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Abstract
Background: Lymph node metastases in papillary thyroid cancer (PTC) increase the risk for persistent and recurrent disease. Data on the 
predictive value of histopathological features of lymph node metastases, however, are inconsistent. The aim of this study was to evaluate the 
prognostic significance of known and new histopathological features of lymph node metastases in a well-defined cohort of PTC patients with 
clinically evident lymph node metastases.
Methods: A total of 1042 lymph node metastases, derived from 129 PTC patients, were reexamined according to a predefined protocol and 
evaluated for diameter, extranodal extension, cystic changes, necrosis, calcifications, and the proportion of the lymph node taken up by tumor 
cells. Predictors for a failure to achieve a complete biochemical and structural response to treatment were determined.
Results: The presence of more than 5 lymph node metastases was the only independent predictor for a failure to achieve a complete response to 
treatment (odds ratio [OR] 3.39 [95% CI, 1.57-7.33], P < .05). Diameter nor any of the other evaluated lymph node features were significantly 
associated with the response to treatment.
Conclusions: Detailed reexamination of lymph nodes revealed that only the presence of more than 5 lymph node metastases was an 
independent predictor of failure to achieve a complete response to treatment. No predictive value was found for other histopathological 
features, including the diameter of the lymph node metastases. These findings have the potential to improve risk stratification in patients with 
PTC and clinically evident lymph node metastases.
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Significance

This study aimed to quantify the prognostic implications of known histopathological features of lymph node metastases in 
papillary thyroid cancer and identify new predictors. A detailed reexamination of lymph node metastases was performed in a 
homogenous cohort of patients with clinically evident lymph node metastases that were all treated with thyroidectomy and 
radioactive iodine ablation. The presence of more than 5 lymph node metastases was the only independent predictor of fail
ure to achieve a complete response to treatment. Neither size, extranodal extension, nor other examined histopathological 
lymph node features independently added to the risk of a failure to achieve a complete response. These findings have the 
potential to improve risk stratification for PTC patients with clinically evident lymph node metastases.
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Introduction
Papillary thyroid cancer (PTC) is the most common histologic
al subtype of thyroid cancer, accounting for approximately 
80% of cases.1 The disease course is generally indolent, and 
it has a 25-year cause-specific survival rate of 95%.2 Lymph 

node metastases may occur in up to 50% of patients depend
ing on the extent of surgery and interpretation of the 
pathologist.3-6 The risk for persistent and recurrent disease 
is increased in patients diagnosed with lymph node metasta
ses.7,8 Risk factors for lymph node metastases include male 
sex, younger age, and higher T stage of the primary tumor.9

Guidelines recommend to perform a therapeutic neck dissec
tion in patients presenting with clinically evident lymph 
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node metastases, defined as metastases identified on preopera
tive imaging or during intraoperative inspection.4,10

Different guidelines have incorporated histopathological fea
tures of lymph node metastases to inform clinical manage
ment.4,10 For example, the American Thyroid Association 
(ATA) guideline has included size and number of lymph node 
metastases in their stratification system to predict the risk of 
structural disease recurrence.4 There is limited information if 
histopathological features of lymph node metastases predict 
the risk of persistent or recurrent disease, and if so which features 
are useful in a clinical setting.6 Studies assessing the prognostic 
value of number of lymph node metastases, size, cervical loca
tion, extranodal extension, or ratio between harvested and meta
static lymph nodes have yielded conflicting results.6,11-13 This 
may be explained by heterogeneity in study populations (eg, 
prophylactic vs therapeutic neck dissection, proportion of pa
tients treated with radioactive iodine [RAI]), the studied histo
pathological features, and differences in applied definitions for 
these features. Moreover, most studies are based on available 
pathology reports, which are prone to reporting bias and lack 
systemic evaluation, rather than histological reexamination of 
lymph nodes.13-21 Furthermore, very few studies have reported 
on prognostic value of specific histopathological features such 
as calcifications, cystic appearance, and necrosis.21,22

The aim of this study was to define histopathological fea
tures that predicted failure to achieve a complete structural 
and biochemical response to treatment in a well-defined co
hort of patients with PTC and clinically evident lymph node 
metastases. To overcome limitations of previous studies, and 
with the aim to identify new predictors, all individual lymph 
node metastases were reexamined.

Methods
Patients
Eligible for inclusion were patients with PTC and clinically evi
dent lymph node metastases at initial presentation, who were at 
least 18 years old and had a neck dissection performed at the 
Erasmus Medical Center, a regional tertiary referral center, be
tween January 1, 2002, and December 31, 2016. Furthermore, 
a minimum follow-up period of 12 months after surgery was 
required for eligibility, and the pathology slides of the neck dis
section had to be available for reexamination. Clinically evi
dent lymph node metastases were defined as lymph node 
metastases that were either preoperatively detected with palpa
tion or imaging or identified during surgery. This study was 
conducted in accordance with the amended Declaration of 
Helsinki. This study was approved by the medical ethical board 
of the Erasmus University Medical Center (MEC-2018-1195). 
The requirement for written informed consent was waived, 
given the retrospective inclusion of patients.

