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Diagnostic ipsilateral central neck dissection may reduce undertreatment of 
initially low-risk papillary thyroid cancer 
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Although small papillary thyroid cancer (PTC) patients are considered as low-risk population, approximately 5–20% 
of these patients relapse after surgery. The objective of this single-center retrospective study was to identify risk factors, 
which could help to distinguish patients who would need additional treatment after surgery. A total of 268 patients (39 men, 
229 women, median age 49 years) underwent surgery between 2007–2015, and fulfilled inclusion criteria: tumor size ≤20 
mm, absence of metastatic lymph nodes (LN) in the lateral neck compartment (LC), and absence of local invasion. Total 
thyroidectomy was performed in 252 cases, in 221 cases with central neck compartment (CC) dissection. The outcome 
– a more aggressive disease – was defined as the presence of metastases in the LNLC or in distant organs found during 
follow-up. A median follow-up was 117 months. Overall, 41 patients experienced the outcome with a median time-to-
event of 18 months. Male gender (OR=2.2, p=0.049), extra-thyroidal extension ETE (OR=2.61, p=0.015), and metastases in 
LNCC (OR=4.21, p<0.001) were associated with worse outcome. Multivariable analysis and stratification according to ETE 
revealed an effect modification with a higher effect of the positive LNCC on the outcome among patients without ETE than 
in those with ETE. Our findings advocate placing greater emphasis on the role of LNCC metastases in the absence of ETE. 
In clinically node-negative tumors intraoperative examination of CC on the side of the tumor followed by CC dissection if 
metastatic lymphadenopathy is present could play an important role in the stratification of patients with small-size PTC. 
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The vast majority of papillary thyroid cancers (PTCs) 
are small tumors characterized by an innocuous nature and 
excellent prognosis [1]. The reported 5-year survival rates 
are 99.8% for PTCs located only in the thyroid gland, 97% 
when cancer has spread to the regional lymph nodes (LN), 
and 57% when it metastasizes to distant organs [2]. For small 
intraparenchymal tumors, the risk of disease recurrence is 
1–5%. The presence of LN metastases increases it to 20% [3]. 
Although the percentage of patients with recurrent disease 
is small, the absolute number is growing. ATA guidelines 
2015 brought a new look at PTC management preferring a 
less radical therapeutic approach [3]. Prophylactic central 
compartment (CC) neck dissection is still debated and in 
general not recommended for small cancers [3].

We focused on small PTCs (up to 2 cm) which have been 
considered low-risk tumors pre-operatively, yet during the 
follow-up they turned out to be more aggressive cancers. 
Some of the known risk factors such as substantial extrathy-

roidal extension (ETE) and lateral compartment (LC) LN 
metastases can be identified by modern ultrasonography [4, 
5]. We aimed to identify additional pre- and peri-operative 
risk factors, which would help to stratify patients for appro-
priate individualized treatment already at the time of initial 
diagnosis.

Patients and methods

We performed a retrospective, monocentric, observa-
tional study and retrieved data of 312 patients, with classical 
PTC ≤20 mm in diameter, who underwent thyroid surgery in 
our clinical setting between the years 2007–2015 (Figure 1). 
Patients with known metastatic LNLC or with clinically 
evident ETE before surgery were excluded (44 patients). 
Inclusion criteria were fulfilled by 268 patients: 39 males and 
229 females with similar median age (47 and 50 years respec-
tively, p=0.725) and with male to female ratio reflecting those 
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reported epidemiologic studies conducted in iodine-suffi-
cient parts of the world [3].

Total thyroidectomy was performed in 252 cases (94.0%), 
in 221 (82.5%) with CC dissection. Out of them, 249 (92.9%) 
patients received radioactive iodine treatment and had a 
post-therapeutic scintigraphy scan (eventually SPECT/CT) 
performed and stimulated thyroglobulin level examined. 
The collected data were based on the known risk factors for 
the outcome – a more aggressive disease, which required 
extensive therapy. The presence of a mutation in the BRAF 
V600 gene was investigated from formalin-fixed paraffin-
embedded surgically removed tumors. Altogether a subgroup 
of 129 patients with available data on the BRAF mutation was 
analyzed with respect to the outcome and compared with 
results obtained for the whole group.

