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Split-course hypofractionated radiotherapy for aged and frail patients with head and neck cancers. A retrospective study of 75 cases. Radiothérapie hypofractionnée split course de patients âgés et fragiles atteints d'un cancer de la tête et du cou. Etude rétrospective de 75 cas
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Introduction

Head and neck cancer (HNC) represents the sixth most common malignant tumor worldwide. In France, 13692 new cases were diagnosed in 2018 [1]. The median age of diagnosis is 60 years, but 30% of the patients are over 70 years old, and 10% are over 80 [2]. In the next 20 years, the incidence of HNC is expected to increase by 64% in the elderly [3]. HNC is more common in males [4], but when focusing on the elderly, Sarini et al. [5] described a significantly higher proportion of females with HNC in the older group (15.8%) than in the younger one ( 4.4%, P<.001), as well as lower degree of alcohol and tobacco exposure.

Standard curative treatment for locally advanced HNC is concomitant chemoradiation. However, it is frequently constraining for vulnerable aged patients, with expected poor tolerance to or compliance with the seven weeks of treatment. Even with exclusive normofractionated RT, they are regularly burdened with severe acute side-effects, explaininghence-the development of shortened hypofractionated regimens split by a midcourse break.

Only a few studies have analysed prospectively the outcomes of radiotherapy (RT) in the elderly in HNC, mainly because most of the large randomized trials had age limits for enrolment.

Thereby, the lack of prospective trials may explain the absence of dedicated radiotherapy plans with high evidence level for those elderly patients with poor performance status (PS) and/or multiple comorbidities.

Although the results of the phase III ELAN trial are still pending [6], split course hypofractionated radiotherapy (SCH-RT) is more and more employed by radiation oncologists.

Firstly, as a palliative therapy [7], but nowadays frequently proposed with a curative intent after a first course of (palliative) radiotherapy. Thus, the aim of this study was to assess the efficacy and tolerance of a SCH-RT protocol in HNC used in a curative intent for eldery and/or frail patients.

Patients and methods

Patient selection

Histologically-proven HNC cases were retrospectively included at the radiotherapy units of university hospitals of Besançon and Montbéliard. Patients were identified from the hospital databases and staged according to the TNM staging system of the American Joint Committee on Cancer (7 th edition). Classical pre-treatment staging procedures included a physical examination (with flexible nasoendoscopy), computed tomography (and/or magnetic resonance imaging) of the head and neck region, thorax and the upper abdomen, and PET-CT. Treatment decisionmaking was performed in a multisciplinary board SCH-RT was proposed rather than standard RT because of poor PS, several comorbidities and advanced age.

Non-operable HNC were included regardless to their histological type. Patients with theoretically "curable" cancer were evaluated, without lower or upper limit of age. No concomitant or sequential systemic therapy (chemotherapy or targeted therapy) was allowed.

Prior neoplasms were accepted if inactive and not located in the upper aerodigestive tract. This retrospective study was conducted in accordance with ethical standards and with the 1964 Helsinki declaration and its later amendments.

Radiation treatment

SCH-RT radiotherapy mainly delivered two courses of 30 Grays (Gy)/10 fractions (fr), 5 days a week, separated by a rest of 2 to 4 weeks midcourse. Intensity modulation radiation therapy (IMRT) was used in all cases, since it was established in August 2008 in our centers for HNC [8]. The first 30 Gy on the Clinical target volume 1 (CTV1) = GTV1 T+N + 5-10 mm + first lymph nodes relay, planning target volume 1 (PTV1) = CTV1 + 5 mm margins. After the rest, the additional 30 Gy were focused for the primitive tumour and involved lymph nodes which were defined with a new reduction scanner, CTV2 = GTV2 T+N + 5 mm margins and PTV2 = CTV2 + 5 mm margins. Some patients enrolled in the hypofractionated IMRT arm of ELAN RT trial were also analysed in this study. The schedule was slightly different, using a simultaneous integrated boost of 44 Gy (20 daily fractions of 2.2Gy) on the PTV1 (prophylactic volume) and 55 Gy (20 fractions of 2.75 Gy) on the PTV2 (focused on the primitive tumour and involved nodes), with a rest of 2 weeks midcourse.

