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Abstract. The present study aimed to explore the clinical 
value of color Doppler ultrasound combined with serum tumor 
markers, including calcitonin (CT) and carcinoembryonic 
antigen (CEA), for the diagnosis of medullary thyroid 
carcinoma (MTC). A total of 39 patients with MTC (MTC 
group), 50 patients with papillary thyroid carcinoma (PTC) 
(PTC group) and 30 patients with thyroid adenoma (benign 
control group) were enrolled in the present study. The patients 
were hospitalized at the Affiliated Hospital of Qingdao 
University from January 2012 to December 2018 and were 
diagnosed through surgical procedures and pathology 
laboratory results. The ultrasound results, as well as serum CT 
and CEA results, were collected and analyzed. A significant 
difference was observed between the MTC and PTC groups 
in regards to morphology, margin, aspect ratio, calcification, 
internal blood flow and lymph node metastasis (all P<0.01). 
There was also a significant difference between the MTC and 
benign control group in regards to internal echo, calcification, 
internal blood flow and lymph node metastasis (all P<0.01). 
In addition, the levels of serum CT and CEA in the MTC 
group were significantly higher than those in the PTC and the 
benign control groups (both P<0.01). For patients with MTC, 
the levels of serum CT and CEA were significantly associated 
with maximum tumor diameter, lymph node metastasis and 
the patient state after treatment (all P<0.01). Furthermore, 
the sensitivities of ultrasound, serum CT and CEA for the 
diagnosis of MTC were 76.92, 74.36 and 68.23%, respectively. 
The value for the combination of the three markers (94.87%) 
was significantly higher compared with the sensitivity value of 
each separate marker (all P<0.05). In conclusion, color Doppler 

ultrasound combined with detecting the levels of serum tumor 
markers (CT and CEA) significantly improved the diagnostic 
efficiency for MTC, which could be useful for the clinical 
diagnosis and treatment of MTC.

Introduction

Medullary thyroid carcinoma (MTC) is a malignant tumor 
derived from thyroid parafollicular cells (C cells)  (1,2). 
Hazard et al (3) first reported the disease in 1959. MTC is 
more common among women and middle‑aged individuals. 
MTC is characterized by local infiltration and growth, 
and early lymphatic metastasis to the blood channel  (4). 
Clinically, MTC can be classified into hereditary (20‑30% 
of cases) and sporadic (70‑80% of cases) types (5). MTC is 
a relatively rare type of thyroid cancer, accounting for 3‑5% 
of all thyroid tumors, with a mortality rate of 13.4%  (6). 
The clinical incidence of MTC is relatively low; however, 
its malignancy is higher than that of differentiated thyroid 
carcinoma, between the severity of papillary carcinoma and 
undifferentiated carcinoma. MTC is an intermediate‑grade 
malignant tumor with rapid progression, high recurrence 
rate, high metastasis rate and a poor prognosis. Up to 70% of 
patients with MTC have already suffered from cervical lymph 
node metastasis when the disease invades the thyroid nodule. 
Among these patients, about 10% have also already suffered 
from distant metastasis (7,8). Therefore, early detection and 
timely treatment are crucial. Color Doppler ultrasound is the 
clinically preferred imaging examination tool for MTC. As a 
convenient and non‑invasive diagnostic method, Color Doppler 
ultrasound plays an irreplaceable role in the early diagnosis and 
late follow‑up of patients with MTC (9). However, ultrasound, 
as the most widely used method in the diagnosis of MTC, has 
several limitations. Sometimes it is not easy to differentiate 
papillary thyroid carcinoma (PTC) from thyroid adenoma, as 
the sensitivity is not favorable. Fine‑needle aspiration (FNA) 
is used as the gold standard for the preoperative diagnosis 
of MTC; however, the sensitivity of FNA cytology alone for 
the diagnosis of MTC may be relatively low due to different 
sampling methods and angles (10). The rate of misdiagnosis 
and missed diagnosis is high (11). MTC originates from C cells 
that can secrete a variety of neuroendocrine polypeptides, 
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such as calcitonin (CT) and carcinoembryonic antigen (CEA), 
therefore CT and CEA can be adopted as tumor markers. In 
fact, CT and CEA have been found to have crucial value in 
the clinical auxiliary diagnosis, assessment and monitoring of 
MTC (12,13). In the present study, color Doppler ultrasound 
was used in combination with the detection of serum CT and 
CEA levels for the diagnosis of MTC, and the clinical value of 
the combined detection was determined.

