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Abstract

Background: The aim of the study was to evaluate local control and toxicities of strongly hypofractionated electron beam 

radiotherapy (RT) in elderly and fragile patients with facial nonmelanoma skin cancer (NMSC).

Materials and methods: We enrolled patients aged ≥ 65 years with facial NMSC, Karnofsky Performance Status (KPS) ≥ 40 

and life expectancy ≥ 6 months, amenable neither to daily RT nor surgery. Radiotherapy consisted of 35 Gy, delivered with 

6 MeV electron beam, in 5 fractions of 7 Gy/day twice a week (tw). Prescription isodoses were 100% for cT1–cT2 and 90% for 

cT3–cT4. Objective response was assessed clinically 4 and 8 weeks after the end of RT and then monitored every 6 months. 

Side effects were assessed according to the CTCAE scale.

Results: 12 patients of median age 89.5 years with a total of 23 NMSC cN0 achieved a median follow-up time of 6 months 

(range 1–10), with total treatment compliance. 10/12 patients had a 40 ≤ KPS < 70 and 2/12 a 70 ≤ KPS < 90. 5/12 patients had 

synchronous lesions. 22/23 lesions were classified as T1–T2 and had complete response (CR), 1/23 as T4 with partial response 

(PR). Within 4 weeks after the end of treatment, G1 toxicity was reported for 12/23 lesions , G2 for 8/23, G3 for 3/23, G4 for 

0/23, all disappeared 8 weeks later, with or without topical therapy. After last follow-up (1 June 2020) 1/12 patients died with 

PR from senile marasmus, 11/12 are alive with CR and widely tolerated toxicities.

Conclusions: Extreme hypofractionation of radiotherapy dose for facial NMSC is effective, safe and suitable for elderly patients.
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Introduction

Non-melanoma skin cancers (NMSC), in the 
basal cell and squamous cell variants, represent 
the most frequent tumor pathology of the skin, 
with a clear prevalence of the first histotype over 
the second, as suggested by some European and 

American registries [1–5]. All these epidemiologi-
cal sources agree in indicating the advanced age, 
the white skin phototype and the prolonged sun 
exposure, especially related to specific occupational 
activities, as the main risk factors for the devel-
opment of these tumors. The damage induced by 
ultraviolet radiation is cumulative so the risk of 
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developing NMSC becomes more pronounced at 
a very advanced age, a biological era in which, due 
to the presence of comorbidity or poor compliance 
of the patient, the range of therapeutic choices that 
normally includes surgical excision, radiotherapy, 
electrocoagulation, cryotherapy, photodynamic 
and topical therapies (ie 5-fluorouracil, imiqui-
mod, etc.), vismodegib (for basal cell carcinomas), 
is restricted to the exclusive use of some of them, 
often in palliative settings. Radiation therapy (RT) 
emerges among the most comfortable therapeutic 
options and guarantees good disease control even 
in schedules with dose hypofractionation. Further-
more, radiotherapy is offered as a more effective 
and safe alternative to surgery in those cases where 
lesions are on surgically inaccessible sites or which 
involve both cosmetic and functional impairments 
(pinna, nasal pyramid, vermillion border, angulus 
oculi medialis, etc.). We report here the toxicity 
and local disease control results of a small series of 
elderly patients with NMSC of the face, not suitable 
for surgical treatment either by comorbidity or by 
functional outcome or by patient choice, treated 
with radiotherapy employing a non-standard dose 
hypofractionation scheme.

Materials and methods

Patients not amenable to daily treatment, aged 
over 65 years and with histological confirmation 
of basal cell (BCC) or squamous cell carcinoma 
(SCC) of the face, were considered as candidates 
for this treatment. These patients were preliminar-
ily examined by radiation oncologists and plastic 
surgeons. Patients excluded from surgical treat-
ment for comorbidities, multifocal lesions with 
problematic reconstruction, frailty or by their own 
choice were referred to RT. Given the short dura-
tion of the radiotherapy schedule, for better patient 
compliance, minimum eligibility criteria for treat-
ment were a Karnofsky Performance Status (KPS) 
of at least 40 and a life expectancy of at least 6 
months. In cases of complex morphology or clini-
cally suspected lesions due to deep infiltration (T3, 
T4 according to TNM staging system), at least one 
confirmation CT scan was required to guide the 
choice of the isodose to which the 6 MeV Electron 
energy treatment dose was prescribed: 90% in the 
case of deeper lesions, 100% in the case of more 
superficial lesions.

