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Squamous cell carcinoma and basal cell carcinoma

Background

Surgery and radiotherapy are both highly effective curative treatment modalities for 
cutaneous squamous cell carcinoma (SCC) and basal cell carcinoma (BCC). The choice of 
treatment modality is determined by factors including tumour size, location, performance 
status (PS), age and functional/cosmetic outcomes.

Surgery is generally preferred for younger patients. Primary radiotherapy is often preferred 
for regions around the lower eyelids, nose and ear, where better function and cosmetic 
results can be achieved. Radiotherapy to the lower leg can lead to high risk of radionecrosis 
and ulceration due to poor vasculature, especially in older patients. Skin radiotherapy can be 
delivered as external beam or brachytherapy.1 Brachytherapy is reported to offer favourable 
cosmesis over external beam in selected patients with SCC and BCC.2,3 There appears to be a 
slightly higher local recurrence rate following radiotherapy for SCC compared with BCC.4–6

Postoperative radiotherapy for SCC should be considered for high-risk features.7,8 Elective 
irradiation of first-echelon lymph nodes can be considered for higher-risk SCC.8,9

There are no randomised studies examining dose fractionation; in addition, most historical 
series report use of multiple dose fractionation schedules.10 As a consequence, there is 
wide variation in both total dose and dose per fraction in commonly used schedules, with a 
variety of pragmatic hypofractionated schedules.10,11 Similar doses are used for BCC and SCC, 
although some suggest higher doses for SCC.12

Standard fractionation has long been considered a standard approach to reduce long-term 
toxicity.5 A meta-analysis of patients with SCC and BCC showed that hypofractionation has 
favourable cosmesis and recommended the use of regimens with BED3 of ~100 Gy, such as 
50 Gy in 15 fractions, 36.75 Gy in 7 fractions or 35 Gy in 5 fractions, as they result in ‘good’ 
long-term cosmesis in 80% of patients.5

In a large retrospective series of 1,005 predominantly small BCCs and SCCs, single-fraction 
doses of 18, 20 and 22.5 Gy provided a 5-year local control rate of 90%; the skin necrosis-free 
rate at 5 years was 84% and skin necrosis occurred more frequently with the 22.5 Gy dose 
(Level 4).13,14

The relative biological effectiveness of electrons and photons is around 10% less than that 
for superficial X-rays; treatment with electrons or photons therefore, theoretically, requires a 
corresponding increase in dose, although this is often not considered in practice.15
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Recommendations

The following schedules are examples of those appropriate for the treatment of skin 
SCCs and BCCs either definitively or adjuvantly:

 • Single fraction 18–20 Gy (field size <3 cm) (Grade C)
 • 32.5–35 Gy in 4–5 fractions over 1 week (small lesions <4 cm) (Grade C)
 • 45 Gy in 10 fractions over 2–3 weeks (Grade C)
 • 50 Gy in 15–20 fractions over 3–4 weeks (Grade C)
 • 55 Gy in 20 fractions over 4 weeks (Grade C)

If large area and/or in area of poor radiation tolerance:

 • 60 Gy in 30 fractions over 6 weeks (Grade C)

The choice of dose fractionation considers patient factors, tumour and field size.

The types of evidence and the grading of recommendations used within this review are 
based on those proposed by the Oxford Centre for Evidence-Based Medicine.14

Squamous cell carcinoma and regional lymph node 
disease

Background

Surgical management of regional lymph node disease is regarded as the treatment of choice. 
Retrospective studies have demonstrated an association of higher regional disease control 
rates with surgery and adjuvant radiotherapy.7,8

Several series report multiple factors predictive of regional relapse after surgery, including 
lymph node ≥3 cm, multiple involved nodes and extracapsular spread.7,8,16,17

In the head and neck region, the use of adjuvant radiotherapy has been shown to reduce 
regional recurrence rates and improve disease-free survival.18

In a large retrospective series the median dose employed was 60 Gy in 30 fractions with a 
dose of 50 Gy in 25 fractions to elective at-risk regions (Level 4).18 Optimal adjuvant dose 
fractionation will depend upon the anatomical site. In the head and neck region, doses of up 
to 66 Gy in 33 fractions can be considered in the presence of extracapsular spread.8

