Extracapsular nodal extension and tumor deposits in Head and Neck Squamous Cell Carcinoma 

Abstract
Background
Tumor deposits (TD) are contemplated in the Extranodal Extension (ENE) group according to the AJCC 8th edition of Head and Neck Squamous Cell Carcinoma (HNSCC) TNM staging.
Methods
We analyzed TDs in patients after resection of HNSCC who received postoperative radiotherapy ± chemotherapy. Overall Survival (OS) and progression rates were reviewed against those of patients with ENE.
Results
ENE was detected in 50 patients, while TDs in 21. Based on the presence of ENE alone or TDs, the mean time to progression was significant (p<0.005). OS at three years was 55.7% for the whole study group, 60.4% in ENE and 38.4% in TDs. OS difference between the N2a-ENE, N3b-ENE and the TDs ± ENE group was significant (p=0.05). The hazard Ratio between ECs and TDs was Exp (B) 2.296 (p= 0.027).
Conclusions
The prognostic implication of TDs represents an independent risk factor, and a separate classification might be required.



1 Introduction
Cervical lymph node (LN) metastasis is an adverse prognostic factor in patients with head and neck squamous cell carcinoma (HNSCC). Furthermore, extranodal extension (ENE) is linked to a higher recurrence rate and distant metastasis (DM), and as a consequence, it has a negative prognostic value regarding the 5-year overall survival (OS) rate.1-5
In the eighth edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual and the UICC TNM Classification of Malignant Tumors,6,7 substantial changes were made in the classifications of different head and neck (H&N) tumors. ENE was considered for both clinical N (cN) and postoperative N (pN) classification except for p16- oropharynx, nasopharynx, and thyroid cancers. In addition, it was categorized as pN2a or pN3b, depending on the number and size of lymph nodes. These inclusions into TNM staging have reinforced the differentiation among the stages, but there is probably scope for further classification of the different risk groups.
Tumor Deposits (TDs) are defined by cancerous nodules composed of aggregates of tumor cells unrelated to locoregional lymph nodes. They are considered inside the EC group in the latest AJCC TNM staging though their significance as a prognostic indicator has been widely acknowledged in the literature. 8,10-17 It is noteworthy that TDs are contemplated as separate entities in some TNM staging manuals, and, for example, their presence in colorectal cancer (CRC) is classified as N1c.9 
The current study aims to detect the presence of TDs in HNSCC samples and analyze their association with other clinical variables, OS, and disease progression compared to the cases where ENE is presented.


2 Materials and Methods
Patients
We performed an observational, retrospective, non-randomized study, after approval of the ethics committee of Donostia University Hospital (AVV-EDC-2017-01) of those patients with HNSCC staged according to the criteria of the 8th Edition of the American Joint Commission of Cancer (AJCC). Patients aged 18 years or older who underwent initial surgery with neck dissection (ND) followed by adjuvant Radiotherapy (RT) ± Chemotherapy (CTX) between 2012 and 2018 were selected. Patients with previous ND, RT, or Chemoradiation (CTX-RT) were excluded. The presence of synchronous malignancy, nasopharyngeal cancer, and less than three years of follow-up were also exclusion criteria, as well as HNSCC of unknown primary and non-squamous cell histologies. The indication for adjuvant treatment was established in accordance with the guidelines set forth by the National Comprehensive Cancer Network (NCCN).18 The postoperative histopathological findings of the samples were evaluated following the institutional protocol. ENE was verified in all the selected patients, and TDs were considered independent entities. Age (≤60 years/ >60 years), Gender, Location (lips or oral cavity/ salivary glands/ hypopharynx/ oropharynx/ larynx), T category (T1/ T2 /T3 /T4), N category (N ≤3 cm + ENE/ N >3 cm + ENE/ TD), Systemic treatment, Type of progression (locoregional/ distant), Time to progression (in months), and OS at three years were analyzed. OS was defined as the period between the date of surgery and the date of death or last follow-up, measured in months.
We used IBM SPSS v26 software for the statistical analysis. Kolmogorov– Smirnov and Shapiro-Wilk tests were performed to evaluate the absence of normal data distribution. In addition, we estimated the mean, standard deviation, median, and proportion for the different variables. Mann-Whitney U test and Kruskal-Wallis 1-way ANOVA tests examined the differences in medians among groups for two samples and more than two samples, respectively. Survival was calculated by the Kaplan-Meier method, and the Log-Rank test was employed for the comparison of survival curves. Cox Proportional Hazards Regression analysis by the Forward Stepwise (Likelihood Ratio) method simultaneously assessed several risk factors´ effect on survival time. Age, Gender, Location, T category, Systemic treatment, Progression, Type of progression, and ENE / TD were analyzed. A statistically significant test result was p<0.05 in all cases.
