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Abstract
The purpose of this study is to evaluate if, in elderly HNC patients, loco-regional control (LRC) is influenced by average 
weekly radiation dose (AWD). From 2009 to 2017, 150 consecutive HNC elderly patients were analyzed. AWD was calculated 
by dividing total dose in Gray by overall treatment time in weeks. Patients were divided in 2 groups: Group 1 (70–75 years) 
and Group 2 (> 75 years). Primary endpoint was LRC; secondary endpoints were overall survival (OS) and compliance 
to treatment. The median age was 76 years (range 70–92), the distribution of patients by age was 72 and 78 patients in 
Group 1 and in Group 2, respectively; overall median follow-up was 23 months. Optimal cut-off of AWD for LRC was 
9.236 (p = 0.018). Median OS was 73 months. In univariate survival analysis low PS (p = 0.005), T3–T4 (p = 0.021), Stage 
III–IV (p = 0.046) and AWDLow (< 9.236) (p = 0.018) were significantly associated with lower LRC; low PS (p < 0.001) and 
Group 2 (p = 0.006) were also associated with lower OS. Considering patients treated with radiotherapy alone AWDLow was 
significantly associated with lower LRC (p = 0.04) whereas among patient treated with chemoradiotherapy AWD did not 
affected LRC (p = 0.18). The multivariate analysis confirmed the significant value of PS for the prediction of LRC and OS 
(p = 0.035 and p < 0.001, respectively). In elderly patients an AWD of > 9.236 Gy was found to be beneficial for RT alone 
regimen. When radiotherapy alone is indicated in elderly patients an effort should be made to maintain an increased AWD 
in order to improve LRC.

Keywords  Head neck cancer · Elderly · Average weekly dose · Loco-regional control · Chemoradiotherapy · Radical 
radiotherapy

Introduction

Head and neck carcinoma (HNC) is the sixth most com-
mon cancer worldwide and the majority of patients present 
with advanced stage disease thus requiring a multimodality 
approach [1]. Approximately 50% of the head and neck can-
cer population are elderly patients (aged > 65 years), and this 
rate is inevitably projected to increase over time, especially 
in developed countries [2].

Elderly HNC patients presented worse survival in com-
parison to younger patients and seem that they not benefit 
from intensified regimens including chemo or bioradiother-
apy [3, 4].

However, these data emerged from clinical trials in 
which the proportion of elderly population represents less 
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than 10% of the study population [5]; no data demonstrate 
that chronological age in itself is a determining factor and 
probably biological age should be considered for treatment 
decision [6]; on this basis, despite the increasing incidence 
of cancer in elderly, the standard of care in this subgroup 
of patients remains uncertain and, at date, the treatment is 
largely influenced by physician evaluation or single Insti-
tution guidelines. Recently, the interest in elderly HNC 
patients is increasing for different reasons but especially 
because seems that, if adequately selected, subgroup of these 
patients may present outcomes as good as those younger 
[7]. For patients not submitted to conservative or radical 
surgery, radiotherapy (RT) remains the mainstay for cure. 
Radiotherapy delivered with standard or altered fractiona-
tion may be less effective in frail patients or patients who 
need gap during the treatment [8]. An overall treatment time 
of radiotherapy longer than that planned may impair local 
control and, subsequently, decrease survival rate [9]. The 
risk of longer treatment time is higher in elderly due more 
severe toxicity and less compliance due to co-morbidity or 
logistics issues. Few experiences have reported, so far, the 
impact of Overall Treatment Time on local control in elderly. 
The investigation of the Average Weekly Dose (AWD), i.e., 
the actual radiation dose delivered during every week of 
radiotherapy, may be a predictive value of the quality of the 
treatment in order to obtain good outcomes. Here we retro-
spectively analyze the outcomes of a larger series of elderly 
HNC patients, treated with radiotherapy alone or associated 
to systemic therapy, with the additional aims to evaluate if 
loco-regional control is influenced by AWD as well as to 
assess if some subgroup of elderly may have similar prog-
nosis to younger patients with HNC.

