk group. To assess the importance of these
nodal characteristics we first studied patients with central neck disease in the absence of lateral and distant
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metastases to identify which central nodal characteristics were most prognostic in determining patient
outcomes. It was unclear which central nodal characteristics were most prognostic of outcome, or how such
nodal characteristics prognosticate in younger and older patients. In our study we found increasing nodal
size, number of nodal metastases and presence of ENE were predictive for neck recurrence. In the central
compartment, the strongest independent predictor of nodal recurrence was the presence of ENE. Twenty
three percent (23%) of N1a patients had ENE seen on pathology review. Patients with ENE had significantly
poorer 5 year nodal RFS (recurrence free survival) of 85% compared to 95% in those without ENE (p=0.007).
While patients with evidence of central nodal disease and ENE on pathology have a slightly increased risk of
nodal recurrence, these patients can be reassured that they are not at increased risk of distant recurrence or
death compared to other N1a patients without ENE (5).

CHAPTER 6: Characteristics of Lymph Nodes Predictive of Outcome in the Lateral Neck

We then carried out an analysis of patients with lateral compartment or N1b disease. In addition to analyzing
metastatic nodal size, number and ENE, we additionally analyzed our data to determine impact of LN burden
(ratio of positive to total LNs removed), which has been reported to be prognostic in other head and cancers
(6, 7). We found that the most significant lateral neck nodal characteristic to predict recurrence is nodal burden
>17% (or presence of greater than 1 positive LN per 6 removed) in both younger and older patients, conferring
a 5 year recurrence free survival of 78% compared to 91% in those with a nodal burden of <17% (p=0.02). In
the older cohort, the presence of LN ENE also appears important conferring a recurrence free survival of 80%
vs 93% at 5 years (p = 0.03), in the younger patients and a trend toward poorer distant RFS although in our
cohort this did not reach statistical significance (8).

CHAPTER 7: The Impact of Nodal Stage on Outcome in Older Patients with Papillary Thyroid Cancer

Continuing our analysis of patients with lateral nodal disease, we noted that patients who die of disease are
usually older patients and tend to develop distant disease prior to their demise. In our next analysis we focused
on the older cohort to quantify the magnitude of risk associated with lateral neck disease. We stratified these
patients into NO, pathological N1a, and N1b cohorts. The 5 year DSS was 100% for both NO and pN1a groups
while the 5 years DSS for the N1b cohort was significantly lower at 91% (p = 0.001). Patients with pN1b disease
similarly had poorer distant RFS compared with pNO/Nx and pN1a patients (84% vs. 99%, p=0.001). The
presence of lateral neck disease in older patients was an independent predictor of worse DSS and distant RFS
on multivariate analysis, conferring a 10-fold increased risk of distant metastases and death (9).

CHAPTER 8: Pattern of Neck Recurrence Following Lateral Neck Dissection for Cervical Metastases in Papillary
Thyroid Cancer

Much of the prognosis of patients with thyroid cancer is dependent on tumor biology. Treatment options
offered by clinicians are often secondary. Management of clinically apparent nodal disease in well
differentiated thyroid cancer is first and foremost with surgical resection. The extent of lateral neck dissection
offered to thyroid cancer patients however varies between clinicians since the optimal extent of dissection
is unclear. We therefore went on to compare patients with clinically detectable nodal disease managed by
comprehensive lateral neck dissection and those who had a more selective neck dissection. We found that
patients undergoing comprehensive lateral neck dissection (level lla, IlI, IV, Vb) have comparable rates of neck
recurrence compared to patients managed by selective lateral neck dissection (level lll, IV, +/-Va). However,
the pattern of nodal recurrence is different between the two cohorts of different extents of neck dissection
performed. When assessing the rate of recurrence in the ipsilateral operated neck, rates of recurrence at
5 years were significantly lower in the comprehensive neck dissection group (98% vs. 89%, p =0.007). Our data
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suggests that ipsilateral neck control is improved with a comprehensive initial nodal clearance. We conclude
that a comprehensive neck dissection provides the best neck control in patients with lateral neck disease and
should be the treatment of choice in patients with clinically or radiologically demonstrated nodal disease.
However, selective neck dissection may be considered in patients who have very low volume disease. (10).

