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1. Introduction 

This document outlines the agreements for the Statistical Analysis Plan (SAP) for the Geranyl 

Geranyl-acetone (GGA) in patients with Heart Failure with GLADIATOR-trial. The GLADIATOR trial 

is a Phase II investigator-initiated, multicentre, national, randomized, double-blind placebo-

controlled cross-over trial of GGA vs. placebo in patients with Heart Failure with a preserved 

ejection fraction. 

1.1. Background and rationale 

Heart failure with a preserved ejection fraction (HFpEF), characterized by stiƯening of the left 

ventricle and impaired filling, comprises the majority of heart failure cases and accounts for 

±2% of the total EU healthcare budget (±30 billion Euro’s per year). In contrast to heart failure 

with a reduced ejection fraction (HFrEF), treatment options are limited. Sacubitril/valsartan has 

shown some benefit in subgroups of HFpEF patients, and empagliflozin has been shown in 2021 

to reduce hospitalization rates in HFpEF.1,2 As no other treatment options exist, there is a major 

unmet clinical and societal need for safe, eƯective, and aƯordable treatments for HFpEF.  

Early in the pathogenesis of HFpEF, compromised endothelial synthesis of nitric oxide (NO) and 

decreased levels of small heat shock proteins (HSPs), such as HSPB1and HSPB5, cause 

stiƯening of the cardiomyocytes.3–5 HSPB5 and HSPB1 determine the conformation of the 

cytoskeletal protein titin and control muscle stiƯness, and deficiency of HSPB5 greatly 

increases muscle stiƯness.6 It has been proposed that HSPB5 and HSPB1 determine the 

conformation of the flexible N2b part of titin, which is phosphorylated by cGMP-activated 

protein kinase (PKG). PKG activity in cardiomyocytes is controlled by the microvascular 

endothelium through NO and soluble guanylate cyclase (sGC).7  

Microvascular dysfunction in the myocardium, particularly decreased synthesis of NO by 

capillary endothelium, is a second determinant of cardiomyocyte stiƯness. The prenylating 

agent geranylgeranylacetone (GGA), chemical name teprenone and currently sold outside of the 

EU by Eisai Co. Ltd. as part of the anti-ulcer agent Selbelle (before december 2020: Selbex), has 

been shown to enhance cardiomyocyte HSP expression as well as microvascular NO activity, 

both in animal models and in human studies.  

In RECONNECT, we demonstrated that 4 weeks of oral GGA administration decreases 

cardiomyocyte stiƯness in hearts of ZSF1 rats by increasing the binding of HSPB1and HSPB5 to 

myofilaments in cardiomyocytes.8 The enhancing eƯect of oral GGA treatment on 

cardiomyocyte  HSP expression was observed in patients undergoing bypass surgery.9 

Furthermore, GGA was shown to enhance endothelial NO activity through HSPC expression in 
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healthy humans.10 In the context of kidney disease, GGA was shown to induce renal HSPA1A, 

ameliorate tubular damage and prevent deterioration of kidney function in acute and chronic 

models of kidney damage.11–13 These beneficial eƯects of GGA have been attributed to 

improvement of endothelial function, leading to favorable changes in kidney blood flow. While 

GGA has beneficial eƯects in man on key elements of the pathogenesis of HFpEF, i.e. increasing 

HSP activity and improving endothelial function, while being well tolerated in patients, and 

exerts beneficial eƯects on myocardial stiƯening in a model of HFpEF, proof of eƯicacy of GGA 

on signs and symptoms of HFpEF in man is lacking.10 

Since 1984, GGA has been used as an over-the-counter anti-ulcer drug in Asian countries, with 

minor side eƯects at doses up to 1200 mg/day.14 In fact, this marketed eƯect of GGA is mediated 

by NO, and this GGA-induced increase in NO activity can now be tested for its therapeutic 

potential in HFpEF.15 In 2021, the sole manufacturer of pure GGA for human use is the 

Amsterdam UMC. In addition, the Stichting VUMC is holder of the patent for GGA as a treatment 

for diastolic dysfunction. We aim to use this opportunity, our combined expertise and the proven 

eƯects of GGA in man, for a phase 2 trial on the eƯicacy of GGA in HFpEF. In the CVON-

RECONNECT project on HFpEF funded by the Netherlands heart foundation, we provided proof 

of concept that cardiac capillary endothelium controls cardiomyocyte function through transfer 

of NO and that this specific endothelial function is impaired in human chronic kidney disease.4,16 

Previous studies have shown that in HFpEF microvascular NO synthesis is reduced and that 

microvascular dysfunction predicts severity.5,17 Taken together, HSP expression and 

microvascular NO synthesis control cardiomyocyte stiƯness in health and in human HFpEF and 

chronic kidney disease.  

