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Abstract
Medullary thyroid carcinoma (MTC) is a rare, but biologically aggressive cancer that accounts for 1–2% of all thyroid 
malignancies. Its aggressiveness has been linked to distinct clinicopathological features. Novel pathological predictors 
of aggressiveness have also been described in the literature. However, these remain contentious, to date. To assess the 
prognosticators of aggressiveness for MTC and establish potentially novel ones. The primary endpoint was to establish 
predictors for central and/or lateral cervical nodal metastatic disease. Whereas secondary endpoints include defining 
biochemical and histopathologic markers of aggressiveness. A multi-center retrospective analysis of prognosticators of 
aggressiveness in MTC. 785 patients with MTC were enrolled. The mean age was 56 years with a female to male ratio of 
1: 1.7. Regression analysis demonstrated that aggressive prognosticator predictive of nodal metastasis included: age, pre- 
and post-operative Calcitonin and CEA levels, tumor size, multifocality, capsular and lymphovascular invasion, the pres-
ence of extrathyroidal extension, Ki-67, and RET positivity, desmoplasia, and inflammatory scores. This study provides 
an expanded spectrum of prognosticators of tumor aggressiveness. Furthermore, it also highlights the potential meaningful 
therapeutic implications of preoperative inflammatory scores, tumor desmoplastic reaction, and metastatic nodal ratio.
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Introduction

Medullary thyroid carcinoma (MTC), the thyroid tumor 
with amyloid, was first described in 1959. It is considered a 
thyroid tumor because of its anatomical location, however 
in reality it is a neuroendocrine tumor as it originates from 
parafollicular cells (C-cells) which are of neural crest ori-
gin. MTC is the third most common thyroid malignancy. 
According to the most recent surveillance, epidemiology, 
and end results (SEER) data, it accounts for 1–2% of all thy-
roid malignancies. Despite being relatively rare, it is associ-
ated with considerable morbidity and mortality, accounting 
for 13% of all deaths from thyroid cancer [1–4]. The major-
ity of MTCs (75%) are sporadic, while approximatively 
25% are hereditary. These can occur solely (familial MTC) 
or as part of multiple endocrine neoplasia (MEN) syndrome. 
The oncogenesis of hereditary MTC is related to a gain of 
function mutation in the RET proto-oncogene located on 
chromosome 10, and more than a hundred mutations have 
been described. The oncogenesis of sporadic tumors is simi-
lar to that of its hereditary counterpart in 50% of cases, and 
unknown in the remainder of cases. Exon 16 / M918T is the 
most common mutation [2, 3, 5].

Sporadic MTC typically occurs between the fourth and 
sixth decades of life. Prognosis depends on age at diagno-
sis and disease stage. Overall, the ten-year survival rate for 
sporadic MTC stages I, II, III, and IV are 100%, 93%, 71% 
and 21%, respectively [2].

Due to the MTCs embryogenic origin of C-cell they are 
unresponsive to radioactive iodine ablation (RIA) therapy, 
and surgery remains the mainstay management for these 
tumors. Therefore, a thorough preoperative assessment of 
these tumors is of utmost importance for adequate surgical 
planning. Calcitonin is not only a confirmatory test, but it 
also reflects tumor burden, guides preoperative diagnostic 
imaging, governs the extent of surgery required, and serves 
as a marker for disease recurrence. Its levels should be cau-
tiously interpreted in the context of age, sex, and tumor 
differentiation. Factors that negatively influence calcitonin 
levels (falsely low) include female sex, tumor de-differen-
tiation, and the “hook effect” related to assays in widely 
disseminated MTC. Whereas factors that augment calcito-
nin levels include multifocality and concurrent calcitonin-
secreting pathology. However, in extremely rare cases MTC 
may be negative for calcitonin [2].

The prognosis of MTC is usually not as favorable as well 
differentiated thyroid cancers. However, if discovered early, 
appropriate surgery can be curative. The 10-year survival of 
MTC is generally between 45 and 85% [2]. The outlook for 
MTC depends on several factors. Negative (poor) prognosti-
cators include high tumor grade (high mitotic activity), older 
age, male sex, sporadic forms, cervical nodal metastases 

and the absolute number of metastatic nodes, distant metas-
tasis, the presence of capsular and/or lymphovascular inva-
sion, extrathyroidal extension, calcitonin and CEA doubling 
times, and tumors with RET  / m918T mutation[2, 4, 6–9]. 
Furthermore, tumour desmoplastic stroma (desmoplastic 
reaction) has been recently assumed as a negative prognos-
ticator [10–13]. Moreover, nodal ratio rather than the abso-
lute metastatic lymph node count and tumour inflammatory 
markers such as neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-
monocyte ratio (LMR) have been gaining grounds as prog-
nosticators of aggressiveness in MTC[14–18]. Doubling 
times for postoperative serum calcitonin and CEA levels, 
defined as the interval of time in which the tumor markers 
levels double, are also established as prognostic factors[19]. 
Positive (favourable) prognosticators include young age, 
female sex, familial forms (patients with MEN 3 have a 
more aggressive clinical course than those with MEN 2), 
and microcarcinomas [20, 21].

The primary endpoint of this study was to assess the cor-
relation between tumoral clinicopathological features and 
the presence of cervical nodal metastasis and its stage (i.e. 
central and/or lateral). Furthermore, several other param-
eters such as tumor stromal desmoplasia, lymphovascular 
infiltration, inflammation markers were evaluated as an 
independent risk factor for aggressive disease.

