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A B S T R A C T   

Introduction: Medullary Thyroid Carcinoma (MTC) as a neuroendocrine tumor that arises from the parafollicular 
C-cells and shows a potentially aggressive behavior with early lymph node metastasis. MTC cells do not absorb 
radioactive iodine and are not sensitive to Thyroid Stimulating Hormone (TSH) suppression, and therefore 
surgery is the most effective option for curative therapy. 
Results: Medical imaging and biomarkers (calcitonin & CEA) assessment are necessary to determine the appro
priate approach to lymph nodes surgery in MTC. Prophylactic central, lateral or contralateral neck dissections are 
recommended based on calcitonin level and volume of tumor. In general, guidelines are in agreement with 
prophylactic central dissection in most cases. Central and lateral dissections are recommended in all guidelines 
and review articles if lymphadenopathy is confirmed in preoperative examinations. Because lymph node 
dissection in most cases of locally advanced or metastatic MTC has no prognostic effect, dissection is done with 
palliative goal with maximum attention to maintaining function in these cases. In patients with an incomplete 
lymph node dissection, decision for reoperation can be based on calcitonin levels and the number of metastatic 
lymph nodes removed in previous surgery. Symptoms as well as speed of disease progression are also important 
in adopting the type of surgery. Consensus is in favor of reoperation in patients with recurrent regional MTC 
without distant metastasis. 
Conclusion: Thyroidectomy is mandatory in patients with MTC but the type and extension of lymph node 
dissection are depending on the calcitonin level and tumor burden.   

1. Introduction 

Medullary Thyroid Cancer (MTC) accounts for 4% of all thyroid 
cancers. MTC is a neuroendocrine tumor that arises from the paraf
ollicular C-cells. C-cells secret calcitonin, and therefore calcitonin is the 
most sensitive and specific marker for the diagnosis and follow-up of 
MTC [1,2]. 75% of MTC are sporadic [3]. The ten-year survival of MTC 
is reported between 69% and 89% [4]. MTC has a high cost of care 
including surgery, lifetime follow-up with ultrasound, and medical 
treatment. Also, psychological services for survivors have own economic 
burden. The study from the U.S showed that economic hardship between 
thyroid cancer survivors and other cancers (colon, lung, breast, prostate) 
weren’t different [5]. 

In one study with high volume of MTC patients that was performed 
by “French calcitonin tumors study group”, the ten-year survival with 
lymph nodes metastasis was over 70% [6]. This tumor does not absorb 

and concentrate iodine. MTC is not sensitive to TSH suppression and has 
no response to conventional cytotoxic chemotherapy [7]. For this 
reason, the only cytoreductive treatment in these patients with locore
gional disease is surgery [8]. In MTC, lymph nodes metastasis occurs as 
soon as the tumor develops, behavior that not seen in other differenti
ated thyroid cancers [9,10]. Due to the effect of lymph node involve
ment, on the prognosis of patients, based on American Joint Committee 
on Cancer (AJCC) system, the presence or absence of lymph nodes 
metastasis is significant in staging [11].There is a lot of controversy 
about surgical approach to cervical lymph nodes in MTC [12–14]. The 
purpose of this review article is to summarize the authoritative articles 
and guidelines on MTC and help surgeons to decide on surgical approach 
to MTC. 
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2. Preoperative evaluation 

Medical imaging and biomarkers assessments are necessary to 
determine the appropriate approach to lymph nodes surgery in MTC:  

1 biomarkers assessment: 

evaluation of serum calcitonin level is essential. The baseline level 
has two main applications:  

a) determining the extent and type of lymph nodes surgery (palliative 
vs therapeutic). 

b) as a baseline for comparison with the biomarkers obtained in post
operative follow-up [15,16] 

The risk of central lymph nodes metastasis increases substantially 
when the carcinoembryonic antigen (CEA) concentration is greater than 
30 ng/ml (60.0% vs 34.3%) [17].  

2 Medical imaging: Ultrasound is very helpful in determining the 
extent of central and lateral lymph nodes involvement. Imaging to 
evaluate systemic metastasis in patients with regional lymph nodes 
involvement during the first surgery and recurrence, in the presence 
of serum calcitonin greater than 500 pg/ml and 150 pg/ml, respec
tively, is of great importance and very significant in deciding the 
extent of lymphatic dissection [3]. 

3. Lymphatic drainage of thyroid gland 

Lymph node metastasis in thyroid cancer occurs in the following 
order:  

1 Central (zone 6)  
2 Lower jugular chain (zone 4)  
3 Superior mediastinum (zone 7). 

At the central level, prelaryngeal (delphian node), pretracheal, right 
and left paratracheal lymph nodes are involved, respectively. 

