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Lymph Node Ratio Predicts Recurrence in Papillary Thyroid Cancer
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Learning Objectives Explain how lymph node ratio can be used to predict disease recurrence for papillary thyroid

cancer.

Cite the threshold total and central lymph node ratios that best predict recurrence.

Describe ways in which lymph node ratio can be useful in guiding postoperative follow-up.

(ABSTRACT

Background. Lymph node metastasis occurs in 20%-50% of
patients presenting for initial treatment of papillary thyroid
cancer (PTC). The significance of lymph node metastases re-
mains controversial, and the aim of this study is to determine
how the lymph node ratio (LNR) may predict the likelihood of
disease recurrence.

Methods. We conducted a retrospective review of patients
undergoing total thyroidectomy for PTC at our institution
from 2005 to 2010. A total LNR (positive nodes to total nodes)
and central lymph node ratio (cLNR) was calculated. Regres-
sion was used to determine a threshold LNR that best pre-
dicted recurrence. Multivariate logistic regression then
determinedtheinfluence of LNR onrecurrence while account-
ing for other known predictors of recurrence. Kaplan-Meier
analysis and the log-rank test were used to compare differ-
ences in disease-free survival.

Results. Of the 217 patients undergoing total thyroidectomy
for PTC, 69 patients had concomitant neck dissections. Sixteen
(23.2%) patients developed disease recurrence. When dis-
ease-free survival functions were compared, we found that
patients with a total LNR =0.7 (p < .01) or a cLNR =0.86
(p = .04) had significantly worse disease-free survival rates
than patients with ratios below these threshold values.
Considering other known predictors of recurrence, we
found that LNR was significantly associated with recur-
rence (odds ratio: 19.5, 95% confidence interval: 4.1-22.9;
p <.01).

Conclusions. Elevated total LNR and cLNR are strongly associ-
ated with recurrence of PTC after initial operation. LNRin PTC
isatoolthat can be used to determine the likelihood of the pa-
tient developing recurrent disease and inform postoperative
follow-up. The Oncologist 2013;18:157-162

Implications for Practice: Patients with PTCand lymph node metastases are currently staged according to presence or absence of
lymph node metastases in anatomic compartments. The extent of disease in the lymph nodes is not considered in current staging
systems. The LNR can be used to further risk-stratify patients with PTC for their risk of recurrence. In the postoperative period, the
LNR is helpful in deciding frequency of follow-up, the need for radioactive iodine, or to provide a more informed discussion with

the patient regarding the likelihood of recurrence.

INTRODUCTION

Lymph node metastases occur in 20%—50% of patients pre-
senting for initial treatment of papillary thyroid cancer (PTC)
[1, 2]. This percentage reaches 90% when considering mi-
crometastatic disease [3]. Presence of lymph node metas-
tasesisanindependentrisk factor forrecurrence [4, 5], and
recurrence can add significant treatment morbidity. Popu-
lation-based studies have demonstrated that lymph node
metastases do carry a small but significant negative effect
ondisease-specificsurvival rates [6]. The strength of this as-
sociation, however, has varied widely in other studies [7, 8].

Whenrecurrence does occur, it often leads to asecond op-
erationthat carries a higher complication rate, especiallyif the
recurrenceisinthe centralneck[9, 10]. Treating PTC with total
thyroidectomy then permits radioactive iodine (RAI) abla-
tion of micrometastatic disease in the lymph nodes and
elsewhere. Recently, the long-term safety of radioactive io-
dine, especially when liberally applied, has been called into
question [11, 12]. More sensitive ultrasonography and se-
rum thyroglobulin measurements are capable of detecting
subcentimeter recurrences in patients treated with thy-
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roidectomy and RAI [13, 14], leading to surgical referral or
repeated RAl treatment.

