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SUMMARY 

Objectives: The primary efficacy objective is to compare the effect of the individualised treatment 

plan, relative to a minimal physiotherapeutic rehabilitation program, on changes in Shoulder Pain 

and Disability Index (SPADI) from baseline to 12 weeks after initiating the treatment, in women 

with late-term shoulder impairments after primary breast cancer surgery. 

Methods: The study was designed as a randomised trial with a two-group comparison testing 

superiority hypothesis related to the primary and key secondary objectives. In total, 130 participants 

would randomised (allocation 1:1) to either an expert assessment of shoulder impairments followed 

by an individualised treatment plan or to follow a minimal physiotherapeutic rehabilitation program 

delivered in a pamphlet. The primary analysis will be based on the Intention to Treat (ITT) 

population; the ITT principle asserts the effect of a treatment policy (that is, the planned treatment 

regimen), rather than the actual treatment given (i.e., it is independent of treatment adherence). The 

analyses of the key secondary outcomes will be performed in a prioritized order. The analyses of 

the confirmatory secondary outcomes will be performed in sequence until one of the analyses fails 

to show the statistically significant difference, or until all analyses have been completed at a two-

sided statistical significance level of 0.05. The continuous outcomes will be analysed based on 

Repeated-Measures Mixed Effects Models (time: 0, 4, 8, and 12 weeks from baseline).  

Registration: ClinicalTrials.gov, identifier: NCT05277909. Registered on 11 March 2022.  

 

  



Individualised treatment vs. a home-based exercise program in women  
with late-term shoulder impairments after primary breast cancer surgery 

Page 6 of 30 
 

INTRODUCTION 

Breast cancer is the most common cancer in women worldwide. Standard surgical treatment in 

Denmark is breast-conserving surgery (BCS) or mastectomy in combination with sentinel lymph 

node dissection (SLND) or axillary lymph node dissection (ALND). In part due to early diagnosis 

and optimised treatment methods, 5-year survival has improved to currently 87%. Despite fewer 

mastectomies and more BCS, less invasive surgical procedures of the axilla (e.g., fewer ALND vs. 

SLND), and more refined radiotherapy procedures, late-term upper limb impairments still remain 

common after primary breast cancer surgery. The most frequent are lymphoedema, sensory 

disturbances, pain and impaired shoulder function, with up to 70% of patients reporting at least one 

of these symptoms three years after surgery. These impairments lead to difficulties in activities of 

daily living, increased risk of depression and anxiety and decreased quality of life (QoL). 

  Previous international research has primarily focused on prevention and treatment of 

lymphoedema, and less on other upper limb impairments. Preoperative and early postoperative 

physiotherapeutic interventions are known to be effective in reducing shoulder pain and improving 

shoulder function after breast cancer treatment, but there is a lack of international knowledge on the 

effectiveness of these interventions on the late-term sequelae. 

  The aim of this trial is to evaluate whether an expert assessment of shoulder 

impairments, followed by an individualised treatment plan, is superior to a minimal 

physiotherapeutic rehabilitation program in reducing shoulder symptoms, among women with late-

term shoulder impairments after primary breast cancer. 

 

Rational for this study 

Currently, no standardised evaluation or treatment of women’s late-term shoulder impairments are 

offered, and it is therefore up to the individual women to seek care, resulting in large variations in 

rehabilitation. Since half of all cases of breast cancer is diagnosed in women aged 62 years or 

younger (1), i.e., potentially physically active and in the workforce, an improvement in prevention 

and management of shoulder impairment after breast surgery may substantially benefit both the 

patients and society. This randomised trial will potentially have immediate impact on clinical 

practice as well as on long-term outcomes and quality of life after breast cancer surgery. 

 



Individualised treatment vs. a home-based exercise program in women  
with late-term shoulder impairments after primary breast cancer surgery 

Page 7 of 30 
 

Aims and Hypotheses  

The primary aim of this trial is to compare the effectiveness of an individualised treatment, relative 

to a minimal home-based program, on changes in Shoulder Pain and Disability Index (SPADI) from 

baseline to week 12 after initiating the treatment, in women with late-term shoulder impairments 

after breast cancer surgery. 

The null hypothesis is that there is no difference in SPADI between the two groups. 

The alternative hypothesis is that women randomised to the individualised treatment (Intervention 

group) will improve more in shoulder function and reduce shoulder pain 12 weeks after initiating 

the treatment than those randomised to the minimal home-based program (Control comparator 

group). 

