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Abstract

Background The N stage in papillary thyroid cancer (PTC) is an important prognostic factor based on anatomical

localization of cervical lymph nodes (LNs) only and not the extent of lymphatic metastasis. In this retrospective

study, the clinical significance of lymph node ratio (LNR) and tumor cell proliferation in relation to the conventional

classification of PTC was explored.

Methods Patients diagnosed with PTC at the Karolinska University Hospital in Stockholm, Sweden, during the years

2009–2011 were included. The LNR, defined as the number of metastatic LNs divided by the total number of LNs

investigated, and the Ki-67 index were analyzed in relation to clinical data.

Results The median number of LN removed was 16 with the following N stage distribution: N0 (26%), N1a (45%),

and N1b (29%). A Ki-67 index of C3% was significantly correlated with the presence of metastases and tumor

recurrence with a sensitivity of 50% and specificity of 80% (p = 0.015). Lymph node ratio C21% was related to

tumor recurrence with sensitivity of 89% and specificity of 70% (p = 0.006). Patients with LN metastases in the

lateral cervical compartment only had significantly lower LNR (14.5%) compared to those with both central and

lateral cervical metastases (39.5%) (p = 0.004) and exhibited no tumor recurrence. Increased Ki-67 index was

significantly related to LNR C21% (p = 0.023) but was not associated with N stage.

Conclusions The Ki-67 proliferation index and LNR may better reflect the malignant behavior of PTC compared to

the anatomical classification of LN metastases solely.

Introduction

Papillary thyroid carcinoma (PTC) constitutes the most

common type of thyroid cancer and exhibits excellent

prognosis with a 10-year survival rate of 90–95%. How-

ever, 10–20% of cases with PTC demonstrate more

aggressive behavior with early tumor recurrences. At the

time of diagnosis, locoregional cervical lymph node (LN)

metastases are found in 20–90% of patients [1].

The N stage in PTC is based on the anatomical location

of the LN metastases, classified into central LN (N1a) or

lateral LN (N1b), and has no rational correlation to the

biology of PTC [2]. Lymph node ratio (LNR) is the pro-

portion of metastatic LN of the total number of LN
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diagnosed following surgery. In PTC [3] and other solid

tumors, such as bladder cancer [4] and breast cancer [5],

LNR is suggested as a prognostic variable, better reflecting

the tumor burden and recurrence [6, 7].

The Ki-67 index is a commonly used biomarker for

assessing proliferation, constituting a prognostic indicator

in several types of tumors such as breast cancer and neu-

roendocrine neoplasia [8, 9]. The prognostic and predictive

value of Ki-67 in assessment of PTC is still controversial.

However, several studies show that an increased Ki-67

index in PTC is associated with an increased risk of tumor

recurrence and poor survival [10, 11].

In this study, we hypothesize that LNR and tumor cell

proliferation better reflect the tumor biology and malignant

behavior of PTCs compared to the anatomical classification

of LN metastasis only.

Material and methods

Patient material

All patients diagnosed for PTC at the Karolinska Univer-

sity Hospital, Stockholm, Sweden, during 2009–2011 were

retrospectively included. In case of a preoperatively con-

firmed cytological diagnosis of PTC, a systematic ultra-

sound-guided LN mapping of all cervical regions was

performed by experienced radiologists to explore the

presence of pathologically enlarged LNs. In the presence of

pathologically enlarged cervical LNs, these were examined

with fine needle aspiration and cytology to confirm the

PTC metastasis. All patients were treated with total thy-

roidectomy and clearance of central cervical LN in

accordance with the Swedish national guidelines prevailing

the study period, which in turn were based on ATA [12]

and ETA [13] recommendations. In cases with preopera-

tively confirmed LN metastases in the lateral cervical

compartments, lateral LN dissection was performed during

the primary operation.

About 6–8 weeks after surgery, the patients were

offered adjuvant radioiodine irradiation therapy (RAI) and

post-irradiation thyroid scintigraphy. The patients had

regular follow-up with clinical and biochemical controls.

The first control was 9–12 months after completing the

primary treatment and post-therapy scintigraphy. In case of

recurrence-free outcomes, the subsequent controls then

continued annually. All cases with biochemical or clinical

signs of tumor recurrence were investigated by ultrasound

examination of the neck, and all pathologically enlarged

LN were examined by fine needle aspiration cytology.

