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1. Study Overview 
 

Malignant pleural mesothelioma (MPM) is a fatal primary tumour of the pleura and the UK incidence 
continues to rise.  Patients often undergo multiple pleural procedures in order to obtain a 
diagnosis.  Unfortunately there is a risk of tumour seeding along the procedure tracts and subsequent 
development of painful procedure tract metastases (PTM), which can be very difficult to treat. 
  
Prophylactic radiotherapy has been used for many years with a view to preventing procedure tract 
metastases, however the results of previous under-powered RCTs are conflicting.  This randomised 
controlled trial endeavours to identify the optimal timing of chest wall radiotherapy in this patient group 
and examine its effectiveness.  
  
This robust multicentre study will randomise 203 patients with confirmed MPM who have undergone a 
large bore thoracic procedure to receive immediate (prophylactic) radiotherapy or deferred radiotherapy 
should they develop a PTM (See below for study flow diagram).   Patients will be carefully followed up for 
the development of PTM and quality of life measures and pain scores will be evaluated.  By so doing, we 
hope to answer the heavily debated question about the role and optimal timing of prophylactic 
radiotherapy in malignant pleural mesothelioma.   
 
2. Randomisation 
 
Following informed consent, patients will be randomly assigned (1:1) to receive either immediate 
prophylactic radiotherapy or deferred radiotherapy in the event a nodule develops near the procedure site. 

 
Treatment allocation will be performed by the Oxford Respiratory Trials Unit using a validated computer 
software program. Block randomisation with minimisation with a random component will be used.  
 
The minimisation factors are:  

 Histological tissue type of mesothelioma (epithelioid only or other) 

 Indwelling pleural catheter or other pleural procedure 

 Surgical procedure (ie open pleural biopsy, thoracotomy or VATS) or non-surgical procedure 
 
Patients and clinicians will not be blinded to treatment allocation; however the data analysis will be 
conducted in a blinded fashion. 
 
3. Sample Size 
 
Previous studies in this field have addressed the presence or absence of tumour in patients at an outcome 
assessment point rather than the hazard ratio comparing treatment arms.  This is sensible because the 
treatment proposed (prophylactic radiotherapy) is not likely to change the speed with which the events 
occur, but rather prevent them from occurring.  This violates the necessary assumptions of survival models, 
and thus for this study, proportional comparison methods are employed as the primary outcome measure 
(at 12 months or death, whichever is first) and therefore are used for the sample size calculation.  Time to 
event data will be modelled using regression analysis, but this will form part of the secondary analysis.   
 
Patients will be followed up for 12 months or until death (whichever is first) from randomisation for the 
primary outcome measure (presence of Procedure Tract Metastases, PTM).  Internal audit data show a PTM 
rate of <2% in those treated with prophylactic radiotherapy who underwent ‘large’ bore procedures as 
studied here, in comparison to a rate of between 8 and 40% in the published literature of patients not 
undergoing prophylactic radiotherapy.   
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Assuming conservatively the rate of PTM in the intervention group to be 2% and the rate of PTM in the 
“control” group to be 15%, a total of 180 patients are required to be randomised 1:1 to demonstrate a 
difference between treatment arms with 90% power at the 5% significance level.  With an estimated lost to 
follow up rate of 3%, this number is increased to 185 patients randomised 1:1. Various power modelling 
scenarios are illustrated in the table below, demonstrating adequate power with varied control and 
intervention event rates if 203 patients are recruited. 
 

   Intervention Group 
Prophylactic radiotherapy 

Control Group 
As needed radiotherapy 

90% power 
(alpha 0.05, 3% loss to FU) 

80% power  
(alpha 0.05, 3% loss to FU) 

  Incidence of PTM at  
       12 months (%) 12 15 18 12 15 18 

               1 203 150 118 153 112 88 

               2 269 185 140 201 140 105 

               3 357 234 169 266 174 125 

               4 482 294 203 360 220 152 

               5 670 375 248 500 281 184 

 
Table 1: Sample size calculations for different predicted PTM rates. All rates include a projected 3% loss to 
follow up. The figures highlighted in red are those which are achievable within the proposed sample size. 
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4. Study overview flow diagram 
 

 
  

RANDOMISATION 
Minimising by histology, indwelling pleural catheter or other 

procedure and surgical procedure or not. 

A histocytological diagnosis of malignant pleural mesothelioma 

Inclusion Criteria 
 

1. A histocytologically proven diagnosis of malignant pleural 
mesothelioma as confirmed by an MDT meeting 

2. One of the following pleural interventions within the past 
35 days: 
a. Open pleural biopsy 
b. Surgical thoracotomy or VATS 
c. Local anaesthetic thoracoscopy 
d. Large bore chest tube insertion (≥20 French inserted 

by either a seldinger technique or blunt dissection) 
e. Indwelling pleural catheter insertion 

3. Written informed consent 
 

 

Immediate Radiotherapy Arm 
First dose of prophylactic radiotherapy given within 35 
days of pleural procedure. 
21Gy in three fractions (over 3 working days). 
Radiotherapy field to encompass scar with at least a 3cm 
margin.   