Methods

With the aim of analyzing prognosticators of tumor aggres-
siveness in MTC, a retrospective study was conducted on 
a broad multi-center international scale. Forty-one centers 
from twenty-two countries around the globe participated 
in this study. The clinical charts of all adult MTC patients 
(older than 18 years), surgically managed between January 
2013 and December 2023 were collected. Data collection 
included patients’ demographics, preoperative biochemi-
cal profiles, preoperative diagnostic imaging, the extent 
of surgery performed, detailed postoperative histopathol-
ogy reports recording tumor size, pathologic features (cap-
sular and/or lymphovascular invasion, multifocality, and 
extrathyroidal extension), grading features (mitotic count, 
fibrosis, and necrosis), tumor stromal desmoplasia and 
tumor-stroma ratio and cell type, staining for calcitonin, 
CEA, thyroglobulin, Ki-67, RET, K-RAS, N-RAS, H-RAS, 
CD 133, and CD 44. Detailed descriptive data regarding 
nodal status (number of lymph nodes harvested, number 
of metastatic lymph nodes, nodal ratio, size of metastatic 
deposits, and the presence/absence of extranodal extension) 
were also collected. Lastly, postoperative follow-up data 
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collected included postoperative calcitonin and CEA kinet-
ics, disease-free and overall survival rates.

As our study is a multicentre study with data being 
shared internationally, compliance with ethical standards 
was assured by applying a uniform data collection, analy-
sis, and sharing scientific policy that ensures maintaining 
data confidentiality and its use for scientific purposes only. 
Furthermore, all procedures performed in this study were 
in accordance with the ethical standards of the institutional 
and/or national research committee and with the 1975 Hel-
sinki declaration and its later amendments or comparable 
ethical standards. This research obtained the Institutional 
Review Board (IRB) approval of each participating insti-
tute. However, Patients’ informed consent was waived 
because of the retrospective nature of this study.

The study was registered in Clinicaltrials.gov (registra-
tion number: NCT06292988).

Statistical analysis

Quantitative variables that follow a normal distribution 
were reported as means ± standard deviation or median 
(interquartile range) for those that don’t follow a normal 
distribution. Qualitative variables were reported as frequen-
cies and relative frequencies. Sample normality was tested 
using the Kolmogorov–Smirnov test. All of the continuous 
variables didn’t follow a normal distribution, so non para-
metrical tests were used. To compare the median values of 
the quantitative variables in the categories of binary cate-
gorical variables, the Mann–Whitney test was used. While 
to compare the median values of the quantitative variables 
in the categorical variables with 3 categories or more, the 
Kruskal–Wallis test was used. The Bonferroni method was 
used to further compare the medians in the categories of 
the qualitative variable (with the appropriate correction 
applied). Finally, with the Spearman correlation index 
(non-normal distribution) and with the X2 test (between cat-
egorical variables), possible correlations and dependencies 
between the variables were investigated. The statistical pro-
cessing of the sample was done using the statistical package 
“Statistical Package for the Social Sciences (SPSS)” version 
27 (IBM), (SPSS Inc., Chicago, IL, USA). In all cases, a 
p-value < 0.05 was set as the level of statistical significance 
for a two-tailed test.

Results

The data collected and the missing data are demonstrated in 
Table 1. The parameter that was excluded from further mul-
tifactorial analysis was the tumor-stromal ratio due to very 
high level of missing data (98.30%). Moreover, analysis 

taking into consideration the cell type of the tumor was also 
omitted due to the fact that most MCTs had as predominant 
type of cell the C-cells.

Demographic characteristics of MTCs

The study cohort included 785 patients. The mean age of the 
patients was 56 years. There were 493 females, with a male 
to female ratio of 1:1.71. Table 2 gives a detailed report of 
the studied demographics.

Preoperative characteristics of MTCs

The majority of patients were euthyroid and had normal 
serum biochemical and hematologic profile. The pathologi-
cal biochemical values corresponded (as expected) to calci-
tonin and CEA levels. The mean basal calcitonin level was 
144.5 pg/ml and the mean CEA level was 12.4 ng/ml. Table 
2 depicts the above mention data in details. In the above-
mentioned table, there are also “new variables” that could 
act as prognosticators of aggressivity such as neutrophil-to 
lymphocyte ratio, platelet-to-lymphocyte ratio and lympho-
cyte-to-monocyte ratio.

MTCs characteristics according to pathology reports

Pathology reports helped us determine the type of operation 
performed in each case. Predominantly, total thyroidectomy 
with central neck compartment neck dissection, thera-
peutic or prophylactic, was performed in 40.9% of cases. 
Sole total thyroidectomy was performed in 23.2% of the 
patients. Total thyroidectomy accompanied with central and 
single lateral compartment was performed in 20.5% of the 
patients. Finally, total thyroidectomy with central and both 
lateral compartments was performed in 15.4% of cases.