Recurrence of PTC was defined as the first biochemical

recurrence, clinical and/or cytologically confirmed in

locoregional LN or distant metastasis.

The main hypothesis of the study was that the tumor

biology of PTC, exemplified by Ki-67 expression, might

relate to the presence of LN metastasis and metastatic

burden, estimated as LNR. The primary endpoints of the

study were the presence of LN metastases and tumor

recurrence explored in relation to Ki-67 index, LNR, and

clinical data. The secondary endpoints were recurrence-

free survival (RFS), examined in relation to Ki-67 index,

and LNR as well Ki-67 index in relation to clinical data.

We chose RFS as secondary endpoint because it represents

a definitive answer that was not expected or feasible to

assess as an independent primary endpoint. Moreover, Ki-

67 as secondary endpoint is expected to provide additional

clinical information, exploring the biological impact of Ki-

67 index and clinical significance toward a more person-

alized treatment concept.

Immunohistochemistry and histopathologic

examination

Histopathological diagnostics were performed according to

clinical routine practice by endocrine pathologists at the

Department of Pathology, Karolinska University Hospital,

Stockholm, Sweden. Given the time of data collection, the

PTC was diagnosed using the guidelines of the 2004 WHO

classification of endocrine tumors, and the TNM staging

was according to the 7th edition of the American Joint

Committee on Cancer. The following data were obtained:

total number of observed LNs and number of LNs with

metastasis in all cervical regions, number and size of the

primary PTCs, presence of extrathyroidal extension, pres-

ence of thyroiditis, and the status of the resection margins.

Immunostaining of all primary tumors and LN metas-

tases was performed according to clinical laboratory stan-

dards. Micrometastases are defined as clusters of tumor

cells that are\2.0 mm in diameter [14]. At our pathology

department, primary thyroid tumors and the largest LN

metastasis are routinely assessed for Ki-67 immunohisto-

chemistry. The Ki-67 labeling index is calculated by

manual counting of the amount of Ki-67 positive cells

(only nuclear staining) divided by the total amount of

tumor cells in ‘‘hot-spot’’ regions, counting at least 2000

cells. The LNR was defined as the total number of meta-

static LNs divided by the total number of LNs retrieved

from the central and lateral cervical compartment.

Statistical analysis

Statistical analyses were performed using SPSS statistics

software, version 26 (IBM Inc., Chicago, USA). Pearson’s

Chi-square test was applied to evaluate the relationship

between tumor recurrence and the presence of metastasis in

relation to clinical data such as tumor size, gender, and
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tumor stadium. To evaluate the performance of means for

LNR and Ki-67 expression rates as cutoff values, we used

receiver operating characteristic (ROC) analysis. The sen-

sitivity and 1-minus specificity data over tumor recurrence-

free survival as outcomes were used. Area under curve

(AUC) was calculated with 95% CIs for LNR and rates of

Ki-67 expression means as a dichotomous variable.

Comparison of clinical data, LNR and proportion of

cancer cells expressing Ki-67 was achieved by one-way

analysis of variance (ANOVA) together with a post hoc

Bonferroni’s test. Survival rates were estimated according

to Kaplan–Meier curves and were based on recurrence-free

survival (RFS) with median follow-up of 77 months (range

of 2–100 months). The statistical significance of differ-

ences between survival rates was determined by the log-

rank test. P\ 0.05 was considered statistically significant

for all measurements.

Results

Out of 165 patients, 131 (79%) were female. The patients

had a median age of 47 years (range 12–83). In 64 (38.8%)

patients, the T stage was CT3. The primary tumors were

multifocal in 61 (37%) and radically removed in 146 (89%)

patients. Extrathyroidal extension was found in 52 (32%)

patients (Table 1). At the time of primary surgery, LN

metastases were found in 74 (66%) patients.

Tumor recurrence in relation to the Ki-67 index

and LNR

Out of 165 patients, 65 (39%) were excluded from further

LNR analysis as they had less than 6 LNs (Nx stage)

removed during primary surgery. Three patients with Nx

stage later exhibited tumor recurrences, of which one

patient never underwent LN dissection as thyroidectomy

was performed due to goiter; in the second patient, one

tumor-free central LN was removed. The third patient

already had brain metastases and underwent thyroidectomy

in order to receive RAI therapy.