Deferred Radiotherapy Arm 
No radiotherapy initially 
If the patient develops a procedure tract metastasis, 
radiotherapy is given within 35 days of it being 
confirmed at a clinic visit 
21Gy in 3 fractions (over 3 working days). 
Radiotherapy field to encompass nodule with at least 
a 2cm margin. 
 

Follow up 
 

 Clinic visits at 1, 3, 6, 9 and 12 months with the local clinician (standard care). At each clinic visit:  
o History and physical examination for evidence of PTM and skin toxicity from radiotherapy  
o Documentation of other treatments received since last visit 
o Documentation of chemotherapy response (if given and known) 
o If the patient has had radiotherapy, questionnaire regarding the experience and side effects 
o EQ5D, QLQ-C30 and chest wall pain VAS completed 
o If PTM has developed, symptom questionnaire, measure and refer for radiotherapy (as per protocol) 

 On the months that patients are not seen in clinic, a trial nurse will undertake a monthly follow up phone call 
consultations for 12 months. If the patient has new symptoms or signs around the biopsy site an urgent clinic 
appointment will be made for further assessment 

 A visual analogue scale (VAS) pain score for chest wall pain will be recorded by the patient every month and 
returned to the trial team in a stamped addressed envelope 

 At 6 months, patients at Bristol and Oxford offered semi-structured qualitative interview with a research 
nurse. 

Baseline investigations 

 History: To document histology, performance status and previous pleural procedures  

 Physical examination: for evidence of chest wall disease. Also to measure pleural procedure scar and 
annotate a diagram to indicate position.  

 Details of treatment planned 

 EQ5D/ QLQ-C30 quality of life questionnaires and chest wall pain Visual Analogue Scale (VAS) score. 

Exclusion Criteria 
 

1. Age < 18 years 
2. Expected survival <4 months 
3. Pregnancy or lactation 
4. Inability to give informed consent or comply 

with the protocol 
5. Previous radiotherapy which would result in an 

unacceptable overlap with the proposed 
treatment field 

6. The patient does not have access to a 
telephone 

7. A clinically palpable nodule of at least 1cm 
diameter felt within 7cm of the margins of the 
procedure site at the initial trial visit 
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5. General Analysis Principles 
 
All data will be analysed on intention-to-treat principles and all randomised patients in whom an 
outcome is available will be included in the analysis.  More information on which participants will be 
included in each analysis is available in later sections.  Data collected to the point at which a patient 
withdraws from the study will be included in the final analysis unless consent for this is withdrawn. 
 
For continuous outcomes, analyses will adjust for the minimisation factors (see below) and the 
outcome measured at baseline (provided there is not substantial missing baseline data).  For binary 
outcomes, if the number of events allows, the analysis will adjust for the minimisation factors (see 
below).  If major baseline imbalances between the treatment arms are identified, these may also be 
adjusted for in the regression models. 
 
For missing baseline data, if the numbers are small, median imputation will be used.  If the numbers 
with missing data are large, alternative analysis methods may be used, which don’t account for 
baseline values. 
 
CONSORT data will be presented including; the number of patients screened for the study and the 
numbers randomised.  Reasons for exclusions after randomisation will be given.   
 
All p values will be 2 sided, and the significance level is set at 5%. 
 
Analysis for all outcomes will be presented as: 

1. The number of participants included in the analysis, by treatment group; 

2. A summary statistic for the outcome, by treatment group (for example, mean (SD) or median 

(2.5th-97.5th centile) for continuous outcomes; number(%) for binary outcomes) 

3. A treatment effect, with a 95% confidence interval and p value 

 
Analysis of some of the listed outcome measures will only be meaningful if a sufficient number of events 
(PTMs) are recorded in both treatment arms.  If the numbers are not sufficient to undertake formal 
statistical analysis, the data will be reported descriptively and reasons will be stated. 
 
6. Outcome measures 
 
Primary Outcome 
 
1. The incidence of development of PTM (as defined below) within 7 cm of the site of pleural 

intervention within 12 months from randomisation 
 

Secondary Outcome 
 

Chest pain 

 

1. Summary score of the VAS score ‘On average how much chest pain have you felt today?’ 

(calculations described below) from randomisation to 12 months post randomisation.   

2. Summary score of the VAS score ‘How much has chest pain bothered you today?’ (calculations 

described below) from randomisation to 12 months post randomisation.   
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3. Summary score of the VAS score ‘On average how much pain have you felt today from the site of 

your previous chest wall procedure?’ (calculations described below) from randomisation to 12 

months post randomisation.   

4. Summary score of the VAS score ‘How much has pain from the site of your previous chest wall 

procedure bothered you today?’ (calculations described below) from randomisation to 12 

months post randomisation.   

