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Background

Regional lymph node metastases (LNMs) are very common in papillary thyroid carcinoma (PTC) and associate with locoregional recurrence. The appropriate management of cervical lymph nodes is very important. Therefore, this study evaluated the application of sentinel lymph node biopsy (SLNB) in the lateral neck in PTC patients.



Methods

This prospective study was conducted from 1 November 2015 to 31 December 2017 and recruited 78 PTC patients treated with SLNB in the lateral neck and prophylactic lateral neck dissection (compartments II–IV) followed by thyroidectomy or lobectomy and central neck dissection.



Results

There were 78 PTC patients enrolled and sentinel lymph nodes (SLNs) were detected among 77 patients. A total of 30 patients were diagnosed with SLN metastases (SLNMs). The remaining 47 patients were pathologically negative of SLN, whereas 4 patients were found with metastases in the non-SLN samples. The detection rate, sensitivity, specificity, and accuracy rate of SLNB in the lateral neck were 98.7%, 87.1%, 98.7%, and 93.6%, respectively. However, the values varied greatly in each specific compartment of the lateral neck, and all of them were no more than 80%. These 34 PTC patients diagnosed with lateral compartment LNM (LLNM) were more likely to be younger (41.38 vs. 48.95 years old, p = 0.002) and exhibit extrathyroidal extension (56.8% vs. 31.7%, p = 0.026) and central compartment LNM (66.7% vs. 12.1%, p < 0.001). Tumors located in the upper third of the thyroid lobe also had a significantly higher probability of LLNM compared with those in middle or inferior location (66.7% vs. 35.3% vs. 34.8%, p = 0.044). At last, age (OR=0.912, p = 0.026), tumor location (upper vs inferior, OR=17.478, p = 0.011), and central compartment LNM (OR=25.364, p < 0.001) were independently predictive of LLNM.



Conclusions

SLNB can help surgeons to identify some PTC patients who may benefit from therapeutic lateral neck dissection and protect some patients from prophylactic lateral neck dissection. However, it cannot accurately indicate specific lateral compartment-oriented neck dissection. Meanwhile, LLNM is more likely to occur in PTC patients with younger age or upper pole tumors or central compartment LNM.
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Introduction

Thyroid cancer is the most common malignant tumor in the endocrine system and head and neck tumors, causing 586,000 cases worldwide and ranking 9th in incidence in 2020 (1). Papillary thyroid carcinoma (PTC) accounts for the vast majority of thyroid cancers. Regional lymph node metastases (LNMs) are very common in patients with PTC, about up to 80% in the central compartment and up to 60% in the lateral compartment of the neck (2–4). Although the incidence of regional LNM is greatly high in PTC, the impact of regional LNM on the prognosis remains unclear. Meanwhile, regional LNM has been reported in association with a higher rate of locoregional recurrence (2, 5, 6). Surgical resection of clinically nodal-positive disease in PTC is considered to improve the results of both recurrence and survival. Therefore, it is generally believed that therapeutic cervical lymph node dissection is indicated in PTC patients with clinically evident cervical LNM. The 2015 American Thyroid Association guidelines recommend that therapeutic lateral neck dissection should be performed for patients with biopsy-proven metastatic lateral cervical lymphadenopathy (7). By contrast, routine prophylactic modified radical neck dissection is not advised and has not been proved with benefit. Therefore, the appropriate management of cervical lymph nodes is very important to PTC patients, which is helpful to improve survival, decrease regional recurrence, and avoid overtreatment.

Sentinel lymph node biopsy (SLNB) is used to assess the status of regional draining lymph nodes, and it has become a standard method for treating several types of human malignant tumors, especially for melanoma and breast cancer (8, 9). However, the application of SLNB in the treatment of PTC has not been thoroughly studied. SLNB in thyroid carcinoma was first reported in 1998 (10). In the last two decades, many studies have evaluated the feasibility and utility of SLNB in PTC patients, and most of these studies focused on the application of SLNB to replace the prophylactic central neck dissection. However, there are few studies that investigated the application of SLNB in lateral compartment lymph nodes in PTC patients. In a previous study, we investigated the utility of SLNB in central compartment lymph nodes and found that this technique was feasible, safe, and useful (11). Therefore, we investigated the application of SLNB in lateral compartment lymph nodes in this study and hypothesized that this technique could identify and remove cervical nodal disease in the primary surgery and eventually avoid a second surgery.