Theseissues have led some clinicians to advocate for routine
prophylactic lymph node dissection for PTC [15-17], but the op-
timal approach to the central compartment lymph nodes re-
mains quite controversial and practice patterns vary widely [18].
Moreover, performance measures to assess the adequacy or
completeness of lymph node dissection do not exist for PTC as
they do in other cancers for which lymphadenectomy is per-
formed [19, 20]. As the ability to detect lymph node metastases
improves and the indications for lymph node dissection are de-
bated, there is a need to understand how the extent of lymph
node metastases affects oncologic outcomes. The recent litera-
ture contains a variety of methods to further risk-stratify patients
with PTC and lymph node metastases, but the optimal method
has yet to be determined [21-24]. Because the disease-specific
mortality from PTCis extremely low, the most relevant oncologic
outcome is disease recurrence. The purpose of this study was to
determine how the lymph node ratio (LNR) may be used to pre-
dict the likelihood of disease recurrence.

METHODS

We conducted aretrospective review of our prospectively col-
lected thyroid database. We selected patients with PTC un-
dergoing total thyroidectomy with lymph node dissection
between 2005 and 2010. At our institution, patients are of-
fered therapeutic central or lateral compartment lymph node
dissection at the time of their thyroidectomy based on patho-
logically proven lymph node metastases or suspicious lymph
nodes seen intraoperatively or on preoperative imaging.

Data on demographics, number of positive lymph nodes,
lymph node yield, histologic tumor features, and recurrence
were extracted from our database. LNR was calculated by di-
vidingthe total number of metastaticlymph nodes by the total
number of lymph nodes removed for both the central com-
partment alone (cLNR) and the total number of nodes re-
moved. Recurrence was defined as any pathologically or
cytologically confirmed evidence of disease that was not pres-
entatthetime ofinitial surgery. Casesin which there was gross
disease left behind or staged neck dissections were not consid-
ered recurrent disease. Logistic regression was used to calculate
the predicted probability function of recurrence for each LNR,
and a threshold total and cLNR was selected that corresponded
to a greater than 50% observed probability of recurrence.

Kaplan-Meier analysis was used to plot disease-free sur-
vival curves. Differences in the Kaplan-Meier estimates using
our threshold total and cLNRs were compared by the log-rank
test. Finally, both univariate and multivariate regression with
the Cox proportional hazards model was used to determine
the influence of LNR on disease recurrence while accounting
for other known clinical and pathologic predictors of out-
come. Binary comparisons were made using the Student’s t
test, Wilcoxon rank sum test, or x* test where appropriate. Ap
value <.05 was considered significant.

RESULTS

Ofthe 217 patients undergoing total thyroidectomy for PTC at
our institution between 2005 and 2010, a total of 69 patients
had concomitant neck dissections, and this subset was selected
for further analysis. The median age was 40 years (range 18—88)
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Table 1. Preoperative patient characteristics (n = 69)

Variable Value
Median age, years (range) 40 (18-88)
Age =45 years 27 (39.1)
Female sex 41 (59.4)
Family history of thyroid cancer 5(7.7)
History of radiation exposure 6 (8.8)
Mean nodule size (cm = SEM) 2.2+0.2
Palpable nodule 51 (73.9)
Palpable lymphadenopathy 21 (30.4)
FNA-confirmed LN metastases 58 (84.1)
Goiter 21 (30.4)

Data are n (%) unless noted.
Abbreviations: FNA, fine needle aspiration; LN, lymph node; SEM,
standard error of the mean.

Table 2. Lymph node dissection (n = 69)

Variable Value
Central compartment lymph node dissections, 35 (50.7)

n (%)

Central and lateral compartment lymph node 34 (49.3)
dissections, n (%)

Median lymph node yield (range) 20 (3-94)
Median number of positive lymph nodes (range) 4 (0-29)
Mean total lymph node ratio (= SEM) 0.35 £ 0.04
Mean central lymph node ratio (* SEM) 0.45 + 0.05

and 39.1% of patients were 45 or older (Table 1). In all, 59.4% of
patients were female. Six (8.8%) patients had a history of head
and neck radiation exposure, and five (7.7%) had a family history
of thyroid cancer (Table 1). In all but six patients (8.8%), PTC was
confirmed by fine needle aspiration biopsy (FNAB) preoperative-
ly; these six patients had FNABs read as suspicious for PTC or hy-
percellular. The mean nodule size was 2.2 = 0.2 cm, and 73.9%
had a palpable nodule (Table 1).

