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Objectives: To assess feasibility and safety of a SHort-
course Accelerated RadiatiON therapy (SHARON)
regimen, in the treatment of non-melanoma skin cancers
(NMSQ) in older patients.

Methods: Old patients (age > 80 years) with histological
confirmed non-melanoma skin cancers were enrolled.
The primary endpoint was to determine the maximum
tolerated dose (MTD). Radiotherapy regimen was based
on the delivery of four radiotherapy fractions (5 Gy per
fraction) with a twice daily fractionation in two consec-
utive days. Three different level of dose were adminis-
tered: 20 Gy (one cycle), 40 Gy (two cycles) and 60 Gy
(three cycles).

Results: Thirty patients (median age: 91 years; range:
80-96) were included in this analysis. Among fourteen
patients who completed the one cycle, only one (7%)
experimented acute G4 skin toxicity. Twelve patients

INTRODUCTION

Non-melanoma skin cancer (NMSC), comprising of
basal cell carcinoma (BCC) and squamous cell carcinoma
(SCC), is by far the most frequent cancer in white popu-
lation, and numerous studies have shown that incidence
rates of NMSC are increasing worldwide.'® Age-specific
incidence rates continuously increased between 1970 and
2016: throughout the entire period, the highest incidence
rates were observed in >80 years people.” Large skin lesions
are often painful, bleeding and septic, causing discomfort

reported an improvement or resolution of baseline symp-
toms (overall palliative response rate: 85.8%). Nine and
seven patients underwent to two and three RT cycles,
respectively: of these, no G3 toxicities were recorded.
The overall response rate was 100% when three cycles
were delivered. The overall six-month symptom-free
survival was 78.7% and 77.8% in patients treated with
one course and more courses, respectively.
Conclusions: Short-course accelerated radiotherapy in
older patients with non-melanoma skin cancers is well
tolerated. High doses seem to be more effective in terms
of response rate.

Advances in knowledge: This approach could represent
an option for older adults with NMSC, being both pallia-
tive (one course) or potentially curative (more courses)
in the aim, accordingly to the patient’s condition.

for both patient and caregivers.® In these cases, a pallia-
tive radiotherapy (RT) is indicated, although a consensus
on the standard dose and fractionation is still lacking.**°
For smaller lesions, conventional radiation treatments
take 6 weeks to complete. Unfortunately, completion of
planned treatment protocol without interruptions is not
always possible because of comorbid diseases and poor
patient compliance. The compliance rate and completion
rate of planned treatment are far less in elderly patients.!!

Hypofractionation, indeed, an approach where the number
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of fractions is reduced while increasing dose per fraction, seems
to be an effective option for local control with also a tolerable
treatment-related toxicity.'?

In our experience, various trials investigating a palliative
schedule treatment for cancer sites throughout the body,
reported satisfying outcomes'>** even in older patients.”>*! In
particular, repeated short RT courses in head and neck cancer
resulted safe and able to prolong palliative outcomes.! We
postulated that these results could be translated in head and
neck skin cancer patients, a setting where an urgent symptoms
palliation as well as an effective treatment improving symptoms
control are required.

Based on this rationale, we planned a prospective phase I trial
of a repeated SHort-course Accelerated RadiatiON therapy
(SHARON RT) in old adults (=80 years) with an NMSC in head
and neck (H&N) region.

METHODS AND MATERIALS

Study design and endpoints

The original trial for Head and Neck cancer was approved by the
Catholic University Institutional Review Board (SHARON H&N
protocol # NCT03196700; local Ethical Committee: UCSC-
CB-2009/31); the adaptation in head and neck NMSC of older
patients was subsequently approved by the Internal Hospital
Tumour Board.

This was a single-center dose-escalation trial aimed to determine
the maximum tolerated dose (MTD), designated as the dose
level below that in which dose-limiting toxicity (DLT) appears
in at least one-third of patients. Three dose levels were consid-
ered starting from a total dose of 20Gy, five Gy per fraction
delivered two times a day in two consecutive days (first cohort).
The second cohort underwent this treatment twice, one month
apart, reaching a total dose of 40 Gy. Similarly, three cycles (total
dose: 60Gy) were administered to the third cohort a month
apart from each other. DLT was defined as any treatment-related
non-hematologic acute adverse effect graded three or higher
according to the RTOG scale.””

At the first dose level, a minimum of six patients were treated.
After the treatment of the last patient in the cohort, three months
of follow-up were necessary to accurately assess acute toxicity. In
the meantime, the enrolment continued. If two of the six patients
at a certain dose level presented severe acute toxicity (Grade >
3), other six patients were enrolled to expand the cohort up to
twelve patients.

The study would have been stopped if: 1) DLT incurred in more
than two patients in a not-expanded group (six patients) or
2) four or more than four patients in the larger cohort (twelve
patients) have had unacceptable toxicity. In both cases, the
recommended dose was the dose level below that one tested and,
if not, the trial moved on to the following dose level.

The secondary endpoints were late toxicities, symptoms (pain
and bleeding) response rate, QoL scores, symptoms-free survival
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(SES). Survival outcomes were calculated from the first day of RT
until last follow-up visit, or loss to follow-up or death.