CHAPTER 9: Management and Outcome of Clinically Evident Neck Recurrence in Patients with Papillary
Thyroid Cancer

Disease recurrence in thyroid cancer occurs most frequently in the neck. Overall recurrence rates in
differentiated thyroid cancer are reported to be as high as 30% (11). The most common site of recurrence is
in the cervical LNs. However, relatively little is known about recurrence characteristics and outcomes after
nodal recurrence. Therefore, next, we went on to assess the outcomes of patients who developed a neck
node recurrence. We report an overall nodal recurrence rate of 3% with a median follow up of 62 months
in our series. Of the patients that developed a neck recurrence, the majority had advanced stage primary
tumor (T3/4) (63%) and 78% had nodal disease at presentation. Nodal recurrence was most common in the
lateral neck (74%) followed by the central neck (15%) and both compartments in 10%. These recurrences were
treated with surgery alone in 66%, surgery and RAl in 22% and non surgical (RAl or EBRT) in 10%. Reassuringly,
the overall 5 year DSS after salvage surgery for nodal recurrence remained excellent at 97% (12).

CHAPTER 10: Effectiveness of Routine Ultrasonographic Surveillance of Patients with Low-Risk Papillary
Carcinoma of the Thyroid

Just as preoperative nodal assessment now routinely includes sonographic evaluation, postoperative
surveillance for thyroid cancer recurrence also includes routine assessment of the neck for local and regional
disease recurrence. As a result, the use of postoperative US surveillance has increased exponentially in recent
years. In light of the increasing incidence of differentiated thyroid cancer, particularly in the low-risk category,
we went on to measure the cost effectiveness of routine neck ultrasound in the low risk cohort. Between 2000
and 2010, 752 low risk differentiated thyroid cancer patients were surgically managed. With a median follow
up of 34 months, the relative number of surveillance ultrasounds increased, from 11 ultrasounds for a total
of 69 patients, to 247 ultrasounds in 290 patients under surveillance. This correlates to a 5.3 fold increase in
incidence of US with only a total of 3 recurrences detected in the 10 years period. Our study suggested that
the increased use of neck sonography for the detection of recurrence is not cost effective and may not be
warranted in the low risk cohort (13).

CHAPTER 11: Cost Effectiveness Analysis of Thyroid Cancer Surveillance by ATA Risk-Category

In light of increasing awareness of the cost of healthcare, and continued increase in thyroid cancer diagnoses,
we next analyzed the cost of thyroid cancer surveillance with respect to each recurrence event within ATA low,
intermediate and high-risk categories. We hypothesized that risk-stratified surveillance is not only safe but
also cost-effective. Based on Medicare reimbursements and ATA surveillance recommendations, we calculated
the cost to detect one recurrence event in the low risk group was US$147 000, compared to US$22 000 for
intermediate risk group and US$21 000 for the ATA high-risk cohort. These estimates are conservative but our
analysis highlights the cost of surveillance is at least 7x greater in the low risk cohort. We anticipate the costs
associated with thyroid cancer surveillance will continue to increase with the increased diagnoses of low risk
thyroid cancer (14). We therefore suggest that the routine use of neck US to detect recurrence in patients with
low risk thyroid cancer may not be justifiable.
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Conclusions

This thesis is a comprehensive characterization of the clinicopathologic characteristics of a uniform cohort
of well differentiated thyroid cancer patients. The cohort of 3664 well differentiated thyroid cancer patients
spans the full spectrum of disease severity treated over a 25year period from 1985 to 2010. All of these patients
were diagnosed, treated and followed at a single academic tertiary care cancer center, MSKCC.

Developments in technology have resulted in improved ability to detect disease. High resolution computer
tomography, ultrasonography and nuclear imaging are common place. Measurements of serum thyroglobulin
allow for sensitive detection of potential clinically occult disease. Histopathology slides are reviewed with
greater detail and with synoptic reporting. These technological advances have altered the detail with which we
can scrutinize patients for evidence of the extent of disease at the time of initial diagnosis, within the surgical
specimen and in the surveillance period. Over the same time period, there has been a well-documented global
increase in the diagnosis of patients with low risk well differentiated thyroid cancer in particular, the majority
of which have been attributed to increased (over) diagnosis. There has also been an increased awareness of
cost effective healthcare delivery in the USA. In this thesis, we address the implications of these technological
advances in the treatment of well differentiated thyroid cancer patients. We highlight that an increased ability
to detect disease does not equate to improvement in patient outcome. The increased ability to detect disease
at all timepoints of care, has lead clinicians to face a range of diagnostic, treatment and surveillance dilemmas.
Throughout this thesis we analyze how to use this increased ability to detect disease to achieve improved
patient outcomes, with consideration of economically effective healthcare delivery.