Materials and methods

This retrospective study was performed within the notifica-
tion presented to the Ethics Committee of IRCCS Policlinico 
San Martino Hospital of Genoa (P.R 133REG2017).

Patients

Between February 2009 and January 2017, 514 patients were 
treated for head and neck malignancies (HNC) at the Depart-
ment of Radiation Oncology at our Institute. We selected 
and retrospectively analyzed all patients with age ≥ 70 years 
old and histological proven squamous cell carcinoma of 
head and neck district (HNSCC). The choice of 70 years 
as starting age value for elderly was chosen since the dif-
ficulty in treatment decision increases in particular for old 
(70–75 years) (Group 1) and very old (> 75 years) (Group 
2) patients compared to young old (< 70 years). Patients 
who underwent to re-irradiation or palliative treatment 

were excluded from our analysis. All patients were staged 
in accordance with the 2009 American Joint Committee on 
Cancer staging classification.

Treatment consisted of primary radiotherapy with or 
without chemotherapy or anti EGFR therapy, or adjuvant 
radiotherapy with or without systemic therapy after pri-
mary surgery. The diagnostic-therapeutic work-up included 
clinical examination, endoscopy, computed-tomography 
(CT) scan or MRI, and a multidisciplinary evaluation 
to plan the optimal treatment and follow-up strategy. All 
patients received a nutritional evaluation before and during 
radiotherapy.

Radiotherapy

Planning CT scan was performed in treatment position with 
an immobilization device consisting of a head and shoulder 
5-points thermoplastic mask with slices of 2.5 mm. Gross 
tumor volume (GTV) was determined according to clinical 
examination, endoscopy, CT scan, MRI, or PET scan.

Radiation therapy was delivered with a High Tech lin-
ear accelerator (Clinac 2100 or Trilogy, Varian, Palo Alto, 
CA, USA) or by Helical Tomotherapy (Accuray, Sunnyvale, 
CA, USA). Three-dimensional conformational (3DCRT) and 
RapidArc radiotherapy were planned using Eclipse ver-
sion 13.5.31 (Varian, Palo Alto, USA), rotational intensity 
modulated radiotherapy (IMRT) was performed using Heli-
cal Tomotherapy treatment planning system. Patients were 
treated with the following RT regimens: once daily radiation 
with sequential boost or simultaneous integrated boost.

Patients could receive a standard fractionation radiation 
schedule (2 Gy daily for a total of 66–70 Gy) or a moderately 
accelerated RT consisted of 2.12 Gy daily for a total dose 
of 66–69.9 Gy to the high-risk volume. In the majority of 
patients two clinical target volumes were identified (high and 
low risk), in selected patients an intermediate risk volume 
was contouring.

The average weekly dose (AWD) was calculated for each 
patient dividing the total dose in Gy by the total treatment 
time in calendar weeks.

Systemic therapy

Patients received cisplatin (CDDP) (dose: 100 mg/m2 every 
3 weeks or 40 mg/m2 weekly) based chemotherapy or cetux-
imab (according to Bonner regimen) associated to radiother-
apy at the discretion of a medical oncologist expert in HNC.

Endpoints and statistics

The primary endpoint of this observational study was 
loco-regional control (LRC) according to Average Weekly 
Dose of Radiotherapy. Loco-regional failure was defined 
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as any progression or recurrence of disease at the primary 
site or in head and neck regional nodes. The secondary 
endpoints were overall survival and compliance to treat-
ment evaluated as treatment breaks or interruption of 
planned treatment.