Major inclusion/exclusion criteria

Inclusion criteria were: histological proved non-melanoma skin
cancer (NMSC) in head and neck region, age > 80 years, expected
survival > three months, Eastern Cooperative Oncology Group
(ECOQG) performance status (PS) of < three, and contraindi-
cation to surgical excision or chemoradiation due to difficulty
in reconstruction and/or comorbidities. Furthermore, patient’s
preferences and logistical issues were considered. On the
contrary, exclusion criteria were collagenopathies or previous
irradiation on the same area.

Every patient signed a written consent form authorizing the
therapy and the use of their data in further analyses. A compre-
hensive clinical history, physical examination, complete blood
count, and a head and neck computed tomography (CT) scan
and/or magnetic resonance imaging (MRI) were all part of the
pre-treatment evaluation. Data on pain and other symptoms,
performance status (ECOG), and quality of life (QoL) were
collected before and after the treatment. Visual Analog self-
assessment Scale (VAS) was used to measure pain, whilst pain
intensity and use of analgesics were also recorded according to
the International Atomic Energy Agency (IAEA) scale (Pain
and Drug scores). As reported elsewhere, QoL indices were
assessed by the cancer linear analog scales (CLAS1, CLAS2, and
CLAS3).%

Treatment

All patients underwent planning CT-simulation (5mm incre-
ments over the region of interest) in supine position. A thermo-
plastic mask was used for immobilization purpose. The gross
tumour volume (GTV) was identified by clinical inspection and
palpation, then the lesion was marked-up with a thin wire. A
diagnostic CT and/or MRI was used to assess the disease extent
and the depth of invasion. The clinical treatment volume (CTV)
included the GTV plus 1 cm margin, while the planning target
volume (PTV) was defined by adding another isotropic 1cm
margin to the CTV (adapted if required). A surface bolus was
used in all cases, to ensure adequate dose at the skin.?* The bolus
thickness (5 or 10mm) was chosen depending on the depth
of cancer invasion. No nodal irradiation was performed. The
3D conformal radiotherapy (3D-CRT) technique was used to
facilitate and faster the planning time; however, when doses to
organs at risk (OARs) were unacceptable, intensity-modulated
RT (IMRT) technique plan was performed and delivered. The
dose was specified according to the International Commission
of Radiation Units and Measurement (ICRU) 62 for 3D-CRT
and ICRU 83 for IMRT plans. Because of their capacity to
customize the dose distribution in lesions that can appear with a
variety of shapes, dimensions, depths of invasion, and locations,
photons were selected over electrons. The low-energy electrons
are not really safe in multiple non-parallel beam configurations
in more shallow tumour regions due to the steep dose gradi-
ents at the end of their range. Indeed, electrons would cause
undesirable hotspots in the dose distribution, particularly in
the irregular facial “mask regions” (nose, inner canthus of
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eye, ear). Furthermore, multifield photon beams with various
gantry angles are more helpful in covering the PTV correctly.
QUANTEC guidelines were used for dose-volume constraints of
OARSs, considering the equivalent dose according to the linear-
quadratic model. The maximum accepted dose for spinal cord
was 12 Gy (3 Gy/fraction), equivalent to 14.4 Gy (at two Gy/frac-
tion, assuming an a/p ratio of 3) in case of a single RT cycle in
order to reach 43.2 Gy in case of three RT courses. Similarly, the
maximum accepted dose for optic nerve was 14 Gy (3.5 Gy/frac-
tion) and 54.6 Gy when three RT cycles were administered. As
reported above, RT treatment consisted of four fractions twice
a day, in two consecutive days. To allow normal tissue repair,
at least eight hours were necessary between the two daily frac-
tions. The equivalent doses in two Gy fractions (EQD2) for late
effects (a/P ratio: 3) of the three different dose levels (20 Gy,
40Gy and 60Gy) were 32 Gy, 64Gy and 96 Gy, respectively.”
If more than one RT course were planned, subsequent cycles
started one month following the earlier one. In case of tumour
volume shrinkage or other anatomical changes, the contours
were adapted on a new CT-simulation. Isocenter position was
online checked with portal imaging and corrections were made
if more than five millimetres displacement in any direction were
detected.”

Toxicity and symptoms response evaluation

Three weeks after every treatment all patients underwent clinical
evaluation. For the second and third cohorts, severe acute toxic-
ities or tumour progression had to be excluded during the first
follow-up. Afterward, a physical examination and a monitoring
blood count were performed every two months. The Radiation
Therapy Oncology Group scales and the European Organization
for Research and Treatment of Cancer and Radiation Therapy
Oncology Group scales (EORTC-RTOG) were used to record
acute and late toxicities, respectively.? During follow-up visits,
information about chronic effects, such as cosmesis, were
recorded; however, the short life expectancy, due to age and
comorbidities, overshadows late toxicities that could occur several
months after the treatment. Furthermore, data about QoL, pain
and drug score and symptom relief were registered. Complete
palliation of bleeding was defined when no further medication
was needed, and complete pain relief when a VAS score was zero.
Reduction of symptom severity or a decrease in pain and drug
score were defined as partial response. The sum of complete and
partial response defined the overall response. Furthermore, data
on bodyweight, performance status, and QoL were assessed as
improved, steady, or worse compared to baseline ones. Statis-
tical analysis was performed with SYSTAT version 11.0 (SPSS,
Chicago, IL, USA). SFS was defined as the time elapsed between
the treatment and symptom recurrence/worsening or date of
death or last follow-up. Kaplan and Meier method” was used
to computed life tables and medians and the log-rank test was
performed to evaluate the statistical significance.?®