Procedures
Data on demographic characteristics, treatment outcome, and 
histopathological features of the primary tumor were retro
spectively retrieved from medical charts. The AJCC TNM 
eighth edition for postoperative staging was applied retro
spectively.7 All patients underwent total thyroidectomy and 
lymph node dissection (either of the central compartment, lat
eral compartment, or both), followed by at least 1 RAI treat
ment. Patients received an initial postthyroidectomy RAI 
dose of ∼5550 MBq, except for 1 patient who was treated 

with 1850 MBq. In the first postoperative year, all patients re
ceived thyroid-stimulating hormone (TSH) suppressive treat
ment with levothyroxine and were followed up with a 
cervical ultrasound and regular measurements of thyroglobu
lin (Tg) and thyroglobulin antibodies (TgAbs), measured 
with Immulite 2000XPi (Siemens Healthcare Diagnostics 
Inc., Tarrytown, NY, United States). In case of absent bio
chemical and radiological signs of persistent disease 12-18 
months postoperative, a dynamic risk stratification was per
formed consisting of a recombinant TSH-stimulated Tg meas
urement (rh-TSH-Tg) and neck ultrasound. The response to 
treatment was assessed according to the classification pro
posed in the 2015 ATA guideline.4 Patients were considered 
to have an excellent response to treatment if Tg while on levo
thyroxine supplementation (Tg-on) was <0.2 µg/L or 
rh-TSH-Tg was <1 µg/L, in combination with negative im
aging and undetectable TgAb. In case of Tg-on ≥1 µg/L, 
rh-TSH-Tg ≥10 µg/L, or rising TgAb concentrations, the pa
tient was classified as having a biochemical incomplete re
sponse. Patients with structural evidence of disease were 
classified as structural incomplete response. Finally, patients 
with one of the following: Tg-on detectable, but <1 µg/L or 
rh-TSH-Tg ≥1.0 but <10 µg/L, nonspecific findings on im
aging studies, and stable or declining TgAb, were considered 
to have an indeterminate response. In case of progressive dis
ease, treatment was initiated including surgery or additional 
RAI therapies, followed by a new response evaluation. In 2 pa
tients who lacked a recombinant TSH-Tg measurement, nega
tive imaging more than 10 years after initial treatment was 
considered a complete response. Recurrent disease was defined 
as new biochemical or structural disease identified more than 
12 months after a complete response had been reached.

All pathology slides of cervical lymph node dissections and 
lymph nodes found in the thyroidectomy specimen were 
reevaluated by an experienced endocrine pathologist and 
scored according to a predefined protocol (Figure S1). We col
lected the following data: total number of harvested lymph no
des, number of lymph nodes with metastases, location of the 
lymph node metastasis (central or lateral neck), diameter of 
the metastasis and the presence of extranodal extension, cystic 
changes, calcifications (including psammoma bodies) or ne
crosis, and finally, the proportion of the lymph node taken 
up by tumor cells (100%, >50%, <50%, or subcapsular tu
mor localization only). Extranodal extension was defined as 
invasion of tumor cells beyond the lymph node capsule in 
the surrounding fat tissue. A cystic change was defined as a 
cavity within a lymph node metastasis, either looking optically 
empty or a space filled with papillary structures, macrophages, 
or colloid. Cystic changes were divided into macroscopic 
(>1 cm) and microscopic (<1 cm). Examples of examined 
histopathological features are shown in Figure 1.

Outcomes
The primary outcome was failure to achieve a complete struc
tural and biochemical response to treatment. The secondary 
outcome was failure to achieve a complete response after initial 
treatment with surgery and RAI ablation, allowing to identify 
features that predicted time to achieve a complete response.

Statistical analysis
A logistic regression model was used to test the associations 
of histopathological lymph node features with the primary 
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and secondary outcomes. Variables with a P < .10 in univari
able analysis were selected for the multivariable model. 
Variables that created collinearity were excluded. A 
P-value of .05 was considered statistically significant. 
Differences in the proportion of patients that reached a com
plete response, stratified by lymph node features, were esti
mated with the Kaplan–Meier method. Correlations 
between histopathological features were assessed with a 
Mann–Whitney U test or Spearman correlation test when 

appropriate. Receiver operating characteristic (ROC) curve 
analysis was used to extract sensitivity and specificity values 
for specific cutoffs of the number of lymph node metastases 
for the endpoint of a complete response to treatment. A gen
eralized linear mixed model was used to estimate differences 
between lymph node metastases located in the central vs the 
lateral neck department. All statistical analyses were per
formed using Statistical Package for the Social Sciences 
(SPSS) version 25.0.

Figure 1. Upper left image: extranodal extension with extracapsular tumor extension into the extranodal fat tissue (indicated by an arrow). Upper middle 
image: deposits of calcification. Psammoma bodies defined by lamellated round structures are indicated with arrows. Upper right image: necrosis with 
pink amorphous material and debris on the mid and right side of the image. On the lower row are three examples of microcystic changes characterized by 
microscopic (<1 cm in diameter) optically open spaces filled with or surrounded by tumor cells.

Figure 2. Study participants. Reasons that patients with lymph node metastases did not undergo a neck dissection include the absence of clinically 
evident lymph node metastases (n = 12), the surgery was not possible from a technical point of view (eg, encasement of vital structures; n = 5), patient 
preference (n = 1), and unknown due to incomplete data (n = 17). PTC, papillary thyroid cancer.
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Results
Patient characteristics
A total of 276 patients with PTC and lymph node metastases 
were assessed for eligibility, and 129 patients were included 
for the final analysis (Figure 2). Median follow-up was 76 
months (range 15-224). A complete response to treatment 
was identified in 50.4% (65 out of 129) patients of whom 
70.8% (46 out of 65) achieved a complete response after ini
tial treatment with surgery and RAI ablation therapy. 
Recurrence after a complete response occurred in 4.5% 
(6 out of 133) patients, and disease-specific mortality was 
7.0% (9 out of 133 patients). Baseline characteristics are sum
marized in Table 1.

