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Medullary thyroid carcinoma (MTC) is a neuroendo-
crine neoplasm that originates from parafollicular C 

cells in the thyroid gland. These cells secrete calcitonin and 
carcinoembryonic antigen (CEA).[1] MTC accounts for 1-2% 
of all thyroid cancer incidences, but causes 8-13% of deaths 
due to thyroid cancer.[2] While most MTC cases are sporadic, 
some occur as hereditary MTC resulting from mutations in 
the RET proto-oncogene.[3] Hereditary MTC has three types: 
multiple endocrine neoplasia type 2A (MEN 2A), MEN 2B, 
and familial MTC.[4]

Curative treatment for MTC includes total thyroidectomy 
with lymph node dissection. Modified neck dissection is 
also performed in cases with cervical lymph node metasta-
sis. Radiotherapy may be applied for postoperative control.
[5] However, despite the available treatment options, MTC 
has high recurrence and metastasis rates. Epidemiological 
studies have shown no improvement in the survival of MTC 
patients in the last 30 years.[6] Therefore, prognostic factors 
that are used for survival and clinical evaluation of MTC are 
crucial for accurate selection and evaluation.[7]

Objectives: This study analyzes patients with medullary thyroid carcinomas (MTC) to determine the factors that affect 
their survival rates and the value of LODDS values in predicting outcomes, due to the high recurrence and metastasis 
rates of MTC despite available treatments.
Methods: 39 patients who underwent surgical treatment for MTC between January 2012 and June 2022 were evalu-
ated. The effects of clinicopathologic features and LODDS values on survival were evaluated using univariate, multivari-
ate analyses and Kaplan-Meier method.
Results: In the study, 51.3% of patients were female, with a mean age of 50.30±15.06 years. Poor prognosis for survival 
was associated with male gender, tumor size, extrathyroidal extension, presence of metastasis at diagnosis, metastasis 
during follow-up, advanced stage, lymph node metastasis, and high LODDS value (p=0.031, 0.002, <0.001, 0.045, 0.019, 
0.025, 0.025, <0.001, respectively). However, these factors did not significantly affect disease-free survival or overall 
survival in multivariate analyses.
Conclusion: Factors affecting survival in MTC include gender, tumor size, extension, lymph node status, metastasis at 
diagnosis or follow-up. LODDS values may be a reliable measure to predict survival, but more comprehensive studies 
are needed to confirm their effect on survival times.
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Tumor markers play an important role in the diagnosis, 
prognosis, and treatment of MTC. Calcitonin is an important 
tumor marker for MTC, and its levels should be measured in 
patients with a histologically confirmed MTC diagnosis.[8] In 
addition, the CEA level is also used as a tumor marker. A dis-
proportionate increase in serum CEA level raises suspicion 
of poorly differentiated MTC.[9]

When evaluating MTC prognosis, it is important to consider 
not only the location of lymph node metastasis, but also 
the number of lymph node metastases. The number of pos-
itive lymph nodes significantly affects the survival of MTC 
patients.[10, 11] However, evaluating prognosis based Solely 
on the number of positive lymph nodes can lead to bias 
due to the possibility of inadequate thyroidectomy and his-
topathological examination.[12]

The log odds of positive lymph nodes (LODDS) is a more 
advanced parameter used to evaluate the prognosis of pa-
tients based on their lymph node status. LODDS is calcu-
lated by taking the logarithm of the ratio of the number 
of positive lymph nodes to the number of negative lymph 
nodes.[13, 14] LODDS values can be used in different cancers 
and have been proven to be more reliable than evaluating 
patients' lymph node status as a prognostic factor.[15, 16] 

This study aims to examine the clinical characteristics of 
patients with MTC, prognostic factors affecting survival, 
and the prognostic value of LODDS values.

Methods
In this study, a retrospective analysis was conducted on 39 
patients who underwent surgical treatment due to MTC in 
the Department of General Surgery at at Gazi University 
Faculty of Medicine between January 2012 and June 2022. 
Patients who did not receive operative treatment were ex-
cluded. The study protocol was approved by the Gazi Uni-
versity Faculty of Medicine Institutional Ethics Board. Medi-
cal records were reviewed for demographic, pathological 
and clinical Variables. The primary outcome measure was 
disease-free survival while the secondary outcome mea-
sures were development of recurrence and associated 
metastasis. The log odds of positive lymph nodes (LODDS) 
were calculated using the formula "log (positive nodes + 
0.5)/(total nodes – positive nodes + 0.5)".