Patients and methods

Clinical subjects. A total of 39  patients with MTC were 
enrolled into the MTC group. The patients were hospitalized 
at the Affiliated Hospital of Qingdao University (Qingdao, 
Shandong, China) from January 2012 to December 2018. They 
were diagnosed and verified through surgical procedures 
and pathology laboratory tests. The inclusion criteria were as 
follows: i) Patients diagnosed with sporadic MTC; ii) patients 
with complete color Doppler ultrasound and serum CT and 
CEA examination data; iii)  patients without a history of 
malignant tumors in other organs other than the thyroid 
gland; iv) patients who had signed informed consent forms; 
v) patients who cooperated with researchers. The exclusion 
criteria were as follows: i) Patients with hereditary MTC, 
pheochromocytoma, or comorbid malignant tumors in other 
organs besides the thyroid gland; ii) patients without complete 
clinical data, and those who did not wish to be included in 
the study; iii) patients with other diseases, such as liver and 
kidney dysfunction, cardiovascular disease and diabetes; 
and iv) patients who were smokers or pregnant. In addition, 
50 patients with PTC were enrolled into the PTC group, and 
30 patients with thyroid adenoma were enrolled into the benign 
control group. Clinicopathological data of the study subjects 
in the three groups are presented in Table I. There were no 
significant differences in the clinicopathological variables 
between the three groups (P>0.05), and subjects in the three 
groups were comparable. The present study was approved by 
the Medical Ethics Committee of The Affiliated Hospital of 
Qingdao University (LIhao:201219) and all participants signed 
informed consent forms.

Examination methods. For 1.2.1 Color Doppler ultrasound 
examination, a PHILIPS iU22, color Doppler ultrasonic 
diagnostic apparatus, was used in the present study, with a 
linear array probe at a frequency of 7.0‑15.0 MHz. During the 
examination, patients were asked to lie in the supine position, 
with their shoulders raised with pads, their heads tilted backwards 
and their necks extended. First, two‑dimensional ultrasound 
was used to examine the thyroid glands. The size, morphology 
and capsule of the thyroid gland were observed. The location, 
shape, boundary, size, echo type and calcification of the lesion 
were analyzed. In addition, the lymph nodes around the thyroid 
gland were examined, particularly the bilateral cervical lymph 
nodes, to observe the number, size, shape and internal echo of 
the lymph nodes. Lymph node metastasis was analyzed and 
recorded. Subsequently, the blood flow signals in and around the 
lesion were examined with color Doppler flow imaging (CDFI).

Determination of serum CT and CEA levels. For specimen 
collection and pre‑treatment, fasting elbow venous blood (4 ml) 

was collected from each patient in the MTC group at 7:00 a.m. 
prior to surgery and 3 months after surgery. Blood samples 
were also collected from patients in the PTC group and the 
benign control group at 7:00 a.m. Samples were coagulated 
at room temperature (25˚C), followed by centrifugation 
at 2,264 x g for 20 min to separate the upper serum. Lipemia 
and hemolysis were excluded.

Serum CT and CEA levels were measured using the elec‑
trochemiluminescence method based on the double‑antibody 
sandwich principle. A Cobas e601 full‑automatic chemilumi‑
nescence immunoassay system from Roche Diagnostics was 
used. The reagents were provided by Roche Diagnostics (CEA, 
cat. no. 11731629322; CT, cat. no. 06445853190). All detection 
procedures were strictly performed in accordance with the 
kit instructions provided by the manufacturer, and the quality 
control met the requirements.