 

Objectives 

Primary efficacy objective:  

To compare the effect of the individualised treatment plan, relative to a minimal physiotherapeutic 

rehabilitation program, on changes in Shoulder Pain and Disability Index (SPADI) from baseline to 

12 weeks after initiating the treatment, in women with late-term shoulder impairments after primary 

breast cancer surgery. 

 

Key secondary objectives:  

To compare the effect of the individualised treatment plan, relative to a minimal physiotherapeutic 

rehabilitation program, after 12 weeks on changes in the following key secondary outcome 

measures: 

 SPADI pain, 

 SPADI function, 

 SPADI clinical response, 

 Impression of the treatment’s success, 

 Active Range of Motion (A-ROM), 

 Passive Range of Motion (P-ROM),  

 Number of treatments received due to shoulder symptoms, 

 Maximum shoulder pain intensity, 
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 Shoulder pain during general activities,  

 Shoulder pain at rest,  

 Shoulder pain during sleep, and  

 Shoulder pain during flexion/rotation/abduction.  

 

Exploratory objectives covered will be published in secondary papers covering the following:  

To compare the effect of the individualised treatment plan, relative to a minimal physiotherapeutic 

rehabilitation program, after 12 weeks on changes in: 

 Pain medication consumption,  

 Depression score (PHQ-9), and  

 Anxiety score (GAD-7).  

 

STUDY METHODS 

Trial design 

This trial is designed as a stratified (by type of surgery and radiotherapy), block randomised (1:1 

allocation), controlled, parallel group and assessor-blinded, single-centre superiority trial conducted 

in Denmark. Women are recruited from an earlier letter inquiry, based on a register extract, 

including an invitation to participate in a cross-sectional survey of late-term effects. Women 

reported shoulder impairments invited to participate in this trial and randomised to an expert 

assessment of shoulder impairments with an individualised treatment plan or to a 12 week home-

based program, which is a minimal intervention within the physiotherapeutic rehabilitation and is 

delivered in a pamphlet. The two interventions are more described specifically in the trial protocol. 

The primary endpoint will be assessed at the 12 weeks follow-up, while many of the outcome 

measures are also collected at 4 and 8 weeks follow-up.  

The SAP is reported in accordance with the “Guidelines for the Content of Statistical 

Analysis Plans in Clinical Trials” (2). The trial was registered prior to First Patient First Visit at 

ClinicalTrials.gov (NCT05277909) and follow the principles of the Declaration of Helsinki (3). The 

recruitment period started in April 2022 (i.e. First Patient First Visit), and expected to be completed 

in August 2022 (i.e. Last Patient First Visit). 
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Randomisation, allocation concealment, and blinding 

Eligible participants were randomly assigned in permuted blocks of 2 to 6, with a 1:1 allocation, 

based on a computer-generated randomisation list generated by an independent data manager 

implemented into the REDCap randomisation system (4), to either Intervention group or Control 

group. Participants were stratified in 5 groups according to type of surgery and +/- radiotherapy 

treatment: 

1. Breast Conserving Surgery (BCS) and Sentinel Lymph Node Dissection (SLND) + radiotherapy; 

2. BCS and SLND – radiotherapy;  

3. BCS and Axillary Lymph Node Dissection (ALND) + radiotherapy;  

4. Mastectomy and SLND – radiotherapy; and  

5. Mastectomy and ALND + radiotherapy)  

  Immediately after obtaining the written informed consent, the baseline measures and 

outcomes will be collected. The outcome assessors who performed the clinical baseline assessment 

will also perform the 12-week follow-up, blinded towards treatment allocation. Participants were 

informed about their group allocation directly after randomisation.  

  To ensure concealment, the primary investigator, assessors and administrators of the 

randomisation were blinded to the block sizes, as the randomisation code was stored in REDCap, 

with no access for the project group.  

 

Sample size and power considerations 

The sample size and power estimation were based on the expected between-group difference in the 

change in SPADI score from baseline to the 12 weeks follow-up. In order to achieve an a priori 

statistical power of at least 85%, with a two-sided significance level α=0.05, with an anticipated 

standard deviation (SD)=15.41 SPADI units (5), the estimated total sample size was n=130 (~ 65 

participants in each group), to be able to detect a minimal clinically relevant difference defined as 8 

points on the SPADI-score (6,7).  

 

Correction: 

In the study protocol we estimated an eligible population of approximately n=384 women willing to 

participate (https://doi.org/10.1186/s13063-022-06659-1), based on the cross sectional survey sent to 

https://doi.org/10.1186/s13063-022-06659-1
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approximately 4.300 women in Region of Southern Denmark, corresponding to an expected eligible 

population rate of 8%.  