In this phase 2 trial, we expect to obtain proof of concept for a beneficial eƯect of GGA on 

HFpEF. In HFpEF patients we will evaluate eƯects of GGA on signs and symptoms of HFpEF 

including echographic parameters of diastolic function, exercise tolerance, microvascular 

endothelial function and kidney function 
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1.2. Objectives and endpoints 

Objectives Endpoints 
Primary  
 
To demonstrate the eƯect of 
GeranylGeranylAcetone (GGA) 
compared to placebo on 
endothelial function and 
diastolic function. 
 

 
Dual primary endpoint: 

 Reactive hyperemia index as a marker for 
endothelial function after 13 weeks of treatment 
with GGA 

 E/e’ as a marker for diastolic function after 13 weeks 
of treatment with GGA. 

Secondary  
 
To assess whether GGA has an 
eƯect on echocardiographic 
measures 
 
 

 
Secondary endpoints: 
Echocardiographic measures 

 Left atrial (LA) index volumes: (LAVImax, LAVImin, 
LAVIpre-A) and function (LA Global Strain and LA 
emptying fractions (reservoir, conduit and booster 
pump)). 

 Echocardiographic determined LV global 
longitudinal strain. 

 Echocardiographic determined LV myocardial 
relaxation (e’). 

 Echocardiographic determined LV distensibility, 
measured by E and LV end-diastolic volume. 

 Echocardiographic determined right ventricular 
systolic function (TAPSE, RV S’).  

 Echocardiographic determined pulmonary artery 
pressure (PAP). 

 
To assess whether GGA 
improves self-reported quality 
of life and exercise tolerance in 
patients with HFpEF compared 
to placebo. 
 

Patient reported outcomes and exercise capacity 
 NYHA-class. 
 Total symptom score (TSS) and clinical symptom 

score (CSS) of the KCCQ quality of life assessment. 
 Change in 6-minute walking distance (6MWD). 
 Change in health status during the study using the 

EQ-5D-5L quality of life assessment. 
 

To assess whether GGA 
improves endothelial function 
measurements 
 

Endothelial function assessment 
 Endothelium-dependent and -independent 

vasodilation in skin, determined by iontophoresis of 
acetylcholine (Miochol-E) and sodium nitroprusside 
and measured using Laser Speckle Contrast 
Analysis (LASCA). 

 Microvascular and inflammatory biomarkers: 
Nitrosated hemoglobin (Hb(NO)4), nitrate/nitrite, 
H2S, CRP, endothelin-1 and Tioredoxin-4. 
 

 
To assess whether GGA 
improves renal (hemodynamic) 

Kidney endpoints 
 Iohexol-measured GFR (mGFR). 
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function in patients with HFpEF 
compared to placebo. 
 

 Para-aminohippuric acid-measured eƯective renal 
plasma flow (ERPF). 

 intrakidney hemodynamic function including renal 
vascular resistance (RVR), glomerular pressure 
(Pglo), aƯerent vascular resistance (Ra) and eƯerent 
vascular resistance (Re). 

 Urinary albumin-creatinine ratio (UACR). 
 Serum and urinary neutrophil gelatinase associated 

lipocalin (NGAL). 
 serum and urinary kidney injury molecule (KIM)-1. 

 
To assess whether GGA 
improves cardiovascular 
function markers 
 

Cardiovascular function markers 
 NT-proBNP 
 hs-Troponin 

To assess the safety of the use 
of GGA 

Safety Markers 
 Clinical events (death, myocardial infarction, heart 

failure hospitalization) 
 Serious Adverse Events (SAE’s) 
 Treatment Emergent Adverse Events (TEAE’s) 
 Adverse events of specific interest 

(expected/anticipated AE’s) 
 

  
Table 1: Primary and secondary endpoints for the GLADIATOR-trial. 

2. Study design 

2.1. Trial design and follow-up 

The GLADIATOR trial is a Phase II investigator-initiated, multicentre, national, randomized, 

double-blind placebo-controlled cross-over trial of GGA vs. placebo in patients with Heart Failure 

with a preserved ejection fraction.  

The study will be conducted in patients with HFpEF with an LVEF ≥ 50%. As women are 

overrepresented in the HFpEF-population our goal is to include at least 50% women. 