Categorization of findings. Pathological diagnosis was the gold 
standard. Consistencies between ultrasound examination and 
pathological diagnosis were defined as true positives, while 
inconsistencies between misdiagnosis, missed diagnosis and 
uncertainty were defined as false negatives. In the control group, 
consistencies between ultrasound examination and pathological 
diagnosis were defined as true negatives, while inconsistencies 
between them (misdiagnosis and uncertainty) were defined 
as false positives. Serum CT and CEA levels exceeding the 
cut‑off levels were positive, and serum CT and CEA levels 
lower than or equal to the cut‑off levels were negative. The joint 
examinations had a positive outcome if one or more detection 
results were positive. If all detection results were negative, the 
joint examinations could be regarded as negative.

Statistical analysis. For statistical analysis, SPSS 19.0 (IBM 
Corp.) was used. Measurement data exhibited a skewed 
distribution, and were expressed as the median and quartile 
range [M (25‑75%)]. The non‑parametric Kruskal‑Wallis H test 
was used for comparisons among multiple groups, while the 
Mann‑Whitney U test or Bonferroni test was used for pairwise 
comparisons between two groups. Enumeration data were 
analyzed using the χ2 test. With the thyroid adenoma group 
as a control, receiver operating characteristic (ROC) curves 
of the CT and CEA of the participants were drawn, and the 
areas under the curves (AUC) were calculated. The optimal 
cut‑off values for CT and CEA for the diagnosis of MTC were 
determined according to the maximum Youden indexes. Taking 
pathological diagnosis as the gold standard, the examination 
results were true positive (a), false positive (b), false negative (c) 
and true negative (d). The formula used for calculation was as 
follows: Sensitivity=a/(a + c); specificity=d/(d + b); accuracy=(a 
+ d)/(a + b + c + d); positive predictive value=a/(a + b); negative 
predictive value=d/(d + c); positive likelihood ratio=(a/a + 
c)/(b/b + d); and negative likelihood ratio=(c/a + c )/(d/b + d). 
P<0.05 indicated a statistically significant difference.

Results

Comparison of color Doppler ultrasonographic features among 
MTC, PTC and thyroid adenoma. CDFI of MTC samples 
revealed that MTC samples had a clear boundary, regular shape 
(oval or round), an aspect ratio of ≤1, hypoecho or extreme 
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hypoecho, mostly coarse calcification, a rich and convoluted 
internal blood flow, and discontinuous peripheral blood flow 
signals (Fig. 1). CDFI of PTC samples demonstrated that PTC 
samples had an unclear boundary, irregular shape, an aspect ratio 
of >1, hypoecho or extreme hypoecho, mostly microcalcification, 
and rich or unrich internal blood flow signals (Fig. 2). CDFI of 
thyroid adenoma samples revealed that the thyroid adenoma 
samples had a clear boundary, regular shape (oval or round), an 
aspect ratio of ≤1, hypoecho or extreme hypoecho, no calcification 
in the interior, neither rich nor unrich internal blood flow signals, 
and a regular course of peripheral blood flow signals (Fig. 3). The 
comparison of color Doppler ultrasonographic features between 
MTC and PTC samples is shown in Table II, and the comparison 
of the ultrasonic features between MTC and thyroid adenoma 
samples is presented in Table III.

Comparison of serum CT and CEA levels between the MTC, 
PTC and thyroid adenoma groups. The levels of serum CT and 
CEA in patients with MTC were significantly higher compared 
with those of patients with PTC and thyroid adenoma (P<0.01). 
However, there was no significant difference in the levels of 
serum CT and CEA between patients with PTC and those with 
thyroid adenoma (P>0.05; Table IV).