Associations between categorical variables were 
assessed by Chi Square test. Univariate survival analyses 
for LRC and OS were calculated using the Kaplan–Meier 
method and the differences in rates were assessed by 
log-rank test. Optimal cut-off of for LRC was searched 
by Cutoff finder [10] and it is defined as the point with 
the most significant (log-rank test) split; Hazard ratios 
(HRs) including 95% confidence intervals are calculated. 
Multivariate survival analysis was performed using Cox 
proportional hazard model and estimates were reported 
as hazard ratio (HR) with 95% Confidence Intervals (CI). 
GraphPad Prism Version 6.0 (San Diego, CA, USA), IBM 
SPSS Statistics version 24.0 and Cutoff Finder version 2.1 
[10] were used for statistical analysis and graph drawing. 
For all tests a two-tailed p value < 0.05 was considered 
significant.

Results

150 consecutive elderly patients were included in the 
analysis, the median age was 76 years (range 70–92), the 
distribution of patients by age was 72 (48%) and 78 (52%) 
patients in Group 1 and in Group 2, respectively; overall 
median follow-up was 23 months (range 0–99). Patients 
characteristics of the whole population and categorized 
by age were represented in Table 1. Patients in group 1 
(70–75 years) underwent to RT concomitant to systemic 
therapy and were treated with a IMRT technique more 
frequently than those in group 2 (p = 0.000 and 0.002, 
respectively), group 1 was associated to lower T stage 
(p = 0.0192) and high PS (p = 0.037), whereas no sig-
nificant differences of N stage, overall Stage and finality 
of treatment were seen (p > 0.05). Globally, 58 (38.6%) 
patients received systemic therapy associated to RT: 26 
patients received Cetuximab and 34 received chemother-
apy (17 patients weekly CDDP and 17 CDDP q21).

As regards compliance evaluation, 38 (25.3%) patients 
interrupted RT treatment due to toxicity for a median time 
of 1 day (range 1–9), 20 and 18 patients were in group 
1 and group 2, respectively (p = 0.508). The number of 
patients who had completed the full planned course of 
radiotherapy was 93%, 10 patients (4 in group 1 and 6 
in group 2, p = 0.74) with mean age of 78 years (range 
71–88) stopped the planned treatment: 1 died after 21.2 Gy 
and the others presented important cognitive and physical 
impairment.

Table 1   Patient characteristics of Group 1 and 2

*P value estimated by by Fisher’s exact test
**P value estimated by Chi square test

Variable All Group 1 
(70–
75 years)

Group 2 
(> 75 years)

p

n. (%) n. (%) n. (%)

All 150 (100) 72 (48) 78 (52)
Gender 0.345*
 Male 113 (75) 57 (79) 56 (72)
 Female 37 (25) 15 (21) 22 (28)

PS 0.037**
 0 84 (56) 49 (68) 35 (44)
 1 49 (33) 18 (25) 31 (40)
 2 14 (9) 4 (6) 10 (13)
 3 3 (2) 1 (1) 2 (3)

Primary site 0.003**
 Oral cavity 23 (16) 5 (7) 18 (23)
 Oropharynx 47 (33) 28 (39) 19 (24)
 Larynx 62 (43) 26 (36) 36 (46)
 Hypopharynx 11 (8) 13 (18) 5 (7)

T stage 0.019*
 Tis-T2 58 (39) 35 (49) 23 (29)
 T3–T4 92 (61) 37 (51) 55 (71)

N stage 0.068*
 N0 62 (41) 24 (33) 38 (49)
 N+ 88 (59) 48 (67) 40 (51)

Stage 0.837*
 0–II 28 (19) 14 (19) 14 (18)
 III–IV 122 (81) 58 (81) 64 (82)

RT 1.000*
 Adjuvant 37 (25) 18 (25) 19 (24)
 Radical 113 (75) 54 (75) 59 (76)

RT techniques 0.002*
 3DCRT​ 75 (50) 26 (36) 49 (63)
 IMRT 75 (50) 46 (64) 29 (37)

RT schedule 1.000*
 Standard 103 (69) 49 (68) 54 (69)
 Slight acceler-

ated
47 (31) 23 (32) 24 (31)

Systemic therapy < 0.0001**
 No 92 (61) 30 (42) 62 (80)
 Cetuximab 25 (17) 17 (23) 8 (10)
 Chemotherapy 33 (22) 25 (35) 8 (10)