In fact, we sent out the questionnaire to 9.934 women nationwide, and obtained a participation rate 

of 56.7% in the cross sectional survey. For the Region of Southern Denmark we received 1.164 

complete replies. Of these only 129 women matched the inclusion and exclusion criteria, and 

furthermore, 76% of these eligible women declined the offer to participate, resulting in n=31, 

corresponding to a much lower than expected, eligible population rate of 2.66%.   

 

 

Statistical interim analysis and early stopping rules 

No statistical interim analyses were planned or done. Patient recruitment stops when a total number 

of 130 patients have been included and finished their intervention or when the deadline August 31, 

2022 is reached.  
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Timing of final analysis 

The final analysis for the between group comparison (Intervention group vs. Control comparator 

group) for the primary endpoint (baseline, 4-, 8- and 12-weeks follow-up) is planned to be 

performed after the last randomised patient has completed the 12 weeks follow-up. The publication 

of the trial will be prepared when the data have been received and cleaned (anticipated by April 

2023). 

 

Timing of outcome assessments  

The overview of the trial time-points of each outcome assessment is presented in the Table 1 in the 

study protocol at the TRIALS journal (https://doi.org/10.1186/s13063-022-06659-1): “Effectiveness of 

an expert assessment and individualised treatment compared with a minimal home-based exercise 

program in women with late-term shoulder impairments after primary breast cancer: Study 

protocol for a randomised controlled trial”. The intervention start date (Intervention group or 

Control comparator group) for each patient is used to calculate the 4-, 8-, and 12-weeks follow-up 

time points.  

 

STATISTICAL PRICINPLES 

Confidence intervals and p-values 

All 95% confidence intervals (95% CIs), and P-values will be two sided. Adjustments for 

multiplicity will not be applied, but rather the analyses of the key secondary outcomes will be 

performed and interpreted in a prioritized order. The analyses of the confirmatory secondary 

outcomes will be performed in sequence until one of the analyses fails to show the statistically 

significant difference, or until all analyses have been completed at a statistical significance level of 

0.05. The key secondary statistical tests will be reported with P values for hypothesis tests and 

claims of statistical significance. 

 

Analysis populations 

The primary analyses will be based on the Intention to Treat (ITT) population, i.e., based on the 

Full Analysis Set (having the outcome of interest measured at baseline). The ITT principle asserts 

the effect of a treatment policy (that is, the planned treatment regimen), rather than the actual 

https://doi.org/10.1186/s13063-022-06659-1
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treatment given (i.e., it is independent of treatment adherence). Accordingly, participants allocated 

to a treatment group will be followed up, assessed and analysed as members of that group, 

irrespective of their adherence to the planned course of treatment (i.e., independent of withdrawals 

and cross-over phenomena) (8).  

 

TRIAL POPULATION 

Screening data 

The total number of patients, screened for eligibility, will be collected, and presented in a 

CONSORT Flow Diagram (Figure 1) for documenting the flow of participants through the trial. 

The number of ineligible patients randomised by mistake, if any, will be reported including reason 

for ineligibility. 

 

Eligibility criteria 

Women who have participated in a parallel performed nationwide cross-sectional survey study and 

reported shoulder pain or impairment as their primary discomfort after BCS or mastectomy 

combined with either SLND or ALND due to breast cancer, and fulfilling the following inclusion 

and exclusion criteria are considered eligible for the randomised trial:  

Inclusion criteria 

1. Breast cancer patients who underwent unilateral BCS or mastectomy on the left or right 

side, including SLND or +/- ALND within the last 3-7 years (2015-2019) 

2. Currently living in the Region of Southern Denmark or Central Denmark Region with a 

radius of 75 km from Vejle Hospital 

3. Between 18 and 71 age at the time of surgery for primary breast cancer 

4. Indicate pain in chest and/or shoulder area (shoulder impairments) as the biggest 

problem/late-term effect in everyday life 

5. Indicate impaired shoulder function due to pain or due to tightness/tension 

6. Indicate shoulder pain at rest, during general activities, during sleep or during flexion, 

rotation or abduction of the shoulder 

7. A score ≥15 on the Disabilities of the Arm, Shoulder and Hand (Quick DASH) (9,10) 

8. Agree to participate in this trial and sign written informed consent. 



Individualised treatment vs. a home-based exercise program in women  
with late-term shoulder impairments after primary breast cancer surgery 

Page 13 of 30 
 

Exclusion criteria 

1. No previous breast cancer (before 2014)  

2. Cancer relapse after the date of index surgery, cancer spread outside of thorax and axilla, 

tumour fixed to chest wall 

3. Primary- or secondary breast reconstruction performed at any time  

4. Severe lymphedema (an average score ≥ 70% in the first 7 questionnaires on the LYMPH-

ICF-DK (11,12) 