Statistical Analysis
Statistical analysis of the research was carried out using 
the SPSS 23.0 package program. The normal distribution of 
continuous variables was evaluated using the Kolmogorov-
Smirnov, histogram, and Q-Q plot tests. Descriptive statis-
tics were presented as table for frequency distribution and 
percentage for categorical variables, mean±standard de-

viation and median (IQR) for continuous Variables. Pearson 
and Fisher's Chi-Square tests were used for comparison of 
categorical Variables, and Mann Whitney U test was used 
for comparison of continuous variables. Univariate and 
multivariate Cox regression analysis were used to exam-
ine the effects of patients' demographic, clinical, and his-
topathological characteristics on disease-free and overall 
survival. Statistical significance level was set at 95% and 
p<0.05 was considered significant. 

Results
Table 1 shows the distribution of demographic character-
istics of the patients included in the study. The mean age 
was 50.30±15.06, 51.3% were female and 48.7% were male. 
Family history was present in 12.8% of the patients. 7.7% of 
patients have RET-mutations. The distribution of histopath-
ological prognostic factors of the patients is shown in Table 
2. A statistically significant difference was found between 
survival status and gender in Table 3 (p=0.031). 
Table 4 provides a comparison of histopathological charac-
teristics with survival status. It is observed that tumor sizes 
are higher in the exitus group (p=0.002). There was a statis-
tically significant difference in survival status between pa-
tients with and without extrathyroidal extension (p<0.001). 
LODDS value was higher in the exitus group (p<0.001). 
66.7% of patients with bilateral metastatic lymph nodes 
reached the exitus (p:0.004). 75.0% of patients with dis-
tant metastasis at diagnosis and 20.0% of patients without 
distant metastasis reached the exitus (p=0.045). Patients 
with metastasis during follow-up had a significantly higher 
exitus rate than those without metastasis (p=0.019). Exitus 
rates are higher in patients with lymph node metastasis at 
diagnosis compared to those without (0.025). Exitus rates 
were higher in advanced stage (Stage 3 and Stage 4) pa-
tients (p=0.025). The exitus rate of patients who received 
radiotherapy was statistically significantly higher than 
those who did not receive radiotherapy (p=0.004) 

Table 1. Distribution of Demographic Characteristics of Patients

Parameters	

Age (mean±SD)	 50.30±15.06
Age groups (%)
	 <40	 9 (23.1)
	 ≥40	 30 (76.9)
Sex, n (%)
	 Male	 19 (48.7)
	 Female	 20 (51.3)
Family history, n (%)
	 No	 34 (87.2)
	 Yes	 5 (12.8)
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In Table 4, disease-free survival analysis is provided. It is 
observed that factors with significant effects in univari-
ate analysis did not have an effect in multivariate analysis. 
Similarly, in the disease specific survival analysis in Table 5, 
it is observed that only the risk of patients receiving radio-
therapy was higher than those not receiving radiotherapy 
(HR: 9.328, 95% CI: 1.039-83.772, p=0.046).

Discussion
Surgical intervention is the primary treatment for MTC. Al-
though total thyroidectomy is applied to all cases of MTC, 
adding prophylactic central lymph node dissection can im-
prove the cure rate and make biochemical follow-up easier. 
If there are clinically or radiologically detectable metastases 
in the neck lymph nodes lateral groups, neck dissection, in-
cluding lateral groups, should be added. While postopera-
tive radiotherapy is recommended for residual tissue, che-
motherapy and radiotherapy have weak effectiveness.[17]

Although most previous studies have reported that MTC is 
more common in women; some studies similar to this one 
has also reported a similar ratio between women and men.
[17-20] Male gender has been found to be a risk factor associ-
ated with poor survival in several studies.[20-22] A larger tu-
mor size has also been found to be associated with poor 
survival in previous studies.[23-25]

While cervical lymph node involvement is reported in 70% 
of cases at diagnosis, distant metastases are reported in 
10%.[26] In this study, we found these rates to be 46.2% and 
10.3%, respectively. Age, gender, local invasion, angioin-
vasion, postoperative calcitonin, and surgical cure are the 
most important prognostic factors for MTC.[6, 26-30] Similar-
ly, gender, tumor size, extrathyroidal spread, lymph node 
metastasis, distant metastasis, and stage were found to be 
important for survival in our study. The side of lymph node 
metastasis has also been shown to affect survival. Increas-
ing tumor size has been reported to increase the risk of tu-
mor recurrence.[23] In our study, tumor size was also found 
to be associated with poor survival. The presence of distant 
metastasis at diagnosis or the occurrence of surgical dis-
tant metastasis has a negative effect on survival. 