Concerning the characteristics of the tumor, its mean size 
was 15  mm (SD 18  mm), with 77.5% of the cases being 
unifocal. Capsular and lymphovascular invasions were 
reported in 19.2% and 27.3% of the cases respectively, 
while extrathyroidal extension was present in 14.5% of the 
cases. A mitotic count of > 5 was demonstrated in 37.8% of 
the cases and Ki-67 more than 5% was present in 36.7% 
of the cases. In small percentages, the tumor presented: (i) 
necrosis (13.9% of cases), (ii) fibrosis (16.6% of cases), (iii) 
deposits (11.1% of cases), and (iv) desmoplastic reaction 
(in 6.9% of cases).It is worth mentioning, the various pre-
dominant cellular populations in MTCs (C-cells in 67.3%, 
spindle cells in 10%, plasmacytoid in 5.3%, squamous in 
2.3%, clear-cells in 2.1%, giant-cells in 1.7%, oncocytes in 
1.7%, angiosarcoma-like cells in 1.1%, melanotic cells in 
0.8%, amphicrine cells in 0.8%). Finally, Table  3 depicts 
the various stainings of MTCs. As expected, there is intense 
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Variables N (Total 785) % missing values
Demographics
Age [at the time of surgery] 779 0.80%
Sex 780 0.60%
BMI (kg/m2) 600 23.60%
Preoperative Data
TSH (mIU/L) 595 24.20%
fT3 (pg/ml) 322 59.00%
fT4 (ng/ml) 424 46.00%
Calcitonin (pg/ml) 624 20.50%
CEA (ng/ml) 367 53.20%
PTH (pg/ml) 470 40.10%
Calcium (mg/dl) 575 26.80%
White Blood Cells (K/L) 546 30.40%
Neutrophils (/μL) 483 38.50%
Lymphocytes (/μL) 488 37.80%
Monocytes (/μL) 487 38.00%
Platelets (/μL) 549 30.10%
Mean Platelet Volume 349 55.50%
Platelet Distribution Width 152 80.60%
Number of Positive Lymph Nodes 640 18.50%
Distant metastasis 689 12.20%
Pathology report
Type of surgery 777 1.00%
Number of lymph nodes resected 644 18.00%
Number of positive lymph nodes 288 63.31%
Tumor stage (TNM) 770 1.90%
Lymph node stage (TNM) 775 1.30%
Distant metastasis (TNM) 774 1.40%
Diameter of tumor (mm) 758 3.40%
Focality 764 2.70%
Extrathyroidal extension 766 2.40%
Capsular invasion 749 4.60%
Calcitonin Staining 635 19.10%
CEA Staining 339 56.80%
Thyroglobulin Staining 404 48.50%
RET staining 275 65.00%
HRAS Staining 126 83.90%
KRAS Staining 130 83.40%
NRAS Staining 128 83.70%
Ki-67 (> 5%) 248 68.40%
Mitotic count (> 5) 180 77.10%
CD133 Staining 91 88.40%
CD44 Staining 86 89.00%
Tumor necrosis 498 36.60%
% necrosis 113 85.60%
Lymphovascular invasion 664 15.40%
Fibrosis 501 36.20%
Cell types 471 40.00%
Desmoplasia 391 50.20%
Tumor-stroma ratio 13 98.30%
Tumor deposit 305 61.10%
Postoperative Follow-Up
Calcitonin 648 17.50%
Post-op day of calcitonin measurement 642 18.20%
CEA 455 42.00%

Table 1  Data collected per category
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staining for calcitonin and CEA, while there is negative 
staining for thyroglobulin. CD133 and CD 44 stainings 
show positivity in half of the cases. Gene sequencing for 
RET, H-RAS, K-RAS, and N-RAS was positive in 21.5%, 
3.2%, 3.8%, and 1.6% of cases.

Table  2  Demographics and preoperative biochemical and haemato-
logical data of the patients
Variables Median (Interquartile range)
Age [at the time of surgery] 56 (22)
BMI (kg/m2) 25.2 (5.9)

Number of patients (%)
Sex
Male 287 (37%)
Female 493 (63%)
Preoperative Data
Variables Median (Interquartile range)
TSH (mIU/L) 1.8 (1.8)
fT3 (pg/ml) 2.6 (1.6)
fT4 (ng/ml) 0.3 (0.9)
Calcitonin (pg/ml) 144.5 (922.7)
CEA (ng/ml) 12.4 (54.7)
PTH (pg/ml) 47.2 (32.5)
Calcium (mg/dl) 9.3 (1.1)
White Blood Cells (K/L) 6945 (2700)
Neutrophils (/μL) 4260 (2220)
Lymphocytes (/μL) 2030 (970)
Monocytes (/μL) 360 (475)
Platelets (/μL) 246,000 (92,000)
Mean Platelet Volume 9.7 (2.3)
Platelet Distribution Width 15.9 (34.7)
Neutrophil-to-lymphocyte ratio 2.08 (1.28)
Platelet-to-lymphocyte ratio 121.47 (65.21)
Lymphocyte-to-monocyte ratio 6.43 (28.91)

Number of patients (%)
Distant metastasis
Yes 27 (4%)
No 662 (96%)

Table 3  TNM staging and staining and genetic characteristics of the 
studied MTCs
Variables Number of patients (%)
Tumor stage (TNM) Τ1 473 (61.4%)

Τ2 164 (21.3%)
Τ3 100 (13%)
Τ4 30 (3.9%)
ΤΧ 3 (0.4%)

Lymph node stage (TNM) Ν0 416 (53.7%)
Ν1a 169 (21.8%)
Ν1b 132 (17%)
ΝΧ 58 (7.5%)

Distant metastasis (TNM) Μ0 712 (92%)
Μ1 35 (4.5%)
ΜΧ 27 (3.5%)

Variables Number of patients (%)
Calcitonin staining Negative 11 (1.7%)

Mild 152 (23.9%)
Moderate 71 (11.3%)
Intense 401 (63.1%)

CEA staining Negative 46 (13.6%)
Mild 85 (25.1%)
Moderate 23 (6.8%)
Intense 185 (54.6%)

Thyroglobulin staining Negative 354 (87.6%)
Mild 43 (10.6%)
Moderate 2 (0.5%)
Intense 5 (1.3%)