Association between serum CT and CEA levels, and various 
clinicopathological features of patients with MTC. The 
serum levels of CT and CEA in patients with MTC were 

not significantly associated with sex and age (both P>0.05); 
however, they were significantly associated with the maximum 
tumor diameter, lymph node metastasis and the state of the 
patients after treatment (all P<0.01; Table V).

Comparison of the diagnostic value of color Doppler 
ultrasound, and serum CT and CEA levels alone, and color 
Doppler ultrasound combined with serum CT and CEA levels 
for the diagnosis of MTC. With postoperative pathological 
diagnosis as the gold standard, among the 39 patients with 
MTC, consistencies between ultrasound examination and 
pathological diagnosis were found in 30  patients (true 
positive), while inconsistencies between the two diagnostic 
methods were detected in 9 patients (false negative). Among 
the 30 patients with thyroid adenoma, consistencies between 
ultrasound examination and pathological diagnosis were 
found in 28 patients (true negative), while inconsistencies was 
detected in 2 patients (false positive).

The areas under the ROC curves for CT and CEA levels 
in the diagnosis of MTC were 0.838 and 0.789, respectively, 
(Figs. 4 and 5). The CT and CEA values corresponding to the 
maximum Youden indices of CT and CEA (0.675 and 0.641) 
were selected as the optimal critical values for the diagnosis 
of MTC. The critical values of CT and CEA were 6.70 pg/ml 
and 4.60 ng/ml, respectively. The diagnostic values of color 
Doppler ultrasound, serum CT or serum CEA alone, and color 
Doppler ultrasound combined with serum CT and CEA for the 

Table I. Comparison of the general information of subjects in the three groups.

Features	 MTC group (n=39)	 PTC group (n=50)	 Benign control group	 χ2	 P‑value

Sex	
  Male 	 21	 24	 14	 0.436	 0.804
  Female 	 18	 26	 16		
Age (years)	
  ≤40	 15	 20	 9	 0.860	 0.651
  >40	 24	 30	 21		
Marriage status 	
  Unmarried	 7	 11	 4	 0.946	 0.623
  Married	 32	 39	 26		
Education	
  High school degree and below	 23	 32	 17	 0.479	 0.787
  College degree and above	 16	 18	 13		
Income (Yuan)	
  ≤3000	 24	 32	 16	 0.919	 0.632
  >3000	 15	 18	 14		
Place of residence	
  Coastal region	 12	 13	 8	 0.271	 0.873
  Inland 	 27	 37	 22		
Occupation	
  Farmer	 11	 13	 8	 0.288	 0.991
  Worker	 19	 27	 16		
  Cadres	 9	 10	 6		

MTC, medullary thyroid carcinoma; PTC, papillary thyroid carcinoma. Data are expressed as number of patients.
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diagnosis of MTC were analyzed (Table VI). Color Doppler 
ultrasound combined with serum CT and CEA levels exhibited 
a significantly higher sensitivity compared with color Doppler 
ultrasound, serum CT or serum CEA alone (all P<0.05). The 
positive likelihood ratios of ultrasound, serum CT, serum CEA 
and the combined detection of MTC were 22.62, 22.54, 10.29 
and 14.16, respectively, and the negative likelihood ratios were 
0.24, 0.36, 0.33 and 0.06, respectively.

Discussion

Medullary thyroid carcinoma (MTC) is a highly malignant 
tumor and prone to local spread or distant metastasis. It is 
crucial to find a correct early diagnosis prior to surgical 
intervention in order to make an appropriate surgical scheme 
to avoid a second surgery and improve the survival rate (14). 
It has been shown that the proto‑oncogene RET mutation is 
the main pathogenic factor in MTC and can be used to detect 
MTC (15). However, this method has several limitations, 
such as a high cost, poor diagnostic yield in patients with 
sporadic MTC. And it is not able to differentiate the various 
subtypes of MTC pathogenic genes. Thus, the detection of 
the gene cannot be readily applied to clinical practice on a 
large scale. In addition, pre‑operative fine‑needle aspiration 
(FNA) has limitations due to its poor diagnostic positive rate 
and inability to evaluate lymph node metastasis. Therefore, 
researchers have been searching for economical, efficient 