The electron applicator mounted to the gantry 
head was positioned in contact with the skin so 
that source to skin distance (SSD) and source to 
collimator distance (SCD) were both equal to 100 
cm. Collimators of various shapes (circular, quad-
rangular or rectangular) and size were used looking 
for an expansion of at least 1.5–2 cm around the 
macroscopic disease in order to compensate for the 
large field edge penumbra region, characteristic of 
electrons, and cover the subclinical disease. It was 
decided not to use bolus due to the difficult appli-
cation in areas with poor adherence. In lesion sites 
near the eye (nasal root, inner canthus of the eye, 
cheekbone) where it is not possible to position the 
applicator in contact with the skin, we used lead 
cutout to shield it from the lateral scattering of the 
electron beam.

Patients were immobilized using a thermoplas-
tic mask, suitably cut to expose the skin area to be 
treated. The radiotherapy treatment, consisting of 5 
fractions of 7 Gy each, was delivered every Monday 
and Thursday or, alternatively, every Tuesday and 
Friday, so that it was completed in 15 days. The 
follow-up was the time elapsed from the starting 
date of radiotherapy to the date of the last analy-
sis (June 1, 2020). Local recurrence-free survival 
was determined by the Kaplan-Meier method. The 
objective response was evaluated clinically 4 and 
8 weeks after the end of the treatment and every 6 
months thereafter and photographically recorded. 
The side effects were assessed and noted using the 
Common Terminology Criteria for Adverse Events 
(CTCAE). Obtaining informed consent was man-
datory for processing.

Results

In the period between 1 August 2019 and 1 June 
2020 we enrolled 12 patients (8 males, 4 females) 
of median age 89.5 years (range 66–98 years) with 
a total of 23 localizations of NMSC cN0 (on average 
1.9 lesions/patient), including 8 squamous cell carci-
nomas and 15 basal cell carcinomas (Tab. 1). The me-
dian follow-up time was 6 (range 1–10). Compliance 
with treatment was excellent, with all patients hav-
ing completed the schedule. Only 4/23 lesions had 
previously been removed and judged not to be fur-
ther surgically attackable at recurrence; all the other 
ones had not received any previous treatment. 6/12 
patients lived in nursing homes for elderly people 
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or needed home health care, 4/12 presented health 
problems that severely limited their autonomy in 
daily activities (10/12 patients with 40 ≤ KPS < 70), 
2/12 were fairly autonomous (70 ≤ KPS < 90). 5/12 
patients had synchronous lesions.

8/12 patients had cardiovascular and/or dysmet-
abolic and/or neurodegenerative diseases in their 
medical history. 22/23 lesions were classifiable as 
T1–T2 (< 5 cm), 1/23 as T4. 22/23 lesions had 
a complete documented clinical response to the 4 
weeks or 8 weeks scheduled physical exam. 1/23 
had a partial response, a voluminous squamous cell 
carcinoma cT4 with dimensions over 8 cm in diam-
eter involving almost half of the face with extensive 
invasion of the underlying tissues, bleeding enough 
to condition the onset of a moderate-severe anemia 
(8 g/dL) in which the therapeutic goal was to ob-

tain a lasting hemostasis, effectively achieved and 
documented at the first post-treatment check. At 
the end of the radiotherapy treatment and/or at the 
control at 4 weeks 12/23 lesions reported a G1 tox-
icity, 8/23 G2, 3/23 G3, no G4 toxicity. All of them, 
however, regressed at the control after 8 weeks, with 
or without topical therapy, and also not showing 
any correlation between the experienced grade of 
toxicity, the location and the tumor stage (Fig. 1, 2). 
At the date of the last follow-up (1 June 2020) 1/12 
died due to senile marasmus with a partial clinical 
response, 11/12 are alive with a complete clinical 
response and no lasting toxicities that could com-
promise the patient cosmetic satisfaction. The ac-
tuarial rate of local control with complete clinical 
response at 6 months was 95.5%, corresponding to 
a progression-free survival at 6 months of 100%. 
There was no cancer-related death.