Patients and methods


Ethics statement

This study was approved by the Ethics Committee of Taizhou Hospital of Zhejiang Province, and written informed consent was obtained from all the PTC patients prior to enrollment. The collection and analysis of all data were anonymous.



Patients

This prospective study was conducted on 78 patients with PTC. All patients underwent surgical treatment by SLNB in the lateral compartment lymph nodes and prophylactic lateral neck dissection (compartments II–IV) at our hospital from 1 November 2015 to 31 December 2017. All of the enrolled patients were diagnosed with PTC preoperatively based on fine-needle aspiration biopsy (FNAB) and imaging evaluation of cervical lymph nodes by ultrasound with or without computed tomography before operation. Patients with clinically occult lymph nodes or suspicion of LNM but without confirmation by FNAB were included in this study, while patients diagnosed preoperatively with lateral compartment LNM (LLNM) based on FNAB were excluded. Patients with previous neck surgery were also excluded from this study.



Surgical procedure

All the surgery operations were performed by experienced surgeons who had performed more than two hundred thyroid surgeries per year within the past decade and had experience with handling thyroid SLN procedures. A transverse low-collar skin incision was followed by separation of the skin flap and a longitudinal incision in the linea alba cervicalis. Then, the thyroid pseudocapsule was carefully opened to completely expose the thyroid gland without injury to the capsule. The primary tumor location was confirmed intraoperatively according to the preoperative ultrasonography, then approximately 0.5 ml of carbon nanoparticle suspension or 1% methylene blue dye was injected into the parenchyma surrounding the primary tumor using a 27-gauge needle. Within minutes, the lateral neck region along the jugular vein was exposed and explored, searching for the stained lymph nodes. The black- or blue-stained lymph nodes were identified via tracing the dyeing lymphatic vessels. These stained lymph nodes, defined as sentinel lymph nodes (SLNs), were carefully removed and sent to the pathology department for frozen biopsy and routine pathology. Subsequently, prophylactic lateral neck dissection (compartments II–IV) was performed, followed by total thyroidectomy or lobectomy and central neck dissection. The remaining nonstained lymph nodes in the lateral compartment of neck, defined as non-SLNs, were sent for routine pathology. All the diagnoses were made by two experienced pathologists, and all the final diagnoses were based on routine pathology findings.



Data analysis

Descriptive statistics were used to analyze the characteristics of the patients and tumors. Univariate analysis and multivariate logistic regression analysis were applied to analyze the association between the LNM and clinicopathological factors. The t-test and chi-square test were used for the measurements and count data, respectively. SPSS version 19 (SPSS Inc., Chicago, IL, USA) was used in all of the statistical analyses, and statistical significance was defined as a p-value less than 0.05.




Results

The characteristics of all patients and tumors are shown in Table 1. In total, 78 patients with low to intermediate risk PTC were recruited in this study. There were 63 (80.8%) women and 15 (19.2%) men with a mean age of 45.65 years old (ranging from 21 to 71 years old). A total of 42 (53.8%) patients were diagnosed with PTC, while 36 (46.2%) patients were diagnosed with papillary thyroid microcarcinoma (PTMC). A total of 18 (23.1%) patients showed cervical adenopathy by the preoperative imaging evaluation. Nearly half of the patients presented extrathyroidal extension (37, 47.4%), and one-third of the patients were diagnosed with multifocality (31, 39.7%) and thyroiditis (26, 33.3%). Majority of the patients presented BRAF mutations (84.6%). About two-fifths of the patients (35, 44.9%) had transient hypoparathyroidism in post-operation, but all of them recovered to normal in six months. Nearly one-third of the patients (27, 34.6%) received adjuvant radioactive iodine therapy after surgery. In the final pathology findings, 49 (62.8%) patients were diagnosed with LNM, of whom 45 (57.7%) patients had central compartment LNM and 34 (43.6%) patients had LLNM. The stained lymph nodes were identified among 77 patients, and the remaining one patient without dyeing lymph node was pathologically negative of lymph nodes in the study. A total of 2,019 lymph nodes were removed, of which 473 SLN and 881 non-SLN were removed from the lateral compartment of the neck. All the patients were followed up every 6 months for the first two years and then annually thereafter. The mean follow-up time was 62 months, ranging from 47 to 71 months. No one relapsed during the follow-up.


Table 1 | Patient demographics and tumor characteristics (n = 78).