Radical radiotherapy can be considered if surgery is inappropriate or declined.
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Recommendations

For adjuvant radiotherapy to nodal regions considered at high risk of relapse after 
lymphadenectomy:

 • 50–60 Gy in 25–30 fractions over 5–6 weeks (Grade C)

In high pathological risk features in the head and neck region:

 • 66 Gy in 33 fractions over 6.5 weeks (Grade C)

The types of evidence and the grading of recommendations used within this review are 
based on those proposed by the Oxford Centre for Evidence-Based Medicine.14
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Melanoma

Background

Melanoma has high repair capacity; this is evidenced by per fraction cell kill seen in in vitro 
cell lines irradiated with 2 Gy fractions.1,2 Despite the high repair capacity, radiotherapy has an 
established role in certain circumstances and modest hypofractionation beyond 2.5 Gy per 
fraction may be advantageous, although randomised data defining the most effective dose 
fractionation schedule is lacking.

The primary treatment for cutaneous melanoma is complete local excision followed by 
adjuvant systemic therapy in those at high risk of cancer recurrence. Adjuvant radiotherapy 
48 Gy in 20 daily fractions over 4 weeks delivered to the lymph node basin after 
lymphadenectomy reduces risk of relapse in the lymph node basin when compared with 
surveillance (21% versus 36%, p=0.023). Adjuvant radiotherapy delivered to the lymph node 
basin has no impact on relapse-free or overall survival.3 An alternative hypofractionated 
schedule of 30 Gy in 5 fractions over 2.5 weeks is reported retrospectively from a single 
centre with high rates of locoregional control (94%) and low rates of late Grade 2 toxicity 
(10%).4 The data for mucosal melanoma in the postoperative setting mirror the above, with 
adjuvant radiotherapy impacting upon local control (HR 0.51 [95% CI 0.35–0.76], p=0.155) but 
not impacting on risk of distant metastasis (HR 2.26 [95% CI 1.01–5.05], p=0.006).5

Adjuvant radiotherapy delivered to the lymph node basin in high-risk melanoma is associated 
with 20% risk of high-grade toxicity and is therefore not considered as the standard of care; 
this is because improvements in local control do not translate to improvements in the rate of 
distant metastatic spread or overall survival.3

Definitive radiotherapy for melanoma has a role where the primary disease is unresectable. 
Small case series in mucosal melanomas report 50% 3-year local control with 
hypofractionated regimens, an example being 50 Gy in 15 daily fractions over 3 weeks.6,7

18
Skin cancer

https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009


The Royal College of Radiologists
Clinical Oncology

Radiotherapy dose fractionation: fourth edition

155

Desmoplastic melanoma is a rare melanoma subtype predominantly developing in sun-
exposed sites and is associated with perineural spread with an increased risk of local 
recurrence.8,9 Adjuvant radiotherapy 48 Gy in 20 daily fractions over 4 weeks improves local 
control (HR 0.48 [95% CI 0.27–0.87], p=0.02) in instances where the pathological resection 
margins were less than 8 mm.8–10 There is no benefit from adjuvant radiotherapy where 
resection margins are 8 mm or greater.10

Lentigo maligna is an in situ melanoma developing in regions of sun-damaged skin 
characterised by atypical melanocytes involving the dermo-epidermal junction. Lentigo 
maligna can progress to lentigo maligna melanoma in up to 50% of cases. The gold standard 
approach is surgical resection with a 5 mm margin with Mohs’ surgery considered for selected 
anatomical sites. Non-surgical approaches include topical therapies and radiotherapy; both 
non-surgical approaches have advantages in this often older patient population where the 
primary lesion can be ill defined and where extensive surgical resection and reconstruction 
has added morbidity. Systematic review reports 5% recurrence rate of lentigo maligna at 3 
years following definitive radiotherapy.11 Reported schedules extend from 35 Gy in 5 fractions 
over 5 weeks to 54 Gy in 27 fractions over 5.5 weeks. The RADICAL trial (NCT02394132) 
evaluating 2-year local recurrence in those treated with non-surgical therapies has completed 
recruitment and is in follow-up.12