5. Bilateral breast cancer surgery 

6. Previous surgery in the affected shoulder (prior to inclusion) 

7. Previous shoulder or upper limb fractures (left/right)  

8. Currently receiving chemo, immuno- or radiotherapy 

9. Co-morbidity expected to influence shoulder function (e.g. rheumatoid arthritis, previous 

stroke, multiple sclerosis) 

10. Other reasons for exclusion (e.g. pregnancy, not legally competent, unable to comprehend 

the information or unable to consent) 

 

Recruitment 

The CONSORT Flow Diagram will comprise number of patients screened, excluded (with reasons), 

randomised, stratified, receiving their allocated treatment, withdrawals (with reasons), and lost to 

follow-up (with reasons) and included in ITT analysis. The anticipated CONSORT Flow Diagram 

is depicted in Figure 1. 

 

Withdrawal/follow-up 

The reason for each crossover or withdrawal will be registered. Participants performing a crossover 

will remain in the study and be analysed following the intention-to-treat principle (i.e., remaining in 

their original group). The level of consent withdrawal will be classified as: 

1. consent to continue follow-up and data collection; 

2. consent to continue data collection only; or 

3. complete withdrawal with no further follow-up and data collection (13).  
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  In the CONSORT Flow Diagram numbers and reasons for withdrawal and/or loss to 

follow-up will be presented given at the 4-, 8- and 12-weeks (primary end point) outcome 

assessment; separately for the two intervention groups. 

 

Baseline characteristics  

The following data will be used to describe patients by randomisation group at baseline: mean age, 

height, weight, body mass index (BMI), smoking, alcohol consumption, highest education level, 

employment, index shoulder, dominant side affected, duration of shoulder symptoms, pain 

medication consumption due to shoulder related pain, depression, anxiety and outcome measures 

will be collected at baseline. The baseline characteristics are illustrated in Table 1. 

   Categorical variables will be calculated and presented in numbers and percentages.  

While Means and Standard Deviations (SDs) will be calculated and presented for continuous 

variables if data follows a normal distribution; in case, continuous variables does not appear to 

follow normal distribution, median and interquartile range will be calculated. No tests of statistical 

significance will be conducted for baseline characteristics. 

 

ANALYSIS 

Primary outcome 

Shoulder Pain and Disability Index (SPADI) [Time Frame: 0, 4, 8 and 12 weeks ] 

The primary outcome measure will be the between-group difference in change in SPADI-score 

(∆SPADI12 = SPADI12-weeks follow-up - SPADIbaseline) from baseline to 12 weeks after initiating the 

treatment. SPADI is considered a valid, reliable, and responsive patient-reported questionnaire 

assessing shoulder pain and function, where each domain score is equally weighted and added to a 

total percentage score that ranges from 0 (best) to 100 (worst) (9,14) (Figure 2).  

 

Key secondary outcomes 

 SPADI pain [ Time Frame: 0, 4, 8 and 12 weeks ]  

A key secondary outcome will be the between-group difference in change in a separate 

SPADI-pain-subscale (∆SPADIpain12 = SPADIpain12-weeks follow-up - SPADIpainbaseline) from 

baseline to 12 weeks after initiating the treatment. SPADI is considered a valid and reliable 
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patient-reported questionnaire consisting of 5-item pain subscale are scored on a numeric 

rating scale that ranges from 0 (no pain) to 10 (worst pain) (9,14).  

 

 SPADI function [ Time Frame: 0, 4, 8 and 12 weeks ] 

A key secondary outcome will be the between-group difference in change in a separate 

SPADI-function-subscale (∆SPADIfuncion12 = SPADIfuncion12-weeks follow-up - 

SPADIfunctionbaseline) from baseline to 12 weeks after initiating the treatment. SPADI is a 

valid and reliable patient-reported questionnaire consisting of 6-item pain subscale 

(exclusion of question three and seven) are scored on a numeric rating scale that ranges from 

0 (no difficulty) to 10 (so difficult that required help) (9,14).  

 

 SPADI clinical response [ Time Frame: 12 weeks (follow-up) ]  

Response to treatment will be computed for the SPADI change score for each woman in 

both treatment groups and presented dichotomised (i.e. responder and non-responder) as 

number (and percentages) responders. Women will be classified as a responder if the SPADI 

change score improves by 8 points or more (≥), corresponding to the minimal clinically 

important difference on SPADI (6,7) from baseline to 12 weeks follow-up. 