CD133 staining Yes 47 (51.6%)
No 44 (48.4%)

CD44 staining Yes 46 (53.5%)
No 40 (46.5%)

RET Positive 59 (21.5%)
Negative 216 (78.5%)

HRAS Positive 4 (3.2%)
Negative 122 (96.8%)

KRAS Positive 5 (3.8%)
Negative 125 (96.2%)

NRAS Positive 2 (1.6%)
Negative 126 (98.4%)

Variables N (Total 785) % missing values
Post-op day of CEA measurement 444 43.40%
Suspicious/positive lymph nodes 663 15.50%
Aggressiveness Metrics
Calcitonin doubling time (months) 150 80.90%
CEA doubling time (months) 114 85.50%
Structural doubling time (months) 215 72.60%
Death 671 14.50%
Survival (months) 519 33.90%
Extra Variables
Neutrophil-to-lymphocyte ratio 313 60.13%
Platelet-to-lymphocyte ratio 488 37.83%
Lymphocyte-to-monocyte ratio 487 37.96%
Lymph node ratio 287 63.40%

Table 1  (continued) 
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Concerning the correlation between age and lymph node 
stage, one can observe that there is no age difference 
between stages (p = 0.93).

Concerning lymph node stage and sex, we observe that 
N1a and N1b patient have higher probability of being male 
than female (p < 0.001). The male:female ratio for N0 stage 
is 0.54, for N1a is 0.59, and for N1b is 0.91.

Finally, there is no correlation between patients’ body 
mass index and lymph node stage (p = 0.2).

2.	 Correlations between lymph node disease and Preop-
erative characteristics of MTCs

Concerning preoperative biochemical and hematological 
data, all patients had no statistically significant difference 
between different lymph node stages for TSH, white blood 
cell count, lymphocyte count, platelets count, mean platelet 
volume, platelet distribution width, neutrophil-to-lympho-
cyte ratio and platelet-to-lymphocyte ratio (as displayed in 
Table 5).

As expected, the higher the pre-operative calcitonin lev-
els are the more advanced the lymph node stage (p < 0.001). 
There is also statistically significant correlation between 
N1b lymph node stage and reduced neutrophils (p = 0.006), 
elevated monocyte (p < 0.001) and for N1a stage reduced 
lymphocyte-to-monocyte ratio (p = 0.017) (Table 5).

3.	 Correlations between lymph node disease and MTCs 
characteristics according to pathology reports

As far as it concerns the correlations between lymph node 
stage and MTC characteristics according to pathology 
report, there was no statistically significant results on the 
number of lymph nodes resected (p = 0.286), calcitonin 
staining (p = 0.522), CEA staining (p = 0.269), thyroglob-
ulin staining (p = 0.084), CD 133 (p = 0.611), CD 44 (p 
= 0.48), HRAS (p = 0.814), KRAS (p = 0.898), NRAS (p 
= 0.487), Ki-67>5% (p = 0.726) and RET positivity (p = 
0.077) as displayed in Table 6.

As expected, there were more positive lymph nodes 
between stages (p < 0.001), as well as higher lymph node 
ratio (p < 0.001). Equally, logical seems the statistically 
significant correlation between lymph node stage and diam-
eter of the tumor (p < 0.001). The large the tumor the more 
advance the lymph node stage is expected to be. Moreover, 
the multifocality of the MCTs is positively correlated (p = 
0.02) to N1 stage (both N1a and N1b). As expected, more 
aggressive tumors -giving lymph node metastasis- are those 
with extrathyroidal extension (p < 0.001), capsular invasion 
(p < 0.001) and lymphovascular invasion (p < 0.001). Des-
moplastic reaction seems to have a trend of correlation with 
lymph node metastasis but not statistically significant at the 

As far as lymph node data extracted from the pathology 
reports is concerned, one can see that the median number 
of lymph nodes resected was 23 with an interquartile range 
of 29 lymph nodes. Among these lymph nodes, the median 
number of positive lymph nodes was 6, with an interquartile 
range of 9 lymph nodes. The mean lymph node ratio (posi-
tive to negative lymph nodes) was 0.35 with an interquartile 
range of 0.88.

Finally, distant metastasis was present in 4.5% of the 
patients.

According to the American Joint Committee on cancer 
(AJCC) tumor, node, metastasis (TNM) staging, more than 
55% of cases were T1N0M0. Table 3 depicts in detail the 
respective T, N and M stages in the studied cohort.

Follow-up characteristics of MTCs

Calcitonin and CEA doubling times were 9 and 8 months, 
respectively.

Postoperative follow-up data demonstrated calcitonin 
and CEA normalization in 64% and 80% of patients, respec-
tively. Measurements were obtained on 43 and 62 days after 
surgery, respectively. A postoperative metastatic lymphade-
nopathy was reported in 17.6% of cases. The overall sur-
vival rate of the study cohort was 93.9%, whereas the mean 
survival rate was 53 months. Table 4 explains in detail all 
postoperative data of the studied population.

Correlations between lymph nodal disease in MCTs

For the correlations unknown stages (x) for T, N and M were 
excluded.

