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Prognostic Implications of Lymph Node Yield
and Lymph Node Ratio in Papillary Thyroid Carcinoma

Jonathan H. Vas Nunes, Jonathan R. Clark,>® Kan Gao,* Elizabeth Chua,” Peter Campbell ?
Navin Niles,® Ash Gargya,® and Michael S. Elliott*®

Background: The lymph node yield (LNY) and the lymph node ratio (LNR) have been shown to be important
prognostic factors in oral, colon, and gastric cancers. The role of the LNY and LNR in papillary thyroid cancer
(PTC) is unclear. The aims of this study were to determine if a high LNR and a low LNY decrease disease-free
survival rates. This study further aimed to determine an optimum nodal yield.

Methods: A retrospective analysis was conducted of 198 patients with PTC undergoing total thyroidectomy with
neck dissection between 1987 and 2011. The LNY and LNR were adjusted by relevant covariates in a multi-
variate Cox regression analysis with Andersen—Gill extension.

Results: The LNR was associated with a decrease in disease-free survival (hazard ratio 3.2 [95% confidence
interval 1.4-7.3], p=0.005). Patients with an LNR of 0.30 or higher had a 3.4 times higher risk of persistent or
recurrent disease compared with patients with an LNR of 0.00 ([95% confidence interval 1.1-10.5], p=0.031).
Conversely, patients with an LNR of 0.11 or lower had an 80% chance of remaining disease free during 5 years of
follow-up. The LNY showed no significant independent effect and an optimum nodal yield was not determined.
Conclusions: The LNR is an important independent prognostic factor in PTC and can be used in conjunction
with existing staging systems. A clinical relevant cut-off point of 0.3 (one positive lymph node out of three total)

is proposed. No prognostic implications for LNY were identified.

Introduction

DIFFERENTIATED THYROID CANCER Is commonly associ-
ated with lymph node metastases. Despite this, the
prognosis for most patients is excellent. With rates of micro-
metastases reported to be up to 90%, the prognostic signifi-
cance of nodal metastases without consideration of
concurrent predictors such as size, extracapsular spread, and
number of involved nodes is questionable, particularly as
prophylactic central compartment dissection has become
more prevalent (1).

The American Joint Committee on Cancer TNM classifica-
tion and other staging systems have been designed to predict
disease-specific survival but are less reliable in predicting the
risk of persistent or recurrent disease (2). Recent studies have
demonstrated lymph node yield (LNY, the total number of
lymph nodes dissected) and lymph node ratio (LNR, the

number of positive lymph nodes divided by the total amount
of lymph nodes) to be independent predictors of regional
failure and survival in oral squamous cell carcinoma (3,4). To
enable better risk stratification and selection for adjuvant
therapy, we suggest the LNR be used in conjunction with
existing staging systems. Similar findings have been de-
scribed for gastric, colon, and medullary thyroid cancer
(5-10).

Beal et al. (11) evaluated the impact of the LNY and LNR on
overall survival in patients with papillary thyroid cancer
(PTC) but were unable to demonstrate any significant rela-
tionship with LNR, and the role of LNY was unclear. Lang
et al. (12) found an association between the LNR and stimu-
lated postoperative thyroglobulin (Tg) in patients who un-
derwent a prophylactic unilateral central neck dissection
(CND), suggesting an increase in recurrence rate with a higher
LNR. Recently Yip et al. (13) conducted a study in 253 patients,
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of which 49% underwent a formal neck dissection, and also
found LNR to be an independent prognostic factor. Un-
fortunately, none of these studies have identified an LNR
value that could be used in clinical practice.

The primary aim of this study was to determine whether
LNY and LNR are predictors of recurrence and survival in
patients with PTC. It is hypothesized that a high LNR reduces
disease-free survival, and a high LNY increases disease-free
survival. The secondary aim was to identify a minimal or
optimum nodal yield.

