
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
from2005 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
determinedthe influenceofLNRonrecurrencewhileaccount-
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
forPTC,69patientshadconcomitantneckdissections.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-
atedwith recurrence of PTC after initial operation. LNR in PTC
is a tool that canbeused todetermine the likelihoodof thepa-
tient developing recurrent disease and inform postoperative
follow-up.TheOncologist2013;18:157–162

Implications forPractice: PatientswithPTCand lymphnodemetastasesarecurrently stagedaccording topresenceorabsenceof
lymphnodemetastases in anatomic compartments. Theextentof disease in the lymphnodes is not considered in current staging
systems.TheLNRcanbeused to further risk-stratifypatientswithPTC for their riskof recurrence. In thepostoperativeperiod, the
LNR is helpful in deciding frequency of follow-up, the need for radioactive iodine, or to provide amore informed discussionwith
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-
tases is an independent risk factor for recurrence [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-specific survival rates [6]. The strengthof this as-
sociation, however, has variedwidely inother studies [7, 8].

Whenrecurrencedoesoccur, itoften leads toasecondop-
erationthatcarriesahighercomplicationrate,especially if the
recurrence is in thecentralneck [9,10].TreatingPTCwith 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 RAI treatment.

These issueshave ledsomeclinicianstoadvocateforroutine
prophylactic lymph node dissection for PTC [15–17], but the op-
timal approach to the central compartment lymph nodes re-
mainsquite controversial andpracticepatterns varywidely [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 nodemetastases
improves and the indications for lymph node dissection are de-
bated, there is a need to understand how the extent of lymph
nodemetastases affects oncologic outcomes. The recent litera-
turecontainsavarietyofmethodstofurtherrisk-stratifypatients
with PTC and lymph nodemetastases, but the optimal method
has yet to be determined [21–24]. Because the disease-specific
mortality fromPTC isextremely low, themostrelevantoncologic
outcome is disease recurrence. Thepurpose of this studywas to
determine how the lymph node ratio (LNR)may be used to pre-
dict the likelihoodofdisease recurrence.

METHODS
Weconducteda retrospective reviewofourprospectively 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 lymphnode
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-
viding thetotalnumberofmetastatic lymphnodesbythetotal
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 confirmedevidenceofdisease thatwasnotpres-
entat thetimeof initial surgery.Cases inwhichtherewasgross
disease left behind or staged neck dissections were not consid-
ered recurrent disease. Logistic regressionwasused to calculate
the predicted probability function of recurrence for each LNR,
and a threshold total and cLNRwas selected that corresponded
toagreater than50%observedprobabilityof recurrence.

Kaplan-Meier analysis was used to plot disease-free sur-
vival curves. Differences in the Kaplan-Meier estimates using
our threshold total and cLNRswere compared by the log-rank
test. Finally, both univariate andmultivariate 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 sumtest, or�2 testwhereappropriate.Ap
value�.05was considered significant.

RESULTS
Of the217patients undergoing total thyroidectomy for PTCat
our institution between 2005 and 2010, a total of 69 patients
hadconcomitantneckdissections, andthissubsetwasselected
for further analysis. Themedianagewas40years (range18–88)

and 39.1%of patientswere 45 or older (Table 1). In all, 59.4%of
patients were female. Six (8.8%) patients had a history of head
andneck radiationexposure, and five (7.7%)hada familyhistory
of thyroid cancer (Table 1). In all but six patients (8.8%), PTCwas
confirmedbyfineneedleaspirationbiopsy (FNAB)preoperative-
ly; these six patients had FNABs read as suspicious for PTCor hy-
percellular. Themean nodule size was 2.2� 0.2 cm, and 73.9%
hadapalpablenodule (Table1).

Lymphadenopathy was preoperatively palpable by the
surgeon in 21 patients (30.4%), and FNAB confirmed lymph
nodemetastases 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 reportswere reviewed and lymphnode ratios
were calculated forboth the total numberof lymphnodesand
the central compartment lymph nodes retrieved. The mean
total LNRwas0.35�0.04,whereas themeancLNRwas0.45�
0.05 (Table 2).

Regressionwasused tocalculate thepredictedprobability
of recurrence for each patient (Fig. 1). The threshold LNRwas
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 cLNRwas 0.86.

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 LNmetastases 58 (84.1)

Goiter 21 (30.4)

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

Table 2. Lymph node dissection (n� 69)

Variable Value

Central compartment lymph node dissections,
n (%)

35 (50.7)

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

34 (49.3)

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
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Disease-Free Survival and LNR
Wethenevaluated these threshold LNRsby their ability todis-
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 cLNRand total LNR (Fig. 2). Patientswith a to-
tal LNR greater than or equal to the threshold of 0.70 had sig-
nificantlyworse disease-free survival compared to thosewith
a total 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-
viouslyoperatedfieldandtheother50%were inthecontralat-
eral side of the neck.

Multivariate Analysis
Univariateanalysis revealedthatmalesex(hazardratio[HR]:1.3,
95% confidence interval [CI]: 1.1–2.1; p� .04) and LNR (HR: 9.6,
95%CI: 1.9–28.8;p� .01)were significant predictors of disease

recurrence, whereas age, tumor size, extrathyroidal extension,
multifocality, number of metastatic lymph nodes, total lymph
nodeyield,orradioactive iodinetreatmentwerenotsignificantly
associatedwith recurrence (datanot shown).