 

 Global perceived effect (GPE) [ Time Frame: 4, 8 and 12 weeks ] 

A key secondary outcome will be the between-group difference in GPE score  12 weeks 

after initiating the treatment.  

The GPE will evaluate the impression of the treatment’s success including overall shoulder 

problems on a 7-point Likert scale ranging from “markedly worse” to “markedly improved” 

(15,16). 

 

 Active Range of Motion (A-ROM) [ Time Frame: 0 and 12 weeks ]  

A key secondary outcome will be the between-group difference in change in A-ROM 

degrees (∆A-ROM12 = A-ROM12-weeks follow-up – A-ROMbaseline) from baseline to 12 weeks after 

initiating the treatment. The smartphone inclinometer (GetMyROM) is considered valid and 

reliable to assess A-ROM in flexion, internal rotation, external rotation and abduction (17-

21). 
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 Passive Range of Motion (P-ROM) [ Time Frame: 0 and 12 weeks ]  

A key secondary outcome will be the between-group difference in change in P-ROM 

degrees (∆P-ROM12 = P-ROM12-weeks follow-up – P-ROMbaseline) from baseline to 12 weeks after 

initiating the treatment. The smartphone inclinometer (GetMyROM) is considered valid and 

reliable to assess A-ROM in flexion, internal rotation, external rotation and abduction (17-

21). 

 

 Number of treatments received due to shoulder symptoms [ Time Frame: 12 weeks (follow-

up) ] 

A key secondary outcome will be the between-group difference in mean number of 

treatments received due to shoulder symptoms from baseline to 12 weeks after initiating the 

treatment.  

 

 Maximum shoulder pain intensity [ Time Frame: 0, 4, 8 and 12 weeks ]  

A key secondary outcome will be the between-group difference in change in maximum pain 

intensity (∆MaxPain12 = MaxPain12-weeks follow-up – MaxPainbaseline) from baseline to 12 weeks 

after initiating the treatment. The Numeric Rating Scale (NRS) is considered a valid, reliable 

and responsible single 11-item patient-reported pain scale that ranges from 0 (no pain) to 10 

(worst pain) (22).  

 

 Shoulder pain during general activities [ Time Frame: 0, 4, 8 and 12 weeks ]  

A key secondary outcome will be the between-group difference in change in shoulder pain 

during general activities (∆General activity pain12 = General activity pain12-weeks follow-up – 

General activity painbaseline) from baseline to 12 weeks after initiating the treatment. The NRS 

is considered a valid, reliable and responsible single 11-item patient-reported pain scale that 

ranges from 0 (no pain) to 10 (worst pain) (22). 

 

 Shoulder pain at rest [ Time Frame: 0, 4, 8 and 12 weeks ]  

A key secondary outcome will be the between-group difference in change in shoulder pain 

at rest (∆Pain at rest12 = Pain at rest12-weeks follow-up – Pain at restbaseline) from baseline to 12 weeks 

after initiating the treatment. The NRS is considered a valid, reliable and responsible single 
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11-item patient-reported pain scale that ranges from 0 (no pain) to 10 (worst pain) (22). 

 

 Shoulder pain during sleep [ Time Frame: 0, 4, 8 and 12 weeks ]  

A key secondary outcome will be the between-group difference in change in shoulder pain 

during sleep (∆Pain during sleep12 = Pain during sleep12-weeks follow-up – Pain during sleepbaseline) 

from baseline to 12 weeks after initiating the treatment. The NRS is a valid, reliable and 

responsible single 11-item patient-reported pain scale that ranges from 0 (no pain) to 10 

(worst pain) (22). 

 

 Shoulder pain during flexion/rotation/abduction [ Time Frame: 0 and 12 weeks ]  

A key secondary outcome will be the between-group difference in change in shoulder pain 

during flexion/rotation/abduction (∆Pain during flex rot abd12 = Pain during flex rot abd12-

weeks follow-up – Pain during flex rot abdbaseline) from baseline to 12 weeks after initiating the 

treatment. The NRS is a valid, reliable and responsible single 11-item patient-reported pain 

scale that ranges from 0 (no pain) to 10 (worst pain) (22). 

 

The primary and key secondary outcomes will be presented as illustrated in Table 2. 

 

Analysis methods 

The CONSORT guideline (13) will be followed for all trial reporting aspects, as recommended by 

the “Enhancing the QUAlity and Transparency Of health Research” (EQUATOR) network website 

(23). 