Lymph node features: correlations and differences 
between the central and lateral compartment
In 62.0% (80 out of 129) of patients, more than 5 lymph node 
metastases were present, while 20.9% (27 out of 129) of 
patients had a lymph node larger than 3 cm, and 73.6% 
(95 out of 129) of patients had ≥1 lymph node with extrano
dal extension. Cystic changes <1 cm were present in 84.5% 
(109 out of 129) of patients, and cystic changes ≥1 cm were 
present in 42.6% (55 out of 129) of patients. Necrosis was 
present in 14.0% (18 out of 133) of patients.

The number of lymph node metastases was correlated with 
the number of lymph nodes in the lateral compartment 
(Spearman correlation coefficient [rho] 0.748, P < .001), the 
number of lymph nodes with extranodal extension (rho =  
0.501, P < .001), and the number of lymph nodes with cystic 
changes (rho = 0.590, P < .001). Compared with lymph 
node metastases in the central neck compartment, lymph 
node metastases in the lateral compartment were larger (me
dian diameter 9.0 mm [IQR 3.0-16.8] vs 5.0 mm [IQR 
2.5-10], P < .001) and had more often cystic changes (OR 
1.84 [95% CI, 1.32-2.67], P < .001; Table 2).

Predictors for a failure to achieve a complete 
structural and biochemical response to treatment
The presence of more than 5 lymph node metastases was the 
only independent predictor for the primary, as well as the sec
ondary outcome (OR 4.17 [1.40-12.4], P < .05 and OR 4.14 
[1.70-10.0], P < .01, respectively; Table 3). Sensitivity and 
specificity for different cutoffs for the number of lymph node 
metastases on the outcome of response to treatment are shown 
in Table S1.

For the primary outcome, there was a positive association of 
the number of lymph nodes with extranodal extension (OR 
1.23 [1.03-1.45], P = .019) and the presence of necrosis (OR 
3.00 [0.99-9.11], P = .052) with failure to achieve a complete 
response to treatment in univariable, but not in multivariable 
analysis. For the secondary outcome, there was a positive as
sociation of the number of lymph nodes in the lateral compart
ment (OR 1.20 [1.06-1.35], P < .01) with failure to achieve a 
complete response after initial treatment in univariable, but 
not in multivariable analysis (Table S2). No prognostic statis
tical significance was present for the diameter of the lymph 
node metastasis (neither mean diameter nor the presence of 
a lymph node metastasis ≥3 cm), the presence of cystic 
changes, calcification, necrosis, or the proportion of the lymph 
node taken up by tumor cells (Figure 3).

Discussion
Following the reexamination of 1042 lymph node metastases, 
we showed that the presence of more than 5 lymph node me
tastases is an independent predictor of failure to achieve a 
complete biochemical and structural response to treatment, 
whereas there was no association of other histopathological 
features, including diameter of the lymph node metastasis 
and extranodal extension with response to treatment.

Multiple studies have shown that a higher number of 
lymph node metastases is associated with worse 
prognosis.13,14,16,19,23,24 According to the ATA risk stratifica
tion tool, patients are upstaged from low to intermediate risk 
for disease recurrence if more than 5 lymph node metastases 
are present at pathology examination.4,6,25 We were able to 
show that within the subgroup of patients with clinically evi
dent lymph node metastases, by definition classified as inter
mediate risk for disease recurrence according to the ATA 
guideline, the number of lymph node metastases further dis
criminates the risk for persistent disease. We were unable to 
confirm the other histopathological feature, that is, diameter 
(≥3 cm) of the lymph node metastases, which is included in 
the ATA risk stratification tool, to be associated with a failure 

Table 1. Clinicopathological characteristics of PTC patients with lymph 
node metastases (n = 129).

n %

Age (years), mean (SD) 48.5 (16.4)
Sex, female 71 55.0
T-stage

T0 5 3.9
T1 24 41.9
T2 29 22.5
T3 27 20.9
T4 14 10.9

Extrathyroidal extension 20 15.5
Incomplete tumor resectiona 31 24.0
Vascular invasion present 32 24.8
N-stage

N1a 13 10.1
N1b 116 89.9

Distant metastases at presentation 19 14.7
2015 ATA risk stratification

Low 0 0.0
Intermediate 56 43.4
High 73 56.6

Neck dissection
Central compartment 15 11.6
Lateral compartment 12 9.3
Central and lateral compartments 102 79.1

Response to treatment
Complete response 65 50.4
Complete response after prior treatment 46 36.0

Recurrence after complete response 6 4.7
Disease status end of follow-up

Excellent response 59 45.7
Biochemical incomplete response 11 8.5
Structural incomplete response 34 26.4
Indeterminate response 19 14.7
Not stratified 5 3.9

Disease-specific mortality 9 7.0

Data are presented as n (%) or as mean (SD). T-stage and N-stage according 
to the AJCC TNM staging system, eighth edition. 
Abbreviations: ATA, American Thyroid Association; IQR, interquartile 
range; N, number; PTC, papillary thyroid cancer; SD, standard deviation. 
aIncomplete tumor resection is defined as any microscopically positive 
surgical margin.
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to achieve a complete response to therapy. The 3-cm cutoff 
was derived from 2 studies that differed from our study in a 
number of aspects.16,26 In these studies, prophylactic central 
neck dissections were routinely performed, likely driving the 
association between larger lymph nodes and risk of recurrence 
as prophylactic neck dissections also yield nonclinically rele
vant micrometastases. Indeed, prophylactic central neck dis
sections are not routinely recommended anymore, but may 
be considered only in advanced primary tumors (stage T3 or 
T4).4 Furthermore, only 3.8% (23 out of 604) of patients in 
1 study and none in the other study received treatment with 
RAI ablation and TSH suppressive therapy. In multiple studies 
in patients who received RAI treatment, size had no prognostic 
significance.19,26-30 Only 1 study with a comparable cohort of 
347 RAI-treated patients found a marginal association be
tween the maximum diameter of lymph node metastases and 
distant metastasis-free survival (hazard ratio [HR] 1.1, P  
= .026), but not for local recurrence or disease-free survival.24

Combining our data with those in the preexisting literature, 
the diameter of the lymph node metastasis does not seem to 
incorporate any meaningful predictive properties for the re
sponse to treatment in RAI-treated populations. Consequently, 
upstaging such patients to the ATA high-risk group does not 
seem to be justified.

