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Introduction

Transoral robotic surgery (TORS) is well established as initial definitive treatment for early-stage oropharyngeal squamous cell carcinoma (OPSCC) as an alternative to radiation therapy with similar survival rates. While proponents of TORS focus on the reduced morbidity of treatment compared to open procedures, shortened hospital admissions and equivalent survival outcomes to non-surgical treatment, there remain concerns over the risk of mortality within the acute perioperative period. Therefore, we sought to determine the 30-day and 90-day perioperative mortality risk using the National Cancer Database.



Methods

A retrospective cohort analysis was performed for patients diagnosed with pathologic T1/2 OPSCC between January 1, 2010, and December 31, 2016 that underwent primary surgical treatment with TORS and was not restricted by HPV status. The primary outcome was 30-day perioperative mortality. The secondary outcome was 90-day perioperative mortality. Univariable analysis was used to identify variables associated with 30-day perioperative mortality.



Results

In total, 4,127 patients (mean [SD; range] age, 59 [9.5; 22-90] years; 3,476 [84%] men and 651 [16%] women) met inclusion criteria. The number of patients with pT1-2 OPSCC undergoing TORS increased three-fold between 2010 (279/4,127; 7%) to 2016 (852/4,127; 21%). The overall 30-day and 90-day perioperative mortality rate for TORS during the study period was 0.6% (23/4,127) and 0.9% (38/4,127), respectively. On univariable analysis (UVA), age≥65 was the only predictor of 30-day perioperative mortality (OR 3.41; 95% CI 1.49-7.81).



Conclusion

The overall risk of all cause mortality following TORS for early-stage OPSCC remains low. The risk of mortality is higher in elderly patients and should be considered, in addition to previously established risk factors, during patient selection and counselling.
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Introduction

Early stage oropharyngeal carcinoma (OPSCC) has an overall good prognosis for cure with either definitive radiation therapy (RT) or definitive surgery. Human Papillomavirus (HPV) positive OPSCC numbers continue to rise leading to an increasing utilization of transoral robotic surgery (TORS) for surgical treatment in place of transoral laser microsurgery (TLM) and/or open surgical resection. Within the last two decades, a paradigm shift has occurred in the management of T1-T2 OPSCC. TORS has permitted minimal access surgical treatment of oropharyngeal tumors without the added morbidity of traditional open approaches (1) and, in selected low-risk HPV positive patients, can obviate the need for adjuvant treatment (2). As such, from 2004 to 2013, national level data from the USA demonstrates that there was a 26% increase in the use of primary surgery for T1/2 OPSCC (3). This dramatic increase has been attributed to patient preference for TORS as it has been touted as an alternative that is safe, effective and requiring brief hospital admissions. More recently, however, trends in use of surgery, in the HPV+ setting, declined from 2010 to 2014 due to more stringent patient selection with a decrease in triple modality exposure for those treated with primary surgery (4). Despite these advances, the majority of patients receive primary concurrent chemoradiotherapy (4). This suggests that the head and neck oncology community is still assessing the role and place for TORS in the management of patients with T1-T2 OPSCC.

Although survival outcomes are equivalent between primary chemoradiation and TORS for T1-T2 HPV+ oropharynx cancer (2, 5), one ongoing concern for TORS has been the potential added risk of morbidity and mortality. Life threatening hemorrhage and airway compromise in the immediate and subsequent postoperative period remain the most feared complications of TORS. Estimates of hemorrhage from all sources range from 7-22% (6, 7). Since the introduction of TORS as a treatment modality, institutional protocols and a variety of surgical strategies have been developed to reduce the likelihood of life threatening complications (8–10). For example, one recent randomized controlled surgical trial modified study protocols during the study period to strongly recommend that TORS patients undergo prophylactic tracheotomy for airway protection (10). Likewise, many protocols rely on transcervical arterial ligation (TAL) of various branches of the external carotid during the neck dissection to decrease the likelihood of life threatening hemorrhage (7, 8, 11).

The reported incidence of perioperative mortality for patients with head and neck cancer undergoing TORS ranges from 0.07-3.3% (Table 1) (2, 7, 14, 16–19). Although these studies provide a general estimate, no study has specifically examined perioperative mortality as a primary outcome of TORS using national or hospital-based data. Therefore, the NCDB is the largest national database that can be used to provide an accurate estimate of perioperative mortality. The primary objective of this study was to determine 30-day perioperative mortality following TORS for early-stage OPSCC using data from the NCDB. Secondarily, we calculated the 90-day perioperative mortality.