In Part | we demonstrate that preoperative neck ultrasonography has resulted in increased performance of
lateral neck dissections and reduced need for salvage neck dissections in DTC. Analyses in Part Il and IlI, with
increased detail of histopathological review of nodal specimens reveal that nodal disease is a heterogeneous
cohort associated with varying prognostic implications. Furthermore, patients with low volume nodal disease
require an individualized management strategy, not always necessitating adjuvant radioactive iodine therapy.
We demonstrate that lymph node characteristics, particularly ENE and lymph node burden are predictors
of nodal recurrence at all age groups and distant recurrence in the older age group. Part IV described the
pattern of nodal recurrence after lateral neck dissection followed by data showing significantly improved
nodal recurrence rates in a modern cohort of differentiated thyroid cancer patients. In PartV, we address the
need for risk-stratified and cost-effective surveillance approaches to DTC patients in the context of increasing
differentiated thyroid cancer diagnosis around the world.

From our study we can make the following conclusions: some of which have influenced revisions into the
2015 ATA guidelines and 8™ edition of the AJCC staging for thyroid cancer:

- Routine preoperative ultrasound assessment of the cervical nodal basins identifies patients who
benefit from a therapeutic lateral neck dissection leading to an improvement in recurrence free
outcomes.

- Patients with level 7 disease in the anterior mediastinum have comparable outcomes to patients
with level 6 disease. The AJCC 8t edition staging system no longer upstages patients to N1b with the
presence of level 7 disease.

«  Select patients with otherwise favorable primary tumor characteristics and low volume central lymph
node metastases may be safely observed without the need for radioactive iodine. The 2015 American
Thyroid Association guidelines, now allows for patients with low volume disease (<5 positive central
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lymph nodes, smaller than 0.2cm in diameter) to be classified as low risk with the option of avoiding
RAI'if no high risk primary tumor characteristics are present.

Pathological lymph node characteristics such as increasing size, number, ratio, and presence of ENE
negatively impact on prognosis across a continuum. However these nuances for the extent of nodal
disease are not yet fully captured in AJCC staging and ATA risk stratification systems.

Within the central compartment, nodal metastases with ENE are more prognostic of future nodal
recurrence than lymph node size or number in both the older and younger age groups.

Within the lateral compartment, a high ratio of positive to total lymph nodes resected and presence
of ENE are both prognostic of future lateral compartment recurrences in older patients. In younger
patients, the ratio of positive to total number of lymph nodes resected also prognosticate for future
nodal recurrence.

Clinically or radiologically evident lateral neck disease warrants therapeutic neck dissection. The
extent of therapeutic dissection varies between a selective versus comprehensive lateral neck
dissection. The rate of ipsilateral neck recurrence is significantly lower in patients who have a
comprehensive neck dissection. Selective neck dissections should only be done in patients with very
low volume neck disease confined to 1 or 2 neck levels.

The most common site of disease recurrence after initial surgery is within the cervical lymph nodes.
With appropriate work up and salvage surgery, patient outcomes after nodal recurrence remain
excellent with subsequent 5 year disease free survival in excess of 97%.

Postoperative surveillance neck ultrasound has been routine in the follow up of patients with thyroid
cancer including the low risk cohort. Over a period of 10 years, sonography rates in the low risk
category have increased 5.3 fold at our center. This led to a total of 3 structural recurrences detected
in 752 patients. The relative cost of surveillance in the low risk categories were 6 and 7 times greater
than the intermediate and high risk cohorts. Improved cost effective surveillance regimes may be
warranted in select low risk patients.
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Table 1 | Patient and tumor characteristics