The study will take place at the outpatient clinics of the cardiology departments of the Amsterdam 

University Medical Centre (AUMC), University Medical Centre Groningen (UMCG) and the Onze 

Lieve Vrouwe Gasthuis- hospital (OLVG) in Amsterdam. Patients will be randomized in a 1:1 ratio 

to either GGA or placebo. The study is designed to be able to show an eƯect on the primary 

endpoint with a power of 90% at an alpha level of 5%. It is anticipated that 40 patients need to be 

randomized to prove the hypothesis, with an expected drop-out rate of 10% (4 patients). 

Trial documentation and clinical trial infrastructure is projected to be finished on 01-july-2022 and 

the trial is projected to be fully completed on 01-july-2026.  
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2.2. Screening 

After providing written informed consent, a Screening Visit to confirm the participant’s eligibility 

will take place prior to randomization. The Screening Visit may take place on the same day as 

randomization (Visit 2). Local laboratories will be used to perform the eligibility assessments. 

2.3. Treatment period 

After randomization patients will be treated with GGA/placebo for 12-13 weeks. Patients will be 

called for follow-up after 6-7 weeks. After each treatment period of 12-13 weeks, we will perform 

an echocardiogram, extensive laboratory measurements, a 6 minute walking distance test, 

Quality of Life reporting using the Kansas city cardiomyopathy questionnaire and the EuroQoL-

5D-5L  questionnaire, Endothelial function measurements using EndoPAT2000® and lastly and 

kidney hemodynamic function measurements using Iohexol and Para-amino Hippuric Acid. 

After the first treatment period, there will be a washout period of 6-7 weeks. Patients will cross 

over to the other arm after the washout-period where they will be treated with GGA/placebo for 

12-13 weeks again. After the second treatment arm, the abovementioned tests will be performed 

during a second testing day. Lastly, we will follow-up patients 2-3 weeks after treatment for End of 

Study (EoS). A complete overview of the trial is illustrated in figure 1. 
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Changes in the study intervention dose, including interruption/premature discontinuation or 

restart of study intervention, must be recorded in the electronic case report form (eCRF). It is 

planned that all randomized participants will remain in the study. 

2.4. End of Study 

The study will end when all participants have concluded the end of study visit or had a premature 

discontinuation visit.  

2.5. Statistical interim calculations 

 Statistical interim calculations were not required by the protocol. Study population 

2.6. Inclusion criteria 

To be eligible to participate in this study, a subject must meet all of the following criteria: 

1. Age≥ 50 years . 

2. Patients with a diagnosis of symptomatic chronic heart failure (New York Heart 

Association class II or III) AND preserved systolic LV function (LV ejection fraction or LVEF 

≥ 50%) documented within the last 6 months AND evidence of diastolic LV dysfunction 

with at least 1 out of the following 4 criteria:  

- HFA-PEFF score ≥5.  

- H2FPEF score ≥6 . 

- HFpEF according to the 2021 ESC HF Guidelines (NT-proBNP>125 pg/ml AND 

either LV mass indexed or LVMI >95 g/m2 for women and >115 g/m2 for men OR 

left atrial volume indexed or LAVI >34 ml/m2 OR mean e; septal/lateral < 9 cm/s) 

OR E/e’ >13 OR TR velocity at rest >2,8m/s.  

- Pulmonary capillary wedge pressure (PCWP) >15 mmHg and/or >25 mmHg during 

exercise. 

2.7. Exclusion criteria 

A potential subject who meets any of the following criteria will be excluded from participation in 

this study:  

1. Current acute decompensated heart failure, requiring hospitalization or augmented 

therapy with intravenous diuretics, vasodilators, and/or inotropic drugs. 

2. Acute coronary syndrome, transient ischemic attack/cerebrovascular accident, major 

surgery within the previous 3 months. 
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3. Hemoglobin <9g/dl at screening. 

4. LVEF <40% measured at any time point in the history of the patient. 

5. History of mitral valve repair or replacement. 

6. Presence of significant valvular disease defined as mitral valve regurgitation defined as 

grade ≥ 3+ MR; tricuspid valve regurgitation defined as grade ≥ 2+ TR; aortic valve disease 

defined as ≥ 2+ AR or > moderate AS. 