3 Results 
Patients´ characteristics
We examined the dossiers of the seventy-one patients treated at the Department of Radiotherapy who met the inclusion criteria. Thirty-six patients (50.7%) underwent bilateral dissection and thirty-five (49.3%) unilateral dissections. Concerning gender, most of the patients were men (80.3%). The population above 60 was 59.2%. Regarding the primary, 35.2% were in the oral cavity, followed by the larynx (25.4%). Nearly half of them were classified as T4, whereas around 40% were T1-T2 tumors (Table 1). There were fifty patients with only ENE (37 T2a-ENE and 13 N3b-ENE) and twenty-one with TDs (29.6%). Among the latest group, 7 patients had both TDs and ENE, whereas TDs were alone in 14 cases. 
	RT treatments with intensity-modulated radiotherapy (IMRT) technique were scheduled at five fractions per week. In all cases, the treatment started between 4 and 8 weeks after the surgery. The median dose prescription was 64.5 Gy for high-risk regions in 30 fractions (Radiation Biologically Effective Dose (BED): 78.37 Gy). Concomitant Cisplatin-based CTX (CDDP) was given in 57.7% of the patients, whereas 21.1% of the patients received Cetuximab. In only a minority of cases (2 cases), Carboplatin-based CTX (CBDCA) was used (2.8%), while 18.3% of patients did not receive systemic treatment.
Outcomes
The overall progression rate was observed as 49.3% (Table 2). Based on the presence of ENE alone or TDs, the meantime to progression was 14.3 ± 11.2 months in the first group and 5.0 ± 2.2 months in the second group, being the difference statistically significant (p<0.005). On the other hand, based on their N classification, the mean time to progression was 15.6 ± 12.4 months in the N2a-ENE group, 10.6 ± 5.9 in the N3b-ENE group and 5.0 ± 2.2 in the TDs group (p<0.001). Twelve patients who progressed developed locoregional recurrences (34.3%), and DM was diagnosed in twenty-three patients (65.7%) but with non-significant differences in the progression time. Most patients that progressed in the disease were male (82.9%), 60% were older than 60 years, and 40% had oral cavity tumors. Regarding the T category, 51.4% of patients that progressed in the disease had T4 tumors, whereas 22.9% of the cases corresponded to T1 tumors with meantime to progression in T1-T2 longer than in the advanced groups. Most of the patients that progressed received systemic therapy (82.9%). Considering three groups based on ENE (N2a-ENE / N3b-ENE) or TDs, the time mean rank to progression did differ significantly concerning the lips and oral cavity location, male gender, age (≤60 and >60 years), T stage (T4 group), systemic treatment and distant progression (Table 3).
	OS at three years was 55.7% for the whole study group, 60.4% in ENE and 38.4% in TDs (p=0.021) (Figure 1). The estimated Hazard Ratio between ENE and TDs was significant (Exp (B) 2.296 (95% CI for Exp (B) 1.100 to 4.792; p= 0.027)) (Figure 2). The OS difference between the N2a-ENE group (65.3%), N3b-ENE (45.5%) and the TDs ± ENE group was significant (Log Rank Mantel-Cox: 0.05) (Figure 3).

4 Discussion
The diagnosis of ENE is made according to the criteria of the College of American Pathologists. Tumor extension beyond the capsule is considered ENE, with or without a desmoplastic stromal reaction 19. The presence of ENE in metastatic LN increases the risk of locoregional recurrence and DM in other cancers.20-22 The association of ENE with poorer outcomes in HNSCC was first recognized in the 1970s,23 and has been well described in multiple studies with a 5-year global survival of less than 30%.1-3 ENE occurs in the majority of the LNs larger than 3 cm, although it may be present in LNs measuring less than 1 cm.24, 25 Macroscopically visible EC is a clinically relevant adverse prognostic factor.26-29 Nevertheless, less agreement exists about the meaning of microscopic ENE, and different authors found no differences in prognostic between microscopic and macroscopic ENE.2, 12, 30, 31 Therefore, it is still unknown if only in patients with macroscopic ENE, aggressive treatment is necessary.
The AJCC made a separate staging category for pN2a disease based on a single node with ENE with therapeutic and prognostic significance in HPV-Negative HNSCC.32 Also, the lack of negative predictive value of ENE among patients with HPV oropharyngeal squamous cell carcinoma (OPSCC) observed in different studies resulted in its absence from their current staging (AJCC eighth edition).33, 34 However, according to more recent studies,35, 36 ENE is associated with an increased risk of mortality, recurrence, and DM in patients with HPV+ OPSCC. In our case, the longer mean time progression seen in the ENE group patients affected by OPSCC might be related to the presence of HPV, a variable not analyzed.
Although EC has been associated with advanced T stages, it also can be seen in smaller tumors. Ghadjar et al. reported 7% of T1 stage tumors with ENE,25 whereas Mair et al. found that 13.4% of T1 and 16.8% of T2 oral cancer patients had ENE.37 In our study, ENE was found in 16.9% of T1 tumors and 23.9% of T2.