Total (n=3664; 100.0%)
Gender Female 2668 (72.8)
Male 996 (27.2)
47 (4-94)
<45 1672 (45.6)
Age (years) > 45
Median (range) <55 1992(544)
9 >55 2485 (67.8)
- 1179 (32.2)
Follicular Carcinoma 129 (3.5)
Histology Hurthle Cell Carcinoma 99 (2.7)
Papillary Carcinoma 3436 (93.8)
T 1874 (51.2)
T2 546 (14.9)
Totage T3 1086 (29.6)
T4 158 (4.3)
NO 2555 (69.7)
N Stage N1a 550 (15.0)
N1b 559(15.3)
MO 3592 (98.0)
MStage M1 72 (2.0)
Stage | 2539 (69.3)
Stage Il 235(6.4)
AJCC 7t Stage Stage lll 565 (15.4)
Stage Iva 322(8.8)
Unknown 3(0.1)
) No 2119(57.8)
Postoperative RAI Yes 1545 (42.2)
Median Follow-up months (range) 55(0-332)
RAI - radioactive iodine
Table 2 | Overall outcomes
5-year 10-year
Overall survival 94.3% 86.2%
Disease specific survival 98.6% 96.2%
Local regional recurrence free probability 99.5% 98.8%
Regional recurrence free probability 96.6% 94.3%
Distant recurrence free probability 98.1% 96.3%
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Future Directions

Contemporary thyroid cancer management is largely based on histopathological features, age and stage at
presentation, response to therapy measured by serial thyroglobulin levels and imaging modalities. There is
increasing understanding and emphasis on the genomic characteristics of thyroid cancer. However, at this
time its role has remained in the realm of thyroid cancer diagnosis. While driver mutations causing PTC are
now identifiable in 96.5% of all PTCs (15), no mutation or combination of mutations are currently considered
indicators to increase the extent of surgical dissection, or increase the use of adjuvant therapy.

While targeted therapies have now largely replaced cytotoxic chemotherapy agents, their role remains limited
to the management of patients with RAl refractory disease and patients with distant metastases (16). Although
these targeted therapies have improved overall survival for patients with advanced disease, there are as yet no
approved agents for use in patients with high-risk locoregional disease. It can be anticipated that the number
of approved targeted therapies for thyroid cancer will likely increase in the coming decade with our increased
understanding of the genomics of thyroid cancer.

The mutational classification of thyroid tumors tends to correspond well to conventional histopathological
subtypes; with BRAF-like tumors corresponding to PTC and RAS-like tumors corresponding to follicular
variants of papillary carcinomas and and follicular cancers (15). Further improved characterization of the
relationship between genomic profiles and tumor behavior may allow identification of patients likely to
develop progressive disease. These patients may benefit from early administration of targeted therapies prior
to disease recurrence.

The subgroup of older patients with evidence of lateral compartment (N1b) disease at the time of diagnosis
have significantly poorer outcomes. Previous publications from our center, demonstrate that in older patients
in the N1b group, development of distant disease is a surrogate marker for disease specific death (9). We are
working towards identifying mutational markers associated with the development of distant metastases in this
high-risk patient population. Using targeted next generation sequencing we hope to identify the mutations,
which drive the distant metastases phenotype. This may allow the early identification and treatment of such
high-risk patients, and ultimately aim for development of new, targeted therapy.

Future identification of genetic alterations that drive the distant metastases phenotype may allow the early
identification and treatment of high-risk patients, and ultimately identify pathways suitable for new targeted
therapy. As new molecular markers and targeted therapies become available, it will be increasingly crucial for
ongoing dialogue between members of the treating multidisciplinary team. Ultimately, discussion is required
between the surgeon, patient, endocrinologist, medical oncologist, and/or radiation oncologist, in making
precise individual treatment decisions.
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SUMMARY

In the past three decades, the incidence of thyroid cancer has nearly tripled, from 4.9 to 14.3 per 100,000
individuals, making thyroid cancer one of the fastest increasing cancers in the United States. Similar trends
are seen in many parts of the world. The majority of newly diagnosed cases are small, low-risk papillary
cancers and the overall mortality has remained stable for this disease at approximately 0.5 deaths per 100,000
individuals. These observations suggest the incidence reflects increased detection of occult subclinical
disease due to increased screening, rather than a true increased occurrence of thyroid cancer. Over the same
time period, clinical management of thyroid carcinoma has evolved from a ‘one-size fits-all' management
approach to one that is based on risk-stratification; tailoring treatment to the risk of recurrence and death.
This shift in management philosophy has arisen in part due to better understanding of primary tumor
characteristics and its impact on prognosis. The impact of lymph node metastases however remains less well
defined. Management of regional lymph nodes varies depending on individual or institutional philosophies
and is supported by limited data. The diagnostic, prognostic and therapeutic implications of regional lymph
node metastases in differentiated thyroid carcinoma (DTC) warrants further investigations and is the topic of
this thesis.