 

QOL 

 

5. The summary score (calculations described below) of the following QLQ-C30 questionnaire 

domains, from randomisation to 12 months post randomisation:  

a. Global health status 

b. Pain 

c. Physical functioning score  

 

6. The change in the following QLQ-C30 questionnaire domains, from randomisation to month 1 

post randomisation: 

a. Global health status 

b. Physical functioning 

c. Fatigue 

d. Pain 

e. Appetite loss 

 

7. The summary score (calculations described below) of the EQ5D utility score from randomisation 

to 12 months post randomisation. 

 

Analgesia requirements 
 
8. The summary dose (calculations described below) of the daily oral morphine equivalent dose 

(MED) from randomisation to 12 months post randomisation. 

 
Size, severity and time to development of PTM 

 
9. Time to development of PTM within 7cm of the procedure site, in days, from the date of randomisation 

to the date the diagnosis of PTM was confirmed. 
 

10. For patients who develop a PTM within 7cm of the randomised procedure site, the summary size of the 
PTM (as calculated below) from diagnosis of the PTM to 12 months post randomisation. 

 
11. For patients who develop a PTM within 7cm of the randomised procedure site, the summary chest pain 

VAS score (as calculated below) from diagnosis of the PTM to 12 months post randomisation. 
 

12. The incidence of development of a painful PTM (as defined below) within 7 cm of the site of pleural 
intervention within 12 months from randomisation 
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13. For patients who develop a PTM within 7cm of the randomised procedure site, the summary dose (as 
calculated below) of the daily oral morphine equivalent dose (MED) from randomisation to 12 months 
post randomisation. 

 
14. Time, in days, from diagnosis of PTM to death 

 
15. The incidence of development of a chest wall nodule anywhere on the ipsilateral hemithorax within 12 

months from randomisation 
 
Safety/ Adverse Events 

 
16. The number of patients experiencing at least one serious adverse event related to radiotherapy or 

procedure tract metastasis 
 
Patient experience of the trial 
 
17. Qualitative analysis of the semi-structured interviews will be performed to identify emergent themes.  

The results of this will be published separately to the main paper. 
 
Health Economics 

 
18. Resource use and costs over the 12 months post randomisation.  

 
19. Generic health related quality of life (HRQoL) and quality adjusted survival 
 
 
7. Analysis of the Primary Outcome:  Incidence of PTM within 12 months 
 
A Procedure Tract Metastasis (PTM) will be defined as a clinically palpable nodule of at least 1 cm diameter 
felt within 7cm of the margins of the procedure site as confirmed by two independent assessors.  One of 
the assessors must be a doctor who feels that clinically the nodule is a tract metastasis.  The assessors will 
be doctors, nurses or radiographers who have read the chest wall examination SOP and feel confident to 
undertake the examination.   
 
The development of a PTM meeting the above criteria at any time during their 12 month trial follow up 
period will be included as an event.  In patients who die before the end of their 12 month follow up, the 
development of a PTM at any time from trial entry to death will be included as an event for the purposes of 
the primary analysis.  If they die without having developed a tract metastasis at any stage of their trial 
follow up, they will be classified as not having a PTM.   
 
The time to development of a procedure tract metastasis will be defined as the time, in days, 
between randomisation and a PTM (meeting the above criteria) being confirmed by a doctor at a 
SMART trial clinic visit.  The median duration of follow up and median survival for the 2 treatment 
arms will also be reported. 
 
The proportion of patients developing a PTM within 7cm of the randomised procedure site within 12 
months from randomisation or until death or loss to follow up (LTFU) (whichever is sooner) will be 
calculated for the immediate and deferred radiotherapy arms of the trial.  These will then be compared 
using Fishers Exact Test.  Alternatively, if the number of events allows, logistic regression will be performed, 
adjusting for the minimisation variables and any substantial baseline imbalances. 
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The main analysis of the primary outcome will be an intention to treat analysis, including all consented 
patients according to the treatment arm they were randomised to.  Patients who are LTFU will be included 
in the analysis according to their outcome at their last available follow up. 
 
A secondary, per protocol analysis will also be performed for the primary outcome, excluding patients 
where there were major protocol violations.  
 
The following situations would be classed as a major protocol violation: 

 Failure to give immediate radiotherapy in those randomised to the immediate RT arm 

 Failure to meet the eligibility criteria for the study 

 Major violations to the radiotherapy protocol, including: 
o Giving <21Gy in 3# of radiotherapy 
o Giving RT >42 days after the pleural intervention in the immediate RT arm, or 

development of a chest wall nodule if in the deferred RT arm. 
o Using a RT field size less than that stipulated in the protocol. 

 
The following subgroup analyses will be performed for the primary outcome: 

 By the type of pleural intervention randomised (large bore chest drain, local anaesthetic 
thoracoscopy, IPC or thoracic surgery) 

 By tumour subtype (epithelioid only or other) 

 Patients who were alive and in trial follow up for at least 6 months (yes/ no) 

 Patients who received chemotherapy for mesothelioma within 12 months from trial 
entry (yes/ no) 

 
8. Analysis of the Secondary Outcomes 
 
a) Chest wall pain VAS Scores 
 
Patients in the trial have completed four VAS scores once a month from randomisation until 12 months 
post randomisation: 

(a)  On average how much chest pain have you felt today? 
(b)  How much has chest pain bothered you today? 
(c)  On average how much pain have you felt today from the site of you previous chest wall 
procedure? 
(d)  How much has pain from the site of your previous chest wall procedure bothered you 
today? 

