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Key points

1. Survival, late toxicity and functional outcomes following primary chemo-radiotherapy (CRT) for stage III-IV (M0) laryngeal squamous cell carcinoma (LSCC) were analysed in 69 patients.

2. Data shows CRT provides good overall- and disease-specific survival rates, particularly in T3 patients. 

3. Patients with positive nodal status, particularly N2b-N3 staging, have poor survival outcomes on univariate analysis.

4. Laryngeal function, with acceptable late toxicity, is preserved in the majority of patients.

5. Carefully selected patients with T3 LSCC can successfully be treated with larynx-preserving primary CRT.
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Abstract 
Introduction
Treating locally advanced laryngeal squamous cell carcinoma (LSCC) with primary chemoradiotherapy (CRT) can preserve the larynx without compromising survival. However, whether this is associated with good functional outcomes remains up for debate. The aim of this study was to evaluate survival and functional outcomes in patients with locally advanced LSCC treated with primary CRT.

Methods 
We retrospectively analysed data from all consecutive patients with stage III-IV (M0) disease treated with primary CRT between April 2010 and December 2017. 

Study endpoints were overall survival (OS), disease free survival (DFS), laryngectomy free survival (LFS), laryngo-oesophageal dysfunction free survival (LEDFS) and functional preservation rates. Prognostic factors were assessed by univariate and multivariate analysis.

Results
69 consecutive patients treated with primary CRT were analysed. All patients were treated with Intensity Modulated Radiotherapy (IMRT). 29 patients received induction chemotherapy prior to CRT. 60 patients (87%) received concomitant platinum-based chemotherapy, and 9 (13%) concomitant Cetuximab.  The median follow-up was 57 months (range 4-96). The completion rate for prescribed RT was 98.5%.
The 2- and 5 year OS rates were 81.1% and 52.1%. For patients with T3 disease, the 2- and 5 year OS rates were 82.4% and 61.6%. Positive nodal status, N2b-N3 nodal staging, or stage IV disease were associated with poor OS on univariate, but not multivariate, analysis. 

Functional preservation was 69.1% at 2 years in all patients alive (68.1% in T3 patients). The 2-year LEDFS rate was 52%. The 2- and 5-year LFS rates was 72.4% and 43.3% respectively.  There was no significant difference in LFS rate between primary tumour localization, baseline laryngeal fixation or cartilage invasion.
Conclusion
Our study illustrates survival and functional outcomes in line with contemporary studies. The survival and function preservation rates suggest that carefully selected patients with locally advanced LSCC can successfully be treated with larynx-preserving primary CRT.
Introduction 
The use of concomitant chemo-radiotherapy (CRT) for the management of locally advanced laryngeal squamous cell carcinoma (LSCC) has increased since the publication of the landmark Veteran’s Affair (VA) laryngeal group and the RTOG 91-11 randomised control studies (RCTs).
,
 Both reported good laryngeal preservation rates, without significant compromise in overall survival (OS) in comparison to total laryngectomy (TL).
Subsequent population-based cohort studies have revealed conflicting results, particularly for T3 disease. While some have detected inferior survival rates with CRT,
 others have shown equivalence across the treatment modalities.
 Both surgery and CRT can negatively impact quality of life (QoL). TL is principally associated with coughing, sleep difficulties and psychological sequelae.
 Conversely, CRT can be associated with swallowing abnormalities and respiratory complications, leading to laryngo-oesophageal dysfunction.
 Therefore, there is continued debate regarding the use of primary CRT for advanced LSCC and a greater focus on functional outcomes. 
The aim of this single institution study was to analyse the survival, late toxicity and functional outcomes in patients with stage III-IV LSCC treated with primary CRT.  
Materials and Methods 
Ethical Considerations. The study was approved by the institutional review board at our institution (project number 3812).
Patient population. All consecutive patients with stage III-IV (M0) LSCC treated with primary CRT with curative intent from April 2010 to December 2017 were included in this retrospective analysis. Exclusion criteria included: airway obstruction/severe aspiration/severe dysphagia, bilateral cord fixation, transglottic tumours with subglottic extension or patient preference. All imaging, histology and clinical staging were reviewed at the centre’s weekly specialist multidisciplinary meeting. The seventh American Joint Committee on Cancer Staging System (AJCC) was used for the TNM classification.