RESULTS

Thirty consecutive patients were enrolled between February
2010 and June 2020. In all cohorts, there was a slight predomi-
nance of female gender, with an overall median age of 91 years
(range 80-96) (Table 1). Most patients had recurrent disease
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and Grades 2-3 pre-treatment ECOG. As expected, the most
represented histotype was squamous (76.7%), followed by
basal cell carcinoma (13.3%). Concerning the lesion site, the
facial “mask area” was predominant, in particular the ear and
pre- and retro-auricular region (33.4%), the eye and perior-
bital region (16.7%), and the nose (13.3%). Median tumour
dimension was 4.5cm (range 1.5-11.0cm). Twenty-three
(76.7%) patients suffered from symptoms, mainly pain (52.2%),
bleeding (34.8%) or both (13%). No lymph nodal metastases
were treated in this series.

Fourteen patients entered the first cohort (total dose: 20 Gy),
whilst nine patients were enrolled in the second cohort reaching
a total dose of 40 Gy. Thereafter, seven patients were treated with
three RT courses up to 60 Gy total dose. Among sixteen patients
treated with more than one course, twelve (75%) needed a new
contouring due to shrinkage tumour. Patients’ characteristics are
shown in Table 1.

Regarding technique, nineteen patients (63.3%) were treated by
photon beam 3D-CRT; in detail, twelve, three, and four patients
were treated with a total dose of 20 Gy, 40 Gy, and 60 Gy, respec-
tively. Eleven patients (36.7%) received an IMRT treatment due
to clinical reasons; in particular, two, six, and three patients were
enrolled in the first, second and third cohort, respectively.

Overall, only one (3.3%) acute toxicity G4 was registered
(Table 2): a skin ulceration occurred two weeks after the treat-
ment in a patient of the first cohort (total dose: 20 Gy) with a
periorbital squamous cell cancer. Skin toxicity fully recovered
two months later without topic therapy.

No other G3 or worse toxicities were registered in overall popu-
lation. Most patients (53.3%) experienced mild or moderate (G1-
G2) skin toxicities: erythema, dry desquamation, and moderate
oedema. Among three patients with G1 mucosal toxicity, two
were treated in the mandibular region with a total dose of 20 Gy,
whilst the other was enrolled in the third cohort for a squamous
cell cancer in the cheek region. One patient enrolled in the first
cohort reported a conjunctivitis graded as G2 requiring steroids
after the irradiation of a periorbital lesion.

As far as late toxicity was concerned, only two patients (6.7%)
reported a skin atrophy of the irradiated area graded as Gl:
both were treated with two courses of RT (total dose 40 Gy) six
months earlier (data not shown).

Median follow-up time was six months. Overall symptoms-
response rate was 90% including ten complete responses and
seventeen partial responses. Two patients did not report any
change in pain intensity, whilst a patient reported a worsening
of pain in the irradiated lesion after treatment with a total dose
of 20Gy. In Cohort 1, the symptoms-response rate was 85.7%,
whilst in cohort two it reached the 88.9%. In Cohort 3, we regis-
tered a symptoms response rate equal to 100%. Details about
symptoms response rates are reported in Table 3. An example
of disease response throughout the entire treatment is shown in
Figure 1.

3 0f 8 birpublications.org/bjr

Br J Radiol;95:20211347


http://birpublications.org/bjr

A repeated short court accelerated RT in H&N nMSC of the elderly.

Table 1. Patients characteristics
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Cohort 1n (%) Cohort 2n (%) Cohort 3n (%)

Overall n. (%) (20Gy) (40 Gy) (60 Gy)
Patients 30 (100.0) 14 (46.7) 9(30.0) 7 (23.3)
Gender
Male 12 (40.0) 5(35.7) 4 (44.4) 3(42.9)
Female 18 (60.0) 9 (64.3) 5 (55.6) 4(57.1)
Age, years
Median (range) 91 (80-96) 88.5 (80-96) 91 (87-95) 88 (80-96)
ECOG PS
0-1 $(26.7) 4(28.6) 2(22.2) 2(28.6)
2-3 22 (73.3) 10 (71.4) 7(77.8) 5(71.4)
Charlson Comorbidity Index age related
Median (range) 5 (4-8) 5 (4-8) 6 (4-6) 5(4-7)
Histotype
Squamous Cell Carcinoma 23 (76.7) 8 (57.1) 8 (88.9) 7 (100.0)
Basal Cell Carcinoma 4(13.3) 4 (28.6) 0 0
Others 3(10.0) 2(14.3) 1(11.1) 0
Tumor Site
Ear, pre- and retro-auricular region 10 (33.4) 4(28.7) 4 (44.4) 2 (28.6)
Eyelid-periorbital area 5(16.7) 3(21.4) 2(22.2) 0
Nose 4(13.3) 2(14.3) 2(22.2) 0
Mandibular area 4(13.3) 3(21.4) 0 1(14.3)
Cheek 4(13.3) 1(7.1) 0 3(42.8)
Forehead-temples 3(10.0) 1(7.1) 1(11.2) 1(14.3)
Presenting Symptoms®
Pain 20 (66.7) 10 (71.4) 6 (66.7) 4(57.1)
Bleeding 11 (36.7) 6(42.9) 3(33.3) 2(28.6)
T stage
2 5(16.7) 3(21.4) 2(22.2) 0
3 21 (70.0) 8(57.1) 7(77.8) 6(85.7)
4 4(13.3) 3(21.4) 0 1(14.3)