 
The VAS scores will be measured according to the standard operating procedure by 2 independent 
assessors.  The 4 different questions will be analysed separately. 
 
For each patient, a graph of the VAS scores over time from randomisation until 12 months post-
randomisation will be produced, and the area under the curve (AUC) will be calculated using the trapezium 
rule.   If there are missing data points, the area under the curve will be calculated using the available data 
only. 
 
The calculated AUC will be divided by the number of days after randomisation that the patient remained in 
the study to account for patients with different durations of follow-up. Patients will be considered in the 
study until the final day in which a VAS score was completed.  This will give a summary score for each 
patient. 
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The summary scores for patients in the 2 treatment arms will be compared by means of a linear regression 
model, adjusting for minimisation factors, baseline imbalances (if present) and the patient’s VAS score 
recorded at randomisation.  
 
All patients who have provided at least one VAS score after randomisation will be included in the analysis.  
Reasons for exclusions will be given.  The median number of time points used for calculation of the AUC per 
patient will be reported. 
 

 
b) Quality of life status (QLQ-C30) 

 
Area under the curve analysis 

 
A score out of 100 will be calculated for each of the required sub-scales each time a patient completes a 
QOL questionnaire. 
 
Each sub-scale will be analysed separately. 
 
For each patient, the sub-scale scores recorded each time a QOL questionnaire is completed will be used to 
produce a graph of the sub-scale score over time. The area under the curve (AUC) will be calculated using 
the trapezium rule. If there are missing data points, the area under the curve will be calculated using the 
available data only. 
 
The calculated AUC will be divided by the number of days post randomisation the patient remained in the 
study to account for patients with different durations of follow-up. Patients will be considered in the study 
until the final day in which a sub-scale score was recorded.  This will give a summary score for each patient. 
 
The summary scores for patients in the 2 treatment arms will be compared by means of a linear regression 
model, adjusting for minimisation factors, baseline imbalances (if present) and the sub-scale score at 
randomisation.  
 
All patients who have at least one sub-scale score recorded after randomisation will be included in the 
analysis.  Incompletely completed questionnaires where calculation of the sub-scale score is not possible 
will be excluded.  Reasons for exclusions will be given.  The median number of time points used for 
calculation of the AUC per patient will be reported. 
 
 Change from baseline to month 1 
 
The absolute change in 5 of the QLQ-C30 sub-scales (stated above) from randomisation to month 1 will be 
compared between the 2 treatment groups (to evaluate whether having prophylactic radiotherapy affects 
QOL in the first month).  Each sub-scale will be analysed separately. 
 
All patients who have completed at least one sub-scale score recorded after randomisation will be included 
in the analysis.  Incompletely completed questionnaires where calculation of the sub-scale score is not 
possible will be excluded.  Reasons for exclusions will be given.   
 
The absolute change in the sub-scale score for patients in the 2 treatment arms will be compared by means 
of a linear regression model, adjusting for minimisation factors, baseline imbalances (if present) and the 
sub-scale score at randomisation.  
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c) Quality of life status (EQ5D) 
 
The EQ5D is a standardised measure of health status and consists of 2 parts – the descriptive system (which 
comprises of 5 questions and results in a ‘utility score’) and a visual analogue scale (providing a score out of 
100).  The utility score will form the basis of the analysis.  The VAS Score will be used to validate the 
findings of the utility score. 
 
The questionnaires will be scored according to the EQ5D user guide. A utility score will be calculated each 
time a patient completes a questionnaire using the responses from the descriptive system.   
 
The utility scores will be analysed, using the following methodology: 
 
For each patient, the result calculated each time the patient completed an EQ5D questionnaire will be used 
to produce a graph of the score over time. The area under the curve (AUC) will be calculated using the 
trapezium rule. If there are missing data points, the area under the curve will be calculated using the 
available data only. 
 
The calculated AUC will be divided by the number of days post randomisation the patient remained in the 
study to account for patients with different durations of follow-up. Patients will be considered in the study 
until the final day in which the EQ5D was completed.  This will give a summary score for each patient. 
 
The summary scores for patients in the 2 treatment arms will be compared by means of a linear regression 
model, adjusting for minimisation factors, baseline imbalances (if present) and the utility score at 
randomisation.  
 
All patients who have completed at least one EQ5D after randomisation will be included in the analysis.  
Incomplete questionnaires where calculation of the score is not possible will be excluded.  Reasons for 
exclusions will be given.  The median number of time points used for calculation of each AUC per patient 
will be reported. 
 
d) Analgesia requirements  
 
The daily oral morphine equivalent dose (MED) that each patient is receiving will be calculated at 
randomisation and at each SMART trial follow up visit.  This will be calculated from the opiate analgesia 
that the patient is taking regularly as documented on the clinic follow up CRF (PRN analgesia will not be 
included in the calculation).  The oral morphine equivalent doses will be calculated according to the 
equivalent doses detailed in the British National Formulary (BNF).   
 