  The primary (continuous) outcome will be analysed by using repeated measures 

mixed effects models, including participants as a random effect, with fixed effect factors for group 

(2 levels) and week (4 levels for the SPADI questionnaire [weeks 0, 4, 8, and 12]), the stratification 

factors and the interaction between group and week, adjusted for baseline values. To assess the 

adequacy of the linear models describing the observed data—and checking assumptions for the 

systematic and the random parts of the models— the model features will be investigated via the 

predicted values and the studentized residuals; that is, the residuals have to be normally distributed 

(around 0) and be independent of the predicted values. Results will be expressed based on least 

squares mean estimates with standard errors (SE) as well as the differences in the least squares 

means with 95% CIs to represent precision of the contrast between groups. Further, for the primary 
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outcome, a 95% CI excluding differences greater than 4 SPADI points between groups will be 

interpreted as indicating absence of a clinically meaningful difference. Dichotomous outcome 

variables will be analysed with logistic regression, with identical fixed effect factors and covariates 

as the mixed linear model described above. Missing data for dichotomous outcomes will be 

computed based on conservative (non-responder) imputations. 

Subgroup analyses (24) will be used to examine whether the observed overall 

treatment effect varies across participants subgroups, and to whether the effect is modified by the 

value of a variable assessed at baseline, analysed by the following thresholds: median age, median 

duration of shoulder symptoms, obesity (BMI ≥30 kg/m2), dominant side affected (left vs right). 

This statistical approach to evaluate potential effect modifiers, will be a test for statistical 

interaction whether the treatment effect (net benefit on change in the SPADI score) varies across 

levels of the effect modifier (25). 

 

Missing data and sensitivity analyses 

To handle missing data, repeated-measures linear mixed effects models will be used (26-29). These 

models are considered valid if data are “Missing at Random” (i.e., any systematic difference 

between the missing values and the observed values can be explained by differences in observed 

data) (30). 

  The following four strategies for handling and interpretation of missing data will be 

applied in the sensitivity analysis:  

1. We will attempt to follow up all randomised participants, even if they withdraw from allocated 

treatment (i.e., contact all individuals unless they explicitly stated that they had withdrawn their 

consent); 

2. Perform a main analysis of all observed data that are valid under a plausible assumption about the 

missing data (i.e., data as randomised; using linear mixed effects models, assuming that data are 

“Missing at Random”); 

3. Perform sensitivity analyses to explore the effect of departures from the assumption made in the 

main analysis (i.e., non-responder-imputation: using the value at baseline to replace missing data; 
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these models will be informative about the robustness in case data are “Missing Not At Random”); 

and 

4. Account for all randomised participants, at least in the sensitivity analyses (including strategy 2 

and 3, plus the corresponding analyses based on the per protocol population) (28). 

  Thus, the following sensitivity analyses will be performed on various population 

analyses, including a non-responder imputation and per-protocol, to examine the robustness by 

revealed similar results in these sensitivity analyses. Robustness is a concept that refers to the 

sensitivity of the overall conclusions to various limitations of the data, assumptions, and analytic 

approaches to data analysis. Robustness implies that the treatment effect and primary conclusions of 

the trial are not substantially affected when analyses are carried out based on alternative 

assumptions or analytic approaches.  

 

Additional analyse 

No additional analyses on the primary and key secondary outcomes are planned from baseline to 12 

weeks follow-up. 

 

Harms 

Serious adverse events (SAE) will be categorised in accordance with the definitions established by 

the United States Food and Drug Administration (e.g. hospitalisation or death) (31). All categorical 

types of SAE´s will be presented for each group and statistical tested by using logistic regression. 

The SAEs will be presented as illustrated in Table 3. 
 

Statistical software  

All data analysis will follow the statistical methods described above, and will be performed 

applying STATA (Statacorp, College Station, Texas, USA) and SAS (SAS Institute Inc., Cary, 

North Carolina, USA) software. 
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ANTICIPATED OUTLINE 

 

 
Figure 1: CONSORT Flow Diagram of participants through the trial. Control comparator group (a 

minimal home-based program); Intervention group (individualised treatment). 
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THE FIGURE BELOW IS DEPICTED WITH ANTICIPATED CHANGES FROM 

BASELINE TO 12 WEEKS FOLLOW-UP!  