Table 1 | Overview of literature examining mortality in patients undergoing TORS.





Methods


Data Source

Deidentified patient data from the National Cancer Database (NCDB) were used for this study. The NCDB is a hospital-based cancer registry that is a joint program of the American College of Surgeons Commission on Cancer and the American Cancer Society. The NCDB collects data from more than 1500 Commission on Cancer–accredited hospitals in the USA and include more than 70% of newly diagnosed cancer cases in the USA (20). Although the NCDB is not a population-based database, such as the Surveillance, Epidemiology, and End Results database, it reflects characteristics of population-based data in terms of demographic characteristics, staging, and treatment for patients with HNSCC (21). Given that this study used a public de-identified database, this study was exempt from review by the institutional review board at the Medical University of South Carolina. No one received compensation or was offered any incentive for participating in this study.



Cohort Selection

All patients 18 years or older undergoing primary surgery using a robotic approach and neck dissection for pT1/2 N0-3 M0 oropharynx cancer (International Classification of Diseases for Oncology, Third Edition [ICD-O-3] codes C01.9, C02.1, C02.2, C02.4, C02.8, C02.9, C05.1, C09.0, C09.1, C09.8, C09.9, C10.0, C10.1, C10.2, C10.3, C10.8, C10.9, C14.0 and C14.2) of squamous cell carcinoma histologies (ICD-O-3 codes 8050-52, 8070-8074 and 8083) diagnosed between January 1, 2010, and December 31, 2016, were included. All HPV statuses (positive, negative or unknown) were included. Using the variable “Approach – Surgery of the Primary Site”, we selected only those patients that had undergone “robotic assisted” surgery. These patients were classified as having undergone TORS. Patients who were treated with open surgery, TORS converted to open surgery, an exclusively diagnostic procedure or unknown surgical approach were excluded. We also excluded those patients that had received radiation, chemotherapy or combined chemoradiation prior to surgery. Lastly, those patients with missing data regarding mortality or vital status were excluded.



Statistical Analysis

Clinical, pathologic and treatment data were characterized with summary statistics (e.g. proportion for categorical variables and mean and standard deviation for continuous variables). The primary outcome was 30-day perioperative mortality. The secondary outcome was 90-day perioperative mortality. The 90-day mortality was calculated to ensure that delayed mortality events secondary to surgery were captured. Ordinary least-squares regression was used to estimate 30-day and 90-day mortality. Univariable analysis was used to identify variables which are associated to 30-day mortality. Multivariable regression was not performed given a low event rate. Sensitivity analysis was performed to assess impact of clinical staging on perioperative mortality compared to pathologic staging. Statistical analyses were performed using SPSS, version 25.0 (Armonk, NY: IBM Corp). Statistical significance was set at P < .05.




Results


Patient Cohort

In total, 4,127 patients (mean [SD; range] age, 59 [9.5; 22-90] years; 3,476 [84%] men and 651 [16%] women) meeting inclusion criteria underwent TORS from 2010-2016 for pT1/2 OPSCC. Demographic and clinicopathologic data including details regarding adjuvant treatment are summarized in Table 2. The number of patients with pT1-2 OPC undergoing TORS increased three-fold between 2010 (279/4,127; 7%) to 2016 (852/4,127; 21%). Most patients underwent TORS for resection of a tonsil primary (56%; 2,328/4,127), with the remainder divided between base of tongue (39%; 1,591/4,127) and any other subsite of the oropharynx (5%; 208/4,127).


Table 2 | Baseline characteristics of pT1-2 OPSCC treated with TORS.



Pathologic evaluation demonstrated that negative margins were achieved in 87% (3,538/4,127) with microscopic residual tumor in 8% (306/4,127), macroscopic tumor in 0.4% (16/4,127) and the degree of involvement was not specified in 5% (193/4,053). Lymphovascular invasion was identified in 22% (924/4,127) and unknown/indeterminate in 13% (551/4,127). Pathologic staging demonstrated pT1 in 52% (2,137/4,127) and pT2 in 48% (1,990/4,127). Nodal metastases were present in 80% (3,284/4,127) of patients. The majority (36%; 1,476/4127) of patients had multiple ipsilateral involved nodes. Extranodal extension was identified in 28% (1,173/4,127) of patients.