Organs at risk

Using an α/β ratio equal to 2 and a 3 Gy per fraction treatment, the dose had to be less than 36Gy for spinal cord with a mean dose objective lower than 20-24Gy for ipsi and controlateral parotids. Using a α/β ratio equal to 3, the dose had to be below 36Gy for brain stem. Dose to PTV had to be between 95 and 107% of the prescribed dose in all points.

Treatment planning fort ELAN RT trial's patients was achieved respecting relatively similar constraints than ours.

Follow-up

Patients' toxicities were assessed once weekly during treatment. They were subsequently followed-up 4 to 6 weeks after the completion of radiotherapy, mainly by the radiation oncologist and sometimes alternatively by an ear nose and throat specialist. A further follow-up every 3 months during the two first years included a physical examination using flexible nasoendoscopy and radiological assessment (head and neck and chest computed tomography scan, sometimes PET CT). Patients where followed up every 6 months for 3 years thereafter.

Endpoints and toxicities

Tumoral response was evaluated according to RECIST criteria [9], classified as follows : complete, partial response, stable or progressive disease. Radiotherapy-induced toxicities were scored according to the Common Terminology Criteria for Adverse Events in its fifth version [10]. Within 2 months after the completion of SCH-RT, side-effects were classified as acute.

After this 2-month threshold, they were recorded as chronic/late.

Statistics

Wilcoxon tests and fisher tests were used for comparisons between variables. Local control (LC) rate, progression-free survival (PFS) and overall survival (OS) were computed according to the Kaplan-Meier method and Cox's proportional-hazards survival estimates. For continuous variable analyses, median was used to separate patients into two groups. Follow-up and survival times were calculated from the date of histo-pathological diagnosis. The endpoint was any death for OS, local recurrence for LC and any recurrence for PFS (including all-cause deaths for PFS, and death related to disease before any relapse for LC). P-values were estimated using double-sided tests. A threshold of <.05 was defined for significance.

Results

Patients characteristics

Seventy-five patients were enrolled between 15 February 2012 and 9 January 2019, 53 (70.7%) were male and 22 (29.3%) female. Sex-ratio was 2.41. Age ranged from 45.7 to 98.2 years, with a median of 80 years. Fourty-seven (62.7%) patients were former or active smokers and 36 (48%) declared chronic alcoholism intoxication. Comorbidities were respectively higher or equal to 2 for 54 patients (72%). Pre-treatment PS was 0,1,2 and 3 for respectively 4 (5.3%), 23 (30.7%), 43 (57.3%) and 4 (5.3%) patients. Charlson comorbidity index (CCI) was performed retrospectively to predict the mortality risk of the present population. Given the fact that solid tumor was assigned a score of 2 points and 70 to 79 years aged patients a score of 3 points, no patients had a CCI ≤ 2. We found that 5 (6.7%) patients reached CCI of 3 to 4 points, 39 (52%) a score of 5 to 6 and 21 (28%) 7 to 8 points. Ten (13.3%) patients had a CCI ≥ 9 points.

Patients and tumour characteristics are reported in Table 1.

Tumour characteristics

Thirteen (17.3%) patients had stage III disease, 48 (64%) were staged IV A/B and 4 (5.3%) staged IV C, with 19 (25.3%) T3 and 31 (41.3%) T4. Neck involvement was noticed for 52 (69.3%) patients. Seventy-one patients (94.7%) had squamous cell carcinomas, 3 others had adenocarcinomas. Pathologic data was unavailable for one patient.