7. Acute myocarditis within 3 months prior to randomization.  

8. Infiltrative cardiomyopathy. 

9. Genetic cardiomyopathy. 

10. Severe pulmonary disease requiring home oxygen or chronic oral steroid therapy.  

11. Precapillary pulmonary hypertension.  

12. BMI >40 kg/m2.  

13. Estimated glomerular filtration rate (GFR) 90 ml/min.  

14. History of solid organ transplantation including kidney transplantation.  

15. Atrial fibrillation or atrial flutter with resting ventricular rate >110 bpm.  

16. Not able to undergo the complete study protocol.  

17. Doubt about compliance.  

18. Pre-menopausal women who are nursing, pregnant, or of child-bearing potential and 

not practicing an acceptable method of birth control.  

19. Chronic absorption problems. 

20. Proven allergy for lactose products or cow-milk.  

21. Proven allergy for Iodide-containing contrast, Iohexol or PAH. 

22. Any documented or suspected malignancy or history of malignancy within 1 year prior 

to screening, except appropriately treated basal cell carcinoma of the skin or in situ 

carcinoma of the cervix.  

23. Currently enrolled in another investigational device or drug trial. 
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24. Estimated life expectancy. 

2.8. Screen failures 

Screen failures are defined as participants who consent to participate in the clinical study but are 

not subsequently randomly assigned to study intervention. A minimal set of screen failure 

information is required to ensure transparent reporting of screen failure participants to meet the 

Consolidated Standards of Reporting Trials (CONSORT) publishing requirements and to respond 

to queries from regulatory authorities. Minimal information includes demography, screen failure 

details (including reason), and eligibility criteria. If a participant is not eligible at the Screening 

Visit for this study (20103), the participant may be re-screened once at a later time, provided the 

investigator believes that a change in the participant’s condition makes him/her potentially 

eligible. The following conditions are pre-requisites of re-screening:  

1. Before re-screening, new written informed consent must be obtained  

2. Allocation of a new participant number  

3. All assessments for the study must be repeated  

4. At least 3 months between initial screening and rescreening. 

3. Definition of analysis sets 

3.1. Analysis sets 

The analysis sets will be approved by the Steering Committee prior to unblinding. The following 

analysis populations are defined for statistical analysis: 

Primary analysis: 

Per protocol (PP): All randomized patients who received at least one dose of the randomized 

study medication will be included in the PP- analysis set. Patients will be analyzed according to 

the randomized treatment received. Patients who received study medication (i.e. GGA or 

placebo) that does not correspond with randomized treatment allocation will not be included in 

PP-analysis set. Patients with <70% drug adherence during the trial will be excluded from the 

analysis. Safety and eƯicacy will be assessed using the PP-analysis set. 

Secondary analysis: 

Intention to treat (ITT): All randomized patients will be included in the ITT analysis set. 

Treatment allocation assigned at randomization will be used for ITT analyses, regardless of 
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treatment received. Patients will be considered exposed to randomized treatment throughout 

the study follow-up period.  

3.2. Included patients 

43 patients signed informed consent and ingested at least one dose of GGA or placebo. Of these 

patients, 41 patients completed fully completed the trial. There were 2 patients who 

discontinued the trial prematurely due to either death and severe disease. There were 2 patients 

with limited adherence due to either side-eƯects and taking a lower dose of the trial medication 

during one of the treatment arms. The PP-population will consist therefore of 39 patients. The 

secondary analysis using the ITT-population will include all 43 patients. 

3.3. Data management & Monitoring 

All data will be checked before finalizing the database. The monitor will validate the quality of the 

data during the trial, according to the monitoring plan (see monitoring plan). 

4. Statistical methodology 

Unless otherwise specified, all statistical tests will be interpreted at a 2-sided type I error level of 

α = 0.05 and all confidence intervals at a 2-sided level of 95%. 

4.1. Demographics and other baseline characteristics 

Baseline characteristics and eƯicacy analyses are performed on the ITT-population as defined 

above. The following baseline characteristics are summarized for all participants using 

descriptive summary statistics (means, standard deviations, medians and interquartile ranges 

for continuous variables depending on distribution and counts for categorical variables): 

Demographical 

 Age (yrs.). 

 Sex (male/female). 

 Ethnicity 

Medical History 

 Previous PCI (yes/no). 

 Previous CABG (yes/no). 

 History of Stroke (yes/no). 

 Implantable device present (yes/no, if yes, which device). 

 History of atrial fibrillation or atrial flutter (yes/no). 
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 History of Diabetes Mellitus (yes/no). 

 History of Chronic obstructive pulmonary disease (yes/no). 

Concomitant medication 

 Beta-blocker (yes/no). 

 ACE/ARB/ARNI (yes/no). 

 Mineralocorticoid receptor antagonist (MRA) (yes/no). 

