The Royal College of Radiologists
Clinical Oncology

Radiotherapy dose fractionation: fourth edition

Lung cancer

79

Background

Lung cancer is the leading cause of cancer mortality in the United Kingdom." Major advances
in molecular biology, drug development, improvement in surgical and radiotherapy
techniques, immunotherapy revolution and patient education are improving outcomes, but
survival remains poor in comparison with many other cancers.!

The National Lung Cancer Audit (NLCA) was established in 2004 aiming to improve lung
cancer care and through annual publications has documented sustained improvements
over the past 20 years. However, NLCA data used to look at uptake of treatment continue to
suggest that the proportion of patients with lung cancer in the United Kingdom accessing
radiotherapy remains lower than expected.?

The routine use of positron emission tomography computed tomography (PET-CT) and
endobronchial ultrasound (EBUS) and increasing access to navigational bronchoscopy
improves lung cancer staging. Significant technological advances are adopted into
radiotherapy practice; for radical radiotherapy, four-dimensional computed tomography
(4DCT) planning to account for respiratory motion has become the norm, replacing three-
dimensional conformal radiotherapy (3DCRT). By combining 4DCT with the improved
dosimetry from intensity-modulated radiotherapy (IMRT) and volumetric modulated arc
therapy (VMAT) techniques, meeting normal tissue constraints for bulky tumours in awkward
anatomical locations is increasingly feasible. However, as with many tumour types, there is
limited evidence from trials that determine the efficacy of these techniques (Level 4).3-°

The World Health Organization declared COVID-19 a pandemic on 11 March 2020. General
guidance on delivery of radiotherapy during the pandemic has been provided by the National
Institute for Health and Care Excellence (NICE).6 One recommendation is to consider
alternative dose fractionation schedules or radiotherapy techniques. As a result, several
reduced-fractionation, curative-intent radiotherapy regimes were introduced into lung cancer
practice in the United Kingdom.’

Non-small cell lung cancer (NSCLC): curative
therapy

Background

Stages | and Il lung cancer are best managed with surgical resection. The Radiation

Therapy Oncology Group (RTOG) 1021,8STARS,°ROSEL™® and SABRTooth" studies evaluated
stereotactic ablative body radiotherapy (SABR) against surgery in early-stage lung cancer; all
studies closed early due to poor accrual. The STARS and ROSEL data have been published in
pooled form (Level 2b); of the 58 patients examined, the 3-year recurrence-free and overall
survival were >80% in both groups.”?
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There is a strong body of literature to support SABR for stage | patients who have a high
surgical risk,” with Level 1 evidence of superiority compared with more conventionally
fractionated radiotherapy.” NHS England and the United Kingdom SABR Consortium

support SABR for the radical treatment of node-negative tumours less than 5 cm that are in
a favourable anatomical position. The best outcome is achieved when the tumour receives
>100 Gy equivalent dose in 2 Gy per fraction EQD2 biologically equivalent dose (BED).
Treatment should be delivered with an interfraction interval of greater than 40 hours but less
than 4 days.”®

Stage Il NSCLC is a heterogeneous group in terms of tumour size, invasion of local
structures, and lymph node involvement. Concurrent chemoradiotherapy has been
demonstrated in meta-analyses to give superior outcomes when compared with sequential
chemoradiotherapy or radiotherapy alone.’®" In those who have not progressed following
concurrent chemoradiotherapy and have maintained good performance status (PS),
sequential durvalumab immunotherapy should be offered, as evidenced by the landmark
PACIFIC trial, which reports 5-year overall survival and progression-free survival of 42.9% and
33.1%.®

The optimal dose fractionation schedule for radical radiotherapy is not defined. For
concurrent chemo-radiotherapy schedules 60 Gy in 30 fractions has become a standard,'”
but there is an increased incidence of Grade 3 oesophageal toxicity (Level 1b) using this
approach. Older patients with good PS and few co-morbidities derive as much benefit from
concurrent therapy as their younger counterparts (Level 1b).2%.%"

Dose escalation, intensification and adaptation have been evaluated in several phase I/1I
studies and many have shown promising results.?>2° In contrast, the randomised RTOG 0617
trial did not demonstrate an overall survival benefit in the dose-escalated arm.*° The recent
United Kingdom ADSCaN trial®' failed to reach the recruitment target, and with the response
to the COVID-19 pandemic introducing 15 fraction schedules into UK practice,” the optimal
dose fractionation schedule of radical radiotherapy is yet to be defined.

Although tri-modality therapy is an option recommended in NICE guidance® there is little
evidence of benefit over definitive chemoradiotherapy, except in Pancoast tumours,* where
studies looking at higher dose fractionations are ongoing.