20–30% of patients with advanced melanoma develop brain metastases within the first 
year of diagnosis.13 Historical data report that whole-brain radiotherapy (WBRT) improves 
neurological symptoms in 76%, with 31% reporting complete symptom response.14 Despite 
this, the median overall survival of the cohort was short at 10 and 14 weeks.14

Modern systemic therapies offer high overall response rate within the brain; most of the 
systemic therapies can be combined or sequenced alongside stereotactic radiosurgery 
or stereotactic radiotherapy (see chapter on 'Brain metastases'). WBRT should now not 
be routinely offered to patients with brain metastases. The sequencing of stereotactic 
radiosurgery and stereotactic radiotherapy alongside systemic therapy is being explored in 
clinical trials.

Radiotherapy for palliation of symptomatic melanoma metastases outside brain is effective, 
yielding complete and partial pain response in 9–25% and 35–75% of instances.15–17 Standard 
palliative schedules such as 20 Gy in 5 fractions over 7 days or 8 Gy in 1 fraction are feasible 
for those whose PS precludes longer fractionated schedules.

Large case series report total dose greater than 30 Gy to be associated with improved 
palliative outcomes.17 The choice of dose and fractionation in the palliative setting should be 
tailored to the needs of each patient.
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Recommendations

Adjuvant radiotherapy to the lymph node basin improves local control but is not 
considered as the standard of care for high-risk melanoma:

 • 48 Gy in 20 fractions over 4 weeks (Grade A)
 • 50–60 Gy in 25–30 fractions over 5–6 weeks (Grade C)

Definitive radiotherapy to primary unresectable disease:

 • 50 Gy in 15 fractions over 3 weeks (Grade C)

Desmoplastic melanoma:

 • 48 Gy in 20 fractions over 4 weeks (Grade C)

Palliative radiotherapy:

 • 30 Gy in 10 fractions over 2 weeks (Grade C)
 • 20 Gy in 5 fractions over 1 week (Grade B)
 • 8 Gy in 1 fraction over 1 day (Grade B)

The types of evidence and the grading of recommendations used within this review are 
based on those proposed by the Oxford Centre for Evidence-Based Medicine.18
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Merkel cell carcinoma

Background

Merkel cell carcinoma (MCC) is an uncommon but highly aggressive cutaneous 
neuroendocrine tumour with the highest mortality rate compared with other skin cancers.1 
Advanced aged, immunosuppression, Merkel cell polyomavirus and ultraviolet light exposure 
are hypothesised to be risk factors.2–4

International guidance for stages I–III MCC recommends surgery with a 1–2 cm margin as the 
primary treatment, with radiotherapy to the tumour bed and draining lymphatics reserved for 
postoperative high-risk cases, close margins or inoperable disease.5,6

MCC is radiosensitive,7 and this has led to an established role for radiation therapy in primary 
management, particularly in Australia.8,9 Due to the rare nature of this tumour, previous 
studies have largely been limited to case series with relatively small heterogeneous samples, 
and thus optimal management and dose and fractionation for MCC remains a subject of some 
debate. There are no randomised controlled trials to assess optimal dose and fractionation.

A large retrospective analysis of 2,735 patients from the National Cancer Database for 
patients with stages I–III MCC found that adjuvant radiotherapy doses of less than 50 Gy were 
associated with an increased hazard of death in all stages and anatomical sites (Level 3a).10

Radiotherapy in the radical setting can provide clinically meaningful outcomes with 
locoregional control rates of 75–85% with radiotherapy doses of 60–66 Gy in conventional 
2 Gy fractions (Level 3a).5,6,11 For T1 MCC, a dose of 57 Gy in 24 fractions is appropriate 
(Level 5).12