The results of SLNB are shown in Table 2. A total of 77 patients succeeded in SLNB in the lateral compartment of the neck. There were 30 patients who were diagnosed with SLN metastases (SLNM), of whom 20 were detected with further metastases in the non-SLN samples. The remaining 47 patients were pathologically negative of SLN, whereas 4 patients exhibited metastases in the non-SLN samples. The detection rate, sensitivity, specificity, and accuracy rate of SLNB in the lateral compartment of the neck were 98.7%, 87.1%, 98.7%, and 93.6%, respectively. However, the values varied greatly in the different areas of the lateral compartment of the neck. There were 58 patients who were detected to have SLN in compartment II, of whom 11 patients were SLN positive and 47 patients were SLN negative. However, 3 patients exhibited metastases in the non-SLN samples in the group of SLN negative. The detection rate, sensitivity, specificity, and accuracy rate were 74.4%, 58.4%, 74.4%, and 70.5%, respectively. A total of 62 patients showed SLN in compartment III, of whom 19 patients were positive in SLN and 3 patients were positive in non-SLN among the remaining patients. The detection rate, sensitivity, specificity, and accuracy rate of compartment III were 79.5%, 68.6%, 79.5%, and 75.6%, respectively. In compartment IV, SLN was found among 58 patients, of whom 10 patients were SLN positive. Meanwhile, 4 patients were pathologically positive in non-SLN among the patients with SLN negative. The detection rate, sensitivity, specificity, and accuracy rate of compartment IV were 74.4%, 53.1%, 74.4%, and 69.2%, respectively.


Table 2 | Results of SLNB in the lateral compartment (n = 78).



The association between LLNM and clinical factors was also analyzed. PTC patients with LLNM were significantly younger than those without LLNM (41.38 vs. 48.95 years old, p = 0.002). Tumors located in the upper third of the thyroid lobe had a significantly higher probability of LLNM compared with those in the middle or inferior location (66.7% vs. 35.3% vs. 34.8%, p = 0.044). Patients with extrathyroidal extension were more likely to have LLNM than those without extrathyroidal extension (56.8% vs. 31.7%, p = 0.026). What is more, PTC patients with central compartment LNM indicated a significantly higher incidence of LLNM (66.7% vs. 12.1%, p < 0.001). However, other factors such as sex, cervical adenopathy, thyroiditis, multifocality, tumor size, and BRAF mutations did not show statistical significance for LLNM (Table 3). A multivariate logistic regression analysis was performed to determine whether these factors were independently correlated with LLNM. At last, age (OR=0.912, p = 0.026), tumor location (upper vs inferior, OR=17.478, p = 0.011), and central compartment LNM (OR=25.364, p < 0.001) were independently predictive of LLNM (Table 4).


Table 3 | Comparison of patients with and without LNM in the lateral compartment (n = 78).




Table 4 | Multivariate analysis of the clinicopathological factors for patients with lateral compartment LNM (n = 78).





Discussion

Nowadays, the management of cervical lymph node dissection in the treatment of PTC is still one of the most controversial issues. As everyone knows, LLNM in PTC patients is very common, and most of these LNMs may be occult diseases (4). Traditionally, regional LNM has been thought to be associated with a higher rate of locoregional recurrence and decreased survival (2, 5, 6, 12–14). Therapeutic neck dissection, which is advocated for PTC patients with positive nodes by the FNAB, can decrease the recurrence and improve the survival. Although micro-metastases do not carry the same clinical significance as those of macro-metastases, PTC patients with these LNMs will also take a high risk of recurrence and secondary surgery (2). Moreover, there is still a lack of sufficient evidence regarding the confirmation of the efficacy and benefit of prophylactic neck dissection for PTC patients. Due to the efficacy of SLNB for the melanoma and breast cancer, the role of SLNB for PTC patients has been studied. Our previous study investigated SLNB in the central compartment of the neck and suggested that this technique was helpful in the decision-making in central neck dissection for some patients (11). Therefore, we further investigated the role of SLNB in the lateral compartment of the neck and hypothesized that SLNB could identify LNM and could be used as an indicator for selective lateral neck dissection.