Lymphadenopathy was preoperatively palpable by the
surgeon in 21 patients (30.4%), and FNAB confirmed lymph
node metastases in 58 patients (84.1%) preoperatively (Table
1). In eight patients (11.6%), one or more lymph nodes were
evaluated by intraoperative frozen section. A total of 35 pa-
tients (50.7%) underwent central compartment lymph node
dissection, whereas 34 patients (49.3%) had both central and
lateral compartments dissected (Table 2).

Threshold LNR

Final pathology reports were reviewed and lymph node ratios
were calculated for both the total number of lymph nodes and
the central compartment lymph nodes retrieved. The mean
total LNRwas0.35 =+ 0.04, whereasthe mean cLNRwas0.45 =
0.05 (Table 2).

Regression was used to calculate the predicted probability
of recurrence for each patient (Fig. 1). The threshold LNR was
calculated by selecting the LNR associated with greater than
50% observed probability of recurrence. For the total lymph
nodes retrieved, this LNR was 0.70 (Fig. 1), whereas the
threshold cLNR was 0.86.
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Figure 1. Probability of recurrence by lymph node ratio (LNR).
The predicted probability of recurrence for each LNR is also dis-
played (black dots). The dashed line indicates the calculated
threshold LNR for the total number of lymph nodes based on 50%
observed probability of recurrence.

Abbreviations: cLNR, central lymph node ratio; LNR, lymph
node ratio.

Disease-Free Survival and LNR

Wethen evaluated these threshold LNRs by their ability to dis-
tinguish disease-free survival curves. In all, 16 of the 69
(23.2%) patients analyzed developed pathologically proven
recurrence, and 14 underwent subsequent operations. The
median time to recurrence was 11.8 months (range 4.3-59.5
months).

Kaplan-Meier estimates for disease-free survival were
plotted for both cLNR and total LNR (Fig. 2). Patients with a to-
tal LNR greater than or equal to the threshold of 0.70 had sig-
nificantly worse disease-free survival compared to those with
atotal LNR less than 0.70 (p < .01, Fig. 2A). Similarly, patients
with a cLNR greater than or equal to the threshold of 0.86 had
worse disease-free survival compared to those with a cLNR
less than 0.86 (p = .04, Fig. 2B).

Only two patients recurred at distant sites outside of the
neck. Of those that recurred in the neck, 50% were in the pre-
viously operatedfield and the other 50% were in the contralat-
eral side of the neck.

Multivariate Analysis

Univariate analysis revealed that male sex (hazard ratio [HR]: 1.3,
95% confidence interval [Cl]: 1.1-2.1; p = .04) and LNR (HR: 9.6,
95% Cl: 1.9-28.8; p < .01) were significant predictors of disease
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Figure 2. Disease-free survival. Kaplan-Meier estimates of dis-
ease freerecurrence are plotted by grouping the patients accord-
ing to the threshold total (A) and central (B) lymph node ratio.

Abbreviations: cLNR, central lymph node ratio; LNR, lymph
node ratio.

Table 3. Multivariate logistic regression for recurrence

Variable HR 95% CI p value
Age 1.0 0.9-1.0 .76
Female sex 04 0.1-1.7 21
Tumor size 0.5 0.2-1.2 13
Multifocality 04 0.1-23 .33
Extrathyroidal extension 04 0.1-15 17
Lymphovascular invasion 0.6 0.1-40 .64
Extranodal extension 1.2 0.3-5.6 .82
Radioactive iodine 7.6 0.5-13.8 .14
Lymph node ratio 20.7 1.9-26.8 .012
Total number of lymph nodes 1.0 1.0-1.1 .62

®Statistically significant.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

recurrence, whereas age, tumor size, extrathyroidal extension,
multifocality, number of metastatic lymph nodes, total lymph
nodeyield, or radioactive iodine treatment were not significantly
associated with recurrence (data not shown).