ECOG PS, Eastern Cooperative Oncology Group Performance Status.
more than one symptom could be reported per patient

The mean pre- and post-treatment VAS was 2.8 and 2.1, respectively
(p = 0.59). Fifteen out of the twenty patients symptomatic for pain
before treatment reported partial or complete resolution, achieving
75% overall pain response rate. Furthermore, among these twenty
patients, only three were on analgesic therapy at the time of radia-
tion treatment and one of them discontinued it after RT.

The overall six-month symptom-free survival was 78.7% and
77.8% (p = 0.382) in patients treated with one course or more
courses, respectively.

In our analysis, the PS, evaluated by ECOG scale, was improved
or stable in 24 patients (80%). Moreover, the QoL, in terms of

well-being (CLASI), fatigue (CLAS2), and ability to perform
daily activities (CLAS3) was improved or stable in 66.7% of
patients.

DISCUSSION

In the present study, we report the safety and the feasibility of a
repeated hypofractionated accelerated RT for NMSC in a partic-
ular setting represented by the older patients. One severe acute
toxicity (3.3%) and two (6.7%) mild late toxicities were regis-
tered, so the DLT was not reached, not even when a total dose
of 60 Gy in three cycles of four Gy per fraction, twice daily, was
delivered.
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Table 2. Acute toxicity (RTOG)
Cohort 1 Cohort 2 Cohort 3
Overall N = 30 N=14 N=9 N=7
Skin
GO N (%) 13 (43.3) 8(57.1) 4 (44.4) 1(14.3)
G1 N (%) 13 (43.3) 4(28.7) 3(33.3) 6 (85.7)
G2 N (%) 3(10.1) 1(7.1) 2 (22.3) 0
>G3N (%) 1(3.3) 1(7.1) 0 0
Any grade N (%) 17 (56.6) 6 (42.8) 5 (55.6) 6 (85.7)
Oral Mucosa
GO N (%) 27 (90.0) 12 (85.8) 9 (100.0) 6 (85.7)
G1N (%) 3(10.0) 2(14.2) 0 1(14.3)
G2 N (%) 0 0 0 0
>G3N (%) 0 0 0 0
Any grade N (%) 3(10.0) 2(14.2) 0 1(14.3)
Eye
GON (%) 26 (86.7) 12 (85.8) 7(77.7) 7 (100.0)
GIN (%) 3(10.0) 1(7.1) 2(22.3) 0
G2 N (%) 1(3.3) 1(7.1) 0 0
>G3N (%) 0 0 0 0
Any grade N (%) 4(13.3) 2(14.2) 2(22.3) 0

This low toxicity profile is in line with the results of other expe-
riences published in literature. Recently, a systematic review'
reported the state-of-the-art on palliative RT in NMSC, exploring
six trials from 1984 to 2015.>%°7* All cited studies showed a
great tolerability of different schedules with an overall acute and
late toxicities rates < 10%. Only one of these studies’ declared the
pure palliative intent of the treatment which consisted of eight Gy
per fraction delivered on days 0, 7, and 21 (0-7-21). This schedule
was tested on an elderly patients population (median age: 91
years, range: 80-101 years) with poor performance status and
difficulties getting to the radiotherapy centre. No data about the
acute toxicity was available and no severe toxicity was observed.
The other studies® > reported few, if any, acute severe skin toxic-
ities, even if total doses delivered were higher than ones usually
used for palliative aim. As explained in a small case series with

Table 3. Response rates

Cohort 1 Cohort 2 Cohort 3
N=14 N=9 N=7
CRN (%) 4(28.6) 2(222) 4(57.1)
PR N (%) 8(57.2) 6 (66.7) 3 (42.9)
NCN (%) 1(7.1) 1(11.1) 0
PD N (%) 1(7.1) 0 0
ORR N (%) 12 (85.8) 8 (88.9) 7 (100)

CR, Complete Response; NC, No change; ORR, Overall Response
Rate; PD, Progression Disease; PR, Partial Response.

the review of the literature,' in older patients with even moder-
ately advanced NMSC a shorter or hypofractionated course of RT
does not disadvantage them regarding outcome and should be
considered an efficacious and tolerable treatment option. Various
RT schemes have been tested, with generally good outcomes and
few toxicities.”> The most often used regimen® % was
weekly or bi-weekly irradiation with five to seven Gy per frac-
tion for five to seven weeks. If we examine the biological equiv-
alent dose (BED) used in the latter studies, we can note that it
is similar to our BED (BEDa/B10: 83.3 Gy when seven Gy were
repeated weekly for seven weeks versus BEDa/B10: 90.0 Gy, when
three RT cycles were delivered). Indeed, these total doses are used
to achieve local control and could be considered more radical in
intent. An extreme example of ultra-hypofractionation is reported
by Chan et al,*”” where encouraging disease control was obtained
by a single fraction RT in a younger population (median age: 68
years). The high delivered doses ranged from eighteen to 22.5Gy
and the crude ten-year late skin necrosis rate was 6%. Most of the
skin necrosis healed spontaneously, with 16.7% of cases requiring
surgical repair. The Authors themselves concluded that these doses
are adequate for treatment of small superficial tumours, instead
larger or deeper lesions could benefit from fractionated RT.