This study found that the presence and location of lymph 
node metastasis, as well as the LODDS ratio, are associated 
with survival in MTC. Nodal status has been reported as the 
most important prognostic factor in MTC.[31] Kuo et al. re-
ported that patients without LNM had similar survival rates 
to the general population.[32] The LODDS ratio reflects not 
only the presence of lymph node metastasis, but also the 
extent of lymphadenectomy. However, there are limited 
studies on the prognostic value of LODDS in MTC. Tang et al. 
reported that LODDS is a better prognostic indicator than 

Table 2. Distribution of Clinical and Histopathological Prognostic 
Factors of Patients

Parameters

Tumor size Median (IQR)	 1.70 (1.70)
Tumor location n(%)
	 Right	 19 (48.7)
	 Left	 13 (33.3)
	 Bilateral	 7 (17.9)
Tumor focality n(%)
	 Unifocal	 25 (64.1)
	 Multifocal	 14 (35.9)
Lymph node metastasis at diagnosis n(%)
	 No	 21 (53.8)
	 Yes	 18 (46.2)
Distant metastasis at diagnosis n(%)
	 No	 35 (89.7)
	 Yes	 4 (10.3)
T stage n(%)
	 T1	 25 (64.1)
	 T2	 10 (25.6)
	 T3	 4 (10.3)
Stage n(%)
	 Stage1	 16 (41.0)
	 Stage2	 5 (12.8)
	 Stage3	 4 (10.3)
	 Stage4	 14 (35.9)
CEA Median (IQR)	 15.09 (88.01)
Calcitonin Median (IQR)	 427.0 (1574.40)
Extrathyroidal extension n (%)
	 No	 23 (59.0)
	 Yes	 16 (41.0)
Neck dissection n(%)
	 No	 9 (23.1)
	 Central Lymph Node Disection	 16 (41.0)
	 Lateral Lymph Node Disection	 14 (35.9)
Total lymph node Median(IQR)	 25.0 (52.2)
Metastatic lymph node Median(IQR)	 2.0 (15.0)
LODDS Median (IQR)	 -0.62 (2.53)
Site of metastatic lymph node n (%)
	 No	 21 (53.8)
	 psilateral	 9 (23.1)
	 Bilateral	 9 (23.1)
Follow-up metastasis n(%)
	 No	 31 (88.6)
	 Yes	 4 (11.4)
Local recurrence n(%)
	 No	 32 (91.4)
	 Yes	 3 (8.6)
Chemotherapy n(%)
	 No	 29 (74.4)
	 Yes	 10 (25.6)
Radiotherapy n(%)
	 No	 30 (76.9)
	 Yes	 9 (23.1)
Survival status n(%)
	 Alive	 29 (74.4)
	 Exitus	 10 (25.6)
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Table 3. Comparison of Demographic, Clinical and Histopathological Characteristics of Patients by Survival Status