SLN serves as the first station in the lymphatic drainage basin, receiving lymph flow from the primary tumor and reflecting the status of the remaining lymph nodes. A successful SLNB requires accurately identifying and localizing the SLN. Generally, SLNB is performed by the use of vital dye, lymphoscintigraphy, or the combined technique. Recently, a review and a meta-analysis both found that the radioisotope technique had a slightly higher SLN detection rate than that of the dye method and the combined technique in PTC patients. However, the sensitivity, specificity, accuracy, and false negative were similar among these three techniques (15, 16). Although the radioisotope technique has advantages in the detection rate, it is very difficult to implement in small hospitals because of the strict management system on radioactive substances. In addition, radiocontamination may occur by accident. The dye method seems to be simple and easy to implement, but a relatively steep learning curve is needed for the surgeons (17). The surgeons need to know the dosage and flow rate of the tracer and protect the lymphatic vessels from destruction during the operation. The combined technique is more complex and difficult to implement, and the outcome is not better than that of other methods. Thus, the vital dye method is by far the most widely used in SLNB worldwide. But the sample size of PTC patients with the radioisotope technique is also increasing (16). In the present study, the dye method was used due to the previous extensive experience of SLNB in the central compartment of the neck.

As we all know, because of the considerable heterogeneity of the SLNB detection rate and its high false-negative rate, the accuracy of this procedure in PTC still remains questionable. There are three studies designed for evaluating the utility of SLNB in the lateral compartment lymph nodes (18–20). The detection rate ranges from 91.8% to 100%, and the accuracy rate ranges from 91.8% to 96.5% in these two studies that used the dye method (18, 20). Another study used the radioisotope technique and showed that the detection rate is 63.8%. The accuracy rate is not provided because the routine lateral neck dissection is not performed (19). In the present study, the detection rate(98.7%) and the accuracy rate(96.3%) of SLNB in the lateral compartment were similar to these previous studies. These results suggested that SLNB might be useful for a decision to perform selective lateral neck dissection in PTC patients. In another word, if any one of the SLNs was positive, the lateral neck dissection should be performed. On the contrary, when all of the SLNs were negative, the lateral neck dissection could be abandoned. In this way, SLN-positive patients may benefit from therapeutic lateral neck dissection, and SLN-negative patients will spare the prophylactic procedure. Meanwhile, the detection rate, sensitivity, specificity, and accuracy rate of each specific lateral compartment of the neck were analyzed in this study. Among these compartments, the detection rate ranged from 74.4% to 79.5%, the sensitivity ranged from 53.1% to 68.6%, the specificity ranged from 74.4% to 79.5%, and the accuracy rate ranged from 69.2% to 70.5%. Due to the relatively low detection rate and accuracy rate in every specific lateral compartment of the neck, lateral compartment-oriented neck dissection could not be performed based on the SLN status in this study. Therefore, SLNB can identify some patients who may benefit from therapeutical lateral neck dissection and protect some patients from prophylactic lateral neck dissection, but SLNB should be abandoned as an index of compartment-oriented neck dissection.

There is a generally accepted assumption that cervical LNM in PTC follows the gradual progression from the central to lateral compartment of the neck. Moreover, lymph nodes that skip metastases to the lateral compartment of the neck are present only in a small number of PTC patients (21, 22). In the present study, we found 45 (57.7%) patients who had central compartment LNM, of whom 30 were accompanied with LLNM simultaneously, and just only 4 (5.1%) patients had skip metastases. Both univariate analysis and multivariate regression analysis showed that LNM in the lateral compartment of the neck was significantly correlated with that in the central compartment of the neck. The details of the relationship between central compartment LNM and LLNM are shown in the supplementary table (Table S1). Meanwhile, LLNM was more likely to occur in younger patients in the present study, and a comprehensive analysis in two national databases reported that the outcome of survival was associated with cervical LNM among patients younger than 45 years old (14). Extrathyroidal extension was significantly associated with LLNM in univariate analysis but not in multivariate regression analysis. In the previous study, we found that extrathyroidal extension was independently predictive of LNM in the central compartment of the neck (11). Central compartment LNM might cover the impact of the extrathyroidal extension in multivariate regression analysis in this study. Both univariate analysis and multivariate regression analysis showed that upper pole PTC had a significantly higher probability of LLNM, so that the first station of LNM may be in compartment II rather than the central compartment of the neck among these patients (4). Therefore, factors such as younger age, upper pole tumors, and central compartment LNM may be very important for the decision-making in lateral neck dissection.

However, the present study has several limitations. Firstly, we did not evaluate the role of SLNB in compartment V, which may impact the detection rate and the accuracy rate in this study, even though the LNM in compartment V is relatively rare compared to that in other lateral compartments of the neck, and the vast majority of such metastases are observed only in the context of multicompartment metastases (4, 18, 23). Secondly, the number of patients enrolled in this study is not enough, which might affect the accurate evaluation of the SLNB utility. Thirdly, the mean time of follow-up is about 5 years, which may be not enough for an indolent carcinoma. Since PTC may relapse in 5 years or later after initial surgery, long-term follow-up is necessary to show the reality of recurrence. Fourthly, lateral neck dissection may not be an appropriate method for patients with negative SLN, which may cause unnecessary complications. Active surveillance and long-term follow-up for these patients may be more appropriate.