In the remaining 100 patients, the median number of

total LNs removed per patient was 16 (range 6–81). The N

stage distribution was N0 in 26 (26%), N1a in 45 (45%),

and N1b in 29 (29%) patients (Table 1). Based on ROC

analysis and in relation to tumor recurrence, the highest

AUC identified for LNR C 21% was 0.78 with a sensitivity

of 89% and specificity of 70% (p = 0.006). For Ki-67, a

labeling index of C3% was predictive for tumor recur-

rences with a sensitivity of 50%, specificity of 80%, and

AUC of 0.7 (p = 0.015) (Fig. 1).

Table 1 Patient characteristics

Patient N (%)

Gender

Male 34 (21)

Female 131 (79)

Age-group

\40 years 60 (36)

40–49 years 41 (25)

50–59 years 24 (14)

60–69 years 19 (12)

C70 years 21 (13)

T-stage

pTx 1 (0.6)

pT1a 47 (28.5)

pT1b 29 (17.6)

pT2 24 (14.5)

CpT3 64 (38.8)

N-stage

N0 26 (16)

N1a 45 (27)

N1b 29 (18)

Nx 65 (39)

Lymph node ratio

\21% 54 (54)

C21% 46 (46)

Nx 65*

Thyroiditis

No 125(76)

Yes 40 (24)

Multifocal

Unifocal 103 (63)

Multifocal 61 (37)

T0 (missing data) 1*

Radical

No 19 (11)

Yes 146 (89)

Ki-67 index

B1% 31 (24)

1–2% 38 (29)

2–3% 42 (32)

[3% 20 (15)

Missing data 34*

Extra-glandular extension

No 113 (68)

Yes 52 (32)

Type of metastases

Micro 12 (16)

Macro 62 (84)
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Ki-67 index

In patients with LNR C 21%, the mean Ki-67 index in

primary tumors was 2.7%, which was significantly higher

than in patients (mean Ki-67 index 1.8%) with LNR\
21% (p = 0.023). Tumors with extrathyroidal extension

exhibited a significantly increased Ki-67 index (2.7%)

compared to those without extrathyroidal extension (1.7%)

(p = 0.001) (Fig. 2). No statistically significant difference

in Ki-67 index was found in relation to age, the presence of

thyroiditis, T stage, or N stage.

The presence of lymph node metastases

At the time of surgery, LN metastases were inversely

related to age, a difference in age distribution that could not

be found in patients without a LN metastasis. Of all

patients with LN metastases, 44 (60%) had tumors with T

stage C3. Within the patient group with CpT3 tumors, 79%

(44 out of 56) (p = 0.04) had LN metastasis (Table 2).

Lymph node metastases were significantly more fre-

quent in patients with multifocal tumors, Ki-67 index of

C3%, and extrathyroidal extension. No significant corre-

lation was found between LN metastasis, gender, or the

presence of thyroiditis (Table 2).

Micrometastases were found in 12 (16%) of all 74

patients with pathological LN and occurred mainly in

patients (10 out of 12, 83%) with T1-2 tumors.

Macrometastases were more common in patients (42 out of

62, 68%) with CT3 tumors (p\ 0.001) and were associ-

ated with extrathyroidal extension (37 out of 62 patients,

60%). Inversely, micrometastases were found in 1 out of 12

patients (2.6%) with CT3 tumors (p = 0.001).

Macrometastases were significantly related to tumors with

Ki-67 index C 3%. Micrometastases were found in 11 out

of 12 patients (92%) who had tumors with Ki-67

index\ 3%. The corresponding rate in patients with

macrometastases was 32 out of 62 patients (39%)

(p = 0.039). Tumor recurrence was found in patients with

macrometastases only.

Tumor recurrence, Ki-67, LNR, and clinical data

Tumor recurrence was significantly related to advanced

tumor stages (CpT3) (p = 0.006). None of the patients with

pTx or pT1 tumors exhibited a tumor recurrence (Table 3).