Parameters	 Alive	 Exitus	 p

Age n (%)
	 <40			   N/A
	 ≥40	
Sex n(%)
	 Male			   0.031
	 Female	
Family history n(%)
	 No			   N/A
	 Yes	
Tumor size Median(IQR)			   0.002
Tumor location n(%)
	 Right			   0.327
	 Left
	 Bilateral	
Tumor focality n(%)
	 Unifocal			   >0.999
	 Multifokal	
Lymph node metastasis at diagnosis n(%)
	 Unknown			   0.049
	 No
	 Yes	
Distant metastasis at diagnosis n(%)
	 No			   0.045
	 Yes	
T stage n(%)
	 T1			   N/A
	 T2
	 T3	
Stage n(%)
	 Stage 1-2			   0.025
	 Stage 3-4	
CEA Median(IQR)			   0.655
Calcitonin Median(IQR)			   0.838
Extrathyroidal extension n(%)
	 No			   <0.001
	 Yes	
Neck dissection n(%)
	 No			   0.033
	 Central Lymph Node Disection
	 Lateral Lymph Node Disection	
Total lymph node Median(IQR)			   0.193
Metastatic lymph node Median(IQR)			   N/A
LODDS Median(IQR)			   <0.001
Site of metastatic lymph node n(%)
	 No			   0.004
	 İpsilateral
	 Bilateral	
Distant metastasis at diagnosis n(%)
	 No			   0.045
	 Yes	
Follow-up metastasis n(%)
	 No			   0.019
	 Yes	
Local recurrence n(%)
	 No			   N/A
	 Yes	
Chemotherapy n(%)
	 No			   0.696
	 Yes	
Radiotherapy n(%)
	 No			   0.004
	 Yes	

N/A (Not Applicable): Not suitable for statistical analysis.

9 (31.0)
20 (69.0)

 
11 (38.9)
18 (62.1)

24 (82.8)
5 (17.2)

1.40 (1.50)

16 (55.2)
9 (31.0)
4 (13.8)

19 (65.5)
10 (34.5)

8 (27.6)
11 (37.9)
10 (34.5)

28 (96.5)
1 (3.5)

21 (72.4)
8 (27.6)
0 (0.0)

19 (65.5)
10 (34.5)

15.0 (102.2)
427.0 (1407.8)

22 (75.9)
7 (24.1)

8 (27.6)
14 (48.3)
7 (24.1)

20.0 (32.5)
0 (4.0)

-1.02 (2.18)

19 (65.5)
7 (24.1)
3 (10.4)

28 (96.5)
1 (3.5)

27 (96.4)
1 (3.6)

25 (89.3)
3 (10.7)

22 (75.9)
7 (24.1)

26 (89.65)
3 (10.35)

0 (0)
10 (100)

8 (80.0)
2 (20.0)

10 (100)
0 (0)

3.55 (4.67)

3 (10.0)
4 (10.0)
3 (80.0)

6 (60.0)
4 (40.0)

1 (10.0)
1 (10.0)
8 (80.0)

7 (70.0)
3 (30.0)

4 (40.0)
2 (20.0)
4 (40.0)

2 (20.0)
8 (80.0)

14.9 (40.6)
416.2 (3515.5)

1 (10.0)
9 (90.0)

1 (10.0)
2 (20.0)
7 (70.0)

43.0 (63.0)
17.0 (30.0)
-0.01 (0.56)

2 (20.0)
2 (20.0)
6 (60.0)

7 (70.0)
3 (30.0)

4 (57.1)
3 (42.9)

7 (100)
0 (0)

7 (70.0)
3 (30.0)

4 (40.0)
6 (60.0)
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N stage and the number of positive lymph nodes in their 
study of 1110 MTC patients.[12] Cao et al. showed that MTC 
patients with a LODDS ratio of >-1.004 had a poor prog-
nosis.[33] Prassas et al. suggested that the staging based on 
LODDS value in the literature can be used for overall surviv-
al.[34] In this study, the effect of LODDS on survival was con-
firmed, but its effect on disease-free survival could not be 
shown due to the limited number of patients in the cohort.

This study has limitations, including a small number of 
patients and the fact that the study cohort was limited to 
surgical candidates only. The record information, variables 
investigated, and sample size were not pre-planned due to 
the retrospective nature of the study. Prospective and mul-
ticenter clinical studies should be conducted to overcome 
these limitations and obtain more reliable and robust data.

Table 4. Analysis of the Effect of Prognostic Factors of Patients on Disease-Free Survival

			   UniVariate Analysis			  Multivariate Analysis 
			   (DFS)			   (DFS)

		  HR	 %95 CI	 p	 HR	 %95 CI	 p

Sex
	 Female
	 Male
Tumor size
Lymph node metastasis at diagnosis n(%)
	 No
	 Yes
Distant metastasis at diagnosis n(%)
	 No
	 Yes
Stage
	 Stage 1-2
	 Stage 3-4
Extrathyroidal extension
	 No
	 Yes
Neck dissection
	 No
	 Central Lymph Node Disection
	 Lateral Lymph Node Disection
Total lymph node
LODDS
Site of metastatic lymph node
	 No
	 İpsilateral
	 Bilateral
Follow-up metastasis
	 No
	 Yes
Stage
	 Stage 1-2
	 Stage 3-4
Radiotherapy
	 No
	 Yes