Chapter 1 describes changes in the preoperative assessment of nodal disease over time and its impact on
recurrence. Traditionally, clinical palpation was used to detect nodal disease. However, the increasing use of
imaging now detects subclinical disease which would have been previously undiagnosed. Recurrence rates
in patients with and without preoperative neck ultrasound are directly compared. We demonstrated that
preoperative neck ultrasound increases rate of initial lateral neck dissection and reduces need for re-operative
salvage neck dissections.

Chapter 2 outlines improvements in our understanding of central compartment nodal disease on recurrence.
The 7% ed AJCC nodal staging considered nodal disease in level 6 to be N1a disease while disease below the
sternal notch was level 7 and upstaged to N1b. We compared patients with level 6 only disease to patients
with level 7 disease and demonstrated comparable outcomes, suggesting that level 7 should be considered
N1a status. Since our publication, AJCC 8" edition now appropriately stages level 7 disease as stage N1a. In
this chapter we also studied the recurrence rates in patient with low volume central nodal disease. Patients
with pathologically confirmed central compartment lymph node metastases are considered to be at a higher
risk of recurrence and as such, many clinicians administer adjuvant radioactive iodine (RAI) therapy with the
intention of reducing risk of nodal recurrence in these patients. Analysis of our dataset suggests that highly
selected papillary thyroid cancer patients with incidental central compartment nodes smaller than 5mm
and with no other adverse features in the primary tumor may be safely managed without additional surgery
or adjuvant RAI In addition, we found that in patients with positive central compartment nodes, lymph
node diameter, number of lymph node metastasis and lymph node extracapsular spread to be predictive
for neck recurrence. With the strongest predictor of nodal recurrence to be the presence of lymph node
extracapsular spread.

Chapter 3 focuses on characteristics of lateral compartment nodal metastases and its impact on outcomes.
We found that the strongest lateral neck nodal characteristic predictive for recurrence is lymph node burden
>17% (presence of greater than 1 positive lymph node per 6 removed) in both patients <45 and >45 years of
age. In patients >45 years of age, the presence of nodal extracapsular spread is also important. Furthermore,
our findings indicate that older patients with clinically apparent lateral neck disease are at higher risk of
disease related death compared to those without. The cause of death in these older N1b patients is due to
distant metastases rather than locoregional recurrence.
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Chapter 4 goes on to describe nodal recurrence patterns and subsequent outcomes in these patients in two
publications. We report that patients with clinically detectable nodal disease managed by comprehensive
lateral neck dissection have lower rates of ipsilateral neck recurrence compared to patients managed by
selective lateral neck dissection. We recommend that selective dissection should be reserved for select patients
with low volume disease localized to specific neck levels.. Overall recurrence rates in DTC are reported to be as
high as 30% in literature. In our series, we report clinically evident nodal recurrence occurs in 3.0% of patients.
Such patients are successfully salvaged with surgery and adjuvant therapy with excellent subsequent disease
specific survival of 97.4% at 5 years.

The last chapter 5, outlines changes in postoperative recurrence surveillance and proposes improvements
towards a risk-stratified, cost-effective surveillance approach. We report postoperative ultrasound use has
increased exponentially in recent years across all risk categories. At Memorial Sloan Kettering Cancer Center,
the annual rate of neck ultrasonographies increased 5.3-fold per low-risk PTC patients between 2003 and
2012. 1115 ultrasounds were performed during this time to detect a total of 3 recurrence events. In context
of increasing incidence of low risk differentiated thyroid cancer, intensive postoperative surveillance needs to
be justified in terms of benefit to health outcomes. We analyzed the cost of thyroid cancer surveillance with
respect to each recurrence event within ATA low, intermediate and high-risk categories. The cost to detect a
recurrence in a low-risk patient is more than 7x greater than the cost in a high-risk papillary thyroid cancer
patient. It is difficult to justify this allocation of resources and surveillance strategies in the low risk group
should be reviewed.