 SGLT2-inhibitor (yes/no). 

Echocardiographic measures at baseline 

 Left Ventricular Ejection Fraction (LVEF %) 

 Left Atrial Volume Index (LAVI mL/BSA) 

 E/e’ 

Lab measurements at baseline 

 Hemoglobin (mmol/L) 

 NT-proBNP (ng/L) 

 eGFR (ml/min/1.73m2) 

 Potassium (mmol/L) 

Baseline characteristics by treatment group for the PP-population are reported in the main 

scientific publication. This table will reflect the baseline characteristics at the time of 

randomization. No formal statistical tests will be run comparing baseline characteristics between 

treatment groups, as similarity may be assumed based on the randomized nature of the trial. 

4.2. Treatment Compliance 

Compliance (yes/no), permanent medication discontinuation and, among subjects who did not 

permanently discontinued, temporary medication interruption and reduction of medication 

dosage since the previous visit, will be directly obtained from the eCRF at all follow-up visits 

(starting at Visit 1) and will be presented using number and proportion, overall and by treatment 

group.  

Compliance (yes/no) at each visit will similarly be summarized, but excluding subjects who never 

took medication and subjects who permanently discontinue medication. Number and proportion 

of subjects who permanently discontinued medication during the study (excluding subjects who 

never took medication) will be presented.  
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Among those who did permanently discontinue medication, the duration on study medication 

(date of last dose of study medication – randomization date) in months will be presented, overall 

and by treatment group. Compliance and discontinuation to the study medication will be 

incorporated into the PP and as treated analyses. 

4.3. Missing data 

Missing data in the PP- and ITT- analysis will not be imputed for the final database. 

4.4. Outcome measures 

4.4.1. Primary outcome 

The primary analysis for the GLADIATOR trial will be performed within the PP-framework as 

described above. Patients will be categorized in treatment groups based on their randomized 

treatment allocation. Patient will be followed from the date of randomization (i.e. date the first 

study medication was dispensed) until the end of study follow-up, study exit, or death, whichever 

is first.  

For the PP-endpoint we will omit all patients that do not fulfill the abovementioned PP= criteria 

from the dataset. Patients with <70% adherence or with missing data on the primary endpoints 

will be omitted from the analysis.  

Due to the cross-over design, it is possible that there might be a period eƯect between the groups 

with in this trial.  

Sequence Period 1 Washout Period 2 

GGA/Placebo GGA Washout Placebo 

Placebo/GGA Placebo Washout GGA 

 Outside factor 
influencing results 

 Outside factor 
influencing results 

Table 2: Summarized study design to illustrate the possibility of a possible period eƯect. 

We tried to limit this eƯect with the wash-out period between the two treatment periods, however 

a period eƯect cannot definitively be excluded. Due to the possibility of the presence of this period 

eƯect we will perform two analyses to calculate the treatment eƯect: 

1. Primary analysis: The primary analysis will be an analysis under the assumption that there 

is no period eƯect due to an adequate wash-out period and relatively short study length. 

In this analysis we will perform a paired T-test for continuous variables, McNemar’s test 

for dichotomous variables. 
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2. Sensitivity analysis: Under the assumption that there is a period eƯect we will perform a 

sensitivity analysis using generalized mixed linear models with treatment and period as 

fixed eƯects and the subjects/patients as a random eƯect. 

Primary analysis 

The dual primary endpoint is either echocardiographic measured E/e’ or RHI measured by 

EndoPAT2000®. Outcome measures will be compared using either a paired T-test or a mixed 

model approach in stratified for treatment in which treatment timing will be added as a random 

eƯect to adjust for order eƯects. This analysis is dependent on whether there is a period eƯect 

between the two periods, as described above.  

Objectives Endpoints 
Primary  
 
To demonstrate the eƯect of 
GeranylGeranylAcetone (GGA) 
compared to placebo on 
endothelial function and 
diastolic function. 
 

 
Dual primary endpoint: 

 Reactive hyperemia index as a marker for 
endothelial function after 13 weeks of treatment 
with GGA 

 E/e’ as a marker for diastolic function after 13 weeks 
of treatment with GGA. 
 

Table 2: Table describing the dual primary endpoint of the GLADIATOR-trial. 

To analyze the primary endpoint we will make new variables for after-treatment and after-

placebo analysis. We will combine the visit datapoints and the treatment group datapoints to 

make a new “After Treatment and After Placebo” variable. Using these combined datapoints we 

can compare endpoints after treatment and after placebo. 