Radiation therapy and target volume delineation. 
Target volumes were delineated according to institutional protocol (supplement table S-1). The gross tumour volume (GTV) was the visible primary tumour (GTV-T) and any involved lymph nodes (GTV-N).
 Radical clinical target volumes (CTV1) were defined using an anatomical approach. Elective nodal volumes (CTV2) were delineated following consensus guidelines.
,
 Isotropic 4mm margins were added to create planning target volumes (PTV). The standard prescribed dose was 65 Gy in 30 fractions (2.16 Gy per fraction) to the radical PTV, and 54 Gy in 30 fractions (1.8 Gy per fraction) to the prophylactic PTV. All radiotherapy (RT) was delivered using a simultaneously integrated intensity modulated RT (SIB-IMRT) boost technique; one fraction per day, 5 days per week.
Chemotherapy. Concurrent cisplatin 100 mg/m2 day 1 and 29 was used. Substitutions for carboplatin (AUC 5, day 1 and 29) or cetuximab (loading dose of 400 mg/m2, weekly 250 mg/m2,) were given in cases of cisplatin contraindication or toxicity. Induction chemotherapy was used in high volume disease and consisted of 2 cycles of 3-weekly cisplatin-fluorouracil/carboplatin-fluorouracil, or 3 cycles of 3-weekly TPF (docetaxel-cisplatin-fluorouracil).
Follow-up. Patients were assessed weekly during treatment and for up to 6 weeks post CRT. Thereafter standard oncological follow-up was at 3-, 6- and 12 months, then annually until 5 years of follow-up. Late toxicities were evaluated using National Cancer Institute’s Common Terminology Criteria for Adverse Events version 4.0 (CTCAE v4.0) and RTOG/EORTC late radiation morbidity scoring system.
,
 Treatment response assessments were carried out at 3 months after CRT by clinical examination and CT or PET-CT scan. Clinical assessment and fibreoptic examination were used to closely evaluate toxicities and detect residual or recurrent disease.
Endpoints: The primary endpoints were overall survival (OS), disease-specific survival (DSS), disease-free survival (DFS), laryngectomy-free survival (LFS) and functional preservation rate. OS, DSS and DFS rates were calculated from the final date of CRT to the date of the last known follow-up, recurrence or death. LFS was calculated from the final CRT date to the date of last known follow-up, laryngectomy, or death. Functional preservation was defined as an in-situ larynx, without need for permanent tracheostomy or gastrostomy at ≥ 2 years post-CRT in all patients alive.
 Secondary endpoints were RTOG late toxicity rates and laryngo-oesophageal dysfunction free survival (LEDFS). LEDFS was defined by the events of death, local recurrence, total/partial laryngectomy, and persistence of tracheostomy or feeding tube at ≥ 2 years.6 Additional analysis was performed on T3 patients stratified into subgroups based on the classification at diagnosis: fixed vs. mobile larynx and, thyroid cartilage invasion vs. no cartilage invasion.
Statistical analysis: Statistical analyses were performed using the Statistical Package for Social Sciences Software (version 26.0, SPSS, Chicago) and Prism® 8.4.2 (GraphPad Software, San Diego). Actuarial survival estimates were obtained using the Kaplan–Meier method. Univariate and multivariate analyses of prognostic factors were calculated using the log-rank or Cox proportional hazards methods. Factors reaching statistical significance (p<0.05) on univariate analysis were included in the multivariate model.
Results
Patient characteristics & treatments. 
Sixty-nine patients with stage III-IV (M0) LSCC were treated with primary CRT between April 2010 and December 2017. Baseline patient and tumour characteristics are shown in Table 1. Median RT dose was 65Gy in 30 fractions and RT completion rate was 98.5%. One patient had their RT terminated early due to chest sepsis. All patients received concomitant platinum based chemotherapy or cetuximab.
Outcomes. Median follow-up was 57 months (range 4-96). All patients had at least 2 years of follow-up. There were 31 deaths, 19 of which were disease-related. Other causes were; second malignancy (3), pneumonia (3), liver disease (3), and cardiovascular disease (1). Two causes were not known as those patients had moved abroad.
Estimated 2- and 5-year OS, DSS, DFS and LFS rates and their confidence intervals are described in table 2.  On univariate analysis; stage IV disease (HR 2.56, 95% CI: 1.2-5.7, p=0.007), positive nodal status (HR 3.13, 95% CI 1.48-6.59, p=0.0009), and N2b-N3 staging (HR 2.95, 95% CI: 1.25-6.73, p=0.01) were negative prognostic indicators for OS. T3 primary disease was a positive prognostic indicator for OS (HR 0.34, 95% CI: 0.13-0.86, p=0.02). None of these variables retained significance on multivariate analysis (table 3). There was a trend towards poorer OS, DFS and LFS, in supraglottic cases however this did not reach statistical significance (figure 1).
Patterns of recurrence. Twenty-three patients developed recurrent disease (33.3%). Sites of recurrence were; primary only (7), nodal only (5), primary-nodal (3), and metastatic (8). Of the 15 patients with loco-regional recurrence, 5 were inoperable; this included the 2 T4 patients who both developed inoperable nodal recurrence and died at 25- and 38 months. The remaining 10 patients were offered salvage surgery: 7 had TL and 2 neck dissection; 1 declined treatment.