1.	 Correlations between lymph node disease and 
demographics

Table 4  Follow-up postoperative parameters of the MTCs
Calcitonin (pg/ml)  < 1 100 (15.4%)

1–10 315 (48.6%)
 > 10 233 (36%)

Post-op day of calcitonin measurement 43 (97)
CEA (ng/ml)  < 1 72 (15.8%)

1–10 293 (64.4%)
 > 10 90 (19.8%)

Post-op day of CEA measurement 62 (124)
Suspicious/positive lymph nodes Yes 117 (17.6%)

No 546 (82.4%)
Calcitonin doubling time (months) 9 (16)
CEA doubling time (months) 8 (12)
Structural doubling time (months) 0 (9)
Death Yes 41 (6.1%)

No 630 (93.9%)
Survival (months) 53 (67)
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Surprisingly, there is no statistically significant difference 
between the median survival in months and the lymph node 
stage (p = 0.439). Moreover, postoperative CEA measure-
ments seem to have a trend for correlation with lymph node 
stage (p = 0.058). On the other hand, all other parameters 
recorded in the present study were statistically significant 
correlated with lymph node staging. Analytically, more 
advance N stages have a higher probability of having post-
operative calcitonin levels more than 10pg/ml (p < 0.001). 
Additionally, N1 stage has statistically significant correla-
tion with postoperative suspicious/positive lymph nodes (p 
< 0.001). All post-operative correlation with lymph node 
stage is displayed in Table 8.

Discussion

MTC is a rare disease, but it accounts for 13.4% of deaths 
related to thyroid cancer. The ATA and European Society 
of Medical Oncology (ESMO) guidelines on MTC report 
an excellent prognosis for stage I-III (100%-71%), which 
decreases in stage IV (21%) [2, 19]. Stage IV disease 
diminishes overall survival in the Danish population, while 
nodal and distant metastases are independent risk factors 
for disease progression [22]. The presence of lymph node 
metastases during the course of MTC increases the risk for 
distant metastases and worsens the disease prognosis [4, 6, 
7, 22–24]. The extent of lymph node metastases is a critical 
prognostic factor, strongly associated with disease recur-
rence and overall survival rates[2]. Therefore, it is crucial 
to determine the risk factors that could predict nodal metas-
tases in MTC in order to determine risk stratification and 
optimize the surgical approach.

Regarding demographic factors, age and male gender 
have been already established as predictive factors of dis-
ease prognosis. Older age has been correlated with worse 
overall and disease-free survival. Kotwal et al. suggested 
that age > 55 years is an independent factor for decreased 
overall survival in MTC [23] This is also supported by addi-
tional studies with different age cut-offs, suggesting 40, 45 
and 50 years [6, 9, 24, 25]. Our study highlights that age has 
no impact on lymph node stage. Furthermore, male gender 
appears to correlate with a worse node stage than female 
gender. Costa et al. reported worse survival rates for male 
patients, even after adjusting for age and disease stage [8]. 
In the studies by Hassan et al. and Torresan et al., univariate 
analysis revealed male gender as a poor prognostic factor [4, 
25]. A higher incidence of lateral cervical nodal metastasis 
has been found in male patients [26]. Our study confirmed 
that male gender is associated with advanced nodal stage.

Basal serum calcitonin and CEA levels are widely 
acknowledged factors that influence the surgical approach 

present study (p = 0.062). All the above are shown in Table 
6.

As displayed in Table 7, there is statistically significant 
correlation between T and M stages (p < 0.001) with N 
stages. The more advanced the T stage, the higher the prob-
ability to give lymph node metastasis. Moreover, when dis-
tant metastasis is present it is high probable that there is also 
lymph node metastasis (in 97% of the cases).

4.	 Correlations between lymph node disease and follow-
up characteristics of MTCs

Table 5  Correlations between lymph nodes stage and preoperative data
Variables Lymph 

Node 
Stage 
(TNM)

Statistic, p 
value

Median (Inter-
quartile range)

Ν0 Ν1a Ν1b

TSH (mIU/L) 1.76 
(11.65)

1.88 
(9.36)

1.81 
(11.99)

χ2(2) = 0.922, 
p = 0.631

Calcitonin (pg/
ml)

100 
(50100)

235 
(57245)

538 
(154,488)

χ2(2) = 27.448, 
p < 0.001
N0-N1a*, 
N1a-N1b***

CEA (ng/ml) 11.58 
(73,200)

13 
(73300)

20.67 
(128,500)

χ2(2) = 4.552, 
p = 0.103

Calcium (mg/dl) 9.3 
(50.8)

9.24 
(42.81)

8.8 
(16.47)

χ2(2) = 9.881, 
p = 0.007
N0-N1b**, 
N1a-N1b*

WBC counts 
(K/L)

6835 
(9390)

7120 
(15600)

7200 
(18000)

χ2(2) = 3.675, 
p = 0.159

Neutrophils (/
μL)

4040 
(55410)

4570 
(66800)

4530 
(78120)

χ2(2) = 10.392, 
p = 0.006
N0-N1b*

Lymphocytes (/
μL)

2024 
(43813)

2075.1 
(1785360)

2140 
(2654260)

χ2(2) = 1.597, 
p = 0.450

Monocytes (/μL) 299 
(440233)

400 
(452638)

428 
(743386)

χ2(2) = 17.333, 
p < 0.001
N0-N1a*, 
N0-N1b**

Platelets (/μL) 243000 
(513000)

263000 
(383000)

254000 
(414000)

χ2(2) = 2.477, 
p = 0.290

Mean Platelet 
Volume

9.65 
(86.1)

9.4 (77) 9.7 (37.6) χ2(2) = 0.174, 
p = 0.917

Platelet Distribu-
tion Width

16.4 
(84.6)

16.45 
(52.7)

24.65 
(76.4)

χ2(2) = 2.505, 
p = 0.286

Neutrophil-to-
lymphocyte ratio

1.98 
(10.14)