The main primary sites were the oropharynx (24 patients: 32%), oral cavity (21 patients: 28%), hypopharynx (11 patients: 14.7%) and larynx (8 patients: 10.7%). Eleven had other tumours such as carcinoma of undifferentiated primitive (5 patients), parotid (4 patients), spinocelluar (vertex and lip, 2 patients).

Approximately 20% had previously treated cancers (mainly prostate, breast, and hematologic malignancies) at the time of presentation. There were not significant differences regarding the endpoints results of this subset and those of the rest of the population. Five patients had oligometastatic pulmonary disease but previously received a locally ablative pulmonary therapy and were then considered to be "curable".

Treatment characteristics

The median duration of the rest between the two sequences of treatment was 19 days (interquartile range 14-22.5). The median overall treatment time was 46 days (interquartile range 42-51). Median follow-up was 10.6 months (range : 3.1-58.3). Fifty (66.7%) patients were treated with the main SCH-RT regimen delivering twice 30gy/10 fractions. Twelve (16%) were included in the hypofractionated arm of ELAN trial. The 13 remaining had variations with regard to the main SCH-RT regimen (table 2).

Using the linear quadratic model and an alpha-to-beta ratio of 10 Gy (usually employed HNC), the equivalent dose to two sequences of 30 Gy delivered in 10 fractions was calculated to be 65

Gy if delivered at 2 Gy per fraction (EQD2). Median EQD2 was 65 Gy, with a highest value of 71 Gy (patients benefiting from 30/10+36/12 scheme) and a lowest value of 58.44Gy (ELAN trial's patients). Interquartile range was 62.5-65 Gy.

Survival results and local control

Median overall survival (OS) was 19.3 months ]. OS at 12 and 24 months were respectively: 60.4% 95%CI[50-73.1] and 41.0% ]. At the time of analysis (July 2019), 50 of the 75 patients had passed away and HNC caused 35 of them (figure1).

Median progression free survival (PFS) was 11.5 months 95%CI[8.9-17.0]. PFS at 12 and 24 months were respectively: 47.7% 95%CI [37.4-60.8]and 41% ] (figure 2).

At 12 months, local control was 72.8% 95%CI[62-85.5]. At 24 months, it was 51.7% 95%CI[38.1-70.1] (figure 3).

Acute toxicity

Seventy-two (96%) patients completed SCH-RT without unplanned interruption. Twelve (16%) needed hospitalization during RT, for compromised nutritional intake requiring feeding tube, analgesia or infections. The 3 cases suffering from significant and persistent adverse events after the rest definitively stopped radiation on medical decision.

Acute grade 1 and 2 dermatitis were recorded for respectively 14 (18.7%) and 8 (10.7%) patients. Grade 3 skin toxicity was seen in only 1 patient. Grade 1 and 2 mucosal toxicity were respectively noted for 16 (21.3%) and 10 (13.3%) patients, without any grade 3.

Twelve (16%) and 13 (17.3%) and 2 (2.7%) patients had respectively grade 1, 2 and 3 dysphagia. Only 6.7% had grade 1 pain related to treatment. The same rate was recorded for grade 2.

Any type acute grade 3 toxicity occurred for 5 patients. One laryngeal cancer case had a grade 4 dyspnea with acute respiratory distress syndrome, requiring intensive care in reanimation unit. No patient died from radiation toxicity. Acute adverse events are reported in Table 3.

Late toxicity

Grade 3 late side-effects were observed for 3 patients : 1 having persistant pain and 2 for xerostomia. No grade 4 or 5 late side effects were reported. One osteoradionecrosis of mandible occurred approximately 6 months after SCH-RT. Late toxicities are reported in Table 4.

Discussion

For fit -but unresectable-aged and/or frail patients, standard treatment should be normofractionated radiotherapy (70 Gy/35 fr in 7 weeks) alone.