Conclusion

In conclusion, SLNB can help surgeons to identify some PTC patients who may benefit from therapeutic lateral neck dissection and protect some patients from prophylactic lateral neck dissection. However, because of the relatively low detection rate and accuracy rate in every specific lateral compartment of the neck, SLNB cannot accurately indicate specific lateral compartment-oriented neck dissection. Meanwhile, LLNM is more likely in PTC patients with younger age or upper pole tumors or central compartment LNM.
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SLNB, sentinel lymph node biopsy; SLN, sentinel lymph node.
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Factors

Sex (Female vs. Male)

Age

Tumor location (Left vs. Right)

Tumor location (Upper vs. Inferior)
Tumor location (Middle vs. Inferior)
Cervical adenopathy (Present vs. Absent)
Tumor type (PTC vs. PTMC)
Multifocality (Multifocal vs. Unifocal)
Extrathyroidal extension (Present vs. Absent)
Thyroiditis (Present vs. Absent)

BRAF mutation (Present vs. Absent)

Central compartment LNMs (Present vs. Absent)

Odds Ratio

1.387
0.912
1.038
17.478
1.930
0.432
2.086
3331
0.319
0.492
0.158
25.364

95% CI

0.211 - 9.127
0.841 - 0.989
0.254 - 4.248
1.924 - 158.785
0.313 - 11.908
0.060 - 3.108
0.519 - 8.383
0.639 - 17.371
0.082 - 1.244
0.089 - 2.721
0.018 - 1.368
4.486 - 143.416

PTMC, papillary thyroid microcarcinoma; PTC, papillary thyroid carcinoma; LNM, lymph node metastases; CI, confidence interval; * p<0.05.

P-value

0.734
0.026*
0.959
0.011*
0.479
0.405
0.300
0.153
0.100
0416
0.094
0.000*
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Metastases (n=34) Non-metastases (n=44) P-value

Sex

Female/Male 2717 36/8 0.789
Age (mean = SD) (years old) 4138 + 11.00 48.95 + 10.08 0.002*
Tumor location

Left/Right 14/20 17/27 0.820
Upper/Middle/Inferior 14/12/8 7122/15 0.044*
Cervical adenopathy

Present/Absent 9/25 9/35 0.532
Tumor type

PTC/PTMC 20/14 22/22 0.438
Multifocality

Multifocal/Unifocal 16/18 15/29 0.246

Extrathyroidal extension

Present/Absent 21/13 16/28 0.026*
Thyroiditis
Present/Absent 12/22 14/30 0.747

BRAF mutation

Present/Absent 28/6 38/6 0.626
Central compartment LNM

Present/Absent 30/4 15/29 0.000*

PTMC, papillary thyroid microcarcinoma; PTC, papillary thyroid carcinoma; LNM, lymph node metastases; * p<0.05.
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LNM in total
Central compartment
Lateral compartment
Compartment II
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Compartment IV
SLN in lateral compartment
Compartment IT
Compartment IIT
Compartment IV
Number of nodes
SLN (mean)
Non-SLN (mean)
Total-LN (mean)

Follow-up time (range) (month)

Value

15 (19.2%)
63 (80.8%)

45.65 + 11.09 (21-71)

31 (39.7%)
47 (60.3%)
21 (26.9%)
34 (43.6%)
23 (29.5%)

18 (23.1%)
60 (76.9%)

36 (46.2%)
42 (53.8%)

31 (39.7%)
47 (60.3%)

37 (47.4%)
41 (52.6%)

26 (33.3%)
52 (66.7%)

66 (84.6%)
12 (15.4%)

35 (44.9%)
45 (55.1%)

27 (34.6%)
51 (65.4%)
49 (62.8%)
45 (57.7%)
34 (43.6%)
19 (24.4%)
26 (33.3%)
20 (25.6%)
77 (98.7%)
58 (74.4%)
62 (79.5%)
58 (74.4%)

473 (6.1)
881 (11.3)
2019 (25.9)
62.4 (47-71)

PTMC, papillary thyroid microcarcinoma; PTC, papillary thyroid carcinoma; LNM, lymph

node metastases; SLN, sentinel lymph node;

[otal-LN, total lymph nodes.