Functional outcomes and late toxicity.
Nine patients underwent salvage TL. Seven were for primary recurrence and two were for laryngeal dysfunction (chondronecrosis and severe swallowing dysfunction). The 2 and 5-year LFS rates were 72.4% (95% CI: 60.2-81.4) and 43.3% (95% CI: 28.8-56.8) respectively (table 2). Stage IV disease (HR 2.24, 95% CI: 1.1-4.7), positive nodal status (HR 2.79, 95% CI: 1.4–5.7) and N2b-N3 staging (HR 2.5, 95% CI: 1.1 – 5.5) were associated with poor LFS on univariate, but not multivariate, analysis. In patients who underwent TL for recurrent disease, post-TL median OS was 18 months, with a 2-year DSS rate of 42.8% (95% CI: 5.8-77.7). At the time of analysis, three patients who underwent TL for recurrent disease remain alive and disease-free at 15-, 66- and 80 months post-surgery; all had T3 disease.

The 2-year LEDFS rate was 52%. The functional preservation rate for patients alive at 2 years was 69.1% (38/55 patients). Three patients had pre- or mid-CRT tracheostomy. Two were removed at 21- and 48 months, the third remained in-situ due to further disease progression. Three patients required post-treatment tracheostomy; one for progressive disease (died with tracheostomy in-situ), one for non-functional larynx post-CRT (patient unfit for laryngectomy and died at 57 months from liver disease), and one for post-chordotomy swelling (chordotomy required for laryngeal stenosis and fixation).
All patients alive and with complete data at 1- and 2 years post-CRT were included in the late toxicity analysis (table 4). At 2 years, 12.5% of patients (6/48) had at least 1 RTOG grade 3-4 toxicity: 1 patient had 2 toxicities, 5 patients had 1 toxicity. Grade 3-4 laryngeal toxicity remained fairly consistent over time. At both 1- and 2-years post-CRT, there was 1 case of grade 4 laryngeal toxicity (necrosis) and 1 case of grade 3 toxicity (severe chondritis/oedema). All other patients had grade 0-2 laryngeal toxicity at 1- and 2 years. Persistent hoarseness or dysphonia was present in 58% patients at 2 years. The remainder had normal or improving voice quality. Rates of feeding tube (FT) dependence reduced over time; 16.3% (10/61) at 1 year and 10.4% (5/48) at 2 years. There were 5 (8.2%) cases of aspiration in the first year and 3 (6.25%) in the second year. One patient with aspiration declined FT insertion.
Outcomes for T3 Patients
There were 57 patients with T3 disease, of whom 41 were N0. Median survival was 72 months with estimated 2- and 5-year OS rates of 82.4% (95% CI: 69.7- 90.1) and 61.6% (95% CI: 44.5-74.8), respectively. On univariate analysis, positive nodal status (HR 2.82, 95% CI: 1-7.7, p=0.04) and N2b-N3 staging (HR 3.56, 95% CI: 1.06-11.9, p=0.002) were negative prognostic indicators for OS. They did not remain statistically significant on multivariate analysis. 
Information on T3 sub-classification was available for 53 patients. Analysed categories were; mobile larynx with no cartilage invasion (37), mobile larynx with cartilage invasion (4), fixed cord and paraglottic fat invasion (6), and fixed cord only (6). There were no cases with both fixed cord and cartilage invasion. There was no demonstrable difference in OS or DFS rates in relation to T3 subgroup. 
Sixteen T3 patients recurred (28.1%); 13 of whom later died of disease. Seven underwent laryngectomy (12.3%); six for disease recurrence. The LFS rates were similar to the entire cohort; 77.6% at 2 years (95% CI: 63.3-85.7) and 47.2% at 5 years (95% CI: 29.4 – 63.1). The 2-year LEDFS rate was 54.4% and functional preservation 68.1%. There was no demonstrable difference in functional preservation depending on T3 subgroup. Four patients (9.1%) were FT dependent at 2 years and one patient had grade 4 laryngeal toxicity. All other T3 patients had grade 0-2 toxicity scores related to the larynx or swallowing function.
Discussion
Our data show that laryngeal preserving CRT is an effective treatment for locally advanced LSCC. We report similar rates of OS and DFS to larger published case series
,
 and our rates of functional preservation contribute to the evidence-base confirming that CRT remains an effective strategy for functional, not just organ, preservation in locally advanced disease. 
Since the VA Laryngeal Cancer Study Group and RTOG 91-11 studies established the use of RT, then CRT, as an effective organ-preservation strategy for locally advanced LSCC, subsequent published reports have varied significantly.1,2 An American database study showed patients with T3N0 glottic disease had an identical 5-year OS rate of 65.6% irrespective of treatment modality: primary CRT or surgery plus adjuvant RT.3 Conversely, Chen et al demonstrated an increased risk of death of 13% for patients treated with CRT in comparison to surgery.
 Elegbede et al reported a difference in DFS, but not OS, favouring surgery for supraglottic LSCC (5-year DFS 77% for surgery vs. 55% for CRT).
 However, in a study of almost 3800 patients, Timmermans et al demonstrated similar survival rates between CRT and laryngectomy for T3 LSCC.4 The 5-year OS for T3 patients was 45% for CRT, and 49% for primary laryngectomy (+/- adjuvant RT). T4 patients, however, had an inferior 5-year OS with CRT in comparison to surgery (42% vs 48%). 
Our cohort included only two patients with T4 disease, and 70% of T1-T2 patients had ≥N2 staging. We observed higher OS rates in T3N0 disease, 84.8% and 66.8% at 2- and 5 years.  These survival outcomes are similar to the T3N0 subgroup treated with surgery in the American database study, 65.6%,3 although unavailable data on laryngeal fixation or cartilage involvement precludes reliable comparison. 
Despite inferior LFS rates to the Timmermans and RTOG 91-11 studies, our data shows equivalent functional outcomes and LEDFS rates to other published studies that have reported rates of 32.2% and 44.3% at 2- and 3 years post-CRT.
,
 Our lower LEDFS was likely influenced by non-LSCC related deaths. Overall, functional outcomes correspond with published functional preservation rates of 46.5-67.2%.14,
 Additionally, the DeLOS-II study (induction chemotherapy, followed by RT +/- Cetuximab) stipulated 2-year functional preservation rates of >35% as a primary endpoint.
 Our observed aspiration and FT-dependency rates are also in-line with contemporary data. At 2 years post-CRT, 5 patients required FT (10.4%) and 1 patient had documented aspiration without in-situ FT. Even inclusion of aspirating patients within the tube-dependency cohort would result in a tube-dependency rate of 12.5% at 2 years. A recent systematic review reported tube-dependency rates of 6.9-29% at 1 year and 3.1-10% at 2 years post-CRT in head and neck SCC.
 For LSCC specifically, rates of long-term tube-dependence of 15-16% have been reported.
  