Example: if patient 1 was on placebo during visit 4 and on treatment on visit 7, we will code visit 4 

as “after placebo” and visit 7 as “after treatment”. If patient 2 was on treatment during visit 4 and 

on placebo on visit 7, we will code visit 7 as “after placebo” and visit 4 as “after treatment”. 

Sample code down below.  

Note: All scripts may be subject to change as they have been tested solely on the blinded 

dataset. The methodology will remain similar to the described methodology in this statistical 

analysis plan. 

 Sample script for making new variables after treatment periods. 

# Creating new variables for after-treatment and after-placebo 
weights, cholesterol, and NYHA class 
 
GLADIATOR$RHI_after_treatment <- ifelse(GLADIATOR$Treatment_v4 == 
"GGA", GLADIATOR$Pat_endopat_RHI_v4,  
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ifelse(GLADIATOR$Treatment_v4 == "Placebo", 
GLADIATOR$Pat_endopat_RHI_v7, NA))  # After placebo for group (GGA 
first) 
 
GLADIATOR$RHI_after_placebo <- ifelse(GLADIATOR$Treatment_v4 == 
"Placebo", GLADIATOR$Pat_endopat_RHI_v4, 
                                             
ifelse(GLADIATOR$Treatment_v4 == "GGA", 
GLADIATOR$Pat_endopat_RHI_v7, NA))# After treatment for group 
(Placebo first) 
 
## Ee septal 
GLADIATOR$Eeseptal_after_treatment <- ifelse(GLADIATOR$Treatment_v4 
== "GGA", GLADIATOR$TDI_E_septal_v4,  
                                        
ifelse(GLADIATOR$Treatment_v4 == "Placebo", 
GLADIATOR$TDI_E_septal_v7, NA))  # After placebo for group (GGA 
first) 
 
GLADIATOR$Eeseptal_after_placebo <- ifelse(GLADIATOR$Treatment_v4 == 
"Placebo", GLADIATOR$TDI_E_septal_v4, 
                                      ifelse(GLADIATOR$Treatment_v4 
== "GGA", GLADIATOR$TDI_E_septal_v7, NA))# After treatment for group 
(Placebo first) 
 
### Ee lateral 
GLADIATOR$Eelateral_after_treatment <- ifelse(GLADIATOR$Treatment_v4 
== "GGA", GLADIATOR$TDI_E_lateral_v4,  
                                        
ifelse(GLADIATOR$Treatment_v4 == "Placebo", 
GLADIATOR$TDI_E_lateral_v7, NA))  # After placebo for group (GGA 
first) 
 
GLADIATOR$Eelateral_after_placebo <- ifelse(GLADIATOR$Treatment_v4 
== "Placebo", GLADIATOR$TDI_E_lateral_v4, 
                                      ifelse(GLADIATOR$Treatment_v4 
== "GGA", GLADIATOR$TDI_E_lateral_v7, NA))# After treatment for 
group (Placebo first) 

 

After creating these new variables, we can perform an analysis on all variables with paired T-

tests using the script below. All new variables made with using the script above will be used in 

this analysis. We will perform paired T-tests for the numerical variables, reporting the diƯerence 

in mean, 95% confidence intervals and the p-value. For the categorical variables we will perform 

McNemar’s tests, reporting the diƯerence in proportion, 95% Confidence intervals and p-value. 

 

Sample script for paired T-tests and for mixed eƯect models are added below. 

# Function to calculate differences between treatment and placebo 
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# List of Placebo and Treatment variables 
Placebo_vars <- c("RHI_after_placebo", "Eeseptal_after_placebo", 
"Eelateral_after_placebo") 
Treatment_vars <- c("RHI_after_treatment", 
"Eeseptal_after_treatment", "Eelateral_after_treatment") 
 
# Function to compare placebo and treatment groups (paired t-test 
for continuous and McNemar's for dichotomous variables) 
compare_treatment_placebo <- function(data, Placebo_vars, 
Treatment_vars) { 
  results <- data.frame( 
    Variable = character(), 
    Mean_Difference = numeric(), 
    CI_Lower = numeric(), 
    CI_Upper = numeric(), 
    P_Value = character(), 
    stringsAsFactors = FALSE 
  ) 
   
  # Loop over each pair of Placebo and Treatment variables 
  for (i in 1:length(Placebo_vars)) { 
    Placebo <- data[[Placebo_vars[i]]]   # Measurements for Placebo 
    Treatment <- data[[Treatment_vars[i]]]  # Measurements for 
Treatment 
     