Figure 2. Diagnosis of PTC in a 39‑year‑old female through postoperative 
pathology. (A) Two‑dimensional ultrasound showing a solitary nodule in the 
upper pole of the right lobe of thyroid gland, with an irregular shape, an aspect 
ratio of >1, an unclear boundary, hypoecho and internal microcalcification. 
(B) CDFI showing blood flow signals inside and around the nodule; the 
ultrasound results suggested that the nodule met the TI‑RADS category 5, 
and that it may be PTC. PTC, papillary thyroid carcinoma; CDFI, color 
Doppler flow imaging.

Figure 1. Diagnosis of MTC in a 42‑year‑old women through postoperative 
pathology. (A) Two‑dimensional ultrasound showing a solitary nodule in the 
upper pole of the right lobe of thyroid gland, with an oval shape, an aspect ratio 
of <1, a clear boundary, hypoecho, and internal coarse calcification. (B) CDFI 
showing blood flow signals inside and around the nodule; the ultrasound results 
suggested that the nodule met the TI‑RADS category 5, and that it may be 
MTC. MTC, medullary thyroid carcinoma; CDFI, color Doppler flow imaging.

Figure 3. Diagnosis of thyroid adenoma in a 53‑year‑old male through post‑
operative pathology. (A) Two‑dimensional ultrasound showing a solitary 
nodule in the middle lower pole of the left lobe of thyroid gland, with an oval 
shape, an aspect ratio of <1, clear boundary, isoecho and no internal calci‑
fication. (B) CDFI showing thick blood flow signals inside and around the 
nodule, and a regular course of peripheral blood flow signals; the ultrasound 
results suggested that the nodule met the TI‑RADS category 3, and that it 
may be thyroid adenoma. CDFI, color Doppler flow imaging.
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and specific indicators and methods for the pre‑operative 
evaluation of MTC.

At present, neck ultrasonography is the preferred diag‑
nostic method for MTC. Under ultrasound, MTC can be 
preliminarily diagnosed by comprehensively analyzing 
features, including morphology, boundary, aspect ratio, 
internal components, blood flow signals and the cervical 
lymph nodes of thyroid nodules. Ultrasonic signs of MTC 
have a few common features with those of papillary thyroid 
carcinoma (PTC) and thyroid adenoma. MTC is generally 
round or oval in shape, similar to thyroid tumors, with an 
aspect ratio of ≤1. Lee et al (16) discovered that about 67.40% 
of MTC nodules were round or oval, and only 13% of nodules 
had an aspect ratio of > in MTC. Kim et al  (17) came to 
a similar conclusion based on the following clinical obser‑
vation: The boundary of MTC nodules was mostly clear, 
similar to benign lesions (18), while the boundary of PTC 
nodules was irregular, unclear or burr‑like. Calcification 
is considered an important sign of a thyroid malignant 
tumor  (19). Coarse calcification is common in MTC, 
which is related to amyloid deposition in the intercellular 
substances of C cells. Microcalcification is common in PTC, 

whereas thyroid adenoma usually exhibits no calcification. 
Intranodular hypoecho and extreme hypoecho are common 
manifestations of MTC and PTC ultrasound images (20). In 
the present study, it was demonstrated that among patients 
with MTC, 64.10% of tumors had a round or oval nodule, 
61.54% had a clear boundary, and 84.62% had an aspect ratio 
≤1, which is consistent with the findings of previous studies. 
In addition, 66.67% of patients in the MTC group had tumors 
with course calcification, which was relatively higher than 
the results reported by Choi et al (19), which may be related 
to the method used for the patient selection process. There 
were 32 patients (64.00%) with microcalcification in the PTC 
group and 25 patients (83.33%) without calcification in the 
benign control group. The blood flow signal characteristics 
of nodules are of great value in judging their benign and 
malignant properties. Compared with PTC, the blood flow 
signal shown in MTC ultrasound is richer (21). In addition, 
under color Doppler ultrasound, the characteristics of blood 
flow signals between MTC and thyroid adenoma are often 
similar; that is, both are surrounded by the peripheral blood 
flow signals of nodules. However, differences between them 
can be found through careful observation. The peripheral 