Perioperative Mortality

The overall 30-day and 90-day perioperative mortality rate for TORS during the study period was 0.6% (23/4,127) and 0.9% (38/4,127), respectively. The 30-day perioperative mortality rates for TORS during the study period were ≤1% for all years in the study period (Figure 1). The 30-day perioperative mortality rate did not differ based on anatomic subsite [Tonsil 0.6% (14/2328); base of tongue 0.5% (8/1591); other subsite 0.5% (1/208)] or pathologic T-category [pT1 0.6% (12/2125); pT2 0.6% (11/1979)]. On univariable analysis (UVA), age greater than 65 was the only predictor of 30-day perioperative mortality (OR 3.41; 95% CI 1.49-7.81; Table 3).




Figure 1 | 30-day mortality (%) for patients undergoing TORS for pT1/2 OPSCC distributed by year.




Table 3 | Univariable analysis of 30-day perioperative mortality for pT1-2 OPSCC treated with TORS.





Sensitivity Analysis

A sensitivity analysis was performed to assess the impact of clinical staging on perioperative mortality in comparison to pathologic staging. A total of 187 patients were down-staged to pT1/2 from initial clinical stage of cT3 (73/4,127) and cT4 (14/4,127). Although pathologic T3/4 patients were excluded, we performed a separate analysis of all TORS patients to evaluate those that were clinically staged T1/2, but up-staged based on pathology. This analysis demonstrated that 168 patients were initially staged as cT1/2, but were up-staged to pT3 (167/168) and pT4 (1/168). Within this group, the 30-day and 90-day perioperative mortality rate was 0.6% (1/168).




Discussion

Although TORS has been touted to have advantages over alternative treatment modalities including decreasing morbidity associated with open procedures, reducing hospital admissions, and improving survival (1), there remains concerns over the potential short-term hemorrhage and mortality risk. However, the literature on this topic remains incomplete with only a few studies specifically assessing perioperative mortality (1, 13). In addition, to provide adequate counselling to patients electing to undergo TORS, clinicians should be able to provide accurate estimates of mortality risk. Our study is the first, and largest, study to analyze national hospital-based data to specifically assess mortality risk within the acute perioperative period. Our finding of a 30-day perioperative mortality of 0.6% is within the mid-to-lower range (0.07-3.3%) of the current literature (Table 1) (2, 7, 14, 16–19). To provide context, the 30-day mortality rate for neck dissection alone has been reported between 0.5-1.3% (22, 23). We chose to focus on 30-day perioperative mortality to adequately capture only those deaths within the acute perioperative period related to surgery alone. Presumably, adjuvant treatment would not have commenced within that period and therefore was not considered a confounder in our estimate. Although there was an expected increase in 90-day perioperative mortality to 0.9%, this was not vastly different from the 30-day mortality rate. Given that adjuvant treatment should have been initiated, or completed, within this time frame, the 90-day mortality rate provides an estimate of both delayed surgical events and those related to adjuvant treatment. The second largest study to provide an estimate of perioperative mortality using NCDB data from 2010-2015 demonstrated a 1.4% 90-day perioperative mortality risk (1). Although our rate was 0.5% lower than the reported rate in this study, we had included an additional year of data and used different inclusion/exclusion criteria. For example, unlike Nguyen et al. (2020), we excluded all patients that had TORS, but required conversion to an open procedure (1). It is possible that these patients may have had larger tumors and/or were more challenging to resect transorally due to issues related to access and therefore were at a higher risk of postoperative bleeding or airway compromise.

The only variable found to be associated with 30-day perioperative risk on UVA was age≥65. The role of upfront TORS in elderly patients with OPSCC remains controversial. It is apparent that over time the demographic profile of the typical patient with HPV related OPSCC is changing (24, 25). Recent modelling predicts that the incidence of HPV+ OPSCC in the USA will rise in patients 65 years of age and older from 40.7 to 71.2 per 100,000 by 2029 (25). Therefore, we decided to evaluate age≥65 as a cut-off for assessing perioperative mortality. With several trials demonstrating no survival benefit to using chemotherapy for treating head and neck cancer patients older than 70 years (26, 27), some authors have suggested upfront TORS may provide an effective treatment modality for this cohort (28). However, given that we found the risk of perioperative mortality is 3.4 times higher in those patients older than 65 years of age undergoing TORS for T1-T2 OPSCC, caution should be taken when selecting appropriate candidates for surgery. Our analysis was not able to assess cause of death, and as such, it may be that many of the patients in this category may have had non-bleed related deaths such as stroke or MI which are not infrequent in a cohort of patients that are treated with neck dissection (29). Nonetheless, the importance of pre- and perioperative measures to reduce the incidence of life threatening hemorrhage should be emphasized in this older cohort (i.e. timely discontinuation/restarting of anticoagulant medications, TAL, possible prophylactic tracheotomy, using alternative treatment modalities for tumors in close proximity to major vessels, etc) (8, 9). The higher risk of mortality within this age group should also be fully explained during pre-operative counselling as patients weigh the potential surgical and non-surgical treatment options available to them. The additional benefits of avoiding primary radiation or chemoradiotherapy may be attenuated in the older population given the excellent short-term safety profile of this primary treatment and limited long-term side effects in a more elderly cohort. Studies comparing mortality in the non-surgical group for chemoradiation or radiation only groups will help determine if surgical complications or non-surgical issues contributed to mortality. Although the exact cause underlying this association is unknown, one recently published study found a similar association due to younger patients presenting with more advanced nodal disease (30). In agreement with this study, we found that younger patients (<65 years) were observed to have higher N-category (N2/3) disease (<65 years: 1920/2563 vs ≥65 years: 643/2563; p<0.01) and therefore this association may be a reflection of the previously addressed impact of age on perioperative mortality.