It could be argued that a total dose of 96 Gy in EQD2 (a/f3)
could have a negative impact on late toxicities, such as cosmetic
effect. It is difficult to draw firm conclusions about this aspect
in our series, considering the relatively short median follow-up
time, anyway both the old age and comorbidities could lessen
this issue.
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Figure 1. Skin cancer response over the treatment course. (a) Large ulcerated squamous cell carcinoma of the cheek; (b) the ulcer
improved significantly after 20 Gy; (c) 40 Gy; (d) and 60 Gy; (e) 6 months after radiotherapy the lesion completely disappeared

leaving a fibrotic scar.

Regarding secondary outcomes, we registered an increasing
symptoms response rate by increasing the number of cycles
administered: the overall symptomatic response was 85.7% and
100% in patients treated once and in those receiving three cycles,
respectively. These data suggest that in symptomatic patients,
who are otherwise well, an immediate palliation could be associ-
ated with a better response, especially if the treatment is repeated
more than once.

After the treatment, the QoL was stable or increased in two
out of three patients, confirming the high reliability of such an
approach in the older patient population.

The study presents some strengths and weaknesses: one could
assume that the use of photons instead of electrons is question-
able; indeed, the choice was driven by anatomical challenging
sites and irregular anatomy that were treated. In these cases,
dosimetry of photon beam is more reliable than electrons, as
previously stated and documented.***!

In addition to electron beam technique, brachytherapy and ortho-
voltage X-rays seem to be an option equally effective and safe in
managing skin cancer,*? but it is already known that they are not
so widespread as compared with linac-based radiotherapy.

Moreover, it may sound surprising that the PTV margins for
3D-CRT and IMRT were the same in this study, but this was done
to guarantee homogeneity of treatment and patient comparison,
as well as to be consistent with the literature. When 3D-con-
formal RT failed to satisfy constraints, the IMRT technique was
used. However, it should be emphasized that the use of IMRT
allows to reduce these margins increasing the feasibility of these
treatments also in situations where tighter margins are necessary
for the site of the lesions.

Finally, in our study, an oncogeriatric approach in the clinical
management is lacking, however optimized clinical tools for the
screening and comprehensive assessment of the older patient
with NMSC, that could allow an effective distinction of “fit” from
“frail” patients, are not yet available.*>**

In brief, this study demonstrated the feasibility of a split course
RT reaching a total dose of 60Gy, but, in our opinion, this
schedule could be “adapted” as appropriate: in case of a symp-
tomatic tumour needing a rapid palliation, even a single cycle of
20 Gy could be effective, but if a better response is pursued and if
previous treatment has been well tolerated, the physician might
decide to repeat the treatment. For this purpose, the timing is the
key, because the split course allows the physician to evaluate the
clinic course and decide accordingly.

Furthermore, it is important to note that this treatment could be
“adaptive” not only to the patient’s clinical status, but even to the
disease response: in our series a new CT-simulation and a new
contouring was needed in 75% patient due to tumour shrinkage.
Therefore, if more RT courses are planned, we recommend a
close monitoring of disease in order to potentially reducing
treatment fields and consequently side-effects.

In conclusion, in older patient population with NMSC unfit
for surgery or chemoradiation, we reported the safety of a
short accelerated hypofractionation, even when repeated. This
approach could be considered as a treatment option if symptoms
control is urgently required, and a long-lasting symptoms-free
survival is pursued.

FUNDING
Open Access Funding provided by Universita Cattolica del Sacro
Cuore within the CRUI-CARE Agreement.

REFERENCES

1. Lomas A, Leonardi-Bee ], Bath-Hextall F. A
systematic review of worldwide incidence

2012; 166: 1069-80. https://doi.org/10.1111/
j.1365-2133.2012.10830.x
of nonmelanoma skin cancer. Br J Dermatol 2. Eisemann N, Waldmann A, Geller AC,

et al. Non-melanoma skin cancer incidence
and impact of skin cancer screening on
incidence. ] Invest Dermatol 2014; 134:

Weinstock MA, Volkmer B, Greinert R,

6 of 8 birpublications.org/bjr

Br J Radiol;95:20211347


http://birpublications.org/bjr
https://doi.org/10.1111/j.1365-2133.2012.10830.x
https://doi.org/10.1111/j.1365-2133.2012.10830.x

BJR

10.

11.

12.

13.