The small number of T4 patients in our study precludes any comment on the suitability of CRT for this disease stage. Evidence for the use of CRT in stage III-IV LSCC is often centred on T3 (any N) or T1/2 (≥N2) patients. Supporting evidence includes a recent database study of 11,237 patients, which found no difference in survival outcomes between TL and CRT in T3 patients.15 For T3 and early T4a disease the latest American Society of Clinical Oncology consensus guidelines suggests surgery, CRT, or RT alone may offer the potential for larynx preservation without compromising OS,
 whilst patients with extensive disease, cartilage invasion or poor baseline laryngeal function may be better served by TL. 
As the optimum treatment for locally advanced LSCC continues to be debated, a recent study suggested that the focus on laryngeal preservation is not shared by all patients, and individual willingness to accept trade-offs in cure rates to avoid TL is variable.
 Conversely, tracheostomy associated with surgery remains a major determinant influencing QOL. In addition to patient choice and baseline function, primary tumour volume may become a prominent determinant when selecting patient treatment with cut-offs of 5-21cm3 suggested, as larger volumes have been associated with poorer disease and functional outcomes.
,
 

The main strengths of our case series is the homogenous patient population and protocolled IMRT treatment based on consensus guidelines.9-10 A comprehensive follow-up system also allowed prospective recording of toxicity data, improving its reliability. However, using retrospective data limits our study, as the potential for unrecorded confounding factors and selection bias of the treated cohort may affect results. In addition, incomplete long-term toxicity data for a selection of patients may influence the results.

Conclusion

CRT for advanced laryngeal cancer is oncologically safe and functionally acceptable for the majority of patients, with surgical salvage an option. As CRT continues to be associated with permanent severe late toxicity in some patients, further RCT and larger cohort studies are required to enhance the understanding of optimum treatment. The addition of Patient Reported Outcomes Measures into clinical and research follow-up protocols will also offer better understanding of the true morbidity of treatment. Meanwhile, patient choice, pre-treatment functional assessment and multi-disciplinary decision-making remain essential drivers in the treatment-selection process. 
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