In cases of tumor in the upper thyroid lobe, metastasis can occur to 
the lateral zones without central zone involvement [18]. 

Of course, there is also disagreement about the route of lymph node 
involvement. In an article published by Fialkowski EA and colleagues 
the route of lymph node involvement is described as follows: zones 6 and 
7 are the most common lymphatic zones to be attacked and next, zones 2 
to 5 are involved on the same side of the tumor. Finally, the lymph nodes 
of zones 2 to 5 on the opposite side become involved [19]. 

4. Surgical approach 

4.1. MTC limited to the neck 

The extent of neck dissection in these cases depends on the ultra
sound findings, the results of biochemical tests (calcitonin and CEA 
levels), the surgeon’s judgment and the findings during the operation [8, 
20] (Table 1).  

a) No ultrasound evidence of cervical lymph node involvement 
(prophylactic neck dissection): MTC often spreads to the central 
lymph nodes of the neck. In one study of 101 patients with MTC, 
approximately 50% of patients had central lymph node involvement 
[21]. In these cases, the preferred surgical treatment is bilateral 
prophylactic central neck dissection. It should be noted that the rate 
of occult metastasis to the lymph nodes is high and lymph nodes 
involvement is an accurate predictor of outcome. Surgeons must 
dissect lymph nodes in the area from the hyoid bone to the innom
inate veins and medial to the jugular veins [3]. 

American Thyroid Association (ATA) recommendation in MTC, 
without lymph node involvement (according to ultrasonographic study) 
and without systemic metastasis, is prophylactic central (zone 6) lymph 
node dissection (grade B Recommendation*) [3]. 

Based on current recommendation of National Comprehensive Can
cer Network (NCCN) [22]: In addition to total thyroidectomy, bilateral 
central neck dissection (level 6) are indicated in all patients with MTC 
whose tumor is 1 cm or larger or who have bilateral disease. Neck 
dissection can be considered for those whose tumor is less than 1 cm and 
for unilateral thyroid disease [23,24]. 

If the calcitonin level is lower than 20 pg/ml, the risk of central 
lymph node metastasis is very low. Therefore, in an article published in 
2010 in Journal of Clinical Endocrinology Metabolism, it is mentioned 
that in the case of small MTC and calcitonin level lower than 20 pg/ml, 
central prophylactic lymph node dissection can be omitted [25]. How
ever, the need for reoperation was less likely if total thyroidectomy and 
central lymph node dissection was performed previously [26–28]. 

There is a lot of controversy about prophylactic lateral lymph nodes 
dissection [14,29–31]. According to a 2008 report by Machens A et al.; 
with increasing the number of lymph nodes involved in the central zone, 
the likelihood of lateral involvement increases. He explained the rela
tionship between central lymph nodes involvement and ipsilateral and 
contralateral lymph nodes involvement as follows: if the central lymph 
nodes are not involved, 1 to 3 lymph nodes are involved, and 4, or more 
lymph nodes are involved, the chances of ipsilateral lymph node 
involvement are 10%, 77%, and 98/%, respectively. In addition, these 
authors state, if there is no involvement of the central lymph nodes, 
involvement of 1–9 lymph nodes and involvement of more than 9, the 
probability of involvement of the contralateral lymph nodes are 4.9%, 
38%,and 77%, respectively [32]. Biochemical results can help deter
mine the extent of lymphatic dissection. According to a 2010 study by 
Machens and Dralle, lymph nodes metastases were present in the ipsi
lateral (central and lateral) neck, contralateral central neck, contralat
eral lateral neck, and upper mediastinum if basal calcitonin thresholds 
were higher than 20, 50, 200, and 500 pg/ml, respectively [25]. Ac
cording to ATA, they have not been able to reach a consensus on pro
phylactic lateral neck dissection in MTC (Grade I Recommendation***) 
[3]. ATA recommendation is prophylactic lateral neck dissection (zone 

Table 1 
Characteristics of the included studies.   

Authors Year Type of study 

MTC limited to neck Jin & Moley [8] 2016 Review 
Polistena et al. [20] 2017 Retrospective 
Scollo et al. [21] 2003 Retrospective 
ATA [3] 2015 Guideline 
NCCN [22] 2021 Guideline 
ATA, AAES, AHNS, 
AAO-HNS [23] 

2009 Review 

Machens & Dralle [25] 2010 Retrospective 
Machens et al. [32] 2008 Retrospective 
ESMO [33] 2019 Guideline 
UpToDate [12] 2021 Guideline 
Asimakopoulos et al. 
[39] 

2017 Review 

Locally advanced or 
metastatic MTC 

ATA [3] 2015 Guideline 
UpToDate [12] 2021 Guideline 

Persistent disease (Incomplete 
lymph node dissection) 