Todeterminehowstrongly LNRand cLNRwere associated
with recurrence relative to other known predictors of recur-
rence in PTC, we performed multivariate analysis. Instead of
limiting themultivariate 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

Table 3. Multivariate logistic regression for recurrence

Variable HR 95%CI p value

Age 1.0 0.9–1.0 .76

Female sex 0.4 0.1–1.7 .21

Tumor size 0.5 0.2–1.2 .13

Multifocality 0.4 0.1–2.3 .33

Extrathyroidal extension 0.4 0.1–1.5 .17

Lymphovascular invasion 0.6 0.1–4.0 .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 .01a

Total number of lymph nodes 1.0 1.0–1.1 .62
aStatistically significant.
Abbreviations: CI, confidence interval; HR, hazard ratio.

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 numberof lymphnodesbasedon50%
observed probability of recurrence.

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

Figure 2. Disease-free survival. Kaplan-Meier estimates of dis-
ease free recurrenceareplottedbygrouping thepatients accord-
ing to the threshold total (A) and central (B) lymph node ratio.

Abbreviations: cLNR, central lymph node ratio; LNR, lymph
node ratio.
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been previously shown to be important in predicting disease re-
currenceandmortality indifferentiatedthyroidcancer.Age, sex,
tumor size, multifocality, extrathyroidal extension, lymphovas-
cular invasion, extranodal extension, treatmentwith radioactive
iodine, and total LNRwere included in this analysis (Table 3).We
also included total number of lymph nodes dissected in the
modeltocontrolforthevariabilityinlymphnodeyieldthatwould
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%CI: 1.9–26.8,p� .01; Table3). This analysis
was repeatedusing cLNR insteadof total LNR, andcLNRwasalso
strongly associatedwith recurrence (OR: 18.1, 95%CI: 1.5–22.2,
p � .02). Importantly, LNR and cLNR were the only significant
variables in thismodel (Table3).

DISCUSSION
In this study, we describe how LNR in PTC affects the relevant
oncologic outcomeofdisease recurrence. LNR is an important
determinant of recurrence relative to other previously de-
scribed clinicopathologic features associatedwith 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 forother cancers [19, 20, 25], fewstudies 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 whomust de-
cidewho is at greater risk for recurrencebyusingmoreof the in-
formationgleaned fromthe final pathology report.

Numerous studieshaveexamined the issueof lymphnode
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 LNRwas theonly significant
factor associatedwith recurrencewhen combinedwith 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
lymphnodemetastasesasabinaryentityorbycompartments
as in the current American Joint Committee onCancer staging
system. That is, LNR permits further risk stratification of pa-
tientswith lymphnodemetastases rather than grouping a pa-
tientwith1of10 lymphnodespositive in thesamecategoryas
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
cited incorporateall comers, includingpatientswithout lymph
nodemetastases.Manypatientswith lymphnodemetastases
will also have other poor prognostic features such as large tu-
mors or extrathyroidal extension, so when considering only

patients with lymph node metastases, factors such as ex-
trathyroidal extensionmay become less important or are col-
linearwithother factorsas found (Table3). Theother caveat is
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
nodesalonetoassess riskof recurrence.Althoughthenumber
of positive nodes correlated with recurrence, the exact num-
ber of nodes and indications for lymph node dissection has
variedwidely [21,23–24,35].Whenweexamined thenumber
of positive lymph nodes, the association with disease recur-
rencewas not nearly as strong aswith 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
andall fivearepositive, then the lymphnode ratio is 100%.Adif-
ferent (more complete) surgeonmay remove all 10 nodes, but
only 5 of these are positive. In this case, the LNR is only 50%.Ob-
viously,thepatientwithanincompletedissectionismorelikelyto
recur, and thehigher LNR reflects thatdifference.

Notonlydoes intraoperative technique influenceLNR,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 thesepathologic appearingnodes to capturenodeswith
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
discussionwith the patient regarding his or her chances of re-
currence. In the caseof an LNRof0.1, thismight enable the cli-
nician to put the patient at ease,whereaswhile a patientwith
aLNRof0.9canbegivenmorerealisticexpectations regarding
the potential need for future treatment(s). Although this
study did not evaluate various interventions based on LNR, it
maypromptclinicians tosearchfordistantmetastasesandap-
propriately dose radioactive iodine for patients with a higher
LNR. Similarly, a patient with a higher LNRmay warrant more
frequent follow-up ultrasounds or thyroglobulin levels after
the initial treatment phase.

This study is limitedby its retrospectivenature. Even in the
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 usingpopulation-baseddataormultiple in-
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-
cludepatientswith very low lymphnodeyields as thesepatients
will inevitablyhave lymphnoderatiosofzeroorone.Becausewe
do not practice routine prophylactic central neck dissection and
this was a retrospective analysis, this study cannot evaluate this
practice,nordoesitevaluatetheutilityofLNRinpatientswithpri-
marily microscopic disease. All 69 cases included in this study
were therapeutic neck dissections where lymph nodes were
evaluatedwithcytologyor frozensection inaddition topreoper-
ative imaging. Although prophylactic neck dissection has been
debated in the literature, the present study only evaluates the
utilityof LNR ina 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 nodemetastases.
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