Treatment com-
pleted

0.747**

 Yes 140 (93) 68 (94) 72 (92)
 No 10 (7) 4 (6) 6 (8)
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Survival analysis

The AWD was assessed for all but 10 patients (excluded 
because they did not complete RT). Among patients who 
completed the treatment (140 patients, 93%) univariate 
and multivariate survival analysis was performed; median 
overall survival was 73  months. The mean AWD was 
9.28 ± 0.92, ranging from 3.84 to 12.07. Optimal cut-off 
of AWD for LRC was 9.236 (p = 0.018).

In univariate survival analysis low PS (p = 0.005), 
T3–T4 (p = 0.021), Stage III–IV (p = 0.046) and AWDLow 
(< 9.236) (p = 0.018) were significantly associated with 
lower LRC; low PS (p < 0.001) and Group 2 (p = 0.006) 
were also associated with lower OS (Tables 2, 3). Figures 
showed LRC and OS by AWD (Fig. 1) and by PS (Fig. 2). 
Considering patients treated with radiotherapy alone 
AWDLow was significantly associated with lower LRC 
(p = 0.04) whereas among patient treated with concomi-
tant chemotherapy AWD did not affected LRC (p = 0.18) 

Table 2   Univariate and 
multivariate survival analysis 
for loco-regional control (LRC)

Variable Univariate survival analysis Multivariate survival 
analysis

n. (%) 5-year LRC (%) p HR (95% CI) p

Gender 0.403 – –
 Male 103 (74) 67.6 – –
 Female 37 (26) 62.1 – –

Age Group 0.729 – –
 Group 1 68 (49) 67.9 – –
 Group 2 72 (51) 64.1 – –

PS 0.005 0.032
 0 82 (59) 76.4 1
 1 45 (32) 56.7 1.91 (0.97–3.75)
 2 13 (9) 33.6 3.10 (1.24–7.74)

Primary site 0.886 – –
 Oral cavity 22 (17) 74.2 – –
 Oropharynx 42 (31) 71.3 – –
 Larynx 56 (42) 62.5 – –
 Hypopharynx 14 (10) 56.3 – –

T stage 0.022 0.84
 Tis-T2 55 (39) 79.4 1
 T3–T4 85 (61) 57.4 0.92 (0.41–2.05)

N stage 0.605 – –
 N0 56 (40) 68.6 – –
 N+ 84 (60) 64 – –

Stage 0.012 0.11
 0–II 27 (19) 90.9 1
 III–IV 113 (81) 60.1 2.95 (0.80–10.93)

RT 0.500 – –
 Adjuvant 36 (26) 54.7 – –
 Radical 104 (74) 69.1 – –

RT technique 0.432 – –
 3DCRT​ 68 (49) 70.9 – –
 IMRT 72 (51) 59.6 – –

AWD 0.017 0.07
 High 91 (65) 74.9 1
 Low 49 (35) 48.6 1.78 (0.96–3.30)

CHT (Stage III–IV; radical) 0.0181 – –
 No 35 (43) 45.3 – –
 Cetuximab 20 (24) 71.2 – –
 Chemotherapy 27 (33) 81.1 – –
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(Fig.  1c, d). Moreover considering only stage III–IV 
patients treated with radical intent the adding of chemo-
therapy significantly impact on LRC and OS (Fig. 3). No 
correlation was found between AWD and total RT dose 
(p = 0.68). The multivariate analysis confirmed the inde-
pendent significant value of PS for the prediction of both 
LRC and OS (p = 0.035 and p < 0.001, respectively) as 
showed in Tables 2, 3.    