We failed to demonstrate that the mere presence of extrano
dal extension has any prognostic value for predicting the re
sponse to treatment, which is in agreement with other 
studies in patients with clinically evident lymph node metasta
ses.31,32 The number of lymph nodes with extranodal exten
sion was associated with the response to treatment in 
univariable, but not in multivariable analysis. The number 
of lymph nodes with extranodal extension was, however, cor
related with the total number of metastases. The absence of a 
predictive value of the ratio of number of lymph node metas
tases with extranodal extension to total number of lymph 
node metastases supports the lack of an independent associ
ation. Studies that found extranodal extension to be an inde
pendent predictor for disease recurrence often included a 
control group of patients without lymph node metastases or 
with pathological lymph node metastases, as opposed to 
clinically evident metastases, or did not adjust for the total num
ber of lymph node metastases in multivariable analysis.14,17,33

Different definitions for extranodal extension, ranging from 
microscopically extracapsular invasion to invasion into adjacent 
organs, and low concordance between pathologists pertaining 
this feature introduce heterogeneity in literature.17,34,35 There 
is a need for consensus on histological criteria for extranodal ex
tension, and future studies are needed to assess the association 

Table 2. Histopathological characteristics of lymph node metastases (n = 878) stratified by neck compartment in 102 patients that underwent both central 
and lateral neck dissections.

Central neck 
compartment  

(n = 381)

Lateral neck 
compartment  

(n = 497)

OR (95% CI) P-value

LNM diameter in mm, median (IQR) 5.0 (2.5-10.0) 9.0 (3.0-16.8) <.001
LNM ≥ 3 cm 3 0.8% 37 7.4% 2.55 (1.33-4.89) .005
Extranodal extension 95 24.9% 143 28.8% 1.19 (0.85-1.65) .308
Cystic changes

<1 cm 160 42.0% 271 54.5% 1.84 (1.32-2.67) <.001
≥1 cm 14 3.7% 83 16.7% 8.86 (4.53-17.3) <.001

Necrosis 5 1.3% 17 3.4% 1.39 (0.70-2.74) .343
Calcification 198 52.0% 281 56.5% 1.21 (0.92-1.58) .172
Proportion of LN taken up by metastatic cells

100% involvement 136 35.7% 202 40.6% 1.00 (0.58-1.72) .987
>50% involvement 114 29.9% 138 27.8% 1.25 (0.72-2.17) .429
<50% involvement 102 26.8% 111 22.3% 1.40 (0.80-2.45) .244
Subcapsular tumor deposition 28 7.3% 41 8.2% Reference

Data are presented as median (IQR) or n (%). 
Abbreviations: CI, confidence interval; cm, centimeter; IQR, interquartile range; LN, lymph node; LNM, lymph node metastasis; mm, millimeter; OR, odds ratio.

Table 3. Multivariable analysis for the primary endpoint of complete response and secondary endpoint of complete response after prior treatment with 
thyroidectomy and RAI ablation therapy (n = 129).

Primary endpoint Secondary endpoint

OR (CI) P-value OR (CI) P-value

Age 1.04 (1.00-1.07) .034 1.00 (0.98-1.03) .789
Sex (female) 0.76 (0.30-1.90) .554 0.92 (0.39-2.16) .841
High-risk feature(s) of the primary tumor 7.14 (2.31-22.0) <.001 8.32 (2.12-32.7) .002
Distant metastases 5.97 (1.10-32.5) .039 5.87 (0.68-51.0) .109
Lymph node features

LNM ≥ 5 4.17 (1.40-12.4) .010 4.13 (1.70-10.0) .002
LNM with ENE, number 1.14 (0.93-1.40) .218
Presence of at least 1 LNM with necrosis 1.59 (0.41-6.16) .502

High-risk feature(s) of the primary tumor included gross extrathyroidal extension, vascular invasion, and incomplete tumor resection. 
Abbreviations: CI, confidence interval; ENE, extranodal extension; LN, lymph node; LNM, lymph node metastases; OR, odds ratio.

378                                                                                                                           European Journal of Endocrinology, 2024, Vol. 190, No. 5
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/190/5/374/7656905 by guest on 23 M
ay 2024



between the extend of extranodal extension and response to 
treatment in patients with clinically evident lymph node 
metastases.

We did not identify an association between the ratio of 
lymph node metastases to total number of lymph nodes har
vested and the response to treatment, whereas other studies 
identified this ratio as a predictor of recurrence and sur
vival.13,20,36,37 This ratio is, however, influenced by the indica
tion and extent of neck dissections and variation in case-mix 
impair comparability between studies, questioning the rele
vance of such a variable.