2.02 
(12.55)

2.18 
(37.28)

χ2(2) = 2.591, 
p = 0.274

Platelet-to-lym-
phocyte ratio

118.53 
(668.85)

130.26 
(408.77)

113.64 
(486.36)

χ2(2) = 3.575, 
p = 0.167

Lymphocyte-to-
monocyte ratio

8.14 
(100.26)

5.35 
(142.79)

4.98 
(1714.1)

χ2(2) = 8.176, 
p = 0.017
N0-N1a*

*p < 0.05, **p < 0.01, ***p < 0.001
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Variables Lymph Node Stage (TNM) Statistic, p value
Median (Interquartile range) / N (%) Ν0 Ν1a Ν1b
Number of lymph nodes resected 16 (85) 16 (53) 25 (76) χ2(2) = 2.505, p = 0.286
Number of positive lymph nodes 0 (85) 1 (50) 3 (68) χ2(2) = 102.960, p < 0.001

N0-N1a***, N0-N1b***
Lymph node ratio 0 (1) 0.17 (1) 0.21 (1.93) χ2(2) = 106.384, p < 0.001

N0-N1a***, N0-N1b***
Diameter of tumor (mm) 15 (99.5) 18 (69) 20 (129) χ2(2) = 23.765, p < 0.001

N1a-N1b*, N0-N1b***
Uni-Multifocal
Unifocal 330 (80.7%) 118 (73.3%) 92 (70.2%) χ2(2) = 7.784, p = 0.020
Multifocal 79 (19.3%) 43 (26.7%) 39 (29.8%)
Extrathyroidal extension
Yes 42 (10.2%) 27 (16.7%) 36 (27.9%) χ2(2) = 24.511, p < 0.001
No 368 (89.8%) 135 (83.3%) 93 (72.1%)
Capsular invasion
Yes 53 (13%) 36 (22.6%) 51 (41.1%) χ2(2) = 47.132, p < 0.001
No 354 (87%) 123 (77.4%) 73 (58.9%)
Calcitonin Staining
Negative 9 (2.6%) 1 (0.8%) 1 (1%) χ2(6) = 5.173, p = 0.522
Mild 87 (25%) 34 (26.4%) 22 (21.8%)
Moderate 38 (10.9%) 20 (15.5%) 11 (10.9%)
Intense 214 (61.5%) 74 (57.4%) 67 (66.3%)
CEA Staining
Negative 27 (13.3%) 9 (14.3%) 9 (17.6%) χ2(6) = 7.6, p = 0.269
Mild 47 (23.2%) 23 (36.5%) 12 (23.5%)
Moderate 12 (5.9%) 5 (7.9%) 5 (9.8%)
Intense 117 (57.6%) 26 (41.3%) 25 (49%)
Thyroglobulin staining
Negative 213 (89.1%) 71 (79.8%) 45 (88.2%) χ2(6) = 11.133, p = 0.084
Mild 23 (9.6%) 16 (18%) 4 (7.8%)
Moderate 2 (0.8%) 0 (0%) 0 (0%)
Intense 1 (0.4%) 2 (2.2%) 2 (3.9%)
CD133 staining
Yes 32 (56.1%) 10 (45.5%) 5 (62.5%)
No 25 (43.9%) 12 (54.5%) 3 (37.5%) χ2(2) = 0.985, p = 0.611
CD44 staining
Yes 30 (55.6%) 10 (50%) 6 (75%) χ2(2) = 1.469, p = 0.480
No 24 (44.4%) 10 (50%) 2 (25%)
RET
Positive 24 (17.6%) 13 (21.3%) 19 (32.2%) χ2(2) = 5.117, p = 0.077
Negative 112 (82.4%) 48 (78.7%) 40 (67.8%)
HRAS
Positive 2 (2.9%) 1 (2.9%) 1 (5.9%) χ2(2) = 0.411, p = 0.814
Negative 68 (97.1%) 33 (97.1%) 16 (94.1%)
KRAS
Positive 3 (4.1%) 1 (2.9%) 1 (5.6%) χ2(2) = 0.215, p = 0.898
Negative 70 (95.9%) 33 (97.1%) 17 (94.4%)
NRAS
Positive 2 (2.8%) 0 (0%) 0 (0%)
Negative 70 (97.2%) 33 (100%) 18 (100%) χ2(2) = 1.440, p = 0.487
Ki-67 (> 5%)
Yes 55 (38.5%) 17 (38.6%) 16 (45.7%) χ2(2) = 0.641, p = 0.726
No 88 (61.5%) 27 (61.4%) 19 (54.3%)
Lymphovascular invasion
Yes 74 (21%) 45 (36%) 56 (45.5%) χ2(2) = 30.064, p < 0.001

Table 6  Correlations between lymph node stage and tumor characteristics
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the risk for central compartment lymph node metastases [7]. 
Our study highlights the impact of preoperative basal serum 
calcitonin and CEA levels on disease progression, as they 
appear to be involved in nodal recurrence. It should be noted 
that the mean values of preoperative serum calcitonin levels 