These data must be interpreted in the context of the study design. First, as with any retrospective study, we are unable to account for variables that were not captured within the NCDB dataset. Second, our results are not generalizable to all patients undergoing TORS as we specifically examined only those patients with T1-T2 OPSCC that were selected for surgery. Lastly, given the nature of using a large database, the granular data regarding the specific causes of mortality are lost. Therefore, although most deaths within the acute perioperative period may be attributable to surgery, the specific cause of death was not captured. Likewise, we were unable to determine the surgical technique employed for each patient (i.e. TAL, sequence of neck dissection with respect to TORS resection of the primary tumor, prophylactic tracheotomy, etc) including trends with time or the experience of the TORS surgeon. Furthermore, although overall rates of postoperative hemorrhage are not significantly different with TAL, there is a trend towards lower rates of life-threatening hemorrhage (7). Amendment of ECOG3311 protocol to strongly recommend TAL occurred in January 2016 (2). Therefore, the rate of TAL within the NCDB dataset from 2010-2016 is unknown.

Contemporary treatment strategies for early-stage OPSCC continue to remain varied in approach. De-intensification of both primary and adjuvant treatment of early-stage HPV+ OPSCC through altering radiation dose, fractionation, types of concurrent chemotherapy, amongst other strategies is the primary aim of many recent and ongoing trials (2, 31, 32). The potential morbidity and mortality associated with each treatment should be weighed against changes in survival. With respect to acute adverse events, the overall morbidity of primary chemoradiation remains elevated in comparison to radiation alone (33). However, as evidenced by the recent NRG-HN002 trial, omission of concurrent chemotherapy in primary treatment of early-stage HPV+ OPSCC resulted in reduced progression free survival with similar impact on quality of life/swallow outcomes (33).

With respect to primary surgery, our study demonstrates that TORS remains a treatment option with low perioperative mortality rates and excellent overall survival. However, it should be highlighted that approximately two-thirds of our patient cohort required some form of adjuvant treatment despite low positive margin rates. This finding is consistent with other studies (1, 10, 15). This further underscores the need for rigorous patient selection to avoid operating on those patients that, based on preoperative imaging (i.e. radiologic evidence of extranodal extension), are more likely to require additional treatment. Although not a focus of our study, other authors have published on using a variety of patient specific and anatomic factors to select the ideal candidates for TORS (34, 35). For example, achieving adequate oropharyngeal exposure is critical to achieving negative margins and reducing the risk of intraoperative complications (34). As highlighted in our own study, caution must be also be exercised in the elderly population where perioperative mortality rates are elevated following TORS. Therefore, the optimal indications for TORS in treating OPSCC may be in younger patients (<65) with early-stage HPV+ OPSCC with adequate oropharyngeal exposure where dual and triple modality treatment can be limited or avoided.



Conclusion

The use of TORS for primary surgical treatment of early-stage OPSCC carries an estimated 0.6% risk of 30-day perioperative mortality. This mortality risk remains relatively low but is 3.4-fold higher within an older cohort (≥65 years of age). Therefore, while the perioperative mortality risk of TORS for treatment of early-stage OPSCC remains low overall, we must remain judicious in selecting the appropriate candidates for surgery and be transparent about the inherent risks when counselling patients. Future studies should include specific cause related mortality, compare non-surgical treatment and include HPV status and tobacco use when feasible.
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