The outcome was defined as the presence of metastases 
in LNLC or of distant metastases found after the initial 
surgery. Associations between the outcome and patients’ 
characteristics were statistically evaluated using univariate 
(an unpaired t-test for continuous and χ2 tests for categor-
ical predictors) and multivariable (Cox-proportional hazard 
regression) analyses. The latter is a semi-parametric method 
that fits Cox’s proportional hazards model for time-to-event 

outcomes on one or more predictors. The time-to-event was 
defined as the time from surgery to diagnosing the metastatic 
disease at either of the sites. The effect size of each explanatory 
variable was expressed in relative metrics OR (odds ratio) in 
the univariate (unadjusted) analysis and HR (hazard ratio) 
in the multivariable analysis, both indicating the degree of 
association found between an independent variable and the 
outcome. Statistical analyses were performed using Micro-
soft Office Excel 2010 (Microsoft Corporation) and StatsDi-
rect® 3.2.7 (StatsDirect Ltd., Cheshire, UK).

This study was approved by the Institutional Review 
Board on the 8th of June, 2017. All procedures performed 
in studies involving human participants were in accordance 
with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards. 
Informed consent was obtained from all individual partici-
pants included in the study.

Results

Overall, 15.3% (41/268) of initially clinically low-risk 
PTCs were diagnosed as more aggressive tumors during 
follow-up with a median time-to-event of 18.3 months 
(ranging from 2.0 to 109.6 months). The median follow-up 
time was 162.4 months (ranging from 58.4 to 385.7 months). 
Univariate analysis testing the simple relationship between 
each explanatory variable and the outcome (Table 1) revealed 
that more aggressive PTC was significantly associated with 
perioperatively identified LN metastases in the central 
neck compartment and with ETE (OR=4.21, p<0.001 and 
OR=2.61, p=0.015, respectively). At the time of surgery, 
LNCC metastases were found in 71 (26.5%) patients. In 31 
(11.6%) patients they were ipsilateral, in 18 (6.7%) patients 
bilateral, and 22 (8.2%) patients did not have a specified site 
of the metastasis.

Among other patients’ characteristics the male gender 
and angioinvasion contributed to more aggressive PTC, 
the latter significantly (OR=2.22, p=0.088 and OR=2.29, 
p=0.035). Mutation in the BRAF V600 gene was detected in 
54% of the patients (70/129); 14 patients positive for BRAF 
mutation were diagnosed with more aggressive disease 
(OR=2.29, p=0.172). Cross-classification of the outcome by 
BRAF positivity stratified by age showed a higher percentage 
of BRAF positive cases with aggressive disease in younger 
than in older patients (OR=5.50 vs. OR=2.57). Based on the 
fact that the subgroup of patients with BRAF examination 
and the whole group were alike in all relevant characteris-
tics, we could make an extrapolation of the results obtained 
on this subgroup by a proportional doubling of the frequen-
cies observed in the age strata. Thus, we achieved the sample 
size of 258 (approximately the same size as the investigated 
group) while keeping the ORs – that means the effect sizes 
– in the age strata constant but this time with statistically 
significant pooled OR (p=0.043).

Figure 1. Scheme of the study design and patient selection. Abbrevia-
tions: PTC – papillary thyroid cancer; ETE – extra-thyroidal extension; 
LNLC – lymph nodes in the lateral neck compartment; TTE – total thy-
roidectomy; TTE+CC – total thyroidectomy central neck dissection per-
formed
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The greater tumor size (above 1 cm), multifocality, and 
an absence of autoimmune thyroiditis were not confirmed 
as significant risk factors on univariate analysis (OR=1.35, 
p=0.400; OR=1.79, p=0.116 and OR=1.41, p=0.069, respec-
tively). Results of fitting the multiple regression models 
confirmed the results of univariate analysis for variables 
tumor size, multifocality, and autoimmune thyroiditis. The 
low explanatory power of the variable tumor size for the 

prediction of the more aggressive disease can be explained by 
the fact that the greater tumor size, as well as the presence of 
ETE and angioinvasion, all were significantly associated with 
the most significant risk factor for more aggressive disease 
– the presence of metastases in LNCC (Table 2). When strati-
fied by the presence of ETE, the odds ratio for the association 
between the risk factor and more aggressive PTC was slightly 
higher for patients without ETE (n=219) than that those with 