Discussion

Radiation therapy in the treatment of skin can-
cers can be applied, as well known, through vari-
ous methods that include KV X-rays, high energy 
photons (4–6 MV), brachytherapy and external 
electron beam. Cognetta et al. [6], in a broad ret-
rospective analysis of 1715 NMSC, reported excel-
lent results both in terms of local control at 2 and 
5 years (relapse rates of 1.9% and 5%, respectively) 
and cosmetic results (from good to excellent in 
all cases) with a fractionation scheme of 35 Gy in 
5 fractions of 7 Gy/day delivered using superfi-
cial X-rays that offered treatment success rates and 
functional outcomes comparable to those achiev-
able with Mohs surgery. The kilo- and orthovoltage 
units (50–300 KV) generally do not require bolus 
for a dose targeted to superficial tissues. Conversely, 
superficial X-rays are not ideal to treat skin lesions 
≥ T3 according to TNM staging system. The greater 
versatility of the high energy photons (4–6 MV) 
produced by the linear accelerator (LINAC), in-
tegrated with bolus of variable thickness for the 
modulation of the dose in depth and carefully mon-
itored by the modern Treatment Planning System 
lead to the progressive abandonment of the kilo- 
and orthovoltage X-ray treatment units. However, 
this choice is more cumbersome, time-consuming 
and often worse than the other methods; therefore, 
it is strongly discouraged in the cases of lesions 
localized in anatomical areas to which, due to their 

Table 1. Patients’ characteristics

Median age (years) 89.5 (66–98)

Gender 

Female 4 (33.3%)

Male 8 (66.7%)

Histotype 

Squamous cell carcinoma 8 (34.8%)

Basal cell carcinoma 15 (65.2%)

Stage

T1 tumors (clinically evaluated) 9 (39.1%)

T2 tumors (clinically evaluated) 13 (56.6%)

T4 tumors (radiologically confirmed) 1 (4.3%)

Tumor site 

Nose 2 (8.7%)

Zygomatic area 5 (21.7%)

Eyelid-periorbital area 1 (4.3%)

Ear, pre- and retroauricolar region 5 (21.7%)

Cheek 5 (21.7%)

Forehead-temples 3 (13%)

Vertex 2 (8.7%)

Acute skin toxicity sec. CTCAE 

G1 12 (52.2%)

G2 8 (34.8%)

G3 3 (13%)

G4 0

Response

Complete responses 22 (95.7%)

Partial responses 1 (4.3%)

CTCAE — Common Terminology Criteria for Adverse Events 
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conformation, it is hard to apply a bolus adhering 
to the target surface (i.e. nasal root, inner canthus 
of the eye, lower lid crease, eyelid cheek junction, 
etc.), that is required for a correct distribution of 
the prescribed dose.

Modern gamma-emitting devices for contact 
and/or interstitial brachytherapy overcome these 
limits, guaranteeing better adhesion to irregular or 
curved surfaces and also benefit from a steeper dose 
fall off that helps to save surrounding healthy tis-
sues and to achieve functional and cosmetic result 
(good to excellent between 78 and 92% of cases) 
[7, 8]. This method requires particular skills, is not 
so widespread and relies on availability of a radio-
isotope whose efficiency decays naturally over time. 
All these factors limit therefore its choice by most 
radiation oncologists.