The presence of cystic changes, calcifications, and the pro
portion of the lymph node taken up by tumor cells were not 
predictive of a complete response to therapy. Cystic changes 
were observed in 81.2% of patients. This feature was more 
abundant in the lateral compartment and was associated 
with the presence of extranodal extension, both observations 
being in line with previous studies.21,38 Two studies reporting 
on cystic lymph nodes in relation to prognosis yielded contra
dictory results.21,22 In the first study, cystic lymph nodes were 
identified on preoperative imaging as well as intraoperatively 
and were associated with reduced disease-free survival.21

The second study, in which a histological reexamination was 
performed, did not find an impact on disease recurrence and 
progression.22 As for extranodal extension, the use of different 

definitions and mode of detection of cystic changes hampers 
comparison between studies.

One other study examined the prognostic significance of 
calcifications, specifically psammoma bodies, and found no 
association with disease recurrence, in agreement with our 
study.22 The presence of necrosis was associated with a higher 
risk of failure to achieve a complete response in univariable, 
but not in multivariable analysis. To the best of our knowl
edge, this is the first study examining whether necrosis in 
lymph node metastases holds prognostic potential for recur
rent or persistent disease.

We were able to study histopathological features of lymph 
node metastases in a homogenous cohort of patients with clin
ically evident lymph node metastases who all received RAI 
treatment. A systematic histopathological reexamination of 
lymph node metastases was performed according to a prede
fined protocol. Histological lymph node features, which 
were not, or marginally, studied before, such as cystic changes, 
calcifications, and necrosis, were also systematically studied, 
in addition to known features that are incorporated in guide
line risk stratification tools. The inclusion of patients with clin
ically evident lymph node metastases may limit the 
generalizability of the results to any patient with pathological 
lymph node metastases. Current guidelines, however, advise 
against prophylactic neck dissections, which are prompted 

Figure 3. Kaplan–Meier estimates of time to a complete response to therapy stratified by the number of lymph node metastases (A), the presence of 
extranodal extension (B), the presence of a lymph node ≥ 3 cm (C), and the presence of necrosis (D).
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by the trend toward deescalating treatment and preventing 
overtreatment of thyroid cancer. Therefore, the patients in
cluded in this study likely reflect current practice and, hence, 
provide insights into risk factors for recurrence in this specific 
patient population aiding clinical care. Patients in this study 
received a relatively high-dose of RAI. A potential dose-related 
response to therapy should be taken into account when inter
preting the results of this study.39 A limitation of the present 
study is the limited follow-up time of a median of 76 months, 
although ∼80% of reoperations for recurrent or persistent dis
ease occur within 5 years after initial treatment.40 Another 
limitation is that data on pathological subtypes of the primary 
tumor were not available. This study was initiated before the 
publication of the 2022 World Health Organization classifica
tion of thyroid neoplasms, which recommends histological 
subtyping of PTC.41 Also, information on genetic alterations 
of both the primary tumor and lymph node metastases were 
not available. The presence of a BRAF p.V600E mutation 
was found to have an additive effect on mortality risk in pa
tients with lymph node metastases, but had no effect on the 
risk for local progression or disease recurrence.42,43 In the 
multivariable analysis, we adjusted for invasive characteristics 
of the primary tumor, which have been linked to commonly 
seen genetic alterations in PTC that are associated with aggres
sive biological behaviour of the tumor.44

In conclusion, our study indicates that only the number of 
lymph node metastases is an independent predictor of a failure 
to achieve a complete response to treatment in PTC patients 
with clinically evident lymph node metastases. The diameter 
of the lymph node metastases does not seem to have any mean
ingful predictive properties for the response to treatment in 
RAI-treated populations. Neither extranodal extension nor 
other examined histopathological features of lymph node me
tastases independently added to the risk of a failure to achieve 
a complete response. Our findings may inform further opti
mization of risk stratification systems.

Supplementary material
Supplementary material is available at European Journal of 
Endocrinology online.

Funding
None declared.

Conflict of interest: W.E.V. is on the editorial board of EJE. 
He was not involved in the review or editorial process for 
this paper, on which he is listed as author. The other authors 
have no conflict of interest to declare.

Authors’ contributions
Caroline M.J. van Kinschot (Conceptualization [lead], Data 
curation [lead], Formal analysis [lead], Investigation [lead], 
Methodology [lead], Project administration [lead], 
Resources [lead], Validation [lead], Visualization [equal], 
Writing—original draft [lead], Writing—review & editing 
[lead]), Francien H. van Nederveen (Methodology [support
ing], Writing—review & editing [equal]), Lindsey Oudijk 
(Conceptualization [equal], Investigation [equal], 
Methodology [equal], Writing—review & editing [equal]), 
Charlotte van Noord (Writing—review & editing [equal]), 
Tim I.M. Korevaar (Formal analysis [supporting], Writing— 

review & editing [equal]), Robin Peeters (Conceptualization 
[equal], Writing—review & editing [equal]), Folkert J. van 
Kemenade (Conceptualization [equal], Methodology [equal], 
Writing—review & editing [equal]), and W. Edward Visser 
(Conceptualization [equal], Methodology [equal], 
Supervision [equal], Writing—review & editing [equal])

Data availability
The data underlying this article will be shared on reasonable 
request to the corresponding author.