For each patient, a graph of the MED over time from randomisation until 12 months post-randomisation 
will be produced, and the area under the curve (AUC) will be calculated using the trapezium rule. If there 
are missing data points, the area under the curve will be calculated using the available data only. 

 
The calculated AUC will be divided by the number of days after randomisation that the patient remained in 
the study to account for patients with different durations of follow-up. This will give a summary dose for 
each patient.  Patients will be considered in the study until the final date that a MED was calculated.  If the 
patient is not taking any opiates, the MED will be recorded as 0.   

 
The summary doses for patients in the 2 treatment arms will be compared by means of a linear regression 
model, adjusting for minimisation factors, baseline imbalances (if present) and the MED calculated at 
randomisation. 
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e) Size, severity and time to development of PTM 

 
 

i. Time to development of PTM 
 
The time to development of PTM within 7cm of the randomised procedure site from the date of 
randomisation to the date on which the diagnosis of PTM was confirmed will be calculated in days.  
Kaplan Meier survival curves will be constructed, censoring patients at death or loss to follow up 
(whichever is sooner) for the 2 treatment arms.  If the number of events allows, a Cox proportional 
hazard model and log rank test will be performed adjusting for the minimisation factors and 
baseline imbalances (if present).   
 

ii. The summary size of the PTM 
 

The maximum diameter of a PTM (in centimetres) will be recorded at every SMART trial clinic visit. 
 

For each patient who develops a PTM within 7cm of the randomised procedure site, a graph of 
maximum PTM diameter (in centimetres) over time from the date of diagnosis of PTM until 12 
months post-randomisation will be produced and the area under the curve (AUC) will be calculated 
using the trapezium rule. If there are missing data points, the area under the curve will be 
calculated using the available data only. 

 
The calculated AUC will be divided by the number of days after the PTM was diagnosed that the 
patient remained in the study to account for patients with different durations of follow-up. Patients 
will be considered in the study until the final day in which the PTM was measured.  This will give a 
summary size for each patient. If the PTM is only measured once, this measurement will be used as 
the summary size. 
 

If numbers allow, the summary sizes for patients in the 2 treatment arms will be compared 
by means of a linear regression model, adjusting for minimisation factors and baseline 
imbalances (if present). 
 
All patients who are diagnosed with a PTM within 7cm of the randomised procedure site will be 
included in the analysis. Reasons for exclusions will be given.  The median number of time points 
used for calculation of the AUC per patient will be reported.   
 

iii. Summary chest pain VAS scores (for those patients who developed a PTM) 
 
A subgroup analysis evaluating the chest pain VAS summary scores will be performed only including 
those patients in the study who developed a PTM during trial follow up. 
 
For patients who develop a PTM within 7cm of the randomised procedure site, the VAS Score ‘On 
average how much pain have you felt today from the site of you previous chest wall procedure?’ 
will be used to evaluate their chest pain over time. 
 
For each patient, a graph of the VAS score measurement over time from the date of diagnosis of 
PTM until 12 months post-randomisation will be produced and the area under the curve (AUC) will 
be calculated using the trapezium rule.  If there are missing data points, the area under the curve 
will be calculated using the available data only. 
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The calculated AUC will be divided by the number of days after diagnosis of PTM that the patient 
remained in the study to account for patients with different durations of follow-up.  Patients will be 
considered in the study until the final data that a VAS score was completed.  This will give a mean 
summary score for each patient. 
 
If numbers allow, the summary VAS scores for patients in the 2 treatment arms will be compared 
by means of a linear regression model, adjusting for minimisation factors, baseline imbalances (if 
present) and the patient’s VAS score recorded at diagnosis of the PTM.  
 
All patients who have provided at least one VAS score after diagnosis of the PTM will be included in 
the analysis.  Reasons for exclusions will be given.  The median number of time points used for 
calculation of the AUC per patient will be reported. 

 
iv. The incidence of painful PTM 

 
For those patients who develop a PTM within 7cm of the pleural intervention site, the PTM will be 
classified as to whether the PTM was painful at presentation or not, according to whether or not it 
was tender at presentation.   This will be tabulated by treatment arm and the proportion of 
patients with a painful PTM will be compared between treatment arms using Fisher’s Exact Test (if 
numbers allow). 
 

v. Summary dose for the MED (for those patients who developed a PTM) 
 
A subgroup analysis evaluating the MED summary doses will be performed only including those 
patients in the study who developed a PTM during trial follow up. 
 
For each patient, a graph of the MED over time from diagnosis of PTM until 12 months post-
randomisation will be produced, and the area under the curve (AUC) will be calculated using the 
trapezium rule. If there are missing data points, the area under the curve will be calculated using 
the available data only. 
 