To determine how strongly LNR and cLNR were associated
with recurrence relative to other known predictors of recur-
rence in PTC, we performed multivariate analysis. Instead of
limiting the multivariate analysis to the significant terms from
the univariate analysis, we chose to include all the variables
due to the low sample size and the fact that these factors have

©AlphaMed Press 2013
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been previously shown to be important in predicting disease re-
currence and mortality in differentiated thyroid cancer. Age, sex,
tumor size, multifocality, extrathyroidal extension, lymphovas-
cularinvasion, extranodal extension, treatment with radioactive
iodine, and total LNR were included in this analysis (Table 3). We
also included total number of lymph nodes dissected in the
modelto controlforthevariability in lymph node yield that would
offset LNRs to zero or one due to low yield. We found that total
LNR was significantly associated with disease recurrence (odds
ratio [OR]: 20.7,95% Cl: 1.9-26.8, p = .01; Table 3). This analysis
was repeated using cLNR instead of total LNR, and cLNR was also
strongly associated with recurrence (OR: 18.1, 95% Cl: 1.5-22.2,
p = .02). Importantly, LNR and cLNR were the only significant
variables in this model (Table 3).

DiscussioN

In this study, we describe how LNR in PTC affects the relevant
oncologic outcome of disease recurrence. LNRisanimportant
determinant of recurrence relative to other previously de-
scribed clinicopathologic features associated with disease re-
currence in PTC. Furthermore, we provide threshold LNRs
(0.70 for total LNR and 0.86 for cLNR) that indicate increased
probability of recurrence. We believe this information can as-
sist clinicians who care for patients with PTC and lymph node
metastases in the postoperative period.

Although LNR and optimal node yield have been well de-
scribed for other cancers [19, 20, 25], few studies exist for LNR in
PTC [26]. Unlike other analyses of LNR, we provide a calculated
threshold LNR rather than dividing LNRs into arbitrary divisions
[26]; these thresholds are useful for the clinician who must de-
cide who is at greater risk for recurrence by using more of the in-
formation gleaned from the final pathology report.

Numerous studies have examined the issue of lymph node
metastases in PTC, but these studies simply examine lymph
node metastases as a binary factor (presence vs. absence),
and controversy has surrounded the impact of lymph node
metastases on recurrence and survival [4, 27-28]. Our results
support the notion of lymph node metastases as a risk factor
for recurrence given that a higher LNR was the only significant
factor associated with recurrence when combined with other
known determinants of recurrence in a multivariate analysis
(Table 3). Moreover, LNR provides a quantitative assessment
of the extent of lymph node disease rather than considering
lymph node metastases as a binary entity or by compartments
asinthe current American Joint Committee on Cancer staging
system. That is, LNR permits further risk stratification of pa-
tients with lymph node metastases rather than grouping a pa-
tientwith 1 of 10 lymph nodes positive in the same category as
a patient with 9 of 10 lymph nodes positive.

Several prognostic schemes place importance on factors
such as tumor size and extrathyroidal extension in addition to
age and sex [29-34], although these factors were not signifi-
cant in our multivariate analysis (Table 3). The results pre-
sented here, however, cannot be directly compared to these
studies because we only evaluated a subset of patients with
known lymph node metastases. All the prognostic schemes
citedincorporateall comers, including patients withoutlymph
node metastases. Many patients with lymph node metastases
will also have other poor prognostic features such as large tu-
mors or extrathyroidal extension, so when considering only
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patients with lymph node metastases, factors such as ex-
trathyroidal extension may become less important or are col-
linear with otherfactors asfound (Table 3). The other caveatis
that these staging systems incorporate both papillary and fol-
licular histology, whereas this study only includes PTC.

Several authors have examined the number of positive
nodes aloneto assessrisk of recurrence. Although the number
of positive nodes correlated with recurrence, the exact num-
ber of nodes and indications for lymph node dissection has
varied widely [21, 23-24, 35]. When we examined the number
of positive lymph nodes, the association with disease recur-
rence was not nearly as strong as with LNR (OR: 2.08 vs. 20.7).
This study demonstrated the patient-to-patient variability in
nodal yield, especially in the central compartment (Table 2).
Therefore, LNR assesses the proportion of positive nodes in
each compartment and provides a quality assessment of the
completeness of lymph node dissection within the compart-
ment. As an example, assume that a central neck compart-
ment contains 10 lymph nodes. If a surgeon only removes five
and all five are positive, then the lymph node ratio is 100%. A dif-
ferent (more complete) surgeon may remove all 10 nodes, but
only 5 of these are positive. In this case, the LNR is only 50%. Ob-
viously, the patient withanincomplete dissectionis more likely to
recur, and the higher LNR reflects that difference.