1
5.360
2.301

1
7.377

N/A

1
7.377

1
11.879

N/A

1.019
8.963

1
2.757
N/A

1
16.306

1
7.377

1
5.972

-
3.481

N/A

-

N/A

N/A

-

-
0.380

-

1
0.713

N/A

N/A

0.940-30.357
1.348-3.930

1.280-42.500

N/A

1.280-42.500

1.419-99.447

N/A

0.998-1.041
1.457-55.125

0.229-33.225
N/A

2.690-98.861

1.280-42.500

1.327-26.864

-
0.657-18.444

N/A

-

N/A

N/A

-

-
0.007-20.678

-

0.044-11.467

N/A

N/A

0.059
0.002

0.025

N/A

0.025

0.022

N/A

0.075
0.018

0.425
N/A

0.002

0.025

0.020

-
0.143

N/A

-

N/A

N/A

-

-
0.635

-

0.811

N/A

N/A

N/A (Not Applicable): Not suitable for statistical analysis.
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Conclusion
Medullary thyroid cancer (MTC) is a rare but unique type 
of thyroid cancer with a different origin and specific treat-
ment strategy. Our cohort study identified several factors 
associated with poor survival in MTC, including male gen-
der, tumor size, extrathyroidal spread, lymph node status, 
metastatic lymph node localization, and distant metasta-
sis at diagnosis or follow-up. Furthermore, we found that 
lymph node ratio (LODDS) values may be predictive of sur-
vival in MTC.
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Table 5. Analysis of the Effect of Prognostic Factors of Patients on Disease Specific Survival

			   Univariate Analysis			   Multivariate Analysis 
			   (Dis. Spes. Surv.)			   (Dis. Spes. Surv.)

		  HR	 %95 CI	 p	 HR	 %95 CI	 p

Sex
	 Female
	 Male
Tumor size
Lymph node metastasis at diagnosis n(%)
	 No
	 Yes
Distant metastasis at diagnosis
	 No
	 Yes
Stage
	 Stage 1-2
	 Stage 3-4
Extrathyroidal extension
	 No
	 Yes
Neck dissection
	 No
	 Central Lymph Node Disection
	 Lateral Lymph Node Disection
Total lymph node
LODDS
Site of metastatic lymph node
	 No
	 İpsilateral
	 Bilateral
Follow-up metastasis
	 No
	 Yes
Radiotherapy
	 No
	 Yes

1
6.410
1.751

1
10.892

1
8.930

1
10.892

1
15.862

1
2.115
N/A

1.018
4.017

1
5.484
N/A

1
13.490

1
6.725

N/A

1.683

N/A

N/A

N/A

N/A

-

1.005
1.408

-

1
0.713

1
9.328

1.322-31.072
1.317-2.329

2.067-57.412

1.962-40.646

2.067-57.412

2.003-95.590

0.185-24.208
N/A

1.001-1.036
1.138-14.175

0.711-42.328
N/A

2.206-82.478

1.884-24.004

N/A

0.954-2.970

N/A

N/A

N/A

N/A

-

0.980-1.031
0.287-6.911

-

0.044-11.467

1.039-83.772

0.021
<0.001

0.005

0.005

0.005

0.009

0.547
N/A

0.035
0.031

0.103
N/A

0.005

0.003

N/A

0.072

N/A

N/A

N/A

N/A

-

0.691
0.674

-

0.811

0.046

N/A (Not Applicable): Not suitable for statistical analysis.



257EJMI

References
1.	 Volante M, Papotti M, Roth J, Saremaslani P, Speel EJ, Lloyd RV, 

et al. Mixed medullary-follicular thyroid carcinoma. Molecular 
evidence for a dual origin of tumor components. Am J Pathol 
1999;155(5):1499-509.

2.	 Mohammadi M, Hedayati M. A Brief Review on The Molecular 
Basis of Medullary Thyroid Carcinoma. Cell J 2017;18(4):485-
92.

3.	 Twito O, Grozinsky-Glasberg S, Levy S, Bachar G, Gross DJ, 
Benbassat C, et al. Clinico-pathologic and dynamic prognostic 
factors in sporadic and familial medullary thyroid carcinoma: 
an Israeli multi-center study. Eur J Endocrinol 2019;181(1):13-
21.