For those unable to tolerate concurrent chemoradiotherapy, a sequential approach
demonstrates survival benefit over radiotherapy alone.®* Patients unfit for systemic therapy
should be treated with radiotherapy alone. Accelerated fractionation schedules seem

to improve outcomes®*3¢and can be safely combined with concurrent and neoadjuvant
approaches.3-3°

The 1998 postoperative radiotherapy (PORT) meta-analysis highlighted the adverse impact of
PORT on overall survival, with 7% survival detriment at 2 years.*° Subgroup analysis suggests
the negative effect of PORT was greatest in NO-1 disease. The LungART trial evaluated the role
of PORT in pN2 disease, a group at higher risk of locoregional recurrence. LungART reported
the addition of PORT reduced mediastinal relapse (25% versus 46%), but these gains did

not translate into an improvement in disease-free survival, partly because of an increase in
cardiopulmonary toxicity.” This additional evidence indicates the role for PORT is limited;
PORT can be considered in instances of R1 resection.
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Recommendations

Medically inoperable T1-T2b (<5 cm) NO Favourable Anatomical Position*:
SABR using:

« 54 Gy in 3 fractions over 5-8 days (Grade B)
« 55 Gy in 5 fractions over 10-14 days (Grade B)
« 60 Gy in 8 fractions over 10-20 days (Grade B)

Medically inoperable stages | and Il Unfavourable Anatomical Position**:

« 54 Gy in 36 fractions CHART (continuous, hyperfractionated, accelerated
radiotherapy [treat thrice daily over 12 consecutive days]) (Grade A)

+ 55 Gy in 20 fractions (Grade C)

*Corresponds to peripheral tumours >2 cm from any mediastinal critical structure,
including the bronchial tree, oesophagus, heart, brachial plexus, major vessels, spinal
cord, phrenic nerve and recurrent laryngeal nerve.*?

**Corresponds to ultra-central*® ITV <1 cm from the proximal bronchial tree (PBT) or
overlaps central structures (defined as major vessels, heart, oesophagus, spinal cord,
phrenic and recurrent laryngeal nerve, brachial plexus, trachea).

Note: Central tumours (<2 cm from mediastinal critical structures) require individual

assessment as they can be managed as occurring in Favourable Anatomical Position.
More detailed guidance on the optimal SABR practice for central disease are found in
the United Kingdom SABR Consortium Resource (version 7 to be published in 2023).”®

Stagellll:

Concurrent (with platinum doublet chemotherapy):

« 55 Gy in 20 fractions over 4 weeks (Grade A)
« 60 Gy in 30 fractions over 6 weeks (Grade A)
« 66 Gy in 33 fractions over 6.5 weeks (Grade A)

Sequential chemoradiotherapy or radiotherapy alone:

+ 54 Gy in 36 fractions treating thrice daily over 12 consecutive days (CHART) (Grade A)
66 Gy in 33 fractions over 6.5 weeks (Grade A)
« 55 Gy in 20 fractions over 4 weeks (Grade B)

Pancoast tumours (T3-4 NO-1):

« 45 Gy in 25 fractions over 5 weeks with cisplatin and etoposide followed by surgery

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.**
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Non-small cell lung cancer (NSCLC): palliative
radiotherapy

Background

The trials of palliative radiotherapy were largely undertaken 30 years ago in patients
unexposed to systemic anti-cancer therapy. These trials demonstrated that short-course
radiotherapy palliates intrathoracic symptoms as well as long-course, but for those with
good PS, higher doses confer a modest survival advantage at the expense of extra toxicity.*®
The upcoming United Kingdom TOURIST platform trial will be testing timing, dose and
fractionation for palliative thoracic radiotherapy in combination with modern systemic
therapies.*®

Recommendations

NSCLC with good PS:

« 39 Gy in 13 fractions over 2.5 weeks with cord dose limited to 36 Gy (Grade A)
+ 36 Gy in 12 fractions over 2.5 weeks (Grade A)

« 30 Gy in 10 fractions over 2 weeks (Grade A)

+ 20 Gy in 5 fractions over 1 week (Grade A)

NSCLC with poor PS:

+17 Gy in 2 fractions over 8 days (Grade A)
+10 Gy in 1 fraction (Grade A)

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.**

Non-small cell lung cancer (NSCLC): whole-brain
radiotherapy

Background

There is no evidence supporting the use of prophylactic cranial irradiation in NSCLC. The
international QUARTZ trial provides Level 1 evidence for whole-brain radiotherapy (WBRT)
and randomised patients between best supportive care with or without WBRT. The primary
outcome measure was quality-adjusted life years, and the study showed no significant
difference in overall survival, overall quality of life or dexamethasone use between the two

groups.?’