References
1. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in thy

roid cancer incidence and mortality in the United States, 
1974-2013. JAMA. 2017;317(13):1338-1348. https://doi.org/10. 
1001/jama.2017.2719

2. Hay ID, Thompson GB, Grant CS, et al. Papillary thyroid carcin
oma managed at the Mayo Clinic during six decades 
(1940-1999): temporal trends in initial therapy and long-term out
come in 2444 consecutively treated patients. World J Surg. 
2002;26(8):879-885. https://doi.org/10.1007/s00268-002-6612-1

3. Grebe SK, Hay ID. Thyroid cancer nodal metastases: biologic sig
nificance and therapeutic considerations. Surg Oncol Clin N Am. 
1996;5(1):43-63. https://doi.org/10.1016/S1055-3207(18)30404-6

4. Haugen BR, Alexander EK, Bible KC, et al. 2015 American Thyroid 
Association Management guidelines for adult patients with thyroid 
nodules and differentiated thyroid cancer: the American Thyroid 
Association Guidelines task force on thyroid nodules and differen
tiated thyroid cancer. Thyroid. 2016;26(1):1-133. https://doi.org/ 
10.1089/thy.2015.0020

5. Qubain SW, Nakano S, Baba M, Takao S, Aikou T. Distribution of 
lymph node micrometastasis in pN0 well-differentiated thyroid car
cinoma. Surgery. 2002;131(3):249-256. https://doi.org/10.1067/ 
msy.2002.120657

6. Randolph GW, Duh QY, Heller KS, et al. The prognostic signifi
cance of nodal metastases from papillary thyroid carcinoma can 
be stratified based on the size and number of metastatic lymph no
des, as well as the presence of extranodal extension. Thyroid. 
2012;22(11):1144-1152. https://doi.org/10.1089/thy.2012.0043

7. Tuttle RM, Haugen B, Perrier ND. Updated American Joint 
Committee on cancer/tumor-node-metastasis staging system for dif
ferentiated and anaplastic thyroid cancer (eighth edition): what 
changed and why? Thyroid. 2017;27(6):751-756. https://doi.org/ 
10.1089/thy.2017.0102

8. Zaydfudim V, Feurer ID, Griffin MR, Phay JE. The impact of lymph 
node involvement on survival in patients with papillary and follicu
lar thyroid carcinoma. Surgery. 2008;144(6):1070-1077; discus
sion 1077-8. https://doi.org/10.1016/j.surg.2008.08.034

9. Shukla N, Osazuwa-Peters N, Megwalu UC. Association between 
age and nodal metastasis in papillary thyroid carcinoma. 
Otolaryngol Head Neck Surg. 2021;165(1):43-49. https://doi.org/ 
10.1177/0194599820966995

10. Perros P, Boelaert K, Colley S, et al. Guidelines for the management 
of thyroid cancer. Clin Endocrinol (Oxf). 2014;81(Suppl 1):1-122. 
https://doi.org/10.1111/cen.12515

11. Ito Y, Miyauchi A, Jikuzono T, et al. Risk factors contributing to a 
poor prognosis of papillary thyroid carcinoma: validity of UICC/ 
AJCC TNM classification and stage grouping. World J Surg. 
2007;31(4):838-848. https://doi.org/10.1007/s00268-006-0455-0

12. Bardet S, Malville E, Rame JP, et al. Macroscopic lymph-node in
volvement and neck dissection predict lymph-node recurrence in 
papillary thyroid carcinoma. Eur J Endocrinol. 2008;158(4): 
551-560. https://doi.org/10.1530/EJE-07-0603

13. Nam SH, Roh JL, Gong G, et al. Nodal factors predictive of recur
rence after thyroidectomy and neck dissection for papillary thyroid 
carcinoma. Thyroid. 2018;28(1):88-95. https://doi.org/10.1089/ 
thy.2017.0334

380                                                                                                                           European Journal of Endocrinology, 2024, Vol. 190, No. 5
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/190/5/374/7656905 by guest on 23 M
ay 2024

http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvae048#supplementary-data
https://doi.org/10.1001/jama.2017.2719
https://doi.org/10.1001/jama.2017.2719
https://doi.org/10.1007/s00268-002-6612-1
https://doi.org/10.1016/S1055-3207(18)30404-6
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1067/msy.2002.120657
https://doi.org/10.1067/msy.2002.120657
https://doi.org/10.1089/thy.2012.0043
https://doi.org/10.1089/thy.2017.0102
https://doi.org/10.1089/thy.2017.0102
https://doi.org/10.1016/j.surg.2008.08.034
https://doi.org/10.1177/0194599820966995
https://doi.org/10.1177/0194599820966995
https://doi.org/10.1111/cen.12515
https://doi.org/10.1007/s00268-006-0455-0
https://doi.org/10.1530/EJE-07-0603
https://doi.org/10.1089/thy.2017.0334
https://doi.org/10.1089/thy.2017.0334


14. Leboulleux S, Rubino C, Baudin E, et al. Prognostic factors for per
sistent or recurrent disease of papillary thyroid carcinoma with neck 
lymph node metastases and/or tumor extension beyond the thyroid 
capsule at initial diagnosis. J Clin Endocrinol Metab. 2005;90(10): 
5723-5729. https://doi.org/10.1210/jc.2005-0285

15. Ito Y, Jikuzono T, Higashiyama T, et al. Clinical significance of 
lymph node metastasis of thyroid papillary carcinoma located in 
one lobe. World J Surg. 2006;30(10):1821-1828. https://doi.org/ 
10.1007/s00268-006-0211-5

16. Sugitani I, Kasai N, Fujimoto Y, Yanagisawa A. A novel classifica
tion system for patients with PTC: addition of the new variables of 
large (3 cm or greater) nodal metastases and reclassification during 
the follow-up period. Surgery. 2004;135(2):139-148. https://doi. 
org/10.1016/s0039-6060(03)00384-2

17. Lango M, Flieder D, Arrangoiz R, et al. Extranodal extension of 
metastatic papillary thyroid carcinoma: correlation with biochem
ical endpoints, nodal persistence, and systemic disease progression. 
Thyroid. 2013;23(9):1099-1105. https://doi.org/10.1089/thy. 
2013.0027