Table II. Comparison of color Doppler ultrasonographic features between MTC and PTC.

Ultrasonic imaging	 MTC (n=39)	 PTC (n=50)	 χ2	 P‑value

Position	
  Middle upper pole	 23	 28	 0.030	 >0.05
  Lower pole	 16	 21		
Echo	
  Hypoecho or extreme hypoecho	 37	 44	 1.265	 >0.05
  Isoecho or hyperecho	 2	 6		
Boundary	
  Clear	 24	 13	 11.392	 <0.01
  Unclear	 15	 37		
Shape	
  Round or oval	 25	 12	 14.507	 <0.01
  Irregular	 14	 38		
Aspect ratio	
  >1	 6	 32	 21.165	 <0.01
  ≤1	 33	 18		
Calcification	
  No	 2	 10	 24.128	 <0.01
  Microcalcification	 11	 32		
  Course calcification	 26	 8		
Internal blood flow	
  No	 3	 5	 13.390	 <0.01
  Not rich	 11	 32		
  Rich	 25	 13		
Lymph node metastasis	
  No	 21	 43	 11.214	 <0.01
  Yes	 18	 7		

MTC, medullary thyroid carcinoma; PTC, papillary thyroid carcinoma. Data are expressed as number of patients.
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blood flow around MTC is discontinuous, while adenoma 
can surround the tumor by 1/2 or more, and the course of 
blood vessels is regular (22). The correct diagnosis of MTC 
under ultrasound requires a comprehensive judgment based 
on nodule morphology, edge, aspect ratio, calcification and 
blood flow. In the present study, the sensitivity of ultrasonic 
diagnosis of MTC was unsatisfactory (76.92%); consequently, 
other examinations had to be used along with ultrasonic 
diagnosis to improve the diagnostic value.

The application value of calcitonin (CT) has been evaluated 
by a series of prospective non‑randomized studies. Routine 
serum CT screening can be adopted to detect the early 
proliferation of C cells and MTC, thus improving the detection 
rate of MTC (23,24). CT scans have a very high accuracy to 
rule out the possibility of MTC if the serum CT levels are lower 
than the reference upper limit  (25). The carcinoembryonic 
antigen (CEA) level also has an important reference value for 
the diagnosis of thyroid cancer (26), and it is more valuable 

Table III. Comparison of the ultrasonic features between MTC and thyroid adenoma.

Ultrasonic imaging	 MTC (n=39)	 Thyroid adenoma (n=30)	 χ2	 P‑value

Position	
  Middle upper pole	 23	 18	 0.007	 >0.05
  Lower pole	 16	 12		
Echo	
  Hypoecho or extreme hypoecho	 37	 19	 11.030	 <0.01
  Isoecho or hyperecho	 2	 11		
Boundary	
  Clear	 24	 20	 0.193	 >0.05
  Unclear	 15	 10		
Shape	
  Round or oval	 25	 23	 0.361	 >0.05
  Irregular	 14	 17		
Aspect ratio	
  >1	 6	 3	 0.433	 >0.05
  ≤1	 33	 27		
Calcification	
  No	 2	 25	 45.609	 <0.01
  Microcalcification	 11	 4		
  Course calcification	 26	 1		
Internal blood flow	
  No	 3	 8	 15.99	 <0.01
  Not rich	 11	 17		
  Rich	 25	 5		
Lymph node metastasis	
  No	 21	 30	 18.733	 <0.01
  Yes	 18	 0		

MTC, medullary thyroid carcinoma. Data are expressed as number of patients.