4.	 Ito Y, Miyauchi A, Kihara M, Higashiiyama T, Fukushima M, 
Miya A. Static Prognostic Factors and Appropriate Surgical 
Designs for Patients with Medullary Thyroid Carcinoma: The 
Second Report from a Single-Institution Study in Japan. World 
J Surg 2018;42(12):3954-66.

5.	 Gülben K, Berberoğlu U, Boyabatli M. Prognostic factors 
for sporadic medullary thyroid carcinoma. World J Surg 
2006;30(1):84-90.

6.	 Erovic BM, Kim D, Cassol C, Goldstein DP, Irish JC, Asa SL, et al. 
Prognostic and predictive markers in medullary thyroid carci-
noma. Endocr Pathol 2012;23(4):232-42.

7.	 Rozenblat T, Hirsch D, Robenshtok E, Grozinsky-Glasberg S, 
Gross DJ, Mazeh H, et al. The prognostic value of lymph node 
ratio in Medullary thyroid carcinoma: A multi-center study. 
Eur J Surg Oncol 2020;46(11):2023-8.

8.	 Park H, Park SY, Park J, Choe JH, Chung MK, Woo SY, et al. Prog-
nostic Value of Preoperative Serum Calcitonin Levels for Pre-
dicting the Recurrence of Medullary Thyroid Carcinoma. Front 
Endocrinol (Lausanne) 2021;12:749973.

9.	 Hassan A, Siddique M, Riaz S, Khan AI, Nawaz MK, Bashir H. 
Medullary Thyroid Carcinoma: Prognostic Variables And Tu-
mour Markers Affecting Survival. J Ayub Med Coll Abbottabad 
2018;30(Suppl 1)(4):627-32.

10.	Machens A, Dralle H. Prognostic impact of N staging in 715 
medullary thyroid cancer patients: proposal for a revised stag-
ing system. Ann Surg 2013;257(2):323-9.

11.	Esfandiari NH, Hughes DT, Yin H, Banerjee M, Haymart MR. The 
effect of extent of surgery and number of lymph node me-
tastases on overall survival in patients with medullary thyroid 
cancer. J Clin Endocrinol Metab 2014;99(2):448-54.

12.	Tang J, Jiang S, Gao L, Xi X, Zhao R, Lai X, et al. Construction and 
Validation of a Nomogram Based on the Log Odds of Positive 
Lymph Nodes to Predict the Prognosis of Medullary Thyroid 
Carcinoma After Surgery. Ann Surg Oncol 2021;28(8):4360-70.

13.	Wang J, Hassett JM, Dayton MT, Kulaylat MN. The prognostic 
superiority of log odds of positive lymph nodes in stage III co-
lon cancer. J Gastrointest Surg 2008;12(10):1790-6.

14.	Sun Z, Xu Y, Li de M, Wang ZN, Zhu GL, Huang BJ, et al. Log 
odds of positive lymph nodes: a novel prognostic indicator 
superior to the number-based and the ratio-based N cat-
egory for gastric cancer patients with R0 resection. Cancer 
2010;116(11):2571-80.

15.	Calero A, Escrig-Sos J, Mingol F, Arroyo A, Martinez-Ramos D, 
de Juan M, et al. Usefulness of the log odds of positive lymph 
nodes to predict and discriminate prognosis in gastric carci-
nomas. J Gastrointest Surg 2015;19(5):813-20.

16.	Xiao Z, Shi Z, Hu L, Gao Y, Zhao J, Liu Y, et al. A new nomo-
gram from the SEER database for predicting the prognosis 
of gallbladder cancer patients after surgery. Ann Transl Med 
2019;7(23):738.

17.	Hamdy O, Awny S, Metwally IH. Medullary thyroid cancer: 
epidemiological pattern and factors contributing to recur-
rence and metastasis. Ann R Coll Surg Engl 2020;102(7):499-
503.

18.	Wu X, Li B, Zheng C. Clinical Characteristics, Surgical Manage-
ment, and Prognostic Factors of Medullary Thyroid Carcino-
ma: A Retrospective, Single-Center Study. Technol Cancer Res 
Treat 2022;21:15330338221078435.