Table 1. Clinicopathological characteristics of patients with PTC in different disease states and their association with a more aggressive disease.
  Total Aggressive Remission ORa p-value
Number of cases 268 41 (15.3%) 227 (84.7%) n.a. n.a.
Age (years) mean ± S.D. 48.3±13.99 45.5±15.11 48.7±13.73 n.a. 0.173
Age category <35 years 54 12 (22.2%) 42 (77.8%) 1.82b 0.095c

<35–60 years 151 19 (12.6%) 132 (87.4%)
≥60 years 63 10 (15.9%) 53 (84.1%)

Gender male 39 10 (25.6%) 29 (74.4%) 2.22 0.088
female 229 31 (13.5%) 198 (86.5%)

Tumor size <1–2> cm 140 24 (17.1%) 116 (82.9%) 1.35 0.40
<1 cm 128 17 (13.3%) 111 (86.7%)

Autoimmune thyroiditis no 130 23 (17.7%) 107 (82.3%) 1.41 0.069
yes 136 18 (13.2%) 118 (86.8%)
unknown 2 0 (0%) 2 (100%)

Multifocality yes 65 14 (21.5%) 51 (78.5%) 1.79 0.116
no 203 27 (13.3%) 176 (86.7%)

Extrathyroidal
extension

yes 47 13 (22.7%) 34 (72.3%) 2.61 0.015
no 219 28 (12.8%) 191 (87.2%)
unknown 2 0 (0%) 2 (100%)

BRAFd mutant 70 10 (14.3%) 60 (85.7%) 2.29 0.172
wild type 59 4 (6.8%) 55 (93.2%)

Angioinvasion yes 42 11 (26.2%) 31 (73.8%) 2.29 0.035
no 224 30 (13.4%) 194 (86.6%)
unknown 2 0 (0%) 2 (100%)

LNCC positive 71 22 (28.6%) 49 (71.4%) 4.21 <0.001
ipsilateral side 31 8 (25.8%) 23 (74.2%)
bilateral side 18 11 (61.1%) 7 (38.9%)
contralateral side 0 0 (0%) 0 (0%)
side not specified 22 3 (13.6%) 19 (86.4%)
negative 197 19 (9.6%) 178 (90.4%)

TTE yes 252 41 (16,3%) 211 (83.7%) 3.1 0.486
with CC dissection 221 37 (16.7%) 184 (83.3%)
without CC dissection 30 3 (10.0%) 27 (90.0%)
unknown 1 1 (100%) 0 (0%)
no 16 0 (0%) 16 (100%)
with CC dissection 9 0 (0%) 9 (100%)
without CC dissection 7 0 (0%) 7 (100%)
unknown 0 (0%) 0 (0%) 0 (0%)

Continuous data are presented as means ± S.D. Categorical data are presented as absolute counts with percent of row total. athe unadjusted odds ratio 
calculated as the ratio of the odds of having an event in the upper row category to the odds of having an event in the lower row category of the predictor 
variable. bthe unadjusted odds ratio calculated as the ratio of the odds of having aggressive disease in the age category <35 years to the odds of having ag-
gressive disease in the age category ≥35 years. The choice of cut-off points for age categories was based on the study by Takacsova et al. [11]. To compute the 
unadjusted ORs χ2 test of independence or Fischer exact test were applied. cthe Cochran-Armitage χ2 test of linear trend for age-risk categories as suggested 
by Takacsova et al. [11]. da subgroup of patients with BRAF gene mutation test performed (N=129). Association of a more aggressive papillary thyroid 
cancer disease with BRAF positivity stratified by age categories yielded OR=2.42 and p=0.160 (c.f. Results). Abbreviations: PTC – papillary thyroid cancer; 
OR – odds ratio; P – probability; S.D. – standard deviation; n.a. – not applicable; LNCC – lymph nodes in the central neck compartment; TTE – total 
thyroidectomy
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ETE with the overall (pooled) OR significantly different from 
one (OR=3.68; 95% CI: 1.80–7.55; p=0.0004; lower part of 
Figure 2). χ² test for heterogeneity of all odds ratios was not 
significant (χ²=0.209, DF=1, p=0.6474), however, the associ-
ation between the risk factor and the outcome was different 
for different ETE strata suggesting that an effect modification 
might have been present.