Hypofractionation can be considered; a retrospective study of 241 patients demonstrated 
that 45–50 Gy in 20 fractions and 30–35 Gy in 10 fractions produced no difference in infield 
or distant recurrence over 2 years compared with conventionally fractioned regimens 
(Level 3b).13
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Recommendations

Primary MCC and/or draining lymph node regions:

Definitive treatment:

 • 60–66 Gy in 30–33 fractions over 6–6.5 weeks (Grade C)
 • 50–55 Gy in 20–25 fractions over 4–5 weeks (Grade C)
 • 45–50 Gy in 20 fractions over 4 weeks (Grade D)
 • 30–35 Gy in 10 fractions over 2 weeks (Grade D)

Adjuvant treatment:

 • 50–60 Gy in 25–30 fractions over 5–6 weeks (Grade C)

The types of evidence and the grading of recommendations used within this review are 
based on those proposed by the Oxford Centre for Evidence-Based Medicine.14
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Reirradiation

Background

Reirradiation of the skin can be considered in the radical, adjuvant (following salvage surgery) 
or palliative settings in instances where the benefits of exposure to further radiotherapy have 
been discussed within the multidisciplinary team.

Beyond small case series, there are no data to define the approach to skin reirradiation; the 
risks and benefits of skin reirradiation should be discussed with the patient.

Palliative radiotherapy to the skin

Background

Palliative radiotherapy is an excellent option for patients where there are no viable curative 
options.

Radiotherapy in this setting aims to reduce local symptoms and prevent disease-related 
complications such as bleeding or ulceration but can also potentially achieve local control. 
Palliative treatment should be minimally invasive and of short duration, especially for patients 
with poor PS or short life expectancy and for those unable to travel for multiple hospital visits.

Several hypofractionated regimes are used in palliative radiotherapy for skin cancer but it is 
not possible to offer evidence-based guidelines. Commonly used schedules include single 
exposure of 12–20 Gy for field size <3 cm, 14.8 Gy in 4 fractions twice daily over 2 consecutive 
days and repeated at 4-weekly intervals for a further 2 courses (QUAD shot, also used in 
reirradiation), 20 Gy in 2 fractions 1 week apart, 30 Gy in 10 fractions over 14 days, 30.6 Gy 
in 3 fractions over 14 days, 40.2 Gy in 6 fractions over 35 days, 35 Gy in 5 fractions 3 times a 
week, and 8 Gy per fraction delivered on days 0, 7 and 21.1–5

Longer treatment schedules should be considered in patients with favourable prognosis and 
expected longer-term disease control.2

Palliative radiotherapy schedules should be distinguished from radical treatment used in 
older or frail patients, such as adaptive split-course radiotherapy or mono- or biweekly 
hypofractionation.6,7
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Cutaneous and subcutaneous metastasis from non-
skin primaries

Background

Local radiotherapy is an underused modality for the palliative treatment of symptomatic 
cutaneous and subcutaneous metastases from non-skin primary cancers.8 Radiotherapy 
schedules used in cutaneous and subcutaneous metastases are consistent with those used in 
palliative radiotherapy for a skin cancer primary. Field size and dose per fraction will need to 
be kept in consideration to avoid skin necrosis.

Recommendations

Palliative radiotherapy:

 • Single exposure of 12–20 Gy field size <3 cm (Grade C)
 • 14.8 Gy in 4 fractions twice daily over 2 consecutive days and repeated at 4-weekly 
intervals for a further 2 courses (QUAT shot, also used in reirradiation) (Grade C)
 • 20 Gy in 2 fractions 1 week apart (Grade C)
 • 20 Gy in 5 fractions over 5 days (Grade C)
 • 30 Gy in 10 fractions over 14 days (Grade C)
 • 30.6 Gy in 3 fractions over 14 days (Grade C)
 • 40.2 Gy in 6 fractions over 35 days (Grade C)
 • 35 Gy in 5 fractions 3 times a week (Grade C)
 • 8 Gy per fraction delivered on days 0, 7 and 21 (Grade C)

The types of evidence and the grading of recommendations used within this review are 
based on those proposed by the Oxford Centre for Evidence-Based Medicine.9
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