for MTC. The ATA and ESMO guidelines suggest different 
extents of lymph node dissection based on preoperative basal 
serum calcitonin [2, 19]. ESMO guidelines suggest strict 
basal serum calcitonin thresholds for different types of nodal 
dissection [19]. ATA guidelines propose total thyroidectomy 
with central compartment lymph node dissection if there is 
no evidence of nodal involvement. However, a consensus 
on basal calcitonin levels for lateral lymph node dissection 
has not been reached. Nevertheless, ipsilateral neck dissec-
tion is recommended in the case of nodal involvement, with 
contralateral neck dissection if basal calcitonin is > 200 pg/
ml [2]. The surgical approach to cervical lymph nodes based 
on preoperative serum calcitonin levels remains debatable, 
as extensive surgical approaches are associated with higher 
complication rates, and the beneficial impact on disease 
prognosis is controversial. Several studies have attempted to 
assess the role of basal calcitonin and CEA levels in lymph 
node metastases. Bae et al. proposed cut-off levels of basal 
serum calcitonin for central and lateral compartment lymph 
node metastases, thus a basal calcitonin level of 226.6 pg/
ml and 755 pg/ml suggests ipsilateral and contralateral cen-
tral compartment metastases, while levels of 237 pg/ml and 
296 pg/ml suggest ipsilateral and contralateral lateral metas-
tases [1]. Zhang et al. also evaluated the role of preopera-
tive calcitonin levels on poor prognosis and suggested that 
higher basal serum calcitonin levels correlate with higher 
TNM stage and poorer prognosis [27]. Furthermore, basal 
serum calcitonin levels > 309 pg/ml have been associated 
with disease recurrence [28]. Regarding CEA levels, higher 
preoperative levels lead to a higher incidence of lateral cer-
vical compartment nodal metastases and worse survival out-
comes [29, 30]. Preoperative CEA levels > 30ng/ml increase 

Table 7  Correlations between lymph node stage and tumor and metas-
tasis stages
Variables Lymph Node 

Stage (TNM)
Statistic, p value

Median (Interquartile range) / 
N (%)

Ν0 Ν1a Ν1b

Tumor stage (TNM) Τ1 272 95 56 p < 0.001
Τ2 91 36 28
Τ3 36 26 32
Τ4 11 8 13

Distant metastasis (TNM) Μ0 397 153 119 p = 0.001
Μ1 14 13 13

Table 8  Correlations between lymph nodes and follow-up postopera-
tive parameters
Variables Lymph Node Stage (TNM) Statistic, p 

valueMedian (Interquar-
tile range) / N (%)

Ν0 Ν1a Ν1b

Calcitonin 
(pg/ml)

 < 1 57 
(16.3%)

14 
(10.9%)

11 
(8.9%)

χ2(4) = 37.805, 
p < 0.001

1–10 198 
(56.7%)

61 
(47.7%)

42 
(34.1%)

 > 10 94 
(26.9%)

53 
(41.4%)

70 
(56.9%)

Post-op day 
of calcitonin 
measurement

35 
(2919)

60 
(2919)

60 
(3649)

χ2(2) = 16.324, 
p < 0.001

N0-N1a**, 
N0-N1b**

CEA (ng/ml)  < 1 40 
(17.2%)

18 
(18.2%)

10 
(10.6%)

χ2(4) = 9.122, 
p = 0.058

1–10 157 
(67.4%)

64 
(64.6%)

57 
(60.6%)

 > 10 36 
(15.5%)

17 
(17.2%)

27 
(28.7%)

Post-op 
day of CEA 
measurement

60 
(2920)

63 
(3131)

85 
(3649)

χ2(2) = 5.568, 
p = 0.062

Suspicious/
positive 
lymph nodes

Yes 39 
(11%)

29 
(22.1%)

40 
(33.1%)

χ2(2) = 31.862, 
p < 0.001

No 314 
(89%)

102 
(77.9%)

81 
(66.9%)

Calcitonin 
doubling time 
(months)

9 (2161) 9 (9922) 12 
(1020)

χ2(2) = 6.537, 
p = 0.038

N0-N1b*
CEA dou-
bling time 
(months)

8 (1173) 6 (384) 7 (960) χ2(2) = 0.731, 
p = 0.694

Structural 
doubling time 
(months)

0 (72) 0 (30) 5 (80) χ2(2) = 8.066, 
p = 0.018

N1a-N1b*
Death Yes 11 

(3.2%)
14 
(10.2%)

13 
(10.4%)

χ2(2) = 12.995, 
p = 0.002

No 336 
(96.8%)

123 
(89.8%)

112 
(89.6%)

Survival 
(months)

53 (134) 51 (131) 60 (180) χ2(2) = 1.644, 
p = 0.439

*p < 0.05, **p < 0.01, ***p < 0.001

Variables Lymph Node Stage (TNM) Statistic, p value
Median (Interquartile range) / N (%) Ν0 Ν1a Ν1b
No 278 (79%) 80 (64%) 67 (54.5%)
Desmoplasia
Yes 11 (4.7%) 4 (6.3%) 8 (12.9%)
No 224 (95.3%) 60 (93.8%) 54 (87.1%) χ2(2) = 5.562, p = 0.062
*p < 0.05, **p < 0.01, ***p < 0.001

Table 6  (continued) 
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recently revisited in the international literature, suggesting 
that a negative desmoplastic reaction could indicate a non-
invasive MTC, potentially limiting surgical extent [10, 11, 
35]. However, these studies had several limitations, and the 
issue is still debatable [36]. On the other hand, some studies 
proposed that the presence of desmoplastic reaction around 
tumor could be a negative prognostic factor [12]. Aubert et 
al. and Gomez- Ramirez et al. reported that stroma desmo-
plastic reaction enhances nodal metastases [12, 31]. There-
fore, Machens et al. suggested that tumor desmoplasia may 
surpass basal serum calcitonin as a biomarker [37]. Regard-
ing the results of this study, negative desmoplastic reaction 
has a higher possibility of node-negative disease, but nodal 
metastases cannot be excluded. We failed to prove that stro-
mal desmoplastic reaction can be a statistically significant 
prognosticator of nodal metastasis (p = 0.062). Additionally, 
lateral cervical compartment nodal metastases were found 
to be related. Further prospective studies are mandatory to 
obtain reliable results about desmoplasia and its appliance 
in MTC.