Material and Methods

The Sydney Head and Neck Cancer Institute at the Royal
Prince Alfred Hospital, Australia, maintains a prospective
clinicopathologic database. A retrospective search including
additional patients from Liverpool Hospital, Sydney, Aus-
tralia, identified 248 patients with PTC who underwent a
total thyroidectomy and CND and/or lateral neck dissection
(LND) between 1987 and 2011. A maximum of 3 months after
the primary surgery was allowed for a completion procedure
or neck dissection (patients who underwent subsequent neck
dissection for recurrent disease were not eligible for inclu-
sion). There were 50 patients who were excluded for the
following reasons: patients that underwent intraoperative
lymph node sampling (Delphian or paratracheal lymph
node removal but no en bloc dissection of the central com-
partment, n=16), incomplete patient data (1=32), and the
presence of other head and neck malignancy (1=2), leaving
198 patients suitable for analysis. Mean follow up was 36
months.

Ultrasound was used as a routine preoperative investiga-
tion of patients with thyroid cancer. Computed tomography
(CT) was used if there was concern regarding tracheal inva-
sion or retrosternal extension of the thyroid gland. The main
indications for central compartment therapeutic dissections
were (i) bulky, palpable disease, (ii) nodal disease discovered
at the time of thyroidectomy, or (iii) (incidental) finding of
central compartment disease on CT or ultrasound. Patients
with lateral neck disease usually underwent concurrent cen-
tral compartment dissection. Indications for elective CND
were large primary tumor or evidence of extrathyroidal
extension.

To determine disease-free survival, events were defined as
(i) surgery for PTC more than 3 months after primary surgery,
(ii) radioactive iodine (RAI) treatment more than 12 months
postthyroidectomy, (iii) radiological evidence of disease
supported by biopsy or nuclear scan, or (iv) >2ng/mL stim-
ulated serum Tg (sTg) levels at least 6 months after RAI ab-
lation. A cut-off stimulated Tg level of 2ng/mL was chosen
according to the criteria on absence of persistent disease ac-
cording to the latest American Thyroid Association Thyroid
Guidelines (14). Patients with sTg levels >2ng/mL or show-
ing clinical or radiological evidence of disease at 12 months
postthyroidectomy are said to have persistent disease. Pa-
tients with no objective criteria for persistent disease at 12
months postoperative who subsequently develop disease are
classified as having recurrent disease.

All statistics were two-sided, with p <0.05 considered sig-
nificant. Analyses were performed with PASW Statistics
version 18.0 (SPPS Inc., IBM Corp., Armonk, NY) and STATA
version 11.0 (StataCorp LP, College Station, TX). A purposeful
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technique for selection of covariates was used to develop a
final multivariate model, including significant covariates and
potential confounders (established prognostic factors) (15).
Kaplan-Meier survival estimates and multivariate Cox re-
gression analysis with Andersen—Gill extension to allow for
multiple event analysis were used to analyze associations
with disease-free survival of the LNR and LNY as continuous
(with square root transformation) and as categorical variables
(16).

Results

The study population consisted of 198 patients with a
median age of 45.0 years (range, 17.8-94.3 years). Relevant
clinicopathologic data are summarized in Table 1.

All patients underwent a total thyroidectomy and CND
or LND (Table 2), and 14 underwent a completion

TaABLE 1. PATIENT CLINICOPATHOLOGICAL CHARACTERISTICS

Variable n (%)
Sex

Female 130 (66)

Male 68 (34)
Age, years

<45 98 (49)

>45 100 (51)
Tumor type

Classical PTC 128 (64)

Follicular variant PTC 55 (28)

Other variants of PTC* 15 (8)
Multifocality

Absent 97 (49)

Present, unilateral 40 (20)

Present, bilateral 61 (31)
Extrathyroidal extension

Absent 124 (63)

Present 74 (37)
Lymphovascular invasion

Absent 159 (80)

Present 39 (20)
Surgical margin

Absent 159 (80)

Present 39 (20)
Maximum diameter

<10 mm 45 (23)

11-20mm 78 (39)

21-40 mm 56 (28)

>40 mm 19 (10)
pT classification

T1 85 (43)

T2 33 (17)

T3 67 (34)