Machens & Dralle [40] 2013 Retrospective 
ATA [3] 2015 Guideline 
UpToDate [12] 2021 Guideline 
NCCN [22] 2021 Guideline 
ESMO [33] 2019 Guideline 

Recurrent regional MTC ATA [3] 2015 Guideline 
NCCN [22] 2021 Guideline 

MTC: medullary thyroid carcinoma, ATA: American Thyroid Association, NCCN: 
National Comprehensive Cancer Network, AAES: American Association of 
Endocrine Surgeons, AHNS: American Head and Neck Society, AAO-HNS: 
American Academy of Otolaryngology—Head and Neck Surgery, ESMO: Euro
pean Society for Medical Oncology. 
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2–5) “may be considered based on serum calcitonin levels”. In other 
words, some members oppose prophylactic lateral dissection, while 
others agree with prophylactic lateral dissection based on calcitonin 
levels. Thus, if the level of calcitonin is higher than 20 pg/ml, a pro
phylactic ipsilateral central and ipsilateral lateral dissection is recom
mended and if it is higher than 200 pg/ml, a prophylactic dissection in 
uninvolved contralateral lateral neck compartments is recommended 
[3]. 

The latest version of NCCN guideline considers prophylactic ipsi
lateral dissection if there is a high volume or gross disease in the adja
cent central neck [22]. 

The authors of European Society for Medical Oncology (ESMO) have 
minor disagreement with ATA, as they recommend bilateral central neck 
dissection if calcitonin is 20–50 pg/ml, ipsilateral lateral neck dissection 
if calcitonin is 50–200 pg/ml, and contralateral lateral neck dissection if 
the calcitonin level is 200–500 pg/ml [33]. 

Most experienced thyroid surgeons believe that sternotomy is not 
useful for prophylactic neck dissection in MTC [8]. 

Another difference between the ESMO guideline and the American 
guidelines (ATA & NCCN) is the extent of the lateral dissection. 

In the American guidelines, dissection of zones 2 to 5 is recom
mended, whereas according to the ESMO guideline dissection of zones 
2A, 3, and 4 is sufficient [3,22,33]. 

The authors of UpToDate, in addition to considering the amount of 
preoperative calcitonin, advise examining the lateral zones of the neck 
and mediastinum during surgery to perform dissection based on these 
findings [12]. 

However, Moley JF and his colleagues believe that intraoperative 
surgeon’s assessment of nodal status by palpation and inspection has 
low sensitivity (64%) and specificity (71%), and reliance on intra
operative assessment in more than one third of cases leads to misdiag
nosis of positive lymph nodes [34]. 

It should be noted that the above approaches have many pros and 
cons: Proponents believe that 50% of patients with serum calcitonin 
level ≤1000 pg/ml, are cured biochemically after prophylactic lateral 
neck dissection (calcitonin <10 pg/ml) [25]. Because biochemical cure 
is associated with a 98% survival rate over 10 years and there is only 
3–4% chance of recurrence, proponents believe that the benefits of 
prophylactic lateral dissection outweigh the complications of surgery, 
when performed by an experienced surgeon [6,35,36]. Opponents 
believe that the long-term survival rate is excellent in patients who have 
an incomplete biochemical response but no signs of disease in imaging 
studies. This survival rate is between 90 and 100% over 10 years. It 
should be noted that if MTC is limited to the thyroid before surgery, 
survival rate will be maximal [35,37,38]. So perhaps biology of the 
disease in different people is the cause of the difference in survival rate, 
not aggressive prophylactic surgery [12]. 

b) Ultrasound evidence of cervical lymph node involvement (thera
peutic neck dissection): 

All guidelines and review articles recommend central and lateral 
dissection if lymphadenopathy is confirmed in preoperative examina
tions. The main controversy is over the need for prophylactic contra
lateral compartments dissection when we are facing with central and or 
unilateral involvement. Many guidelines based on the high percentage 
of occult metastasis in the contralateral lymph nodes believe that pro
phylactic contralateral dissection is necessary, even in the presence of 
normal preoperative sonography, if basal calcitonin level is greater than 
200 pg/ml [12]. 

Although this approach is recommended by many authors, it should 
be noted that in the presence of bilateral neck involvement, the chance 
of biochemical cure is low. For this reason, the therapeutic team must 
carefully balance the increased risk of complications associated with 
bilateral neck dissection with the probability for potential clinical cure 
[39]. 