Serum inflammation-based scores have been proposed as 
indicators of systemic inflammation caused by tumorigen-
esis and have prognostic value. Xu et al. also revealed that 
a higher neutrophil-to-lymphocyte ratio is related to poorer 
prognosis [18]. Figueiredo et al. failed to demonstrate that a 
higher neutrophil-to-lymphocyte ratio could predict lymph 
node metastases [17]. Li et al. also reported that a lympho-
cyte-to-monocyte ratio < 4.7 could indicate postoperative 
serum calcitonin progression [16]. According to Li et al., 
the platelet-to-lymphocyte ratio was predictive of capsular 
invasion, indicating aggressive tumor behavior [16]. Higher 
neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios 
have been shown to be indicative of advanced disease [17]. 
In our study, only the lymphocyte-to-monocyte ratio is 
decreased in cases with N1b nodal involvement.

We should also point out the limitations of our study. 
First of all, the retrospective design of data collection 
makes our study vulnerable to selection bias. Due to the rar-
ity of MTC and the differences in clinical practice over the 
decades, a 10-year retrospective data collection period was 
proposed. Furthermore, a significant amount of missing data 
on confounding factors weakens the evidence of our study. 
However, given the rarity of this malignancy, even 50% of 
missing data could provide us with trends in the evaluation 
of distinct factors. Racial differences were not considered 
in this multicenter study, as diagnostic and therapeutic 
strategies for MTC are universally accepted. Despite these 
limitations, it should be mentioned that this is the largest 
multicenter 10-year retrospective study on predictive fac-
tors for tumor aggressiveness, that could shed light on the 
management of MTC.

that worsen disease prognosis with regard to nodal recur-
rence are 1416.81 pg/ml. In terms of lymph node metasta-
ses, the mean value of preoperative serum calcitonin and 
CEA levels in node-positive disease (N1a) are 235 pg/ml 
and 13 ng/ml, respectively, and in N1b disease, they are 538 
pg/ml and 20.67 ng/ml. It should be mentioned that standard 
deviation is high, as seen in Table 5. Therefore, consider-
ing these results, it seems crucial to re-evaluate the surgical 
approach for prophylactic nodal dissections in MTC based 
on the established basal serum calcitonin level limits.

Pathological features for tumor aggressiveness of MTC 
have already established and widely adopted. Extrathyroidal 
tumor extension, capsular invasion, lymphovascular inva-
sion, multifocality, and tumor size are essential factors that 
characterize tumor biological behavior and guide disease 
management. Several studies on MTC confirm the impor-
tance of these pathological factors on tumor aggressive-
ness. Gross extrathyroidal extension, tumor size, advanced 
T stage, tumor multifocality, thyroid capsule invasion, and 
lymphovascular invasion are risk factors for cervical lymph 
node metastasis and, therefore, poorer prognosis [4, 7, 23, 
25, 26, 31, 32]. Fan et al. proposed a cut-off for tumor size 
of 1cm as a risk factor for nodal metastases [7]. Larger 
tumors > 1 cm have been found to metastasize more easily 
according to Aubert et al. [31]. Meng et al. suggested a cut-
off point of 2 cm as critical for nodal metastases [9]. Our 
results align with these studies, as these pathological char-
acteristics affect cervical lymph node metastases.

Furthermore, Ki-67 is a proliferation marker used in sev-
eral malignancies to evaluate tumor biological behavior. A 
Ki-67 index > 3% is related to more aggressive tumor biol-
ogy. Along with Ki-67, mitotic count (> 5/10 HPFs) and 
tumor necrosis are also considered. These markers also have 
been applied in MTC to assess tumor behavior. Combined 
Ki-67, mitotic count, and tumor necrosis could be strong 
predictors of overall survival [33]. Alzumaili et al. reported 
risk factors related to tumor aggressiveness, and, except for 
extrathyroidal extension, increasing tumor size, T stage, 
nodal metastasis and their largest size, high mitotic count 
(> 5/10HPFs), and tumor necrosis were also considered 
important predictors for worse disease-free survival, local 
recurrence-free survival, and distant metastasis-free survival 
[32]. RET mutation has also been evaluated in our study in 
sporadic cases and found to be related to nodal metastases. 
The RET variant has also been proposed as negative predic-
tor of prognosis in the literature [25].

Stroma desmoplastic reaction around tumor has become 
a subject of interest as a novel marker of tumor biologi-
cal behavior that could influence therapeutic strategy. This 
pathological factor has been already evaluated as possible 
marker since 2006 and has been supported as a reliable 
marker for nodal metastasis [13, 34]. Desmoplasia has 
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Conclusion

MTC is the third most common thyroid malignancy and rep-
resents an aggressive type of thyroid cancer. Therefore, it is 
essential to identify key factors that enhance tumor aggres-
siveness to develop new diagnostic and therapeutic strate-
gies. Our study features the biochemical and pathological 
factors associated with tumor aggressiveness and proposes 
new factors that should be taken into consideration. Preop-
erative inflammatory ratios, tumor desmoplastic reaction, 
and lymph node ratio could be valuable in managing MTC. 
Further prospective studies should be conducted to assess 
the efficacy of these factors and to establish new diagnostic 
and therapeutic options.
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