Notonly doesintraoperative technique influence LNR, but
preoperative lymph node evaluation can also assist the sur-
geon in deciding the appropriate extent of dissection. Preop-
erative imaging identifies the highest pathologic nodes. Then,
the surgeon should carry his or her dissection one level be-
yond these pathologic appearing nodes to capture nodes with
micrometastatic disease and a “margin” of negative nodes.
This practice obviously lowers the LNR and decreases the
chance of recurrence [36-38].

Further stratifying patients with lymph node metastases
has several advantages. First, it allows for a more informed
discussion with the patient regarding his or her chances of re-
currence. Inthe case ofan LNR of 0.1, this might enable the cli-
nician to put the patient at ease, whereas while a patient with
aLNRof 0.9 can be given more realistic expectations regarding
the potential need for future treatment(s). Although this
study did not evaluate various interventions based on LNR, it
may promptclinicians to search for distant metastasesand ap-
propriately dose radioactive iodine for patients with a higher
LNR. Similarly, a patient with a higher LNR may warrant more
frequent follow-up ultrasounds or thyroglobulin levels after
theinitial treatment phase.

This study is limited by its retrospective nature. Eveninthe
context of a single institution, great variability exists in the
conduct, extent, and yield of lymph node dissection among
surgeons, and this is especially evident in our data on central
compartment lymph node dissection. Lymph node yield de-
pends on how extensively lymph nodes are sought and
counted in the specimen, introducing another source of vari-
ability that may reduce the LNR denominator. Hence, sur-
geon, patient, and pathologist factors can influence the
ultimate LNR calculation. The single-institution nature of this
study should limit this bias. Nonetheless, this variability com-
bined with a low sample size may have biased our calculation
of a threshold lymph node ratio to a higher number and may
limit widespread applicability of this data.
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Future studies using population-based data or multiplein-
stitutions will increase the sample size, dampening the effect
of such variability. Our group is currently pursuing these stud-
ies to provide more accurate data on LNR. A low sample size
also limited our ability to perform subset analyses and to ex-
clude patients with very low lymph node yields as these patients
will inevitably have lymph node ratios of zero or one. Because we
do not practice routine prophylactic central neck dissection and
this was a retrospective analysis, this study cannot evaluate this
practice, nor doesit evaluate the utility of LNR in patients with pri-
marily microscopic disease. All 69 cases included in this study
were therapeutic neck dissections where lymph nodes were
evaluated with cytology or frozen section in addition to preoper-
ative imaging. Although prophylactic neck dissection has been
debated in the literature, the present study only evaluates the
utility of LNR in a therapeutic setting.

Despite these limitations, this study demonstrated a very
strong association between LNR and disease recurrence in
PTC. We feel that LNR can be a useful tool for clinicians in-

volved in the postoperative treatment, surveillance, and
counseling of patients with PTC and lymph node metastases.

AUTHOR CONTRIBUTIONS

Conception and design: David F. Schneider, Herbert Chen, Rebecca S. Sippel

Provision of study material or patients: David F. Schneider, Herbert Chen, Re-
becca S. Sippel

Collection and/or assembly of data: David F. Schneider, Herbert Chen, Re-
becca S. Sippel

Data analysis and interpretation: David F. Schneider, Haggi Mazeh, Herbert
Chen, Rebecca S. Sippel

Manuscript writing: David F. Schneider, Haggi Mazeh, Herbert Chen, Rebecca
S. Sippel

Final approval of manuscript: David F. Schneider, Haggi Mazeh, Herbert Chen,
Rebecca S. Sippel

DISCLOSURES

The authors indicated no financial relationships.

Section Editor: Stan Sidhu: None

Reviewer “A”: None

(C/A) Consulting/advisory relationship; (RF) Research funding; (E) Employment; (H) Honoraria
received; (Ol) Ownership interests; (IP) Intellectual property rights/inventor/patent holder; (SAB)
Scientific advisory board

REFERENCES

1. Grubbs EG, Evans DB. Role of lymph node dis-
section in primary surgery for thyroid cancer. J Natl
Compr Canc Netw 2007;5:623—-630.

2. Noguchi S, Noguchi A, Murakami N. Papillary
carcinoma of the thyroid: Developing pattern of
metastasis. Cancer 1970; 26:1053-1060.