The calculated AUC will be divided by the number of days after diagnosis of PTM that the patient 
remained in the study to account for patients with different durations of follow-up. This will give a 
summary dose for each patient.  Patients will be considered in the study until the final date that a 
MED was calculated.  If the patient is not taking any opiates, the MED will be recorded as 0.   
 
If numbers allow, the summary doses for patients in the 2 treatment arms from PTM diagnosis to 
12 months post randomisation will be compared by means of a linear regression model, adjusting 
for minimisation factors, baseline imbalances (if present) and the MED calculated at diagnosis of 
the PTM. 
 

vi. Time from PTM diagnosis until death 
 

The time from the diagnosis of PTM within 7cm of the randomised procedure site to death will also 
be calculated in days. Kaplan Meier survival curves will be constructed, censoring patients at death 
or loss to follow up (whichever is sooner).  If the number of events allows, a Cox proportional 
hazard model and log rank test will be performed adjusting for the minimisation factors and 
baseline imbalances (if present) to compare the 2 treatment arms.   

 
vii. The incidence of development of a chest wall nodule anywhere on the ipsilateral hemithorax. 
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The incidence of development of a chest wall nodule anywhere on the ipsilateral hemithorax within 
12 months from randomisation will be analysed.  The analysis methods will be the same as those 
described in section 7, however, all chest wall nodules on the ipsilateral hemithorax will be 
included in this analysis, regardless of their distance from the randomised procedure site. 

 
f) Safety/Adverse Events 
 
The number of patients experiencing at least one serious adverse event related to radiotherapy or 
procedure tract metastasis will be compared between the 2 treatment arms using Fisher’s Exact Test. 
 
The overall survival in days from the date of randomisation to death will be compared between the 2 
groups using a Kaplan Meier Survival Curve and a log rank test.  
 
The rate of acute and chronic radiotherapy toxicity (specifically skin toxicity, subcutaneous tissues toxicity, 
nausea, tiredness/lethargy and ‘other’) will be presented descriptively and tabulated for all patients 
receiving radiotherapy in the trial by treatment arm (see table 4).  For skin toxicity and subcutaneous 
tissues toxicity the maximum recorded severity will be presented, using the RTOG grade 0-5.  
 
The relative incidence of the following IPC complications will be presented by treatment group (see 
table 4): 

 Pleural infection 
 IPC blockage 
 IPC fracture 
 Local skin cellulitis 
 Drain dislodgment 
 Damage to the plastic of the IPC 
 Difficulties removing IPC   

 
g) Patient experience of the trial 
 
Qualitative analysis of the semi-structured interview transcripts will be performed to identify emergent 
themes. The results will be reported descriptively and are likely to be reported separately to the main 
paper. 
 
The results of the patient questionnaires evaluating their experience of receiving radiotherapy in the trial 
will be reported descriptively.   
 
Additionally, the questionnaires completed by patients regarding their experience of developing a PTM will 
be presented descriptively. 
 
h) Health Economics  
 
The perspective adopted in the economic evaluation will be that of the National Health Service (NHS). An 
economic evaluation adherent to guidelines for good economic evaluation practice will be undertaken 
integral to the main trial. A within-trial cost-utility analysis will explore the incremental cost per QALY 
gained by immediate radiotherapy compared with deferred radiotherapy. Cost and effect results will be 
reported as means with standard deviations, with mean differences between the two patient groups 
reported alongside 95% confidence intervals (CI).  Incremental cost-effectiveness will be calculated by 
dividing the difference in costs by the difference in effects. Uncertainty around the incremental cost-
effectiveness ratio (ICER) will be explored using non-parametric bootstrapping.  
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The Resource use and costs over the 12 months post randomisation will be calculated and compared 
between the 2 treatment arms.  This will include the following: 

 Interventions under study, i.e. number of radiotherapy sessions;  

 Hospitalisation and other hospital resource use, including hospital stays and readmissions; 
outpatient visits; and accident and emergency contacts (including use of ambulance); and 

 Medications associated with treatment of mesothelioma.  
 

Hospital resource use will be valued using NHS Reference Costs. Medication costs will be valued using the 
prices listed in the British National Formulary.  

 
Generic health related quality of life (HRQoL) and quality adjusted survival will be calculated and compared 
between the 2 treatment arms. 
 
HRQoL will be measured using the EuroQol-5 Dimensions 5-levels (EQ-5D-5L) questionnaire.  The EQ-5D is a 
standardised measure of health providing a simple generic measure of health for clinical and economic 
appraisal, and is the most widely used HRQoL measure in adults in the UK. The EQ-5D is designed for self-
completion by respondents, with instructions included in the questionnaire, and generally takes no more 
than a few minutes to complete.  
 
In this study, the EQ-5D-5L will be administered at baseline, 1, 3, 6, 9 and 12 months. Responses will 
be converted into utilities using tariffs estimated from a representative sample of the UK population.   
 