4.2. Locally advanced or metastatic MTC 

In patents with locally advanced or metastatic MTC, in addition to 
thyroidectomy, dissection of compartments with involved lymph nodes 
is often recommended. It should be borne in mind that the goal in these 
settings is palliative surgery. For this reason, during dissection of the 
central and lateral zones of the neck, proceedings that cause damage to 
speech, swallowing, shoulder movements and parathyroid glands should 
be avoided. In cases of invasive gross disease, extensive surgery of 
involved structures of the neck can be performed exceptionally. How
ever, it should be noted that these measures have no prognostic effect. 
Finally, it can be said that many of these decisions must be based on the 
patient’s desires and longevity [3,12]. 

4.3. Persistent disease (Patients with an incomplete lymph node 
dissection) 

A 2013 study was performed on 334 patients with high serum 
calcitonin levels who were candidates for reoperation. In this study, 
biochemical cure rate was only 5% after a previous clearance of more 
than 5 metastatic lymph nodes. Also, when serum calcitonin levels 
exceeded 1000 pg/ml (reference rang <10 pg/ml) before reoperation, a 
biochemical cure was exceptional (1 of 76 patients) [40]. 

ATA recommendation is “compartment oriented lymph node 
dissection, should be considered in patients having an inadequate lym
phadenectomy at the initial thyroidectomy”, if the preoperative calci
tonin level is lower than 1000 pg/ml and five or fewer metastatic lymph 
nodes are removed initially (Grade C Recommendation**) [3]. 

Because of the high probability of surgical complication, in patients 
with asymptomatic small-volume locoregional disease (sub-centimeter 
lymph node metastases), the authors of “UpToDate” suggest active 
surveillance. In addition, observation of asymptomatic stable lymph 
node metastases is nearly always recommended if the basal serum 
calcitonin is above 1000 pg/ml or if more than five metastatic lymph 
nodes were removed in previous surgery as reoperation is almost never 
curative in these settings [12]. Also, these authors consider cautious 
observation or systemic therapies for asymptomatic large-volume lymph 
node metastases, if the basal serum calcitonin is > 1000 pg/ml or if more 
than five metastatic lymph nodes were removed with a previous surgery. 
They believe resection of symptomatic or large –volume locoregional 
lymph node disease, is only allowed to prevent invasion into sur
rounding major structures or for pain control [12]. 

The NCCN guideline recommends palliative surgery in symptomatic 
or progressive cases as treatment options, although in asymptomatic 
cases it considers resection if possible, however it also suggests disease 
monitoring [22]. 

ESMO guideline recommends resection, if there is a single symp
tomatic and progressive disease [33]. 

4.4. Patients with recurrent regional MTC 

In about one third of patients treated with repeat operation for 
persistent or recurrent MTC, the postoperative basal or stimulated serum 
calcitonin levels reach the normal range; however, they are rarely un
detectable [41–44]. 

ATA recommendation is surgical resection of recurrent loco-regional 
MTC in patients without distant metastases, including compartmental 
dissection in the central (level 6) or lateral (level 2–5) neck compart
ments. Limited operative procedures, such as resection of only grossly 
metastatic lymph nodes, should be avoided unless there has been prior 
extensive and classic surgery. (Grade C Recommendation**) [3]. NCCN 
guideline also recommends surgical resection of recurrent loco-regional 
disease in patients without distant metastases [22]. 

The main limitation and our challenge in this study was different 
patients’ categorization in different guidelines. For solving this problem, 
we decided to classified patients in a way that is needed by clinician. 
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5. Conclusion 

There is a lot of controversy about the type (prophylactic vs thera
peutic) and extent of lymph node dissection in the central and lateral 
zones of the neck in MTC. guidelines and thyroid surgery centers make 
decisions about prophylactic neck surgery based on the amount of 
calcitonin and the extent of tumoral involvement in thyroid gland and 
central compartment. In Locally Advanced or Metastatic MTC dissection 
is done with maximum attention to maintaining function. In cases with 
an incomplete lymph node dissection, decisions for dissection can be 
based on calcitonin levels, the number of metastatic lymph nodes in the 
first surgery and symptoms and speed of disease progression. In recur
rent regional MTC without distant metastasis, consensus is in favor of 
reoperation. 

*Grade B: “Recommends. The recommendation is based on fair 
evidence that the service or intervention can improve important 
health outcomes. The evidence is sufficient to determine effects on 
health outcomes, but the strength of the evidence is limited by the 
number, quality, or consistency of the individual studies; generaliz
ability to routine practice; or indirect nature of the evidence on 
health outcomes.” 
**Grade C: “Recommends. The recommendation is based on expert 
opinion.” 
***Grade I: “Recommends neither for nor against. The panel 
concludes that the evidence is insufficient to recommend for or 
against providing the service or intervention because evidence is 
lacking that the service or intervention improves important health 
outcomes, the evidence is of poor quality, or the evidence is con
flicting. As a result, the balance of benefits and harms cannot be 
determined.” 

Adapted from American Thyroid Association [3]. 
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