We further explored this possibility by performing the 
multiple Cox-proportional hazard regression analysis. To 
select the most appropriate form of LNCC variable (ordinal 
or binary), we first investigated the effect of an increased 
number of metastases in LNCC on the time to the outcome. 
The estimated hazard ratio (HR) for patients without ETE 
with more than one positive LN was 3.96 (95% CI: 1.62–9.68; 
p=0.003). The HR for only one positive LN was slightly 

Table 2. Clinicopathological characteristics of patients with PTC in the studied tumor size categories.

  Total
Tumor size
< 1–2 > cm

Tumor size 
<1 cm

ORa p-value

Number of cases 268 140 (52.2%) 128 (47.8%) n.a. n.a.
Age (years) mean ± SD 48.3±13.99 45.5±15.11 47.1±14.54 n.a. 0.144
Age category <35 years 54 32 (59.3%) 22 (40.7%) 1.43b 0.384c

<35–60 years 151 77 (51.0%) 74 (49.0%)
≥60 years 63 31 (49.2%) 32 (50.8%)

Gender male 39 24 (61.5%) 15 (38.5%) 1.56 0.209
female 229 116 (86.5%) 113 (13.5%)

Autoimmune thyroiditis no 130 76 (58.5%) 54 (41.5%) 1.67 0.036
yes 136 62 (45.6%) 74 (55.4%)
unknown 2 2 (100%) 0 (0%)

Multifocality yes 65 30 (46.2%) 35 (53.8%) 0.73 0.259
no 203 110 (54.2%) 93 (45.8%)

Extrathyroidal extension yes 47 32 (68.1%) 15 (31.9%) 2.27 0.014
no 219 106 (48.4%) 113 (51.6%)
unknown 2 2 (100%) 0 (0%)

Angioinvasion yes 42 29 (69.1%) 13 (30.9%) 2.35 0.015
no 224 109 (48.7%) 115 (51.3%)
unknown 2 2 (100%) 0 (0%)

LNCC positive 71 46 (64.8%) 25 (35.2%) 2.02 0.014
negative 197 94 (47.7%) 103 (52.3%)

TTE performed 252 135 (53.6%) 117 (46.4%) 2.54 0.083
with CC dissection 221 132 (59.7%) 89 (40.3%)
without CC dissection 30 3 (10%) 27 (90%)
unknown 1 0 (0%) 1 (100%)
not performed 16 5 (31.2%) 11 (68.8%)
with CC dissection 9 5 (55.6%) 4 (44.4%)
without CC dissection 7 0 (0%) 7 (100%)
unknown 0 0 (0%) 0 (0%)

Continuous data are presented as means ± standard deviations. Categorical data are presented as absolute counts with percent of column total, unless 
otherwise stated. athe ratio of the odds of having a tumor size of 1–2 cm in the upper row category to the odds of having that tumor size in the lower row 
category of the predictor variable. bthe ratio of the odds of having a tumor size of 1–2 cm in the age category <35 years to the odds of having that tumor 
size in the age category ≥ 35 years. The choice of cut-off points for age categories was based on the study by Takacsova et al. [11]. To compute the ORs χ2 
test of independence or Fischer exact test were applied. cthe Cochran-Armitage χ2 test of linear trend for age-risk categories as suggested by Takacsova et al. 
[11]. Abbreviations: PTC – papillary thyroid cancer; TU – tumor; OR – odds ratio; P – probability; S.D. – standard deviation; n.a. – not applicable; LNCC – 
lymph nodes in the central neck compartment; TTE – total thyroidectomy

Table 3. Multivariable analysis of selected clinicopathologic variables and 
their association with a more aggressive disease in patients with small-
size papillary thyroid cancer.