$0022-202X(15)36446-0: 43-50: . https://doi.
org/10.1038/jid.2013.304

Donaldson MR, Coldiron BM. No end in
sight: the skin cancer epidemic continues.
Semin Cutan Med Surg 2011; 30: 3-5. https://
doi.org/10.1016/j.sder.2011.01.002

Rudolph C, Schnoor M, Eisemann

N, Katalinic A. Incidence trends of
nonmelanoma skin cancer in germany from
1998 to 2010. J Dtsch Dermatol Ges 2015; 13:
788-97. https://doi.org/10.1111/ddg.12690
Birch-Johansen F, Jensen A, Mortensen L,
Olesen AB, Kjeer SK. Trends in the incidence
of nonmelanoma skin cancer in denmark
1978-2007: rapid incidence increase among
young danish women. Int J Cancer 2010;
127: 2190-98. https://doi.org/10.1002/ijc.
25411

Brewster DH, Bhatti LA, Inglis JHC, Nairn
ER, Doherty VR. Recent trends in incidence
of nonmelanoma skin cancers in the east of
scotland, 1992-2003. Br ] Dermatol 2007;
156: 1295-1300. https://doi.org/10.1111/j.
1365-2133.2007.07892.x

Leiter U, Keim U, Garbe C. Epidemiology of
skin cancer: update 2019. Adv Exp Med Biol
2020; 1268: 123-39. https://doi.org/10.1007/
978-3-030-46227-7_6

Veness MJ. The important role of
radiotherapy in patients with non-melanoma
skin cancer and other cutaneous entities. J
Med Imaging Radiat Oncol 2008; 52: 278-86.
https://doi.org/10.1111/j.1440-1673.2008.
01956.x

Barnes EA, Breen D, Culleton S, Zhang

L, Kamra J, Tsao M, et al. Palliative
radiotherapy for non-melanoma skin cancer.
Clin Oncol (R Coll Radiol) 2010; 22: 844e849:
844-49: . https://doi.org/10.1016/j.clon.2010.
07.014

Vuong W, Lin J, Wei RL. Palliative
radiotherapy for skin malignancies. Ann
Palliat Med 2017; 6: 165-72. https://doi.org/
10.21037/apm.2016.11.10

Dundar Y, Cannon RB, Hunt JP, Monroe

M, Suneja G, Hitchcock YJ. Radiotherapy
regimens in patients with nonmelanoma
head and neck skin cancers. Int ] Dermatol
2018; 57: 441-48. https://doi.org/10.1111/ijd.
13879

Veness M. Hypofractionated radiotherapy

in older patients with non-melanoma skin
cancer: less is better. Australas ] Dermatol
2018; 59: 124-27. https://doi.org/10.1111/
2jd.12609

Farina E, Macchia G, Buwenge M, Siepe G,
Zamagni A, Cammelli S, et al. Radiotherapy
in palliation of thoracic tumors: a phase I-II
study (sharon project). Clin Exp Metastasis
2018; 35: 739-46. https://doi.org/10.1007/
§10585-018-9942-6

14.

15.

16.

17.

18.

19.

20.

21.

22.

Capuccini J, Macchia G, Farina E, Buwenge
M, Genovesi D, Caravatta L, et al. Short-
course regimen of palliative radiotherapy

in complicated bone metastases: a phase

i-ii study (SHARON project). Clin Exp
Metastasis 2018; 35: 605-11. https://doi.org/
10.1007/s10585-018-9931-9

Farina E, Capuccini J, Macchia G, Caravatta
L, Nguyen NP, Cammelli S, et al. Phase

I-1I study of short-course accelerated
radiotherapy (SHARON) for palliation in
head and neck cancer. Anticancer Res 2018;
38: 2409-14. https://doi.org/10.21873/
anticanres.12491

Caravatta L, Deodato F, Ferro M, Macchia
G, Massaccesi M, Cilla S, et al. Results of a
phase II study of short-course accelerated
radiation therapy (SHARON) for multiple
brain metastases. Am J Clin Oncol 2015;

38: 395-400. https://doi.org/10.1097/COC.
0b013e3182a0e826

Caravatta L, Deodato F, Ferro M, Macchia
G, Massaccesi M, Cilla S, et al. A phase I
study of short-course accelerated whole
brain radiation therapy for multiple brain
metastases. International Journal of Radiation
Oncology*Biology*Physics 2012; 84: e463-68.
https://doi.org/10.1016/j.ijrobp.2012.06.023
Zamagni A, Buwenge M, Macchia G, Siepe
G, Cilla S, Cellini E et al. Accelerated
middle half body radiotherapy in bone
metastases from prostate cancer: A phase

I study (SHARON project). Anticancer Res
2019; 39: 5065-69. https://doi.org/10.21873/
anticanres.13699

Caravatta L, Padula GDA, Macchia

G, Ferrandina G, Bonomo P, Deodato

E et al. Short-course accelerated
radiotherapy in palliative treatment of
advanced pelvic malignancies: a phase I
study. International Journal of Radiation
Oncology*Biology*Physics 2012; 83: 627-31.
https://doi.org/10.1016/j.ijrobp.2011.10.081
Farina E, Capuccini J, Macchia G, Caravatta
L, Nguyen NP, Cammelli S, et al. Short
course accelerated radiation therapy
(SHARON) in palliative treatment of
advanced solid cancer in older patients: a
pooled analysis. Journal of Geriatric Oncology
2018; 9: 359-61. https://doi.org/10.1016/j.jgo.
2018.01.004

Ferro M, Macchia G, Re A, Buwenge M,
Ferro M, Boccardi M, et al. Advanced head
and neck cancer in older adults: results of

a short course accelerated radiotherapy
trial. ] Geriatr Oncol 2021; 12: S1879-
4068(20)30478-1: 441-45: . https://doi.org/
10.1016/j.jg0.2020.10.006

Cox JD, Stetz J, Pajak TF. Toxicity criteria

of the radiation therapy oncology group
(RTOG) and the european organization for

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ferro et a/

research and treatment of cancer (EORTC).
Int ] Radiat Oncol Biol Phys 1995; 31:
1341-46. https://doi.org/10.1016/0360-3016(
95)00060-C

Sutherland HJ, Walker P, Till JE. The
development of a method for determining
oncology patients’ emotional distress using
linear analogue scales. Cancer Nurs 1988; 11:
303-8. https://doi.org/10.1097/00002820-
198810000-00006

Likhacheva A, Awan M, Barker CA,
Bhatnagar A, Bradfield L, Brady MS, et al.
ASTRO radiation for basal and squamous
cell cancers guideline. Pract Radiat Oncol
2019.