19.	Ahn HY, Chae JE, Moon H, Noh J, Park YJ, Kim SG. Trends in the 
Diagnosis and Treatment of Patients with Medullary Thyroid 
Carcinoma in Korea. Endocrinol Metab (Seoul) 2020;35(4):811-
9.

20.	Manjunath PR, Vadayath UM, Nair V, Pavithran PV, Bhavani N, 
Kumar H, et al. Clinical Profile of Medullary Thyroid Carcinoma: 
Audit from a Tertiary Care Center in South India. Indian J En-
docrinol Metab 2020;24(4):355-9.

21.	Kotwal A, Erickson D, Geske JR, Hay ID, Castro MR. Predicting 
Outcomes in Sporadic and Hereditary Medullary Thyroid Car-
cinoma over Two Decades. Thyroid 2021;31(4):616-26.

22.	Torresan F, Mian C, Cavedon E, Iacobone M. Cure and survival 
of sporadic medullary thyroid carcinoma following systemat-
ic preoperative calcitonin screening. Langenbecks Arch Surg 
2019;404(4):411-9.

23.	Momin S, Chute D, Burkey B, Scharpf J. Prognostic variables 
affecting primary treatment outcome for medullary thyroid 
cancer. Endocr Pract 2017;23(9):1053-8.

24.	Oh HS, Kwon H, Song E, Jeon MJ, Song DE, Kim TY, et al. Pre-
operative Clinical and Sonographic Predictors for Lateral Cer-
vical Lymph Node Metastases in Sporadic Medullary Thyroid 
Carcinoma. Thyroid 2018;28(3):362-8.

25.	Kim C, Baek JH, Ha E, Lee JH, Choi YJ, Song DE, et al. Ultraso-
nography features of medullary thyroid cancer as predictors 
of its biological behavior. Acta Radiol 2017;58(4):414-22.

26.	Wells SA, Jr., Asa SL, Dralle H, Elisei R, Evans DB, Gagel RF, 
et al. Revised American Thyroid Association guidelines for 
the management of medullary thyroid carcinoma. Thyroid 
2015;25(6):567-610.

27.	Hughes MS, Assadipour Y. Medullary Thyroid Carcinoma. Sur-



258 Gobut et al., LODDS and Other Prognostic Factors in Medullary Thyroid Cancers, Single Center Experience / doi: 10.14744/ejmi.2023.31948

gical Endocrinopathies: Clinical Management and the Found-
ing Figures 2015:69-77.

28.	Moley JF. Medullary thyroid carcinoma: management of lymph 
node metastases. J Natl Compr Canc Netw 2010;8(5):549-56.

29.	Pazaitou-Panayiotou K, Chrisoulidou A, Mandanas S, 
Tziomalos K, Doumala E, Patakiouta F. Predictive factors that 
influence the course of medullary thyroid carcinoma. Int J Clin 
Oncol 2014;19(3):445-51.

30.	Valderrabano P, Simons S, Montilla-Soler J, Pal T, Zota V, Otto K, 
et al. Medullary thyroid carcinoma. Neuroendocrine Tumors: 
Review of Pathology, Molecular and Therapeutic Advances 
2016:117-40.

31.	Stamatakos M, Paraskeva P, Katsaronis P, Tasiopoulou G, Kont-
zoglou K. Surgical approach to the management of medullary 
thyroid cancer: when is lymph node dissection needed? On-

cology 2013;84(6):350-5.
32.	Kuo EJ, Sho S, Li N, Zanocco KA, Yeh MW, Livhits MJ. Risk Fac-

tors Associated With Reoperation and Disease-Specific Mor-
tality in Patients With Medullary Thyroid Carcinoma. JAMA 
Surg 2018;153(1):52-9.

33.	Cao ZX, Weng X, Huang JS, Long X. Prognostic value of LODDS 
in medullary thyroid carcinoma based on competing risk 
model and propensity score matching analysis. Updates Surg 
2022;74(5):1551-62.

34.	Prassas D, Kounnamas A, Cupisti K, Schott M, Knoefel WT, Krieg 
A. Prognostic Performance of Alternative Lymph Node Classi-
fication Systems for Patients with Medullary Thyroid Cancer: A 
Single Center Cohort Study. Ann Surg Oncol 2022;29(4):2561-
9.