Survival information collected from the trial will be combined with EQ-5D utilities to generate 
Quality Adjusted Life-Years (QALYs), which is the outcome measure preferred by the National 
Institute for Health and Clinical Excellence. 
 
 
9. Other data to be presented in the primary paper 

 
Patient characteristics 
 
The baseline patient characteristics will be tabulated by treatment arm (see table 1).  The 
treatments given to patients during trial follow up will be tabulated (see table 6). 
 
Rate of tract metastasis according to randomised procedure type 
 
The rate of development of PTM and median time to development of PTM according to the 
randomised procedure type will be tabulated by treatment arm (see table 7). 
 
Protocol Deviations 
 
Protocol Deviations will be reported.  Deviations to the radiotherapy protocol will be tabulated (see 
table 5).  Other important protocol deviations, such as patient withdrawals, inappropriate 
randomisations and GCP breeches will be presented descriptively.  No formal statistical analysis will 
be performed. 
 
Radiotherapy  

 
The type of radiotherapy machine used to administer the treatment (electrons, kv photons etc) will be 
tabulated according to treatment arm (see table 5).  Additionally, for those patients in the immediate RT 
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arm of the trial, who develop a PTM, data will be presented regarding the relationship of the PTM to the RT 
field (within the field, on the edge of the field or outside the field) (see table 2). 
Figure 1: Consort Flowchart 
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Table 1: Baseline patient characteristics at randomisation by treatment arm.  
 

 Deferred RT arm 
n= … 

Immediate RT arm 
n= …. 

Male 
 

xx (xxx) n=xxx  

Age (years) 
 

  

Time from diagnosis to randomisation (days) 
 

  

WHO Performance 
Score 

0   

1   

2   

3   

4   

Missing data   

Karnofsky Performance Score 
 

  

BMI 
 

  

Extra-thoracic spread on imaging 
 

  

Histological subtype Epithelioid only   

Sarcomatoid   

Biphasic (mixed)   

Desmoplastic   

Other   

Missing data   

Basis for diagnosis Pleural fluid cytology   

Pleural biopsy   

Missing data   

Side of disease Left   

Right   

Bilateral   

Missing data   

Smoking status Current smoker   

Ex smoker   

Never smoker   

Missing data   

Comorbidities Respiratory disease   

Cardiac disease   

Chronic renal failure   

Diabetes   

Steroid use   

Symptomatic pleural effusion at presentation 
 

  

Chest pain at presentation 
 

  

Previous pleurodesis   
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Type of intervention 
randomised 

Large bore chest drain 
insertion 

  

Local anaesthetic 
thoracoscopy 

  

Thoracotomy   

VATS procedure   

Indwelling pleural 
catheter insertion 

  

Other   

Number of pleural 
puncture sites from 
randomised 
intervention 

1   

2   

≥3   

Previous chemotherapy received for mesothelioma 
 

  

Previous RT received for mesothelioma 
 

  

Baseline oral morphine equivalent dose (mg) 
 

  

Baseline QOL QLQ-C30 overall QOL, 
mean (SD) 

  

QLQ-C30 physical 
functioning, mean (SD) 

  

QLQ-C30 pain, mean 
(SD) 

  

EQ5D    

Overall chest pain VAS Score 
 

  

Duration of trial follow up 
 

  

Overall survival from randomisation to death 
 

  

Overall survival from diagnosis of mesothelioma to 
death 
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Table 2: Results for Procedure Tract Metastasis Development within 7cm of the randomised 
procedure site 

 

 Treatment arm Treatment effect 
(95% CI) 

(deferred vs 
immediate RT) 
[If number of 

events allows] 

p-value 
 

[If 
number 

of 
events 
allows] 

Deferred RT 
arm 
n= … 

Immediate RT 
arm 

n= …. 

Number of patients developing a 
PTM, n (%) 

    

Number of patients developing a 
painful PTM, n(%) 

    

Time to development of PTM 
from randomisation (days), 
median (IQR) 

    

Time from development of PTM 
to death (days), median (IQR) 

    

Summary size of PTM from 
diagnosis of PTM to 12 months 
post randomisation  

    

Summary chest pain VAS Score 
from diagnosis of PTM to 12 
months post randomisation 

    

Summary MED dose from 
diagnosis of PTM to 12 months 
post randomisation 

    

Number of patients developing a 
chest wall nodule anywhere on 
the ipsilateral hemithorax, n (%) 

    

Location of PTM in relation to the 
Immediate RT field 

Within the RT 
field 

   

On the edge of 
the RT field 

   

Outside the RT 
field 

   

PTM= Procedure Tract Metastasis within 7cm of randomised procedure site; RT= Radiotherapy; 95% 
CI= 95% Confidence Interval; IQR= Interquartile Range; VAS= Visual Analogue Scale; NA= Not 
Applicable 
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Table 3: Results of VAS Score and Quality of Life Variable 
 

Outcome Number included in 
analysis 

Median number of 
time points used to 
generate summary 

score 

Summary score 
(mean, SD) 