3.QubainSW, Nakano S, Baba M et al. Distribution
of lymph node micrometastasis in pNO well-differ-
entiated thyroid carcinoma. Surgery 2002;131:
249-256.

4. Mazzaferri EL, Young RL. Papillary thyroid carci-
noma: A 10-year follow-up report of the impact of
therapy in 576 patients. Am J Med 1981;70:511-518.

5.WadaN, Suganuma N, Nakayama H et al. Micro-
scopic regional lymph node status in papillary thy-
roid carcinoma with and without lymphadenopathy
and its relation to outcomes. Arch Surg 2007;392:
417-422.

6.ZaydfudimV, Feurer ID, Griffin MR, Phay JE. The
impact of lymph node involvement on survival in
patients with papillary and follicular thyroid carci-
noma. Surgery 2008;144:1070-1078.

7. Lundgren Cl, Hall P, Dickman PW, Zedenius J. Clin-
ically significant prognostic factors for differentiated
thyroid carcinoma: A population-based, nested case-
control study. Cancer 2006;106:524-531.

8.Scheumann GF, Gimm O, Wegener G et al. Prog-
nostic significance and surgical management of lo-
coregional lymph node mestastases in papillary
thyroid cancer. World J Surg 1994;18:559-567.

9. Schuff KG, Weber SM, Givi B et al. Efficacy of
nodal dissection for treatment of persistent/recur-
rent papillary thyroid cancer. Laryngoscope 2008;
118:768-775.

10. Sippel RS, Chen H. Controversiesin the surgical
management of newly diagnosed and recurrent/re-
sidual thyroid cancer. Thyroid 2009;19:1373-1380.

11.Sacks W, Fung CH, ChangJT et al. The effective-
ness of radioactive iodine for treatment of low-risk
thyroid cancer: A systematic analysis of the peer-
reviewed literature from 1966 to April 2008. Thy-
roid 2010;20:1235-1245.

12. lyer NG, Morris LG, Tuttle RM et al. Rising inci-
dence of second cancers in patients with low-risk
(T1NO) thyroid cancer who receive radioactive io-
dine therapy. Cancer 2011;117:4439-4446.

www.TheOncologist.com

13.AhnJE, LeeJH,YiJSetal. Diagnosticaccuracy of
CT and ultrasonography for evaluating metastatic
cervical lymph nodes in patients with thyroid can-
cer. World J Surg 2008;32:1552-1558.

14. Kloos RT. Thyroid cancer recurrence in pa-
tients clinically free of disease with undetectable or
very low serum thyroglobulin values. J Clin Endocri-
nol Metab 2010;95:5241-5248.

15. Sywak M, Cornford L, Roach P et al. Routine ip-
silateral level VI lymphadenectomy reduces post-
operative thyroglobulin levels in papillary thyroid
cancer. Surgery 2006;140:1000-1005.

16.Hughes DT, White ML, Miller BBetal. Influence
of prophylactic central lymph node dissection on
postoperative thyroglobulin levels and radioiodine
treatmentin papillary thyroid cancer. Surgery 2010;
148:1100-1106.

17.Tisell LE, Nilsson B, Molne J etal. Improved sur-
vival of patients with papillary thyroid cancer after
surgical microdissection. World J Surg 1996;20:
854-859.

18. Mazzaferri EL, Doherty GM, Steward DL. The
pros and cons of prophylactic central compartment
lymph node dissection for papillary thyroid carci-
noma. Thyroid 2009;19:683-689.

19. Engstrom PF, Benson AB, Chen YJ et al. Colon
cancer clinical practice guidelinesin oncology. J Natl
Compr Canc Netw 2005;3:468—-491.

20. Chagpar AB, Scoggins CR, Martin RC et al. Fac-
tors determining adequacy of axillary node dissec-
tion in breast cancer patients. Breast J 2007;13:
233-237.

21. Leboulleux S, Rubino C, Baudin E et al. Prog-
nostic factors for persistent or recurrent disease of
papillary thyroid carcinoma with neck lymph node
metastases and/or tumor extension beyond the
thyroid capsule at initial diagnosis. J Clin Endocrinol
Metab 2005;90:5723-5729.