Discussion

Results of this analysis suggest that AWD should be a pri-
ority parameter to consider for elderly patients treated with 
radiotherapy not associated to systemic therapy as impact 
on LRC. Previously, also Dragovic et all analyzed 601 
patients treated with different radiation regimens, with or 
without chemotherapy and detected a better loco-regional 

Table 3   Univariate and 
multivariate survival analysis 
for overall survival (OS)

Variable Univariate survival analysis Multivariate survival 
analysis

n. (%) 5-year OS (%) p HR (95% CI) p

Gender 0.169 – –
 Male 103 (74) 54.1 – –
 Female 37 (26) 42.7 – –

Group 0.006 0.084
 Group 1 68 (49) 63.4 1
 Group 2 72 (51) 40.8 1.62 (0.94–2.80)

PS < 0.0001 0.001
 0 82 (59) 67.3 1
 1 45 (32) 39.3 1.79 (1.0–3.2)
 2 13 (9) 7.7 4.2 (2.0–8.8)

Primary site 0.101 – –
 Oral cavity 22 (17) 31.1 – –
 Oropharynx 42 (31) 56.8 – –
 Larynx 56 (42) 58.1 – –
 Hypopharynx 14 (10) 34.7 – –

T stage 0.097 – –
 Tis–T2 55 (39) 65.2 – –
 T3–T4 85 (61) 42.4 – –

N stage 0.192 – –
 N0 56 (40) 62.5 – –
 N+ 84 (60) 42.8 – –

Stage 0.044 0.139 
 0–II 27 (19) 76.5 1
 III–IV 113 (81) 44.4 1.78 (0.83–3.78)

RT 0.311 – –
 Adjuvant 36 (26) 33.6 – –
 Radical 104 (74) 55.39 – –

RT technique 0.915 – –
 3DCRT​ 68 (49) 51.8 – –
 IMRT 72 (51) 49.3 – –

AWD 0.096 – –
 High 91 (65) 55.6 – –
 Low 49 (35) 41.6 – –

CHT (Stage III–IV; radical) 0.001 – –
 No 35 (43) 31.2 – –
 Cetuximab 20 (24) 36.8 – –
 Chemotherapy 27 (33) 81.9 – –



	 Medical Oncology (2019) 36:42

1 3

42  Page 6 of 9

control in those patients that underwent to exclusive RT 
with AWD > 10 Gy, suggesting that maximizing the timeli-
ness of AWD should be a high priority for these patients. 
As in our study, AWD was not identified as a crucial 
point for patients treated with chemoradiation regimen 
(both cisplatin than cetuximab), probably due to different 
mechanism of action of various chemotherapies and RT 
and to the possibility that chemotherapy may compensate 

for potential deleterious effects of breaks in RT [11]. The 
main difference of our analysis is represented by the selec-
tion of elderly patients that represent a critical popula-
tion in which some data reported a major rate of treatment 
interruptions [12]; Dragovic et al. considered very differ-
ent patients with a median age of 57 years and about 63% 
of whom received chemoradiotherapy.

Fig. 1   Kaplan Meier curves for Loco-regional control (LRC) and Overall survival (OS) by AWDLow vs AWDHigh a: LRC for all patients, b: OS 
for all patients, c: LRC RT alone vs chemoradiotherapy (CHRT), d: OS RT alone vs chemoradiotherapy (CHRT)

Fig. 2   Kaplan Meier curves for Loco-regional control (LRC) and Overall survival (OS) by PS
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In HNC it is recognized that the overall treatment time is 
an important prognostic factor influencing local control [13] 
so different radiotherapy fractionations have been studied 
hypothesizing that the more rapid delivery of treatment may 
be beneficial [14, 15]. At the same time prolonging radiation 
course with RT breaks is reported to result in a decrease in 
local control and survival [13].

At date the level of evidence on treatment of HNC 
elderly patients is still low both for radiotherapy and for 
the possible association with systemic therapy. In this con-
text we should remind that the recent update of MARCH 
meta-analysis demonstrated in HNC patients a significant 
interaction between the effect on overall survival and altered 
fractionation regimens with an absolute difference of 8.1% 
for the hyperfractionated group (where the AWD is generally 
high); the survival benefit decreased when the age increased 
(reduction in treatment effect for progression free survival) 
but was otherwise consistent in all subgroups [16].