Treatment 
effect (95% 
CI) deferred 
vs 
immediate 
RT 

p-value 

Deferred 
RT arm 
(n=…) 

Immediate 
RT arm 
(n=…) 

Deferred 
RT arm  

Immediate 
RT arm  

Deferred 
RT arm 

Immediate 
RT arm 

‘On average how 
much chest pain have 
you felt today’ 
summary VAS score 

        

‘On average how 
much has chest pain 
bothered you today’ 
summary VAS score 

        

‘On average how 
much pain have you 
felt today from the 
site of your previous 
chest wall procedure’ 
summary VAS score 

        

‘On average how 
much has pain from 
the site of your 
previous chest wall 
procedure bothered 
you today’ summary 
VAS score 

        

QLQ-c30 Global health 
status summary score 
 

        

QLQ-c30 Physical 
functioning summary 
score 

        

QLQ-c30 Pain 
summary score 

        

EQ5D summary score 
 

        

Change in QLQ-C30 
Global health status 
from randomisation to 
1 month 

        

Change in QLQ-C30 
physical functioning 
from randomisation to 
1 month 

        

Change in QLQ-C30 
Fatigue from 
randomisation to 1 
month 
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Change in QLQ-C30 
pain from 
randomisation to 1 
month 

        

Change in QLQ-C30 
appetite loss from 
randomisation to 1 
month 

        

PTM= Procedure Tract Metastasis within 7cm of randomised procedure site; RT= Radiotherapy; 95% CI= 95% Confidence Interval; 
SD= Standard Deviation; IQR= Interquartile Range; VAS= Visual Analogue Scale; NA= Not Applicable 

 
Table 4: Adverse Events 
 

Adverse Events RTOG 
Toxicity 
Grade (if 
applicable) 

Deferred 
radiotherapy arm 

(n=…)  
n (%) 

Immediate 
radiotherapy 

arm (n=…) 
n (%) 

p-value 
(if 

numbers 
allow) 

Serious Adverse Events related to RT or PTM 
 

   

Early 
radiotherapy 
side effects 

Skin toxicity 1    

2    

3    

4    

5    

Nausea    

Tiredness/lethargy    

Other    

Late 
radiotherapy 
side effects 

Skin toxicity 1    

2    

3    

4    

5    

Subcutaneous 
tissues toxicity 

1    

2    

3    

4    

5    

Nausea    

Tiredness/lethargy    

Other    

IPC 
complications 

Pleural infection    

IPC Blockage    

IPC fracture    

Local skin cellulitis    

Drain dislodgment    

Damage to the IPC plastic    

Difficulties removing the IPC    
RTOG= Radiation Therapy Oncology Group; IPC= Indwelling Pleural Catheter; PTM= Procedure Tract Metastasis; 
RT= Radiotherapy; IQR= Interquartile Range.  
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Table 5: Radiotherapy received 
 

 Deferred 
radiotherapy arm   

(n=…) 

Immediate 
radiotherapy 

arm (n=…) 

Total number of patients receiving SMART trial RT, n (%) 
 

  

RT 
modality 
used, n (%) 

Electrons 
 

  

Kv photons 
 

  

Other 
 

  

RT 
protocol 
deviations, 
n (%) 

Failure to give RT when indicated according to 
the protocol (with reasons if available) 

  

RT given out of the stipulated time-frame 
 

  

RT field margin smaller than that stipulated in 
the protocol 

  

Other RT protocol deviation 
 

  

RT= Radiotherapy; kv= kilovolts; MV= megavolts. 

 
 
 
Table 6:  Mesothelioma treatments received after trial entry 
 

Treatment Deferred Radiotherapy 
arm (n=xxx) 

Immediate Radiotherapy 
arm (n=xxx) 

Chemotherapy  1st line   

2nd line   

Radiotherapy RT according to 
SMART trial protocol 

  

Other palliative RT   

Other   

Thoracic surgery   

Palliative Care involvement   

Cordotomy   

Pleural interventions    

Other   
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Table 7: Subgroup analyses for the primary outcome 
 

Subgroup Total 
number 

of 
patients  

(n=…) 

Median time to 
development of 
procedure tract 
metastasis from 
randomisation 
(days), median  
(central range) 

Number of patients developing a PTM, n 
(%) 

Deferred 
radiotherapy 
arm   (n=…) 

Immediate 
radiotherapy 

arm (n=…) 

p-value (if 
numbers 

allow) 

Randomised 
procedure 
type 

Large bore 
chest drain 
insertion 
(>20Fr) 

     

Local 
anaesthetic 
thoracoscopy 

     

Thoracic 
surgery 
(thoracotomy 
or VATS) 
 

     

Indwelling 
pleural 
catheter 
insertion 

     

Tumour 
subtype 

Epithelioid 
only 
 

     

Other 
 

     

Patients followed up for ≥6 
months 

     

Chemotherapy 
after trial 
entry 

Yes 
 

     

No 
 

     

PTM= Procedure Tract Metastasis; VATS= video assisted thoracic surgery 

 