18. Moritani S. Impact of invasive extranodal extension on the progno
sis of patients with papillary thyroid carcinoma. Thyroid. 
2014;24(12):1779-1783. https://doi.org/10.1089/thy.2014.0167

19. Roh JL, Park JW, Jeong J, et al. Extranodal extension of lymph node 
metastasis as a prognostic indicator of recurrence and survival in 
papillary thyroid carcinoma. J Surg Oncol. 2017;116(4):450-458. 
https://doi.org/10.1002/jso.24713

20. Noel JE, Orloff LA. Recognizing persistent disease in well- 
differentiated thyroid cancer and association with lymph node yield 
and ratio. Otolaryngol Head Neck Surg. 2020;162(1):50-55. 
https://doi.org/10.1177/0194599819886123

21. Kim JK, Kim MJ, Choi SH, et al. Cystic lateral lymph node metas
tases from papillary thyroid cancer patients. Laryngoscope. 
2020;130(12):E976-E981. https://doi.org/10.1002/lary.28631

22. Lee J, Kim CH, Min IK, et al. Detailed characterization of metastat
ic lymph nodes improves the prediction accuracy of currently used 
risk stratification systems in N1 stage papillary thyroid cancer. Eur J 
Endocrinol. 2020;183(1):83-93. https://doi.org/10.1530/EJE-20- 
0131

23. Ricarte-Filho J, Ganly I, Rivera M, et al. Papillary thyroid carcin
omas with cervical lymph node metastases can be stratified into clin
ically relevant prognostic categories using oncogenic BRAF, the 
number of nodal metastases, and extra-nodal extension. Thyroid. 
2012;22(6):575-584. https://doi.org/10.1089/thy.2011.0431

24. Taboni S, Paderno A, Giordano D, et al. Differentiated thyroid can
cer: the role of ATA nodal risk factors in N1b patients. 
Laryngoscope. 2021;131(3):E1029-E1034. https://doi.org/10. 
1002/lary.29057

25. Lee J, Song Y, Soh EY. Prognostic significance of the number of meta
static lymph nodes to stratify the risk of recurrence. World J Surg. 
2014;38(4):858-862. https://doi.org/10.1007/s00268-013-2345-6

26. Ito Y, Fukushima M, Tomoda C, et al. Prognosis of patients with 
papillary thyroid carcinoma having clinically apparent metastasis 
to the lateral compartment. Endocr J. 2009;56(6):759-766. 
https://doi.org/10.1507/endocrj.K09E-025

27. Wu MH, Shen WT, Gosnell J, Duh QY. Prognostic significance of 
extranodal extension of regional lymph node metastasis in papillary 
thyroid cancer. Head Neck. 2015;37(9):1336-1343. https://doi.org/ 
10.1002/hed.23747

28. Wang LY, Palmer FL, Nixon IJ, et al. Lateral neck lymph node char
acteristics prognostic of outcome in patients with clinically evident 
N1b papillary thyroid cancer. Ann Surg Oncol. 2015;22(11): 
3530-3536. https://doi.org/10.1245/s10434-015-4398-2

29. Park CH, Song CM, Ji YB, et al. Significance of the extracapsular 
spread of metastatic lymph nodes in papillary thyroid carcinoma. 

Clin Exp Otorhinolaryngol. 2015;8(3):289-294. https://doi.org/ 
10.3342/ceo.2015.8.3.289

30. Wang LY, Palmer FL, Nixon IJ, et al. Central lymph node character
istics predictive of outcome in patients with differentiated thyroid 
cancer. Thyroid. 2014;24(12):1790-1795. https://doi.org/10.1089/ 
thy.2014.0256

31. Kim Y, Roh JL, Song D, et al. Predictors of recurrence after total 
thyroidectomy plus neck dissection and radioactive iodine ablation 
for high-risk papillary thyroid carcinoma. J Surg Oncol. 
2020;122(5):906-913. https://doi.org/10.1002/jso.26090

32. Lee SH, Roh JL, Gong G, et al. Risk factors for recurrence after 
treatment of N1b papillary thyroid carcinoma. Ann Surg. 
2019;269(5):966-971. https://doi.org/10.1097/SLA.00000000000 
02710

33. Yamashita H, Noguchi S, Murakami N, Kawamoto H, Watanabe 
S. Extracapsular invasion of lymph node metastasis is an indicator 
of distant metastasis and poor prognosis in patients with 
thyroid papillary carcinoma. Cancer. 1997;80(12):2268-2272. 
https://doi.org/10.1002/(SICI)1097-0142(19971215)80:12<2268:: 
AID-CNCR8>3.0.CO;2-Q

34. Genpeng L, Pan Z, Tao W, et al. Prognostic implications of extra
nodal extension in papillary thyroid carcinomas: a propensity score 
matching analysis and proposal for incorporation into current tu
mor, lymph node, metastasis staging. Surgery. 2022;171(2): 
368-376. https://doi.org/10.1016/j.surg.2021.07.018

35. Kou Y, Shen G, Cheng Z, Kuang A. Predictive value of gross extra
nodal extension for differentiated thyroid carcinoma persistence/ 
recurrence. Otolaryngol Head Neck Surg. 2022;166(4):643-651. 
https://doi.org/10.1177/01945998211023177

36. Schneider DF, Chen H, Sippel RS. Impact of lymph node ratio on 
survival in papillary thyroid cancer. Ann Surg Oncol. 2013;20(6): 
1906-1911. https://doi.org/10.1245/s10434-012-2802-8