Variable B Standard 
Error p-value HR 95% CI

Gender M 0.363 0.3716 0.3282 1.44 0.69–2.98
Age (years) –0.014 0.0121 0.2332 0.98 0.96–1.01
ETE 0.834 0.5656 0.1403 2.30 0.76–6.98
ETE×LNCC –0.503 0.7119 0.4799 0.61 0.15–2.44
LNCC 1.214 0.3876 0.0017 3.37 1.58–7.20

The likelihood χ2 test statistic was 21.713 and corresponding p-value = 
0.0008. The combined effect of ETE and LNCC on the more aggressive dis-
ease calculated from the regression coefficients yielded the hazard ratio of 
4.69 (HR = e(0.834–0.503+1.214)  = 4.69). Abbreviations: B – regression coefficients; 
P – probability; HR – hazard ratio; 95% CI – 95% confidence interval; M – 
male; ETE – extrathyroidal extension; LNCC – lymph nodes in the central 
neck compartment
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reduced (3.25; 95%  CI: 1.18–8.97) but remained signifi-
cant (p=0.023). The average hazard ratios for the presence 
of one (HR=3.15; 95% CI: 0.77–12.83) or more metastases 
in CC (HR=1.75; 95% CI: 0.47–6.52) among patients with 
ETE did not reach statistical significance (p=0.110 and 0.404, 
respectively) likely due to the lower number of patients in 
this stratum. It was therefore reasonable to stick to binary 
LNCC predictor coded as metastasis present/absent. The 
final model (introduced in Table 3) was built from the main 
independent variables LNCC and ETE, involving the inter-
action term LNCC × ETE as an additional independent 
variable. The model was adjusted for any possible influence of 
age and gender. We found that the model taking into account 
the interaction between LNCC and ETE status was signifi-
cant (p=0.0008) and more closely fit the observed data than 
did its simpler alternative (χ²=21.713 vs. χ²=20.632). Even if 

the interaction term per se was not statistically significant, it 
improved the descriptive performance of the model.

Discussion

Low-risk PTCs according to ATA 2015 Guidelines [3] do 
not need a traditionally recommended complex oncological 
treatment. In our clinical experience, up to 10% of those 
patients develop biochemical or structural evidence of 
persistent/recurrent disease within two years and 15–20% 
of patients within 10 years after surgery. A relatively short 
median time-to-event (18.3 months) found in our study 
suggests rather persistent than the recurrent disease. Thus, 
it is important to identify vulnerable patients at increased 
risk of more aggressive disease already at the time of initial 
diagnosis.

Figure 2. Descriptive results on disease outcomes of PTC patients with respect to the perioperative presence of metastatic disease, stratified by extra-
thyroidal extension. The computed odds for having more aggressive PTC in patients with the risk factor (present metastases in the LNCC) stratified by 
the presence or absence of extrathyroidal extension are shown in the forest plot. The association between the risk factor and outcome across the strata 
was tested using the Mantel-Haenszel χ² test: pooled OR=3.68 (95% CI: 1.80–7.55). χ² (test OR differs from 1) = 12.461; p=0.0004. χ² for heterogene-
ity (test that all odds ratios are equal) = 0.209, DF=1, p=0.6474.). Abbreviations: OR – odds ratio; 95% CI – 95% confidence interval; PTC – papillary 
thyroid cancer; ETE – extrathyroidal extension categorized as present (coded ETE yes) or absent (coded ETE no); LNCC – lymph nodes in the central 
neck compartment categorized as positive or negative presence of metastases
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Whereas several factors have been consistently reported 
as risk factors for recurrence of PTC [6], much less informa-
tion is available on risk stratification of tumors <2 cm. On 
univariate analysis, male gender, extrathyroidal extension, 
vascular invasion, LNCC metastases (all known risk factors) 

[5–9], and supposedly also BRAF mutation [5, 10–12] were 
significantly associated with disease aggressiveness in the 
consistence with ATA Guidelines [3]. The present study 
supports the view of current literature summarized e.g. in [3] 
that in small-size PTC a greater size of the tumor might not 
be a negative prognostic factor per se. We did not find a statis-
tically significant association between aggressiveness and 
tumor size when tumors smaller than 1 cm were compared 
to tumors sized 1–2 cm.

Conflicting results are found regarding the independent 
prognostic significance of gender and vascular invasion 
toward recurrence, distant metastases, and death [3]. Since 
correlation analysis revealed a strong association of vascular 
invasion with metastases in LNCC, our attention was mainly 
drawn to the prognostic significance of ETE, LNCC, their 
mutual relationships, and impact on the outcome.