Table IV. Comparison of the levels of serum CT and CEA among the three groups.

Groups	 N	 CT (pg/ml)	 U	 P‑value	 CEA (ng/ml)	 U	 P‑value

MTC group	 39	 345.35 (69.34, 1123.44)			   42.75 (10.67, 102.45)		
PTC group	 50	 3.12 (1.79, 4.12)a	 256.500	 <0.01	 2.79 (1.38, 3.76)a	 288.000	 <0.01
Benign control group	 30	 2.98 (1.15, 3.98)b	 178.000	 <0.01	 2.64 (1.07, 3.57)b	 139.000	 <0.01

aP<0.01 vs. the MTC group; bP<0.01 vs. the MTC group. CT, calcitonin; CEA, carcinoembryonic antigen; MTC, medullary thyroid carcinoma; 
PTC, papillary thyroid carcinoma. Data are expressed as [mean (25‑75%)].
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when serum CT and CEA levels increase simultaneously. As 
characteristic secretion products of MTC, serum CT and CEA 
levels are significantly increased in the majority of cases with 
MTC (27), which was also verified in the present study. In the 
present study, it was also demonstrated that the levels of serum 
CT and CEA in the MTC group were significantly higher 
compared with those in the PTC and benign control groups. 

Among the 39 patients with MTC, 29 had increased levels of 
CT, and 27 had elevated levels of CEA. Of course, this does 
not mean that all patients with elevated serum CT necessarily 
suffer from MTC. Equally, normal levels of serum CT and CEA 
cannot rule out the possibility of MTC. The accurate diagnosis 
of MTC can be achieved by combining the CT scan and CEA 
level results with other imaging techniques, such as ultrasonic 

Table V. Relationship between serum CT and CEA levels and different clinicopathological features of the patients with MTC.

Groups	 N	 CT (pg/ml)	 U	 P‑value	 CEA (ng/ml)	 U	 P‑value

Sex	
  Male	 21	 362.19 (58.86, 1210.45)	 425.300	 >0.05	 46.67 (8.12, 114.61)	 466.900	 >0.05
  Female	 28	 329.24 (75.67, 1015.36)			   39.82 (11.23, 98.67)		
Age (years)	
  ≤50	 23	 327.16 (81.43, 986.75)	 619.200	 >0.05	 37.54 (12.36, 96.34)	 568.300	 >0.05
  >50	 16	 359.78 (61.43, 1225.34)			   47.61 (9.13, 116.78)		
Tumor diameter (cm)	
  ≤1	 12	 102.33 (31.42, 186.31)	 89.000	 <0.01	 26.54 (6.79, 35.27)	 93.000	 <0.01
  >1	 27	 489.43 (125.42, 1361.27)			   68.79 (37.68, 120.67)		
Lymph node metastasis	
  Yes	 18	 782.34 (213.56, 1364.21)	 102.000	 <0.01	 86.79 (43.22, 33.24)	 113.000	 <0.01
  No	 21	 95.13 (21.56, 159.45)			   18.67 (7.64, 32.77)		
Before and after treatment	
  Before treatment	 39	 345.35 (69.34, 1123.44)	 236.000	 <0.01	 42.75 (10.67, 102.45)	 201.000	 <0.01
  After treatment	 39	 5.26 (2.63, 7.34)			   4.32 (2.17, 5.25)		

CT, calcitonin; CEA, carcinoembryonic antigen; MTC, medullary thyroid carcinoma. Data are expresses as [mean (25‑75%)].

Figure 5. ROC curve of serum CEA levels for the diagnosis of MTC. MTC, 
medullary thyroid carcinoma; CEA, carcinoembryonic antigen; ROC, 
receiver operating characteristic.