T4a 12 (6)
PN classification

NO 50 (25)

Nla 73 (37)

N1b 75 (38)
Extranodal spread

Absent 161 (81)

Present 37 (19)

“Including tall cell (n=5), solid (1=4), and diffuse sclerosing (n=3)
variants.
PTC, papillary thyroid carcinoma.
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TABLE 2. NECK DISSECTIONS TaBLE 4. FoLLow-UpP StATUS
Neck dissection n (%) LNY* LNR® Disease status by treatment n (%)
CND only Uni- and bilateral 119 (60) 6 0.29  Disease free 145 (73)
LND only Unilateral 9(55 36 012 Persistent disease
Bilateral 2 (1) 64 0.43 No further treatment 21)
CND and LND Unilateral LND 54 (27) 24 026 gAI only N ﬁ %1)
Bilateral LND 14(7) 61 014 urgery an ®)
Recurrent disease
“Total amount of lymph nodes dissected (median). No further treatment 603
P Amount of positive lymph nodes/total amount of lymph nodes RAT only 5()
dissected (median). Surgery and RAI 4(2)

CND, central neck dissection; LND, lateral neck dissection; LNY,
lymph node yield; LNR, lymph node ratio.

thyroidectomy. The majority of neck dissections were elective
(58%). Of the 50 patients classified as NO, nine underwent a
therapeutic neck dissection. The distribution of patients by
neck dissection type is shown in Table 2. RAI ablation was
administered to all patients except nine with micropapillary
carcinoma. Four patients received external beam radiother-
apy. Initial treatment is summarized in Table 3.

During follow-up 145 patients remained disease free, 38
patients had persistent disease, and 15 patients developed
recurrence as summarized in Table 4. Of the 53 patients with
persistent or recurrent disease, 16 had multiple treatments,
giving a total of 80 events for analysis. During the same period
238 patients underwent total thyroidectomy for PTC without
neck dissection. Disease-free survival for both groups was not
statistically different (p=0.13).

Lymph node ratio

LNR (with square root transformation), involved margins,
tumor size, bilateral neck dissection, and extrathyroidal ex-
tension were significantly associated with disease-free sur-
vival on univariate analysis. Age above 45 years, sex, and
multifocality were added as clinically relevant variables to
the multivariate Cox regression analysis (Table 5). In the final
multivariate model LNR as a continuous variable has a haz-
ard ratio (HR) of 3.2 ([95% confidence interval (CI), 1.4-7.3],
p=0.005) in a comparison of an LNR of 1 with 0.

TABLE 3. TREATMENT

Treatment n (%)
Surgery
Elective 114 (58)
Therapeutic 84 (42)
RAI (mCi)*
No RAI 9 4)
Unknown dosage 19 (10)
<150 96 (48)
150-300 52 (26)
300450 15 (8)
450-600 4(2)
>600 3()
EBRT 4(2)

ATotal amount of millicuries received.
RAI, radioactive iodine; EBRT, external beam radiation therapy.

To assess clinical relevant cutoff points, patients were di-
vided into 10 LNR groups and then combined into four
groups according to their HR. Fifty-four patients were node
negative (20%), 22 had an LNR of 0.01-0.11 (HR 1.1 [CI 0.2-
4.6], p=0.931), 56 an LNR of 0.12-0.29 (HR 2.1 [CI 0.6-7.2],
p=0.225), and 132 an LNR of 0.30-1.00 (HR 3.4 [CI 1.1-10.5],
p=0.031; Table 6). Unadjusted disease-free survival curves
according to these groups are shown in Figure 1A and pre-
dicted disease-free survival at the mean of the other covariates
is shown in Figure 1B.

On subgroup analysis of patients who underwent elective
CND versus patients who underwent therapeutic CND, both
groups showed that an LNR above 0.30 predictsa 5.9 ([CI 1.7-
19.8], p=0.004) and 6.8 ([CI 1.8-25.1], p=0.004) increased risk
of disease, respectively.