GORTEC 2007-02 trial tested intensified approach with TPF as induction chemotherapy (followed by RT + cetuximab) vs. caroboplatin fluorouracil and RT as recommended in National Comprehensive Cancer Network guidelines, including only PS 0-1 patients with a median age of 56 years [11]. However, the present study dealt with 57% PS 2 and median age of 80, explaining opposite treatment's philosophy, trending more toward deintensification. Indeed, Pignon and Bonner respectively showed that the benefit of a concomitant systemic therapy using either chemotherapy or cetuximab has not been proven after 70 and 65 years of age [12][13]. Also, MARCH's meta-analysis revealed that the benefit induced by accelerated or hyperfractionated RT regimens disappeared beyond 70 years [14]. Boje et al's meta-analysis on 22932 patients showed that comorbidities were significantly associated with worsened OS [15]. Thus, even for experienced teams, deciding on optimal treatment for patients unfit for 7 weeks conventional RT remains extremely challenging. The current SCH-RT could therefore be a proper option to take advantage of a potential curability and not treat palliatively in first intention.

Wasil et al's study of RT in various types of cancers showed that patients aged 80 and older were able to complete conventional therapies only in 77% of cases, with 36% unexpected breaks due to toxicity or asthenia induced by the number of transportation) [16] . Hence, decreasing number of transportations with fewer fractions using our SCH-RT regimen could be medically relevant as well as economically profitable.

In this regard, the present SCH-RT regimen seemed to be well-tolerated: 72 (96%) patients completed treatment without unplanned interruption, grade 3 or higher toxicities did not reach 10%, with no treatment-related death. Also, we observed similar patterns than Sarini's study, namely more women in proportion, less alcohol and tobacco intoxication and mainly stage III/IV diseases [5] .

Most of SCH-RT protocols for unfit patients came actually from palliative RT. It was pointed out that 30 Gy in ten fractions was sometimes effective and well-tolerated, hence allowing to add more fractions to maximize the durability of local control. Stevens et al [19] included 148 patients (54 stage IV C), delivered 50 Gy within 6 weeks (two cycles of 25 Gy/10 fractions given within 2 weeks) separated by a 2 weeks rest. They concluded that in selected patients, consideration should be given to higher doses to maximize the durability of locoregional control. Their OS rates at 12 and 24 months were respectively 28 and 12% while ours reached 60.4% and 41%.

For its part, Kancherla used a palliative split course regimen of two sequences of 20 Gy : five fractions over 1 week, a 2 week gap, and then a further 20 Gy in five fractions over 1 week [7].

In comparison, our 24 months PFS and OS are higher (respectively 41% versus 25% and 41% versus 34%). Nevertheless, they included 91% stage IV patients while our stage IV rate was only 69.3%. Moreover, their EQD2 total dose was 46.6Gy (minus the dose lost due to the 2 week gap) whereas ours serie mainly leant on an EQD2 of 55.2Gy (calculated by substracting to 65Gy the dose of 9.8Gy, lost due to the 2 week gap, using an estimate for the dose recovered per day due to proliferation -Dprolif-of 0.7). BED was calculated with LQ model, in which EQD2 has to be interpretated with caution in case of hypofractionated regimens. However, until 10 Gy per fraction, LQ model is validated and generally accepted by the radiotherapy community [20].

Considering that the present study employed moderate hypofractionation (at most 3 Gy per fraction doses), LQ model appeared to be an appropriate method to calculate EQD2.

Our median OTT was 46 days, shorter than the 49 days of a conventional RT schedule. It is a major radiobiological predictive factor in the response to treatment. RTOG 9003 trial has shown that the longer the OTT was the less efficient the RT was [21]. In this sense, hypofractionation could be a useful option, improving compliance and tumour response by decreasing the OTT. On the other hand, Bentzen et al demonstrated that acute adverse events are also expected to increase with shorter OTT [22]. They analyzed the CHART randomized controlled trial (continuous hyperfractionated accelerated radiotherapy versus conventional radiotherapy in head and neck cancer) [23] and found that incidence of severe mucositis was higher after CHART.

In addition, accelerated repopulation occurs at 22 days according to the CHART study (and between 21 and 30 days in other trials), precisely during the split of our SCH-RT course.