    # Check if the variable is continuous (numeric) 
    if (is.numeric(Placebo) && is.numeric(Treatment)) { 
      # Perform paired t-test comparing the two groups for each 
variable 
      if (sum(!is.na(Placebo) & !is.na(Treatment)) > 1) { 
        test_result <- t.test(Placebo, Treatment, paired = TRUE) 
         
        # Store results in a data frame 
        results <- rbind(results, data.frame( 
          Variable = gsub("_after_placebo", "", Placebo_vars[i]),  # 
Clean up variable names 
          Mean_Difference = round(mean(Treatment - Placebo, na.rm = 
TRUE), 2), 
          CI_Lower = round(test_result$conf.int[1], 2), 
          CI_Upper = round(test_result$conf.int[2], 2), 
          P_Value = ifelse(round(test_result$p.value, 3) < 0.001, 
"<0.001", round(test_result$p.value, 3)) 
        )) 
      } 
    } else { 
      # If the variable is dichotomous, perform McNemar's test and 
calculate proportion difference with CI 
      contingency_table <- table(Placebo, Treatment) 
      if (nrow(contingency_table) == 2 && ncol(contingency_table) == 
2) {  # Ensure it's a 2x2 table 
        mcnemar_result <- mcnemar.test(contingency_table) 
         
        # Calculate the difference in proportions and 95% confidence 
interval 
        prop_Placebo <- sum(Placebo == 1, na.rm = TRUE) / 
sum(!is.na(Placebo)) 
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        prop_Treatment <- sum(Treatment == 1, na.rm = TRUE) / 
sum(!is.na(Treatment)) 
        diff_prop <- prop_Treatment - prop_Placebo 
         
        # Agresti-Coull 95% CI for difference in proportions 
        n <- sum(!is.na(Placebo) & !is.na(Treatment)) 
        z <- qnorm(0.975)  # For a 95% CI 
        se <- sqrt((prop_Placebo * (1 - prop_Placebo) + 
prop_Treatment * (1 - prop_Treatment)) / n) 
        CI_Lower <- round(diff_prop - z * se, 3) 
        CI_Upper <- round(diff_prop + z * se, 3) 
         
        # Store results 
        results <- rbind(results, data.frame( 
          Variable = gsub("_after_placebo", "", Placebo_vars[i]), 
          Mean_Difference = round(diff_prop, 2), 
          CI_Lower = CI_Lower, 
          CI_Upper = CI_Upper, 
          P_Value = ifelse(round(mcnemar_result$p.value, 3) < 0.001, 
"<0.001", round(mcnemar_result$p.value, 3)) 
        )) 
      } 
    } 
  } 
   
  return(results) 
} 
 
# Call the function and store results in a dataframe 
treatment_placebo_results <- compare_treatment_placebo(GLADIATOR, 
Placebo_vars, Treatment_vars) 
 
# Display the results 
print(treatment_placebo_results) 
 
# Format results for journal presentation 
library(knitr) 
library(kableExtra) 
 
# Create a formatted table for journal presentation 
formatted_table <- treatment_placebo_results %>% 
  kable("html", caption = "Differences Between Variables after 
Treatment and Placebo", align = 'c', digits = c(0, 2, 2, 2, 2)) %>% 
  kable_styling("striped", full_width = F) 
 
# Display the formatted table 
formatted_table 

 

Superiority of GGA over placebo in improving the primary endpoint will be concluded when one 

of the dual primary endpoints has a p-value of ≤0.025 or both dual primary endpoints have a p-

value of ≤ 0.05. Estimates of treatment comparisons and eƯect size including 95% confidence 

intervals will be provided. 
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Secondary analysis (sensitivity analysis) 

Under the assumption that there is a period eƯect we will perform a secondary sensitivity analysis 

using generalized mixed linear models with treatment and period as fixed eƯects and the 

subjects/patients as a random eƯect. 

# Load required packages 
library(lmerTest)     
library(broom.mixed) # For tidying model output 
library(dplyr) 
 
 
analyze_treatment_effect <- function(data, response_vars) { 
   
  # Initialize an empty data frame to store results 
  results <- data.frame(Variable = character(), 
                        Term = character(), 
                        Estimate = numeric(), 
                        Std_Error = numeric(), 
                        P_value = numeric(), 
                        stringsAsFactors = FALSE) 
   
  # Ensure Treatment is a factor with "Placebo" as the reference 
level 
  data <- data %>% 
    mutate(Treatment = relevel(as.factor(Treatment), ref = 
"Placebo")) 
   