 

 
Figure 2: Trajectory in SPADI-score in the Control comparator group (a minimal home-based program) 

and Intervention group (individualised treatment) at baseline, 4-, 8-, and 12 (primary end-point) weeks after 

initiating the treatment. Values are mean (95% CI). 
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Table 1. Baseline characteristics in the ITT population* 
 
 Intervention Group 

(N =XX) 
Control Comparator 
Group (N =XX) 

Total Combined 
(N =XX) 

General characteristics 
Mean age — years    
Height — cm    
Weight — kg    
Body Mass Index — kg/m2    
Smoking Habits: 
  Smoker— no. (%)    
  Current smoker— no. (%)    
  Not a smoker— no. (%)    
Highest Education level: 
  Short  — no. (%)    
  Medium  — no. (%)    
  Long  — no. (%)    
Employment: 
  Employed for wages  — no. (%)    
  Self-employed  — no. (%)    
  Sick leave  — no. (%)    
  Retired  — no. (%)    
  Other  — no. (%)    
Index shoulder: 
  Right side — no. (%)    
  Left side  — no. (%)    
Dominant side affected: 
  Right side  — no. (%)    
  Left side  — no. (%)    
  Duration of shoulder symptoms — years    
Outcome measures 
SPADI score† —  0 to 100    
Shoulder pain —  0 to 10    
Shoulder function —  0 to 10    
GPE impression of the treatment´s success —  0 to 7    
A-ROM in the affected shoulder — degree    
P-ROM in the affected shoulder —  degree    
NRS maximum shoulder pain intensity —  0 to 10    
NRS shoulder pain during general activities —  0 to 10    
NRS shoulder pain at rest —  0 to 10    
NRS shoulder pain during sleep —  0 to 10    
NRS shoulder pain assessment during  
flexion/rotation/abduction —  0 to 10 

   

* Plus–minus values are mean ±SD unless otherwise indicated 
† The Shoulder Pain and Disability Index (SPADI) ranges from 0 (best) to 100 (worst), with lower scores 

indicating better disease status.   



Individualised treatment vs. a home-based exercise program in women  
with late-term shoulder impairments after primary breast cancer surgery 

Page 26 of 30 
 

Table 2: Primary and Key Secondary Outcomes at 12 weeks in the ITT population* 

Outcome 12 weeks after initiating the treatment 
 

Between-Group Difference 
in Mean Improvement 

  
Intervention Group 

 
 
 

Control Comparator Group 
 
 
 

Difference in 
LSMeans 
(95%CI) 

 

 
P-Value 

 
 
 

 Mean SE Mean SE   
Primary endpoint  
Change SPADI score — 0 to 100      

 

Key secondary outcome measures 
Change SPADI pain (0-10) 
Change SPADI function (0-10) 
Change Clinical response (SPADI change score) 
GPE impression of the treatment success (0-7) 
Change A-ROM in the affected shoulder (degree) 
Change P-ROM in the affected shoulder (degree) 
Number of treatments received due to shoulder 
symptoms (mean) 
NRS maximum shoulder pain intensity (0-10)  
NRS shoulder pain during general activities (0-10) 
NRS shoulder pain at rest (0-10)  
NRS shoulder pain during sleep (0-10)  
NRS shoulder pain assessment during flexion/ 
rotation/abduction (0-10)       

 

Response to Treatment 
SPADI minimal important change criteria† no. (%)      

 

* All analyses will be based on the Intention-To-Treat (ITT) population: Using Repeated-Measures, Mixed 

Models (with no simple imputation for missing data); Estimates will be least squares means (LSMeans) and 

Standard Errors (SE) with the difference between groups reported with 95% Confidence Intervals (CI).  

† Patients will be classified as having a clinically relevant change if the SPADI score improves by 8 points or 

more; missing data will be replaced by single-step non responder imputation. 

  



Individualised treatment vs. a home-based exercise program in women  
with late-term shoulder impairments after primary breast cancer surgery 

Page 27 of 30 
 

 
Table 3: Serious Adverse Events at 12 weeks in the ITT population* 

 
Serious Adverse Event (SAE) - no (%) 

Intervention Group Control Comparator Group 

Musculoskeletal   

   Deep infection, no. (%)   

   Shoulder dislocation, no. (%)     

   Shoulder fracture, no. (%)   

Cardiovascular   

   Vascular injury (arterial and venous damage), no. (%)   
   Pulmonary embolism, no. (%)   
   Deep venous thrombosis, no. (%)    

   Acute myocardial infarction, no. (%)   

Nervous system   

   Nerve injury, no. (%)   

Deaths, no. (%)   

Discontinuation due to AE(s) — no. (%)   

* This table includes all Serious Adverse Events (SAE´s) that occurred during the 12 weeks study period, but not 

necessarily a causal relationship with the treatment administered. An adverse event was classified as serious if it was 

fatal or life-threatening, required or prolonged inpatient hospitalisation, was disabling, resulted in (a congenital anomaly 

or birth defect), or required medical or surgical intervention to prevent permanent impairment or damage. 
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Appendix Table 1: Sensitivity Analysis at 12 weeks in the ITT population using a single step non-responder 

imputation* 

Outcome 12 weeks after initiating the treatment 
 

Between-Group Difference 
in Mean Improvement 

  
Intervention Group 
 
 
 