WBRT should not be routinely offered to patients with cerebral metastasis, though
stereotactic radiosurgery or stereotactic radiotherapy (see chapter on 'Brain metastases') to
the brain can be considered for good PS patients with disease amenable to treatment. For
those with volumes unsuitable for a stereotactic approach, WBRT may be considered in those
patients with driver mutations maintaining good PS.
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Recommendation

NSCLC offered whole-brain radiotherapy:
+ 20 Gy in 5 fractions over 1 week (Grade A)

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.**

Small cell lung cancer (SCLC)

Background

The evidence base supports the integration of chemotherapy and radiotherapy at all disease
stages.*®

Stages |-l

Concurrent chemoradiotherapy should be offered with radiotherapy starting no later than day
1 of cycle 3 of chemotherapy.*®-5' The UK phase Ill CONVERT (concurrent once daily versus
twice daily radiotherapy) trial found no significant difference between the two standard
fractionation schedules,*° evidence supported by the CALGB 30610/RTOG 0538 trial.>?

For those patients who due to tumour size or co-morbidities cannot be treated with
concurrent chemoradiotherapy, sequential chemoradiotherapy is the best alternative. There
is no definitive evidence to indicate the optimal schedule in this patient group, although many
use 40 Gy in 15 fractions over 3 weeks."'

Recommendations

Stages I-1ll SCLC offered concurrent chemoradiotherapy:

« 45 Gy in 30 fractions twice daily over 3 weeks (Grade A)
+ 66 Gy in 33 fractions over 6.5 weeks (Grade A)

Stages I-Ill SCLC offered sequential chemoradiotherapy:

+ 40-50 Gy in 15-20 daily fractions over 3-4 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.**
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SCLC: palliative thoracic radiotherapy

Background

The CREST trial evaluated the role of thoracic radiotherapy in patients with metastatic SCLC
on completion of their primary chemotherapy treatment.>® Although the primary endpoint was
not met, the improvement seen in 2-year overall survival supports mediastinal consolidation
with a significant improvement in progression-free survival and near 50% reduction in
intrathoracic progression. Post hoc analysis describes the benefit of consolidation thoracic
radiotherapy may be limited to those with persistent intrathoracic disease.>*

Recommendation

Stage IV SCLC offered consolidation thoracic radiotherapy:

+ 30 Gy in 10 fractions over 2 weeks (Grade A)

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.**

Prophylactic cranial irradiation

Meta-analysis of patients with stages I-Ill SCLC in complete or near complete thoracic
remission following primary chemoradiotherapy have an increased overall survival and
decreased incidence of intracerebral relapse when prophylactic cranial irradiation (PCI) is
delivered.>® Fractionation studies favoured the lower-dose schedule of 25 Gy in 10 fractions,
which gave a similar intracranial relapse rate and better survival when compared with 36 Gy in
18 fractions over 24 days.>®

Subsequent studies established a similar benefit for PCl in patients with stage IV SCLC with an
increased overall survival and reduced symptomatic incidence of brain metastases.>” Within
this study 5 fraction schedules were permitted, though 85% of patients treated received
either 30 Gy in 10 fractions or 20 Gy in 5 fractions.

The routine use of PCl is being challenged by concerns about the short-term and long-term
neurocognitive effect, and data from the Japanese trial,>® which compared PCI with magnetic
resonance imaging (MRI) surveillance did not demonstrate a survival advantage with the
addition of PCI. The upcoming PRIMALung trial will test the validity of the Japanese finding for
the European population.®
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Recommendations

Stages I-1ll SCLC offered PCI:

+ 25 Gy in 10 fractions over 2 weeks (Grade A)

Stage IV SCLC offered PCI:

+ 20 Gy in 5 fractions over 1 week (Grade A)
« 25 Gy in 10 fractions over 2 weeks (Grade A)

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.**

Mesothelioma

Background

The use of prophylactic irradiation of tracts of pleural interventions has historically been
thought to reduce the incidence of chest wall recurrence. The PIT® and SMART®' trials
evaluated prophylactic chest wall irradiation in the prevention of procedure-tract metastases.
Both studies were negative and the routine prophylactic irradiation of procedure tracts can no
longer be recommended.

For those patients with symptomatic chest wall disease, chest wall irradiation is associated
with a response rate of 35%.526% Dose fractionation was examined further in the SYSTEMS 2
study, which will hopefully publish results in 2024.5*

Recommendation

Mesothelioma with chest wall pain offered thoracic radiotherapy:

20 Gy in 5 fractions over 1 week (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.**
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