The evidence presented in this thesis demonstrates that nodal disease is nuanced, occurring across a
continuum. The understanding of nodal prognostic features will allow more accurate risk stratification,
subsequent individualized management and tailored long-term surveillance. Risk-stratification is central to
quality of patient-care and also vital to delivery of cost-effective healthcare in the context of rapidly rising
incidence of low-risk thyroid cancer.
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SAMENVATTING

In de afgelopen 3 decennia is de incidentie van schildklierkanker bijna verdrievoudigd, van 4.9 naar 14.3 per
100.000 personen, waardoor het een van de snelst groeiende vormen van kanker in de Verenigde Staten is.
Vergelijkbare trends zijn te zien in vele andere delen van de wereld. Een groeiende proportie van nieuw-
gediagnosticeerde gevallen zijn kleine, vaak niet palpabele, papillaire carcinomen met een minimaal
mortaliteitsrisico. De sterfte aan deze ziekte is cumulatief ook stabiel gebleven met ongeveer 0,5 sterfgevallen
per 100.000 personen. Deze observaties suggereren dat de verhoogde incidentie een toegenomen detectie
van occulte subklinische ziekten weerspiegeld, als gevolg van betere en/of toegenomen screening, in plaats
van een reéle toename van het aantal gevallen van schildklierkanker. In dezelfde periode is de klinische
behandeling van schildkliercarcinoom geévolueerd van een one-size fits-all> benadering naar een aanpak
die gebaseerd is op risicostratificatie ofwel het afstemmen van de behandeling op het risico van recidief en
overlijden. Deze verschuiving in de behandelingsstrategie is mede ontstaan aan de hand van een groeiend
begrip van de primaire tumorkarakteristiecken en de invloed daarvan op de prognose. De prognostische
kenmerken van lymfekliermetastasen zijn echter minder goed gedefinieerd. De behandeling van regionale
lymfeklieren varieert afhankelijk van individuele of institutionele opvattingen en wordt slechts ondersteund
door beperkte data. De diagnostische, prognostische en therapeutische implicaties van regionale
lymfekliermetastasen bij goed gedifferentieerd schildkliercarcinoom rechtvaardigen verder onderzoek en
vormen het onderwerp van dit proefschrift

In hoofdstuk 1 worden de temporele veranderingen beschreven met betrekking tot de preoperatieve
beoordeling van halslymfeklieren. Traditioneel vormde klinische palpatie de basis van de diagnostiek. Het
toenemende gebruik van beeldvorming heeft echter de identificatie van subklinische metastasen mogelijk
gemaakt, die voorheen niet gediagnosticeerd werden. Vergelijking van de recidiefpercentages van patiénten
met en zonder preoperatieve echografie van de hals toont aan dat preoperatieve echografie van de hals het
aantal index laterale halslymfeklierdissecties verhoogt en de noodzaak van heroperaties vermindert.

Hoofdstuk 2 schetst verbeteringen in ons begrip van halslymfekliermetastasen in het centrale compartiment
van de hals.Volgens de zevende editie van de AJCC stadiering werden lymfekliermetastasenin niveau6alsN1a
ziekte geduid, terwijl metastasen onder het niveau van de bovenrand van het sternum (Level 7) gestadiéerd
werden als N1b. Wij vergeleken patiénten met Level 6 metastasen en patiénten met level 7 metastasen wat
vergelijkbare uitkomsten laat zien. Dit suggereert dat lymfekliermetastasen in level 7 als N1a status moet
worden beschouwd. Sinds de publicatie van ons artikel over dit onderwerp, wordt in de 8¢ editie van de AJCC
een lymfekliermetastase in level 7 voortaan gestadiéerd als N1a.