 
Control Comparator Group 
 
 
 

 
Difference in 
LSMeans 
(95%CI) 
 

 
P-Value 
 
 
 

Primary endpoint  
SPADI score — 0 to 100      

 

Key secondary outcome measures 
SPADI pain (0-10) 
SPADI function (0-10) 
Clinical response (SPADI change score) 
GPE impression of the treatment success (0-7) 
A-ROM in the affected shoulder (degree) 
P-ROM in the affected shoulder (degree) 
Number of treatments received due to shoulder 
symptoms (mean) 
NRS maximum shoulder pain intensity (0-10)  
NRS shoulder pain during general activities (0-10) 
NRS shoulder pain at rest (0-10)  
NRS shoulder pain during sleep (0-10)  
NRS shoulder pain assessment during flexion/ 
rotation/abduction (0-10)       

 

* The primary outcome will be analysed using single step imputation, based on the data set where missing 

data is handled. All key secondary outcomes are analysed based on the Repeated-Measures, Mixed Models 

(based on all collected time points): Missing data will be replaced by simple single step imputation, where 

missing data is replaced by the value at baseline (baseline observation carried forward).   
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Appendix Table 2: Sensitivity Analysis at 12 weeks in the Per Protocol population* 

Outcome 12 weeks after initiating the treatment 
 

Between-Group Difference 
in Mean Improvement 

  
Intervention 
Group† 
 
 
 

Control Comparator 
Group‡ 
 
 
 

Difference in 
LSMeans 
(95%CI) 
 
 

 
P-Value 
 
 
 

Primary endpoint  
SPADI score — 0 to 100      

 

Key secondary outcome measures 
SPADI pain (0-10) 
SPADI function (0-10) 
Clinical response (SPADI change score) 
GPE impression of the treatment success (0-7) 
A-ROM in the affected shoulder (degree) 
P-ROM in the affected shoulder (degree) 
Number of treatments received due to shoulder 
symptoms (mean) 
NRS maximum shoulder pain intensity (0-10)  
NRS shoulder pain during general activities (0-10) 
NRS shoulder pain at rest (0-10)  
NRS shoulder pain during sleep (0-10)  
NRS shoulder pain assessment during flexion/ 
rotation/abduction (0-10)       

 

 

* All analyses will be based on the Per Protocol population: Using Repeated-Measures, Mixed Models (with 

no imputation for missing data); Estimates are least squares means (LSMeans) and Standard Errors (SE) with 

difference between groups reported with 95% Confidence Intervals (CI).  

† The Per-Protocol Population included N=?? in the Intervention Group. 

‡ The Per-Protocol Population included N=?? in the Control Comparator Group. 
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Appendix Table 3: Sensitivity Analysis at 12 weeks in the As-Treated population* 

Outcome 
 Intervention 

Group†  
 
 
 

Control 
Comparator 
Group‡ 
 
 

Intervention 
Group and no 
expert 
assessments§ 
 

Control 
Comparator 
Group and 
expert 
assessments¶ 

P-Value 

Primary endpoint  
SPADI score — 0 to 100     

 

Key secondary outcome measures 
SPADI pain (0-10) 
SPADI function (0-10) 
Clinical response (SPADI change score) 
GPE impression of the treatment success (0-7) 
A-ROM in the affected shoulder (degree) 
P-ROM in the affected shoulder (degree) 
Number of treatments received due to shoulder 
symptoms (mean) 
NRS maximum shoulder pain intensity (0-10)  
NRS shoulder pain during general activities (0-10) 
NRS shoulder pain at rest (0-10)  
NRS shoulder pain during sleep (0-10)  
NRS shoulder pain assessment during flexion/ 
rotation/abduction (0-10)      

 

 

* All analyses will be based on the As-Treated population: Using Repeated-Measures, Mixed Models; 

Estimates are least squares means and Standard Errors (SE). An As-Treated analysis will be performed based 

on their patients’ adherence to the randomised treatment expecting four groups: 

† Patients randomised to the Intervention Group undergoing an expert assessment included N=??.  

‡ Patients randomised to the Control Comparator Group without undergoing expert assessments in the 

follow-up period included N=??.  

§ Patients randomised to the Intervention Group but declined an expert assessment post randomisation 
included N=??.  
¶ Patients randomised to the Control Comparator Group undergoing expert assessments during the follow-up 

period N=??.  

 