In this context, the use of electrons emitted from 
LINAC is a choice that is easily available, effec-
tive and with an optimal dose distribution profile. 
The low energy electron beams (3–4 MeV), indeed, 
have a short build-up (between 5 and 10 mm) with 
a release of 80% of the dose already on the surface, 
thus being able to avoid the application of a bolus, 
and with a low diffusion to the underlying tissues 
such as subcutaneous fat, muscles and bone, thus 
limiting toxicity. On the other hand, this technique 
gives a shadowing deposition on the field edges 
that requires an expansion of at least 1 cm for the 

optimal coverage of the clinical target, driven by 
the final collimation in contact with the skin. These 
considerations motivate our clinical practice as well 
as that of most radiation oncologists who do not 
have the above techniques and are supported by 
works such as those of Scholten et al. [9]. The re-
cent overview by Pashazadeh et al. [10] examines 
the pros and cons of each method and, although 
promoting the topical application of beta-emitters 
capable of maximizing the dose to the tumor while 
minimizing that to healthy tissue, recognizes its 
limited availability and suggests the electrons pro-
duced by LINAC as a valid alternative.

Concerning hypofractionation, works such as 
those of van Hezewijk and Kwan et al. [11, 12] 
underline its safety and efficacy, having obtained in 
their experiences (two-arms and multi-regimen, re-
spectively) local control rates and cosmetic results 
comparable to those achievable with 2–3 Gy/frac-
tion regimes by using doses per fraction of 4.4 Gy 
and 7 Gy, respectively. Similarly, Pelissero et al. and 
the subsequent update by Russi et al. have reported 
long-lasting complete response in almost 100% of 
elderly patients (median age 82.5 years) with 159 
BCC of the face T1–T2 treated with an exclusive 
radiotherapy schedule of 25–30 Gy in 5–6 fractions 
of 5 Gy once a week , with acute skin toxicity not 
higher than level 2 in only 30% of cases [22, 23]. 

Figure 2. A patient with a non-melanoma skin cancer 
(NMSC) lesion localized at the inner canthus of the right 
eye: on the left pre-radiotherapy status, on the right  
— 8 weeks after RT status

Figure 1. A patient with multiple facial non-melanoma skin 
cancer (NMSC): on the left pre-radiotherapy status, on the 
right — 8 weeks after RT status
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However, since our clinical records also included 
cases of squamous cell carcinoma, we believed that 
the above dose could be insufficient, especially for 
more extended tumors.

The survey produced in 2014 in the UK high-
lighted the extreme heterogeneity of the fractiona-
tion schedules used in different radiotherapy cent-
ers, reporting the following as the most frequent: 
18–20 Gy/1 fx, 35 Gy/5 fx, 45 Gy/10 fx and 55 Gy/20 
fx [13]. The single fraction recognizes as a limit of 
applicability the tumor extension which must be less 
than 3 cm [14] while the last two schedules require 
a number of accesses that may not satisfy the compli-
ance of the elderly patient. For such reasons, we be-
lieve that the dose of 35 Gy in 5 fractions of 7 Gy/day  
can represent an adequate therapeutic option; the 
bi-weekly schedule is supported by the tables of the 
time dose fractionation factor by Orton and Ellis, 
from which, for the examined dose, it is possible to 
extrapolate a therapeutic index equal to 98, favora-
bly between the suggested limits of 90–110 [15].

Furthermore, assuming an alpha/beta ratio equal 
to 14 for the tumor, this fractionation allows the 
achievement of a biologically effective dose (BED) 
of 52.5 Gy, adequate for disease control. On the oth-
er hand, such a measure will correspond to 116.67 
Gy for healthy tissues, for which the α/β ratio is as-
sumed equal to 3, that is sufficiently safe in terms of 
late toxicity. Indeed a hazard ratio for local relapse 
significantly greater than 1 has been reported e.g. 
by Silva et al. [16] upon failure to achieve the afore-
mentioned tumor BED threshold and late sequelae 
were observed in less than 6% of cases irradiated 
with 35 Gy/5 fx, results considered acceptable by 
us. The review by Zaorsky et al. [18] is in agreement 
with these results, mentioning the prescription dose 
of 35 Gy in 5 fx among the schedules which, not 
deviating excessively from a BED₃ ≈ 100 for healthy 
tissues, guarantees a good cosmetic result in at least 
80% of cases.

Also the recent review by Gunaratne et al. [17] 
encourages the use of hypofractionation in the frail 
elderly patient, where the reduction of the overall 
treatment time is often crucial to comply with pre-
scription directions, and promotes the schedules 
with 1–3 sessions per week and a dose/fraction of 
5–7 Gy for a total dose between 30 and 40 Gy as 
more effective and tolerable.