Patiénten met pathologisch bevestigde lymfekliermetastasen in het centrale compartiment hebben een
hoger risico op recidief en veel clinici behandelen dit postoperatief met radioactief jodium (RAI) om het
risico op recidief te verminderen. Analyse van onze database suggereert dat een selecte groep patiénten
met papillair schildklier carcinoom met lymfeklieren (<5mm) in het centrale compartiment, zonder slechte
prognostische kenmerken van de primaire tumor, het veilig zonder extra chirurgie of adjuvante RAI kunnen
stellen. Naast de grootte van lymfklier metastasen, suggereert ons onderzoek ook dat het aantal positieve
lymfekliermetastasen en extracapsulaire groei voorspellend zijn voor een recidief in de hals. Van deze factoren
blijkt extracapsulaire groei het meest voorspellend.

Hoofdstuk 3 richt zich op kenmerken van lymfekliermetastasen in de laterale hals en de invloed daarvan
op het klinisch beloop. Ons onderzoek suggereert dat de proportionele metastaselast en extracapsulaire
groei belangrijke prognostische factoren zijn. In patiénten jonger dan 45 jaar is metastaselast > 17%



Samenvatting

(meerdan 1 positieve lymfeklier per zes verwijderde lymfeklieren) de belangrijkste prognostische factor, terwijl
in patiénten ouder dan 45 jaar metastaselast >17% en extracapsulaire groei de prognose bepalen. Voorts
toont ons onderzoek aan dat oudere patiénten met klinisch aantoonbare laterale halslymfekliermetastasen
een hoger risico lopen op sterfte aan schildklierkanker dan patiénten zonder lymfekliermetastasen, in
tegenstelling tot jongere patiénten. De primaire doodsoorzaak bij deze oudere N1b patiénten wordt bepaald
door afstandsmetastasen maar niet door locoregionaal recidief

In hoofdstuk 4 wordt het recidiveringspatroon van lymfekliermetastasen in de laterale hals na chirurgische
behandeling beschreven. Na een volledige laterale halsklierdissectie ontwikkelen patiénten minder
recidieven in de ipsilaterale hals dan patiénten die een selectieve laterale halsklierdissectie hebben
ondergaan. Wij adviseren om selectieve dissecties te reserveren voor geselecteerde patiénten met laag
volume ziekte gelokaliseerd in een specifiek level. In de literatuur wordt een overall recidief percentage van ca
30% beschreven na laterale halsklierdissectie voor het papillair schildklier carcinoom. In onze serie wordt een
klinisch recidiefpercentage van 3,0% geconstateerd. Zulke patiénten hebben na heroperatie plus adjuvante
therapie een uitstekende ziekte specifieke overleving van 97,4% na 5 jaar.

Het laatste hoofdstuk 5 schetst de veranderingen in de postoperatieve follow-up en stelt voor de planning
daarvan te ontwerpen aan de hand van risico en kosteneffectiviteitscriteria. De echografische follow-up
wordt beschreven voor verschillende risicogroepen. De toepassing van postoperatieve echografische follow-
up is de laatste jaren voor alle risicocategorieén exponentieel toegenomen. In het Memorial Sloan-Kettering
Cancer Center is het jaarlijkse aantal echo’s van de hals tussen 2003 en 2012 met een factor 5,3 toegenomen
voor laag-risico papillair schildkliercarcinoom patiénten. Er weren 1115 echo’s uitgevoerd om slechts 3
recidieven te ontdekken. In de context van de toenemende incidentie van het goed-gedifferentieerde laag
risico schildkliercarcinoom moet intensieve postoperatieve surveillance worden gerechtvaardigd. De kosten
voor het opsporen van een recidief bij een patiént met een laag risico zijn meer dan 7x hoger dan de kosten
bij een patiént met een hoog risico op papillair schildkliercarcinoom. Het is daarom moeilijk om toewijzing
van middelen te rechtvaardigen. Surveillance strategieén in de groep met een laag risico moeten daarom
worden herzien.

Het in dit proefschrift beschreven onderzoek illustreert dat de benadering van lymfekliermetastasen van
goed gedifferentieerd schildkliercarcinoom genuanceerd is en zich beweegt op een continuiim. Het begrip
van prognostische lymfeklier kenmerken maakt een nauwkeuriger risico analyse met daaropvolgend een
geindividualiseerde behandeling en lange termijn surveillance mogelijk. Een individuele risico analyse
is cruciaal voor de kwaliteit van de patiéntenzorg en is ook van vitaal belang voor een kosteneffectieve
gezondheidszorg in het licht van een snel toenemend aantal laag risico schildklier carcinoom patiénten.
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