When analyzing the prognostic significance of LNCC 
metastases in the stratified analysis, we found out that the 
effect size expressed by OR was surprisingly different in 
patients with and without ETE (2.85 and 4.15, respectively; 
Figure 2). Metastases in the LNCC were found in 26.5% 
of the tumors <2 cm in total. The results mirrored those 
obtained by the stratified univariate analysis – LNCC were 
significantly predictive of more aggressive disease indepen-
dently of ETE. When accompanied by ETE, the HR rose to 
4.69 (Table 3), which was less than the estimate of 5.33 from 
the model without the interaction term (not shown). It may 
be partially explained by the fact that ETE and LNCC metas-
tases were not truly independent, but mutually correlated 
to some extent. Since the association between metastasis in 
LNCC and the outcome was different for different strata of 
ETE, the effect modification might have been present, likely 
due to residual metastatic LNCC in some ETE-negative 
patients. Assuming that the interaction was not specified 
a priori and that the interaction term was not statistically 
significant, we consider this finding as preliminary. On the 
other hand, we have to keep in mind that the parsimonious 
model by ignoring the interaction apparently attenuated the 
effect of negative ETE (HR=1.67).

Our findings would advocate placing greater emphasis 
on the role of LNCC metastases in the absence of ETE if 
the assumption on the effect modification is correct. It also 
adheres to the fact that performing of central neck dissec-
tion was significantly associated with the higher numbers 
of the perioperatively found positive LNCC. Randolph et al. 
revealed that the prognostic significance of nodal metastases 
should be based on the number and size of positive LN as well 
as on the presence or absence of extra-nodal extension [7]. 
We divided and statistically evaluated our group of patients 
into three subgroups: with no, one, and more LNCC metas-

tases. Patients with no metastases had statistically signifi-
cant better prognosis compared to both other subgroups. 
There was no statistical difference between the groups with 
one and more metastases. It seems that the ability of the 
tumor to metastasize itself and not the number of lymph 
nodes affected has clinical importance, which has also been 
suggested by other researchers [13]. Metastases in LNCC are 
difficult to diagnose pre-operatively [14, 15]. It seems that 
intraoperative examination of CC with the histopathologic 
assessment of lymph nodes >5 mm could be beneficial in the 
management of PTC.

To summarize, when interpreting the relationship 
between the presence of LNCC metastases and more aggres-
sive disease, the ETE status should also be considered. We 
drew special attention to the patients without ETE for whom 
limited treatment would be recommended. In this group of 
patients, the presence of metastases in LNCC was associ-
ated with a four  times higher risk of persistent/recurrent 
disease compared to patients without metastases (Figure 2). 
Without performing CC dissection, 7.3% of patients would 
be undertreated, which is in accordance with the literature 
[6]. The performance of routine prophylactic CC dissection 
for PTC is still an area of debate [16, 17] and generally, it 
is not recommended in the early stages of the disease [17]. 
Japanese practice is to perform extensive surgery for all 
PTCs. If the diagnosis of PTC is known before surgery then 
both central and lateral neck dissections on the side of the 
tumor are recommended. With this surgical approach, they 
achieved in the Japanese population the recurrence rate of 
all PTCs (including high-risk cancers) similar to low-risk 
cancers [9]. Based on our results, we suggest performing an 
intraoperative examination of CC followed by diagnostic 
ipsilateral central neck dissection if LN greater than 5 mm 
are present as a  standard surgical procedure in all patients 
with low-risk PTC especially when unilateral lobectomy is 
considered. Unilateral central neck dissection carries a low 
risk of surgical complications, virtually the same as lobec-
tomy. We are aware that the proposed surgical strategy is not 
impeccable as up to 6.7% of patients (in our cohort none) can 
have metastatic lymphadenopathy only on the contralateral 
side of CC [18] but it can significantly decrease the number 
of undertreated patients. Histological examination of central 
neck lymph nodes can help to identify patients who would 
benefit from completion thyroidectomy and radioactive 
iodine treatment [19, 20].

In conclusion, the new ATA 2015 Guidelines make advances 
in the management of low-risk differentiated thyroid cancer. 
Thorough pre- and intra-operative management are neces-
sary to accurately identify low-risk patients with the aim of 
avoiding both under and over-treatment. In times when the 
rationale of central neck dissection is discussed, the proce-
dure performed on the side of the tumor in appropriately 
selected cases could play an important role in the risk-strat-
ification of patients with small-size papillary thyroid cancer, 
particularly in cases without extra-thyroidal extension.
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