The tumor relapsed significantly more often in patients

with N1b stage compared to N0 and N1a stages. Com-

paring within each N stage category, tumor recurrence was

significantly more common in patients with N1b stage (10

out of 12, 83%) compared to patients with N1a and N0

stages (1 out of 12, 8.3% each stage) (p = 0.01) (Table 3).

Tumor recurrence increased significantly in patients

with LNR C 21 compared to those with LNR\ 21%

(p = 0.001). Tumor recurrence occurred in 8 out of 102

(8%) patients with tumoral Ki-67 expression\3% and in 7

out of 29 (24%) patients with tumoral Ki-67 rates C3%

(p = 0.015). As expected, tumor recurrence was signifi-

cantly correlated to extrathyroidal extension (p = 0.002)

but not to gender, age, or the presence of thyroiditis

(Table 3).

LNR and Ki-67 index in relation to RFS

Patients with tumors displaying a Ki-67 index\ 3% had

longer RFS (95 months) compared to patients with tumors

expressing Ki-67 index C 3% (79 months, p = 0.008).

Patients with N0 and N1a stage tumors had a similar RFS

of 98 months, which was significantly longer than for those

Fig. 1 A receiver operating characteristic (ROC) curve illustrating

the ability of lymph node ratio (LNR) and the Ki-67 expression by

cancer cells in predicting tumor recurrence of papillary thyroid

cancer. a Tumors with LNR rates C 21% predicted PTC relapse

with a sensitivity of 89%, specificity of 79%, and area under cover

(AUC) of 0.78 (p = 0.006). b Ki-67 index of C3% predicted PTC

recurrence with a sensitivity of 50%, specificity of 80%, and AUC

of 0.70 (p = 0.015)
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with N1b tumors (75 months, p\ 0.001). The corre-

sponding rates of RFS for patients with LNR\ 21% and

LNR C 21% were 99 and 82 months, respectively

(p = 0.001) (Fig. 3a–c).

To explore whether the localization of LN metastasis

was significant for RFS, we performed a subgroup analysis

in which we classified patients with N1b stage into a group

with both central and lateral LN metastases (Na ? b group,

n = 23) and those who only had lateral LN metastases (Nb

group, n = 7). In Na ? b group, 10 (43%) patients had

tumor recurrence with mean RFS rate of 28.7 months.

Interestingly, tumor recurrence was not found in any

patients in the Nb group and RFS was comparable to

patients in N0 and N1a stages where one patient in

respective stage had tumor recurrence. Moreover, patients

in Nb group had significantly lower LNR (14.5%) com-

pared to those in Na ? b group (39.5%) (p = 0.004). When

estimating RFS in patients with N1b in relation to LNR, it

appears that those with LNR C 21% had mean RFS of

52.8 months. The corresponding RFS rate for patients with

LNR\ 21% was 65.7 months (p = 0.028) (Fig. 3d).

Discussion

In many solid tumors, increasing number of metastatic

nodes is proportional to tumor burden and associated with

increased risk of tumor recurrence and mortality

[4, 15, 16]. However, the current N stage classification in

PTC is based on anatomical location of LN metastases

only, which may underestimate the significance and extent

of metastatic burden of the disease.

In this study, LNR C 21% was related to tumor recur-

rence. In previous studies [17–20], LNR rates associated

with tumor recurrence in PTC varied between 40 and 70%,

which is higher than the rates found in this study. The

estimation of LNR is confounded by the number of LN

harvested and is affected by the extent of the surgery

performed, anatomical variation between patients, and the

variability of the pathological examination [3, 21]. Tenta-

tively, the probability that metastatic nodal disease would

be left unresected is higher when a smaller LN number is

removed. Consequently, it would be logical to maximize

the number of LNs harvested during cervical LN dissection

to reduce the risk of local recurrence and probably long-

term prognosis of PTC [3, 22].