In a fairly broad retrospective analysis performed 
on 334 NMSC ear lesions irradiated mostly with 

orthovoltage-X-rays (in 83% of cases) or electrons 
(12%), adopting the same prescription as that tested 
in our experience for 123 lesions but hypofraction-
ing in almost all cases, the authors reported a prom-
ising 2 and 5 year local control rate of 86.6% and 
79.2%, respectively, with a cancer-specific survival 
of 96% at the same time points. Although the use of 
electrons (together with lesion dimensions, tumor 
histology, field size and a longer overall duration 
of treatment) correlated, in a univariate analysis, 
with a worse local failure rate, this evidence was 
not confirmed by multivariate analysis, where only 
tumor size and BED (with a hazard ratio of 1.69 for 
every 5 Gy decrease) turned out to be significant 
predictors of the risk of recurrence (p = 0.02 and 
p = 0.03, respectively). In addition to local control, 
another reassuring data is the severe toxicity rate 
(G4 according to the RTOG scale = necrosis and 
ulceration of the treated area that persist for over 
3 months and/or with the need for surgical treat-
ment), found in only 4.9% of patients at 2 years and 
in 7.3% at 5 years and linked to dose hypofraction. 
This, however, was particularly true for the dose 
per fraction of 4.3–4.5 Gy (severe late toxicity in 
14.5 % of cases) and for the dose per fraction of 7 
Gy (5.7%), while the schedules with dose per frac-
tion < 3 Gy were not followed by any severe adverse 
event (0%) [16].

Just like the ear, the nose could constitute, due to 
the cartilaginous skeleton on which the integumen-
tary system rests, an anatomical region particularly 
susceptible to radiation damage with significant 
cosmetic sequelae in case of hypofractionation of 
the radiotherapy dose. However, this suspicion is 
denied in the work of Tsao et al. in which no grade 4 
toxicity according to the RTOG scale was detected, 
not even among patients who had received a dose 
of 35 Gy in 5 fractions on consecutive days, against 
an exceptional disease control (90% at 2 years) [19]. 
Our experience relies on the same inspiration as 
that of Veness [20], and actually investigates the 
efficacy and tolerability of a strongly hypofraction-
ated radiotherapy scheme. Our results have proved 
to be in accordance with evidence in literature, al-
though with limited follow-up, and promote as suf-
ficiently safe the use of the scheme adopted by us 
on a larger elderly and fragile population, especially 
among the subjects who are not candidates for sur-
gery due to high anesthesiological risk, with mul-
tiple synchronous lesions, located in areas where 
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the surgical approach would be mutilating and cos-
metically unacceptable, or with poor performance 
status, presence of severe comorbidities, in therapy 
with anticoagulants or antiplatelet agents, limited 
life expectancy, hospitalized in nursing homes with 
logistical and organizational issues for daily and 
protracted access to radiotherapy departments or 
with reduced compliance.

Finally, the usefulness of this scheme could over-
whelmingly be established in particular kinds of 
socio-health emergency contexts with the impera-
tive need to limit access to health facilities and for 
time reduction of care for public health reasons (ie 
COVID-19 pandemic) [21, 24].

Conclusions

Hypofractionation of the radiotherapy dose for 
the treatment of elderly patients with NMSC of 
the face is safe and effective. The 35 Gy schedule 
in 5 fractions of 7 Gy delivered with low energy 
electron beam twice a week guarantees optimal pa-
tient collaboration and pursues a curative and func-
tional result comparable to that obtainable with the 
standardized schedules. The unfitness of elderly and 
frail patients and the discomfort of the protracted 
schedules make randomized clinical trials difficult 
to conduct in order to compare between strongly 
hypofractionated vs. normofractioned schedules 
and, therefore, considering the emerging amount of 
data supporting hypofractionation, this option ap-
pears to be the most appropriate and valid choice in 
this specific patient setting. The most evident limi-
tations of this experience are the sample size and 
the short duration of the follow-up, hence, studies 
with a much larger number of patients and with 
more mature data are to be encouraged.
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