Withers HR, Thames HD, Peters L]. A

new isoeffect curve for change in dose per
fraction. Radiother Oncol 1983; 1: 187-91.
https://doi.org/10.1016/s0167-8140(83)
80021-8

Deodato F, Cilla S, Massaccesi M, Macchia
G, Ippolito E, Caravatta L, et al. Daily
on-line set-up correction in 3D-conformal
radiotherapy: is it feasible? Tumori 2012; 98:
441-44. https://doi.org/10.1700/1146.12637
Kaplan EL, Meier P. Nonparametric
estimation from incomplete observations.
Journal of the American Statistical Association
1958; 53: 457-81. https://doi.org/10.1080/
01621459.1958.10501452

Mantel N. Evaluation of survival data and
two new rank order statistics arising in its
consideration. Cancer Chemother Rep 1966;
50: 163-70.

Fitzpatrick PJ, Thompson GA, Easterbrook
WM, Gallie BL, Payne DG. Basal and
squamous cell carcinoma of the eyelids and
their treatment by radiotherapy. Int ] Radiat
Oncol Biol Phys 1984; 10: 449-54. https://doi.
0rg/10.1016/0360-3016(84)90023-3
Abbatucci JS, Boulier N, Laforge T, Lozier JC.
Radiation therapy of skin carcinomas: results
of a hypofractionated irradiation schedule

in 675 cases followed more than 2 years.
Radiother Oncol 1989; 14: 113-19. https://
doi.org/10.1016/0167-8140(89)90055-8
Locke J, Karimpour S, Young G, Lockett MA,
Perez CA. Radiotherapy for epithelial skin
cancer. Int ] Radiat Oncol Biol Phys 2001; 51:
748-55. https://doi.org/10.1016/s0360-3016(
01)01656-x

Ferro M, Deodato F, Macchia G, Gentileschi
S, Cilla S, Torre G, et al. Short-course
radiotherapy in elderly patients with early
stage non-melanoma skin cancer: A phase II
study. Cancer Invest 2015; 33: 34-38. https://
doi.org/10.3109/07357907.2014.998835
Cognetta AB, Howard BM, Heaton HP,
Stoddard ER, Hong HG, Green WH.
Superficial x-ray in the treatment of basal
and squamous cell carcinomas: a viable

7 of 8 birpublications.org/bjr

Br J Radiol;95:20211347


http://birpublications.org/bjr
https://doi.org/10.1038/jid.2013.304
https://doi.org/10.1038/jid.2013.304
https://doi.org/10.1016/j.sder.2011.01.002
https://doi.org/10.1016/j.sder.2011.01.002
https://doi.org/10.1111/ddg.12690
https://doi.org/10.1002/ijc.25411
https://doi.org/10.1002/ijc.25411
https://doi.org/10.1111/j.1365-2133.2007.07892.x
https://doi.org/10.1111/j.1365-2133.2007.07892.x
https://doi.org/10.1007/978-3-030-46227-7_6
https://doi.org/10.1007/978-3-030-46227-7_6
https://doi.org/10.1111/j.1440-1673.2008.01956.x
https://doi.org/10.1111/j.1440-1673.2008.01956.x
https://doi.org/10.1016/j.clon.2010.07.014
https://doi.org/10.1016/j.clon.2010.07.014
https://doi.org/10.21037/apm.2016.11.10
https://doi.org/10.21037/apm.2016.11.10
https://doi.org/10.1111/ijd.13879
https://doi.org/10.1111/ijd.13879
https://doi.org/10.1111/ajd.12609
https://doi.org/10.1111/ajd.12609
https://doi.org/10.1007/s10585-018-9942-6
https://doi.org/10.1007/s10585-018-9942-6
https://doi.org/10.1007/s10585-018-9931-9
https://doi.org/10.1007/s10585-018-9931-9
https://doi.org/10.21873/anticanres.12491
https://doi.org/10.21873/anticanres.12491
https://doi.org/10.1097/COC.0b013e3182a0e826
https://doi.org/10.1097/COC.0b013e3182a0e826
https://doi.org/10.1016/j.ijrobp.2012.06.023
https://doi.org/10.21873/anticanres.13699
https://doi.org/10.21873/anticanres.13699
https://doi.org/10.1016/j.ijrobp.2011.10.081
https://doi.org/10.1016/j.jgo.2018.01.004
https://doi.org/10.1016/j.jgo.2018.01.004
https://doi.org/10.1016/j.jgo.2020.10.006
https://doi.org/10.1016/j.jgo.2020.10.006
https://doi.org/10.1016/0360-3016(95)00060-C
https://doi.org/10.1016/0360-3016(95)00060-C
https://doi.org/10.1097/00002820-198810000-00006
https://doi.org/10.1097/00002820-198810000-00006
https://doi.org/10.1016/s0167-8140(83)80021-8
https://doi.org/10.1016/s0167-8140(83)80021-8
https://doi.org/10.1700/1146.12637
https://doi.org/10.1080/01621459.1958.10501452
https://doi.org/10.1080/01621459.1958.10501452
https://doi.org/10.1016/0360-3016(84)90023-3
https://doi.org/10.1016/0360-3016(84)90023-3
https://doi.org/10.1016/0167-8140(89)90055-8
https://doi.org/10.1016/0167-8140(89)90055-8
https://doi.org/10.1016/s0360-3016(01)01656-x
https://doi.org/10.1016/s0360-3016(01)01656-x
https://doi.org/10.3109/07357907.2014.998835
https://doi.org/10.3109/07357907.2014.998835