The number of LN harvested during the primary surgery

is important. In several tumor types, such as colon cancer,

it is generally accepted that a minimum number or ‘‘cutoff’’

of LN are needed to accurately evaluate the nodal status,

preventing inadequate sampling and staging of the disease

[14, 23]. The accepted number of LNs detected in PTC has

traditionally been 6 nodes. Sugitani et al. demonstrated that

the risk of recurrence was significantly higher in patients

with[5 LN metastases than in those with\5 LN metas-

tases [24]. Similar findings are reported in several other

studies [25, 26]. In light of this concept and the criteria of

recurrence risk determined by the ATA [27], we used a

cutoff value of at least 6 LNs to select patients for esti-

mation of LNR. Moreover, all the patients included in the

LNR analysis were examined with preoperative ultrasound

mapping of the cervical LNs to minimize the risk of

missing metastases in the lateral cervical compartment.

Thus, in contrast to several previous studies based on

registry data, the calculation of LNR in this study was

estimated in a well-controlled patient cohort with consis-

tent surgical treatment, histopathological assessment, and

clinical follow-up.

In selected patient groups, prophylactic central lymph

node dissection (CND) increases the risk of postoperative

morbidity, such as hypocalcaemia, without evidence of

Fig. 2 Analysis of variance (ANOVA) comparing the means of Ki-

67 index in papillary thyroid cancer in relation to a lymph node ratio

(LNR) with cutoff value of 21% and b extrathyroidal tumor

extension
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improved locoregional control. Patients who underwent

total thyroidectomy without CND exhibited a low risk of

locoregional recurrence [28–31]. Moreover, it is known

that micrometastases do not affect the clinical outcome of

patients with PTC. For example, Viola et al. found high

prevalence of micrometastases in clinically apparent node-

negative patients, but neither tumor recurrence nor mor-

tality rates were decreased after CND [32]. Interestingly,

Chang et al. studied the significance of micrometastasis in

the concept of LNR by calculating the LNR with and

without including the micrometastases in the number of

metastatic LNs. They found that tumor recurrence of PTC

could be predicted more accurately if micrometastases

were not included in the LNR calculation. Our results are

consistent with these findings and show that micrometas-

tases were neither related to advanced tumor stages nor

tumor recurrence. Lymph node ratio was significantly

higher in patients with CT3 tumors compared to those with

both T1 and T2 tumors, which is consistent with previous

studies [28, 33], supporting the idea that prophylactic CND

might not affect the clinical outcome of patients with T1-2

PTC. In light of these observations, we believe that esti-

mation of LNR in patients with T1-2 and LN with

micrometastases may have limited clinical benefits but

advantageously can be used in dynamic risk estimation for

patients with CT3 tumors and all patients with preopera-

tively confirmed pathological LN metastases in whom

therapeutic CND is planned.

Another significant finding in this study was that

patients who exhibited metastases in lateral cervical LNs

only had similar RFS as those with metastasis in central LN

(N1a stage). According to the current N stage classifica-

tion, these patients are considered having N1b stage with

increased risk of tumor recurrence [31], which probably is

an overestimation of tumor staging. Although this obser-

vation is based on a limited number of patients, these

results intuitively indicate that the extent of LN metastasis

might encompass the malignant behavior of PTC better

than the anatomical LN location. To the best of our

knowledge, these findings have not been reported

elsewhere.

Ki-67 constitutes a prognostic indicator in several types

of tumors [9, 34, 35]. In PTC, the Ki-67 index is related to

histological variants and clinical manifestations [36].

However, there is no consensus on the optimal cutoff value

of Ki-67 associated with prognosis and clinical outcomes

of PTC. In this study, a Ki-67 index[ 3% was related to

the presence of LN metastases and shorter RFS. These

findings are consistent with observations reported in pre-

vious studies, although the method of detecting and eval-

uating the Ki-67 index as well as the number of patients

included in these studies differ. For example, Ito et al.

reported differential association of the Ki-67 index in

relation to RFS and disease-free survival, where a Ki-67

index of[1% and[3% were associated with shorter RFS

and disease-free survival, respectively [10]. Tang et al.

reported in a study of 571 PTC patients that a Ki-67

index C 2.5% was related to shorter RFS and also had

diagnostic value when PTC was compared to benign thy-

roid lesions [11]. Hence, based on findings reported in

several PTC studies and experiences from the management

of other tumor types, Ki-67 may constitute a useful bio-

logical marker in the clinical assessment of PTC.