Lymph node yield

On univariate analysis with LNY as a continuous variable,
a significant HR of 1.012 was found ([CI 1.002-1.021],
p=0.021; 1 unit=1 lymph node). However, after the number
of positive lymph nodes was adjusted for, this increase (rather
than the expected decrease) in risk of persistent and recurrent
disease was no longer observed (LNY HR 0.999 [CI 0.986-
1.011], p=0.826; total positive LN HR 1.041 [CI 1.022-1.060],
p<0.001). Similar results were found in a multivariate model
consisting of a square root transformed LNY and total amount
of positive lymph nodes, sex, age above 45 years, multifocal
tumor, excision margin, tumor size, and extrathyroidal ex-
tension (Table 7).

TABLE 5. MULTIVARIATE CoX REGRESSION ANALYSIS
OF DI1SEASE-FREE SURVIVAL

Variable HR [CI] P

JLNR? 3.2 [1.4-7.3] 0.005
Sex 0.7 [0.4-1.3] 0.250
Age >45years 0.9 [0.6-1.4] 0.701
Multifocality 0.7 [0.4-1.1] 0.116
Excision margin 2.0 [1.2-3.2] 0.006
Tumor size” 1.3 [1.1-1.6] 0.011
Extrathyroidal extension 2.0 [1.3-3.2] 0.003
Bilateral LND 1.9 [1.1-34] 0.027

“LNR after square root transformation as a continuous variable
(1 unit=0.10).

As a continuous variable (1 unit=10 mm).

HR, hazard ratio; CI, 95% confidence interval.
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TABLE 6. MULTIVARIATE COX REGRESSION ANALYSIS
OF DiseEASE-FREE SURVIVAL (LNR CATEGORICAL)

VAS NUNES ET AL.

TABLE 7. MULTIVARIATE COX REGRESSION ANALYSIS
OF DISEASE-FREE SURVIVAL

Variable HR [CI] p Variable HR [CI] )
LNR, 0.01-0.11° 1.1 [0.2-4.6] 0931 LNY? 1.0 [0.8-1.1] 0.656
LNR, 0.12-0.29% 2.1 [0.6-7.2] 0.225 /Positive LN? 1.3 [1.0-1.6] 0.018
LNR, 0.30-1.007 3.4 [1.1-10.5] 0.031 Sex 0.7 [0.4-1.2] 0.188
Sex 0.7 [0.4-1.3] 0.286 Age >45 years 1.0 [0.6-1.6] 0.994
Age >45 years 1.0 [0.6-1.6] 0.955  Multifocality 0.7 [0.5-1.1] 0.093
Multifocality 0.7 [0.5-1.1] 0.110  Excision margin 1.8 [1.1-2.9] 0.028
Excision margin 1.8 [1.1-2.8] 0.017 Tumor size® 1.3 [1.1-1.6] 0.008
Tumor size” 1.3 [1.1-1.6] 0.014 Extrathyroidal extension 1.9 [1.2-3.0] 0.006
Extrathyroidal extension 2.0 [1.3-3.2] 0.002

Bilateral LND 2.2 [1.2-4.0] 0.014 “LNY after square root transformation as a continuous variable

“In reference to LNR=0.00.
PAs a continuous variable (1 unit=10mm).

Discussion

The presence of lymph node metastases upgrades patients
above 45 years with small papillary thyroid carcinomas from
stage I to stage III for central neck disease and from stage I to

A Event Free Survival by Lymph Node Ratio
8 |
- LNR=0
83 4
(Vi LNR =0.01-0.11
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(=] T T T T T T
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FIG. 1. (A) Kaplan-Meier survival plot of disease-free sur-
vival according to categorical LNR. (B) Predicted disease-free
survival calculated by Cox proportional hazards model ac-
cording to categorical LNR; adjusted by sex, age, multifocal
tumor, extrathyroidal extension, margin, size, and bilateral
lateral neck dissection.

(1 unit=1 lymph node).
"The total amount of positive lymph nodes after square root
transformation as a continuous variable (1 unit=1 lymph node).
€As a continuous variable (1 unit=10mm).