Figure 4. ROC curve of serum CT levels for the diagnosis of MTC. MTC, 
medullary thyroid carcinoma; ROC, receiver operating characteristic; 
CT, calcitonin.
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characteristics. Serum CT and CEA levels can be helpful tools 
that may be used to evaluate the severity of the disease, and 
high levels of CT and CEA are indicative of a large tumor with 
lymph node metastasis (28). In the present study, CT and CEA 
levels in patients with tumor diameters of >1 cm and those with 
lymph node metastasis were significantly higher compared 
with those in patients with tumor diameters ≤1 cm and those 
without lymph node metastasis. Therefore, serum CT and CEA 
levels were also prognostic predictors of MTC. Serum CT and 
CEA levels are also helpful for monitoring the recurrence and 
metastasis of MTC following surgery. There is at least one study 
demonstrating that the aforementioned indices can be used 
to reveal the probability of recurrence or metastasis prior to 
imaging tests (29). The dynamic observation of serum CT and 
CEA levels following surgery can play a crucial role in judging 
the effectiveness of the surgical intervention and risk of tumor 
recurrence (30). According to the ROC curves of CT and CEA 
serum levels, when CT and CEA values corresponding to the 
maximum Youden indices of CT (0.675) and CEA (0.641) were 
selected as the optimal cut‑off values (6.70 pg/ml and 4.60 ng/ml, 
respectively) for the diagnosis of MTC, the sensitivity of CT 
and CEA for the diagnosis of MTC was 74.36 and 68.23%, 
respectively. However, the sensitivity of spate examination was 
low. The occurrence of false positives and false negatives cannot 
be ruled out by in vitro diagnostic tests, and other methods need 
to be combined to improve the diagnostic accuracy.

The results of the present study demonstrated that the 
sensitivity of ultrasound combined with measuring serum CT 
and CEA levels for the diagnosis of MTC was 94.87%, which 
was significantly higher than that of single tests (P<0.05). The 
positive and negative likelihood rations of combined detection 
were 14.16 and 0.06, respectively. When the positive likelihood 
ratio was >10 or the negative likelihood ratio was <0.1, the 
possibility of diagnosing or excluding a certain disease was 
significantly increased.

It should be acknowledged that there are a few limitations 
to the present study. For example, the present study did not 
carry out a systematic follow‑up on the long‑term therapeutic 
effect. In the future, the authors aim to focus on the association 
between the changes in serum CT and CEA levels and the 
survival rate of patients.

In conclusion, ultrasound combined with measuring serum 
CT and CEA levels may be a helpful technique for the early 
detection of MTC and was shown to be effective in reducing 
the missed diagnosis rate. Nonetheless, the specificity of the 
combined examination was reduced. Therefore, it remains 
necessary to rely on pathological morphology, immunohis‑
tochemistry and specific staining technique to confirm the 
diagnosis. The detection of RET gene mutation can provide an 
early genetic diagnosis of MTC, which is the future develop‑
mental direction.

Acknowledgements

Not applicable.

Funding

No funding was received.

Availability of data and materials

The datasets used and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

Authors' contributions

XY designed the study and drafted the manuscript. JX and 
JS were responsible for the collection and analysis of the 
experimental data. LY, RG and ZY performed Color Doppler 
ultrasound examination and revised the manuscript critically 
for important intellectual content. All authors read and 
approved the final manuscript.

Ethics approval and consent to participate

The study was approved by the Ethics Committee of The 
Affiliated Hospital of Qingdao University (LIhao:201219), 
China. Patients who participated in this research, signed the 
informed consent and had complete clinical data. Signed 
written informed consents were obtained from the patients 
and/or guardians.

Table VI. Comparison of the diagnostic value of color Doppler ultrasound, serum CT, serum CEA, and color Doppler ultrasound 
combined with serum CT and CEA in diagnosing MTC [% (n)].

				    Predictive	 Predictive
Detection indices	 Sensitivity	 Specificity	 Accuracy	 positive value	 negative value
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