37. Vas Nunes JH, Clark JR, Gao K, et al. Prognostic implications of 
lymph node yield and lymph node ratio in papillary thyroid carcin
oma. Thyroid. 2013;23(7):811-816. https://doi.org/10.1089/thy. 
2012.0460

38. Mu J, Liang X, Li F, Liu J, Zhang S, Tian J. Ultrasound features of 
extranodal extension in the metastatic cervical lymph nodes of pap
illary thyroid cancer: a case-control study. Cancer Biol Med. 
2018;15(2):171-177. https://doi.org/10.20892/j.issn.2095-3941.20 
17.0092

39. Li X, Zheng H, Ma C, et al. Higher adjuvant radioactive iodine 
therapy dosage helps intermediate-risk papillary thyroid carcinoma 
patients achieve better therapeutic effect. Front Endocrinol 
(Lausanne). 2023;14:1307325. https://doi.org/10.3389/fendo.202 
3.1307325

40. Bates MF, Lamas MR, Randle RW, et al. Back so soon? Is early re
currence of papillary thyroid cancer really just persistent disease? 
Surgery. 2018;163(1):118-123. https://doi.org/10.1016/j.surg. 
2017.05.028

41. Baloch ZW, Asa SL, Barletta JA, et al. Overview of the 2022 WHO 
classification of thyroid neoplasms. Endocr Pathol. 2022;33(1): 
27-63. https://doi.org/10.1007/s12022-022-09707-3

42. Tao Y, Wang F, Shen X, et al. BRAF v600e status sharply differen
tiates lymph node metastasis-associated mortality risk in papillary 
thyroid cancer. J Clin Endocrinol Metab. 2021;106(11): 
3228-3238. https://doi.org/10.1210/clinem/dgab286

43. Melo M, Gaspar da Rocha A, Batista R, et al. TERT, BRAF, and 
NRAS in primary thyroid cancer and metastatic disease. J Clin 
Endocrinol Metab. 2017;102(6):1898-1907. https://doi.org/10. 
1210/jc.2016-2785

44. Xing M. Molecular pathogenesis and mechanisms of thyroid 
cancer. Nat Rev Cancer. 2013;13(3):184-199. https://doi.org/10. 
1038/nrc3431

van Kinschot et al.                                                                                                                                                                                             381
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/190/5/374/7656905 by guest on 23 M
ay 2024

https://doi.org/10.1210/jc.2005-0285
https://doi.org/10.1007/s00268-006-0211-5
https://doi.org/10.1007/s00268-006-0211-5
https://doi.org/10.1016/s0039-6060(03)00384-2
https://doi.org/10.1016/s0039-6060(03)00384-2
https://doi.org/10.1089/thy.2013.0027
https://doi.org/10.1089/thy.2013.0027
https://doi.org/10.1089/thy.2014.0167
https://doi.org/10.1002/jso.24713
https://doi.org/10.1177/0194599819886123
https://doi.org/10.1002/lary.28631
https://doi.org/10.1530/EJE-20-0131
https://doi.org/10.1530/EJE-20-0131
https://doi.org/10.1089/thy.2011.0431
https://doi.org/10.1002/lary.29057
https://doi.org/10.1002/lary.29057
https://doi.org/10.1007/s00268-013-2345-6
https://doi.org/10.1507/endocrj.K09E-025
https://doi.org/10.1002/hed.23747
https://doi.org/10.1002/hed.23747
https://doi.org/10.1245/s10434-015-4398-2
https://doi.org/10.3342/ceo.2015.8.3.289
https://doi.org/10.3342/ceo.2015.8.3.289
https://doi.org/10.1089/thy.2014.0256
https://doi.org/10.1089/thy.2014.0256
https://doi.org/10.1002/jso.26090
https://doi.org/10.1097/SLA.0000000000002710
https://doi.org/10.1097/SLA.0000000000002710
https://doi.org/10.1002/(SICI)1097-0142(19971215)80:12%3C2268::AID-CNCR8%3E3.0.CO;2-Q
https://doi.org/10.1002/(SICI)1097-0142(19971215)80:12%3C2268::AID-CNCR8%3E3.0.CO;2-Q
https://doi.org/10.1016/j.surg.2021.07.018
https://doi.org/10.1177/01945998211023177
https://doi.org/10.1245/s10434-012-2802-8
https://doi.org/10.1089/thy.2012.0460
https://doi.org/10.1089/thy.2012.0460
https://doi.org/10.20892/j.issn.2095-3941.2017.0092
https://doi.org/10.20892/j.issn.2095-3941.2017.0092
https://doi.org/10.3389/fendo.2023.1307325
https://doi.org/10.3389/fendo.2023.1307325
https://doi.org/10.1016/j.surg.2017.05.028
https://doi.org/10.1016/j.surg.2017.05.028
https://doi.org/10.1007/s12022-022-09707-3
https://doi.org/10.1210/clinem/dgab286
https://doi.org/10.1210/jc.2016-2785
https://doi.org/10.1210/jc.2016-2785
https://doi.org/10.1038/nrc3431
https://doi.org/10.1038/nrc3431

	Predictors of treatment response in lymphogenic metastasized papillary thyroid cancer: �a histopathological study
	Introduction
	Methods
	Patients
	Procedures
	Outcomes
	Statistical analysis

	Results
	Patient characteristics
	Lymph node features: correlations and differences between the central and lateral compartment
	Predictors for a failure to achieve a complete structural and biochemical response to treatment

	Discussion
	Supplementary material
	Funding
	Authors’ contributions
	Data availability
	References