IVa for lateral neck disease in the 7th edition of the AJCC
staging system (17). This implied increased risk of death and
recurrence reflects the prognostic importance of regional
lymph node involvement. However, it is unknown whether
the same risk can be applied to a patient with 1 metastasis out
of 20 lymph nodes removed compared with a patient with 19
positive nodes out of 20.

Clinical application of the LNR

The LNR is considered a numerical reflection of the burden of
metastatic disease in a neck dissection. A large number of
positive nodes or a low number of total nodes removed results
inahigh LNR. The same number of positive nodes divided by a
larger total number of lymph nodes removed will result in a
lower LNR. It is important to note that the LNR is not only
influenced by disease burden but also by the extent of the neck
dissection and pathological examination. Because of this, the
LNR is thought to be a more sophisticated measurement than
the total amount of positive lymph nodes or the nodal classifi-
cation used in the TNM system because it takes into consider-
ation extent of treatment and quality of pathological reporting.

Several authors have found increasing LNR to be associated
with worse disease-related outcomes; however, no studies
have identified an LNR that could be used in clinical practice.
We have found the LNR to be an independent predictor of
disease-free survival in PTC (HR 3.2 [CI 1.4-7.3], p=0.005;
1 unit=0.10) and importantly have demonstrated that an LNR
above 0.3 predicts a 3.4 times higher risk of persistent or re-
current disease ([CI 1.1-10.5], p=0.031). Thus our estimates
suggest that patients who have metastases in at least one out of
three lymph nodes have more than 3 times the risk of needing
retreatment within 5 years postsurgery than patients without
nodal metastases. Conversely, 80% of patients with <10% of
lymph nodes involved by metastatic disease will remain dis-
ease free over the same period. Therefore, the use of the LNR in
conjunction with existing staging and classification systems is
likely to help guide the requirements for frequency and inten-
sity of follow-up.

Elective versus therapeutic neck dissection

Elective neck dissections in the treatment of PTC continues to
be a subject of debate (18-25). The Royal Prince Alfred Hospital
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and Liverpool Hospital have applied elective central compart-
ment disease selectively, and of the 198 patients included in this
study, 115 (58%) underwent an elective dissection. It is inter-
esting that there was no difference in the value of LNR between
patients undergoing elective or therapeutic CND; however, the
HR for an LNR of 0.3 was greater in the CND group compared
with the total group of patients (CND and LND).

Lymph node yield

The LNY did not independently predict disease-free survival
when adjusted for significant and relevant covariates (HR 1.0
[CT 0.986-1.011], p=0.826). On univariate analysis, the LNY
actually showed an increase in risk of persistent or recurrent
disease. This is because patients with more positive lymph
nodes also have a higher total amount of lymph nodes dis-
sected. Given that the LNY was not a significant predictor of
disease status, we were unable to suggest a minimum value of
lymph nodes to be removed with a neck dissection.

Limitations of this study

The prospective collection of data over the past 25 years
limits but does not eliminate the known limitations of a retro-
spective study. Variability due to differences in surgical tech-
nique and pathological assessment are difficult to overcome,
and measurements such as LNR are particularly susceptible to
both. By retrospectively reviewing all operation and pathology
reports, this study has attempted to minimize this.

This study found a range of 6-65 lymph nodes counted,
dependent on the type of neck dissection performed (Table 3).
Although the LNR and LNY were adjusted for the type of
neck dissection performed, no subgroup analysis was per-
formed due to the limited number of patients included.

Approximately 20% of patients with thyroid cancer have
anti-Tg antibodies (26), but sTg is not considered a reliable
tumor marker in these patients. Follow-up in these patients is
based on clinical and radiological signs of disease. Potentially,
this may have led to some patients being regarded as disease
free despite having subclinical persistent disease.

Conclusions

This study found the LNR to be an independent predictor
of disease-free survival in patients with PTC. A clinical rele-
vant cut-off point of 1 positive out of 3 total lymph nodes is
suggested. The LNY was strongly associated with the total
amount of positive lymph nodes and no optimum nodal yield
was determined.
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