A repeated short court accelerated RT in H&N nMSC of the elderly.

34.

35.

36.

option in select patients. ] Am Acad Dermatol
2012; 67: S0190-9622(12)00625-1: 1235-41: .
https://doi.org/10.1016/j.jaad.2012.06.001
Kouloulias V, Papadavid E, Mosa E, Platoni
K, Papadopoulos O, Rigopoulos D, et al. A
new hypofractionated schedule of weekly
irradiation for basal cell carcinoma of the
head and neck skin area in elderly patients.
Dermatol Ther 2014; 27: 127-30. https://doi.
org/10.1111/dth.12082

Russi EG, Pelissero A, Melano A, Fillini C,
Vigna-Taglianti R, Gianello L, et al. Facial
basal cell carcinomas in elderly frail patients
treated with low total-dose radiotherapy.
Anticancer Res 2015; 35: 4949-53.

Pelissero A, Russi EG, Melano A, Fillini C,
Vigna-Taglianti R, Settineri N, et al. Facial
basal cell carcinomas treated with hypo-
fractionated radiotherapy: a retrospective
analysis in 117 elderly patients. ] Am Acad
Dermatol 2015; 73: S0190-9622(15)01445-0:

37.

38.

39.

166-68: . https://doi.org/10.1016/j.jaad.2015.
03.030

Chan S, Dhadda AS, Swindell R. Single
fraction radiotherapy for small superficial
carcinoma of the skin. Clin Oncol (R Coll
Radiol) 2007; 19: 256-59. https://doi.org/10.
1016/j.clon.2007.02.004

Pampena R, Palmieri T, Kyrgidis A,
Ramundo D, Totti C, Lallas A, et al.
Orthovoltage radiotherapy for nonmelanoma
skin cancer (NMSC): comparison between

2 different schedules. ] Am Acad Dermatol
2016; 74: S0190-9622(15)02204-5: 341-47: .
https://doi.org/10.1016/j.jaad.2015.09.031
Valeriani M, Nicosia L, Agolli L, Reverberi C,
Galvagno E, DE Sanctis V, et al. Mono- and
bi-weekly hypofractionated radiation therapy
for the treatment of epithelial skin cancer in
very elderly patients. Anticancer Res 2017; 37:
825-30. https://doi.org/10.21873/anticanres.
11384

40.

41.

42.

43.

BJR

Pashazadeh A, Boese A, Friebe M. Radiation
therapy techniques in the treatment of skin
cancer: an overview of the current status
and outlook. J Dermatolog Treat 2019; 30:
831-39. https://doi.org/10.1080/09546634.
2019.1573310

Kasper ME, Chaudhary AA. Novel treatment
options for nonmelanoma skin cancer: focus
on electronic brachytherapy. Med Devices
(Auckl) 2015; 8: 493-502. https://doi.org/10.
2147/MDER.S61585

Albert A, Knoll MA, Conti JA, Zbar RIS.
Non-melanoma skin cancers in the older
patient. Curr Oncol Rep 2019; 21(9): 79.
https://doi.org/10.1007/s11912-019-0828-9
Garcovich S, Colloca G, Sollena P, Andrea
B, Balducci L, Cho WG, et al. Skin cancer
epidemics in the elderly as an emerging issue
in geriatric oncology. Aging Dis 2017; 8:
643-61. https://doi.org/10.14336/AD.2017.
0503

8 of 8 birpublications.org/bjr

Br J Radiol;95:20211347


http://birpublications.org/bjr
https://doi.org/10.1016/j.jaad.2012.06.001
https://doi.org/10.1111/dth.12082
https://doi.org/10.1111/dth.12082
https://doi.org/10.1016/j.jaad.2015.03.030
https://doi.org/10.1016/j.jaad.2015.03.030
https://doi.org/10.1016/j.clon.2007.02.004
https://doi.org/10.1016/j.clon.2007.02.004
https://doi.org/10.1016/j.jaad.2015.09.031
https://doi.org/10.21873/anticanres.11384
https://doi.org/10.21873/anticanres.11384
https://doi.org/10.1080/09546634.2019.1573310
https://doi.org/10.1080/09546634.2019.1573310
https://doi.org/10.2147/MDER.S61585
https://doi.org/10.2147/MDER.S61585
https://doi.org/10.1007/s11912-019-0828-9
https://doi.org/10.14336/AD.2017.0503
https://doi.org/10.14336/AD.2017.0503