Nevertheless, higher doses per fraction than conventional RT using hypofractionation provide more important BED levels that may compensate this drawback.

Regarding our serie, the hypothetic increase of late side effects using hypofractionation was not confirmed. However, we recommend to use SCH-RT with caution for laryngeal and hypopharyngeal cancers because we observed one grade 4 and two grade 3 acute side-effects (respiratory distress) with the 2 x 30Gy/10fr sequences. Doses such as 30Gy/10 fr + 25Gy/10 fr seem safer. 

  For instance, Biswal et al used 2 or 3 field techniques to deliver 30Gy/10fr to 26 stage IV HNC patients, with an additional 30Gy/15fr to the sixteen patients who responded well to first sequence [17]. Median survival was 12 months, approximately 7 months shorter than what our study found. Between 2000 and 2005, in India, Agarwal et al delivered in 2D-RT to 110 patients 40 Gy / 16 fr and 10 more Gy in 4 fractions in good responders [18]. Sixty-three % mucositis and 14% skin acute grade 3 toxicity. Moreover, 38 patients developed grade II xerostomia, 6 had grade III and 14 grade II subcutaneous fibrosis. In comparison, our treatment's tolerance seemed better, probably because we used IMRT and a split between both sequences which provided time to recover from hypothetical toxicities. Even now, a few patients with HNC are still treated by 3D-RT in France, especially when it's done in a purely palliative intent with one single course of 30Gy/10fr or 20Gy/5fr. The use of less advanced RT techniques (2D-RT, 3D-RT) obviously bias the comparability of those regimens to ours. Concerning PFS at 12 months, it was close to ours and reached around 50% (55 versus 47.7%).

  Terminology Criteria for Adverse Events in its fifth version

Table 1

 1 Patients and tumor characteristics.

	Number of patients (%), n = 75

PS Performance status; AJCC American Joint Committee on Cancer 7 th edition; IQR interquartile

Table 2

 2 Treatment characteristics.

	Median [Interquartile]

Table 3

 3 Acute toxicities according to CTCAE v5.0. Common Terminology Criteria for Adverse Events in its fifth version

	Acute toxicity type			Number of patients (%), n= 75	
		Grade 0	Grade 1	Grade 2	Grade 3	Grade 4
	Skin reaction	52 (69.3)	14 (18.7)	8 (10.7)	1 (1.3)	0 (0.0)
	Mucositis	49 (65.3)	16 (21.4)	10 (13.3)	0 (0.0)	0 (0.0)
	Dysphagia	48 (64.0)	12 (16.0)	13 (17.3)	2 (2.7)	0 (0.0)
	Dyspnea	71 (94.7)	1 (1.3)	0 (0.0)	2 (2.7)	1 (1.3)
	Xerostomia	67 (89.3)	6 (8.0)	2 (2.7)	0 (0.0)	0 (0.0)
	Dysgueusia	68 (90.8)	4 (5.2)	3 (4.0)	0 (0.0)	0 (0.0)
	Pain	65 (86.6)	5 (6.7)	5 (6.7)	0 (0.0)	0 (0.0)
	Any cause	19 (25.3)	25 (33.3)	26 (34.7)	4 (5.2)	1 (1.3)
	CTCAE v5.0					

Table 4

 4 Late toxicities according to CTCAE v5.0.

	Late toxicity type	Number of patients (%), n= 75

To the best of our knowledge, there is unfortunately no SCH-RT retrospective study published with a curative goal, nor prospective trial (until ELAN).

Nonetheless, given the characteristics of our population, locoregional control and symptoms relief remain key objectives that were achieved in most of cases, with some spectacular results at times.

Conclusion

The current protocol seems to offer satisfactory survival rates and to be well-tolerated.

To confirm these results, SCH-RT should be prospectively evaluated. That is the aim of the soon to be published ELAN randomized trial whose results are eagerly awaited.
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