In several types of solid tumors, accumulating evidence

indicates that the biological phenotype of the tumor cells is

a superior prognostic factor than the anatomic classification

dictated by the TNM stage [37]. High Ki-67 expression in

cancer cells is correlated with lymph node metastases [11],

but it is unclear whether it is proportional to the number of

Table 2 Univariate analysis comparing the presence of cervical

lymph node metastasis at the time of diagnosis in relation to clini-

copathological data of papillary thyroid cancer

Lymph node metastasis P

No N (%) Yes N (%)

Gender

Female 30 (79) 54 (73)

Male 8 (21) 20 (27) 0.5

Age-group

\40 years 14 (37) 31 (42)

40–49 years 8 (21) 20 (27)

50–59 years 2 (5) 11 (15)

60–69 years 9 (24) 4 (5)

C70 years 5 (13) 8 (11) 0.04

T-stage

pTx 0 (0) 1 (1)

pT1a 4 (11) 11 (15)

pT1b 13 (34) 9 (12)

pT2 9 (24) 9 (12)

CpT3 12 (32) 44 (60) 0.01

Thyroiditis

No 28 (74) 54 (73)

Yes 10 (26) 20 (27) 0.9

Multifocal

Unifocal 30 (79) 36 (49)

Multifocal 8 (21) 38 (51) 0.003

Ki-67 index

\3% 29 (85) 43 (66)

C3% 5 (15) 22 (34) 0.04

Extrathyroidal extension

No 30 (79) 36 (49)

Yes 8 (21) 39 (51) 0.002
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metastatic LN. In this study, tumors in patients with

LNR C 21% exhibited a significantly higher Ki-67 index

compared to tumors from patients having LNR\ 21%.

Moreover, the Ki-67 index was not correlated to N stage.

These results suggest that LNR is probably more consistent

in predicting the biology of PTC, at least its proliferative

activity, compared to N stage.

Table 3 Univariate analysis comparing the recurrence of papillary thyroid cancer in relation to clinicopathological data

Recurrence of papillary thyroid cancer P

No N (%) Yes N (%)

Gender

Female 121 (81) 10 (67)

Male 29 (19) 5 (33) 0.2

Age-group

\40 years 51 (34) 9 (60)

40–49 years 38 (25) 3 (20)

50–59 years 24 (16) 0 (0)

60–69 years 18 (12) 1 (7)

C70 years 19 (13) 2 (13) 0.2

T-stage

pTx 1 (0.7) 0 (0)

pT1a 47 (31.3) 0 (0)

pT1b 29 (19.3) 0 (0)

pT2 20 (13.3) 4 (27)

CpT3 53 (35.3) 11 (73) 0.006

N-stage

N0 25 (28) 1 (8.3)

N1a 43 (49) 1 (8.3)

N1b 20 (23) 10 (83.4) \ 0.001

Lymph node ratio

\21% 53 (60) 1 (8)

C21% 35 (40) 11 (92) 0.001

Thyroiditis

No 112 (75) 13 (87)

Yes 38 (25) 2 (13) 0.3

Multifocal

Unifocal 97 (65) 6 (40)

Multifocal 52 (35) 9 (60) 0.06

Radical

No 15 (10) 4 (27)

Yes 135 (90) 11 (73) 0.054

Ki-67 index

\3% 94 (81) 8 (53)

C3% 22 (19) 7 (47) 0.015

Extrathyroidal extension

No 108 (72) 5 (33)

Yes 42 (28) 10 (67) 0.002

Type of metastases

Micro 13 (100) 0 (0)

Macro 51 (82) 11 (18) 0.1
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The current study has several limitations. It lacks his-

tological subtyping pf PTCs, as this was not routinely

performed during the study period. The patient cohort was

limited with low rates of tumor recurrence, why it was not

feasible to perform multivariate analysis to explore the

prognostic value of Ki-67 index and LNR. Finally, this is a

single-center investigation, and further research is needed

to confirm the reproducibility of our findings in other

patient cohorts.

Conclusion

The Ki-67 proliferation index is correlated to LN metas-

tasis and tumor recurrence in PTC. The LNR is associated

with tumor recurrence regardless of the anatomical site of

cervical LN metastases. These findings indicate that Ki-67

and LNR better reflect the malignant behavior of advanced

PTC and constitute useful prognostic indicators in addition

to the well-established conventional TNM classification.
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