In the present series, nearly 50% of the cases corresponded to pN2a, 18,3% to pN3b and TDs in 29.6% of cases (21 patients), a percentage inconspicuously higher than in other studies. However, TDs are often compared with involved nodes and rarely compared with ECs since they are analyzed together.12- 14 
The Lewis 4-point grading system of ENE considered grade 4 the presence of soft tissue metastasis without nodal structure, but it still needs to be fully validated.27 Violaris et al. reported the earliest description of a neck TD, defining it as a “free soft tissue deposit if there was no apparent continuity with the cells of the primary carcinoma and there was no discernible organized lymphoid tissue at its peripheral limits”.10 Their findings showed that among patients with TDs, the prognosis is even worse than in those with ENE. Various subsequent studies have arisen supporting this conclusion.11-13
It is unclear whether TDs and ENE are different entities or whether TDs represent an ECS replaced by the tumor so that the surrounding LN tissue is unrecognizable.13
In HNSCC, the overall TDs incidence ranges between 7% and 24%, being more frequent in patients with advanced stages.10, 13, 15 In the Ozmen et al. series, 57% of tumors were T4 (35.3% in our series),15 but it is also possible to find them in early-stage tumors, same as EC, with an incidence between 16% and 29% in T1-T2 tumors.13,16 In our analysis, 33.3% of tumors with TD were T1, and 17.6% of patients had T2 tumors.
Studies have demonstrated that disease recurrence is the leading cause of death in patients with HNSCC in the first three years.38 TDs may significantly impact on DFS and OS, increasing the risk of locoregional and distant recurrences,11, 14, 15 as seen in the present study. The mean time to progression among our patients was 12.9 ± 11.9 months in the case of locoregional failure and 10.6 ± 9.5 months in distant failure, even if this did not present statistical significance. The differences in time to progression between N2a-ENE, N3b-ENE, and TD broadly vary between 15.6 months in N2a-ENE to 5 months in TDs, a statistically significant difference. These results support the separation of N2a-ENE and N3b-ENE considered in the AJCC pN classification of HNCC, and the incorporation of TDs would enhance the prognostic accuracy of the staging system.
Even though locoregional recurrences were seen more commonly than DMs,14-16 the opposite is true in the current study. Among those who progressed, DMs were observed in 39.1% of TDs with a mean rank to progression lesser than patients in the EC group (p=0.003). 
The ENE can be a confounding factor when the effect of TD on survival is assessed as they can be observed together in up to 50% of cases13 (33% of patients in the present series), so many studies analyzed these two entities together10, 12, 13 However, Sarioglu et al. reported that TDs decreased the OS by 3.2 times in H&N cancer,14 and Yu et al. proposed the TDs as a variable with poor prognosis and diminished OS, Disease Specific Survival (DSS), and Recurrence-Free Survival (RFS) rates using univariable and multivariable analyses.17
In the present research, the estimated Hazard Ratio between ECs and TDs in a multivariate analysis performed by Cox, was significant (Exp (B) 2.296; p= 0.027).
The role of TD as an independent prognostic value has yet to be recognized, which may influence current practice in HNSCC. 
ENE can be seen in a significant proportion of metastatic LNs lesser than one centimetre, indicating the aggressiveness of the primary tumor.37 Therefore, elective ND is the only way to identify EC in these patients, securing treatment intensification. On the other hand, different imaging size criteria exist for detecting abnormal nodes, but no single method is specific enough to discern ENE.40
Performing a ND approach initially might be a strategy to control the regional disease by removing necrotic or hypoxic bulky neck nodes before CTX-RT.41 Nevertheless, regional and distant progression are still showing up in those patients, suggesting that metastatic potential is intrinsic to the initial nodal stage. Furthermore, in patients with resectable N3 (AJCC7) disease, ND has ameliorated locoregional control but implies surgical morbidity. It has also proven no survival benefit, as the risk of metastasis is comparable to that of patients with unresectable disease.42
Considering TDs a potential adverse high-risk factor, adjuvant intensification therapy would be recommended, but the prognosis is still poor despite this approach. Prabhu et al. observed a significantly worse prognosis in 15 patients with soft tissue metastasis (corresponding to grade 4 of the Lewis scale) in terms of OS despite the association of CTX to RT.27, 28 Two-year OS in those patients was 38.1%, similar to the three-year OS seen in patients with TDs in our study (38.4%).
At the same time, a recent meta-analysis regarding systemic treatment in nasopharynx carcinoma concluded that associating induction or adjuvant CTX with concomitant CTX-RT improved the survival rate.43 As the incidence of DM in the presence of TDs is probably higher, these patients would benefit from sequential CTX..44
Limitations of this study include the sample size of a single institution and the retrospective character without randomized patient groups. On the other hand, the strength of the present study includes an equally staged, treated, and surveilled population.
To our knowledge, this is the first study to analyze the AJCC proposal to separate pN2a-ECE from N3b-ENE, as well as the prognostic implications of TD that would require considering it as a distinct entity. Additional studies are needed to identify the optimal treatment for these different clinical situations and to confirm our findings. The best therapeutic option remains unclear.
5 Conclusions
The role of TD as an independent prognostic factor has yet to be recognized, which may influence current practice in HNSCC. We confirm that soft tissue metastases in HNSCC have a poor prognosis despite intensified adjuvant therapy with surgery followed by CTX-RT regarding OS. The prognostic implication of TDs is independent of other risk factors and a separate classification might be required.
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