Moreover an important issue in elderly patients is the 
tendency towards less aggressive treatment reported by 
some investigators [17]; even if we do not have a compari-
son arm with younger patients, we also found that fewer 
patients in group 2 (older patients) were treated with com-
bined therapy. This probably is related to different factors 
and especially to the literature evidence that adding systemic 
therapy including cetuximab to radiotherapy do not confers 
any advantages in elderly population [18–20]. Also the 
landmark trial of Bonner et al., detected a benefit of adding 
cetuximab to RT vs RT alone, demonstrated no improve-
ment in patients > 65 years [21]. On the other hand offering 
aggressive radiotherapy to elderly patients is often hampered 
by the concern about tolerance and possible decreased nor-
mal tissue tolerance to RT [22]. Limited data are available 
to address the issue of tolerance in elderly patients; some 
studied reported that they can tolerate treatment as well as 
younger but generally are all small trials [23–25]. Interest-
ingly in our experience patients with stage III–IV disease 

that received radiotherapy plus chemotherapy or cetuximab 
had a benefit in LRC and the adding of chemotherapy impact 
also on OS. In our opinion this datum, even if not derived 
from a randomized trial, is to underline as demonstrated that 
a subgroup of elderly patients could, not only, well tolerate 
combined treatment but also improve outcomes.

From our analysis emerged also the importance of PS, 
probably this might be explained by the fact that patients 
with worse PS did not received chemotherapy and this reflect 
its impact both on LRC than on OS.

At date, probably the real challenge is to identify which 
subgroup of elderly patients may benefit from a more aggres-
sive therapy. Treatment decision should be based also on a 
complete geriatric evaluation that allows to integrate func-
tional age into the decision making process. Different studies 
started to use the geriatric assessment in HNC [26–28] with 
the aim to divide patients in 3 main groups: fit, vulnerable, 
and frail; this categorization help to personalized therapies 
and identified patients that could receive “intensified” treat-
ment (fit) and vulnerable patients that probably need of an 
implementation of supportive care strategies.

One limitation of the present study was that a detailed 
acute toxicity was not collected but we chose unplanned RT 
interruptions and non completion of RT as surrogate indica-
tors; we did not detected any differences in the two groups of 
patients with an excellent compliance considering that 93% 
of the patients completed the planned radiotherapy course.

We further underline that the proportion of elderly 
patients in clinical trials is little and those included are not 
representative of all elderly population as they are extremely 
selected and fit for “intensive” treatment. Moreover literature 
data on elderly HNC patients derived all from trials initi-
ated 20 to 50 years ago that enrolled mainly HPV negative 
patients with tobacco and alcohol abuse. It is known that the 
incidence of tobacco and alcohol related HNSCC is decreas-
ing whereas the incidence of oropharyngeal SCC that are 
often HPV related and with better outcomes is increasing 

Fig. 3   Kaplan Meier curves for Loco-regional control (LRC) and Overall survival (OS) by systemic therapy in stage III–IV
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not only in younger patients but also in elderly: thus modern 
elderly HNC patients may represent a very different popula-
tion than those analyzed in meta-analysis and data available 
do not find an easy application in clinical practice.

At last we have to consider also the evolution of radio-
therapy techniques as IMRT that reduced toxicity rate [29, 
30], so if we integrate all these observations it is possible 
that the therapeutic index of elderly HNC patients could 
increase in the next years.

Conclusion

The results of this retrospective analysis detected that an 
AWD > 9.236 Gy is beneficial for RT alone regimens. Also 
elderly HNC patients could have good outcomes with no 
evidence of impaired treatment tolerance. Moreover patients 
with locally advanced disease that underwent to combined 
radical treatment have better loco-regional control rates than 
patients treated with radiotherapy alone. Even if chronologic 
age should not be a contraindication for definitive RT further 
studies based on a better selection of patients are warranted 
in order to improve prognosis in older patients.
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