22. Bardet S, Malville E, Rame JP et al. Macroscopic
lymph-node involvement and neck dissection predict
lymph-node recurrence in papillary thyroid carci-
noma. EurJ Endocrinol 2008;158:551-560.

23. Sugitani |, Kasai N, Fujimoto Y et al. A novel
classification system for patients with PTC: Addition
of the new variables of large (3 cm or greater) nodal

metastases and reclassification during the fol-
low-up period. Surgery 2004;135:139-148.

24, Ricarte-FilhoJ, Ganly |, Rivera M et al. Papillary
thyroid carcinomas with cervical lymph node me-
tastases can be stratified into clinically relevant
prognostic categories using oncogenic BRAF, the
number of nodal metastases, and extra-nodal ex-
tension. Thyroid 2012;22:575-584.

25. MocellinS, PasqualiS, Rossi CR et al. Validation of
the prognostic value of lymph node ratio in patients
with cutaneous melanoma: A population-based study
of 8,177 cases. Surgery 2011;150:83-90.

26. Beal SH, Chen SL, Schneider PD et al. An evalu-
ation of lymph node yield and lymph node ratio in
well-differentiated thyroid carcinoma. Am Surg
2010;76:28-32.

27. Hughes CJ, Shaha AR, Shah JP et al. Impact of
lymph node metastasis in differentiated carcinoma
of the thyroid: A matched-pair analysis. Head Neck
1996;18:127-132.

28. Podnos YD, Smith D, Wagman LD et al. The im-
plication of lymph node metastasis on survivalin pa-
tients with well-differentiated thyroid cancer. Am
Surg 2005;71:731-734.

29Byar DP, Green SB, Dor P et al. A prognostic in-
dex for thyroid carcinoma: A study of the EORTC
Thyroid Cancer Cooperative Group. Eur J Cancer
1979;15:1033-1041.

30. Hay ID, Grant CS, Taylor WF et al. Ipsilateral lo-
bectomy versus bilateral lobar resection in papillary
thyroid carcinoma: Aretrospective analysis of surgi-
cal outcome using a novel prognostic scoring sys-
tem. Surgery 1987;102:1088-1095.

31. Cady B, Rossi R. An expanded view of risk-
group definition in differentiated thyroid carci-
noma. Surgery 1988;104:947-953.

32.HayID, Bergstralh EJ, Goellner JR et al. Predict-
ing outcome in papillary thyroid carcinoma: Devel-
opment of a reliable prognostic scoring systemin a
cohort of 1779 patients surgically treated at one in-
stitution during 1940 through 1989. Surgery 1993;
114:1050-1057.

33. Mazzaferri EL, Jhiang SM. Long-term impact of
initial surgical and medical therapy on papillary and
follicular thyroid cancer. Am J Med 1994;97:418 -
428.

©AlphaMed Press 2013



162

Lymph Node Ratio and Thyroid Cancer Recurrence

JND

34.Sherman S|, Brierley JD, Sperling M et al. Pro-
spective multicenter study of thyroid carcinoma
treatment: Initial analysis of staging and out-
come. National Thyroid Cancer Treatment Coop-
erative Study Registry Group. Cancer 1998;83:
1012-1021.

35. Ito Y, Fukushima M, Tomoda C et al. Prognosis
of patients with papillary thyroid carcinoma having

This article is available for continuing medical education credit at CME.TheOncologist.com.

clinically apparent metastasis to the lateral com-
partment. EndocrJ 2009;56:759-766.

36. Poehls JL, Chen H, Sippel RS. Preoperative ul-
trasonography findings predict the need for re-
peated surgery in papillary thyroid cancer. Endocr
Pract 2012;18:403—-409.

37. Porterfield JR, Factor DA, Grant CS. Operative
technique for modified radical neck dissection in

\

papillary thyroid carcinoma. Arch Surg 2009;144:
567-574.

38.I1to Y, Tomoda C, Uruno T, Takamura Y et al.
Preoperative ultrasonographic examination for
lymph node metastasis: Usefulness when designing
lymph node dissection for papillary microcarci-
noma of the thyroid. World J Surg 2004;28:
498-501.

©AlphaMed Press 2013

O%ecologist“