  # Loop over each response variable 
  for (var in response_vars) { 
     
    # Define the formula dynamically 
    formula <- as.formula(paste(var, "~ Treatment + Visit + (1 | 
Participant.Id)")) 
     
    # Fit the model using lmerTest 
    model <- lmer(formula, data = data, REML = FALSE) 
     
    # Extract the summary table for fixed effects 
    summary_results <- summary(model)$coefficients 
     
    # Identify the treatment term dynamically (e.g., TreatmentGGA) 
    treatment_terms <- rownames(summary_results)[grepl("^Treatment", 
rownames(summary_results))] 
     
    for (term in treatment_terms) { 
      # Extract the row corresponding to the treatment effect 
      treatment_row <- summary_results[term, ] 
       
      # Add the result to the output data frame 
      results <- results %>% 
        bind_rows(data.frame(Variable = var, 
                             Term = term, 
                             Estimate = treatment_row["Estimate"], 
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                             Std_Error = treatment_row["Std. 
Error"], 
                             P_value = treatment_row["Pr(>|t|)"])) 
    } 
  } 
   
  # Return the final results table 
  return(results) 
} 
 
# Example usage 
response_vars <- c("meanEe", "Pat_endopat_RHI", "TDI_E_lateral", 
"TDI_E_septal") 
results_table <- analyze_treatment_effect(test_long, response_vars) 
print(results_table) 

 

We will provide a combined box- and scatterplot for the primary outcome measures which will be 

generated by the code mentioned below.  

 

# Load necessary libraries 
library(ggplot2) 
library(dplyr) 
library(tidyr) 
library(ggpubr)  # For adding p-values to plots 
 
# Reshape data for plotting 
plot_data <- sample_data %>% 
  pivot_longer(cols = starts_with("Weight_after"), 
               names_to = "Condition", 
               values_to = "Weight") 
 
# Calculate p-value using paired t-test 
t_test_result <- t.test(sample_data$Weight_after_placebo, 
sample_data$Weight_after_treatment, paired = TRUE) 
p_value <- t_test_result$p.value 
 
# Create the boxplot with individual data points, p-value 
annotation, and comparison line 
boxplot_with_lines <- ggplot(plot_data, aes(x = Condition, y = 
Weight, group = Group)) + 
  geom_boxplot(outlier.shape = NA, fill = c("#1F77B4", "#FF7F0E")) +  
# Boxplots without outliers 
  geom_point(width = 0.15, size = 2, alpha = 0.6, aes(color = 
Condition)) +  # Jitter for individual points 
  geom_line(aes(group = Subject_ID), color = "black", size = 0.5, 
alpha = 0.1) +  # Lines connecting points 
  labs(title = "Weight Changes After Placebo and Treatment", 
       x = "Treatment", 
       y = "Weight (kg)") + 
  theme_minimal() +  # Minimal theme for a clean look 
  theme( 
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    plot.title = element_text(hjust = 0.5, size = 14, face = 
"bold"),  # Center title, increase size, bold 
    axis.title = element_text(size = 12, face = "bold"),  # Axis 
title size and bold 
    axis.text = element_text(size = 10),  # Axis text size 
    panel.grid.major = element_line(size = 0.5, linetype = 'solid', 
color = "grey70"),  # Major grid lines 
    panel.grid.minor = element_blank(),  # Remove minor grid lines 
    plot.margin = margin(1, 1, 1, 1, "cm")  # Set plot margins 
  ) + 
  scale_color_manual(values = c("#1F77B4", "#FF7F0E")) +  # Manual 
color settings 
  theme(legend.position = "none") +  # Remove legend 
   
  # Add comparison line between boxplots 
  geom_segment(aes(x = 1, xend = 2, y = 100, yend = 100), size = 
0.8) +  # Line between boxplots 
  geom_segment(aes(x = 1, xend = 1, y = 98, yend = 100), size = 0.8) 
+  # Vertical line on left 
  geom_segment(aes(x = 2, xend = 2, y = 98, yend = 100), size = 0.8) 
+  # Vertical line on right 
   
  # Add p-value annotation under the comparison line 
  annotate("text", x = 1.5, y = 102,  # Adjust y to place p-value 
above the comparison line 
           label = paste("p =", format(p_value, digits = 2)),  
           size = 5, fontface = "bold")  # Add p-value 
 
# Display the plot 
print(boxplot_with_lines) 

Figure 1:  Sample figure depicting a combined box- and scatterplot with individual datapoints as well as the mean and 
interquartile ranges. Plot was made using the code above. 
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4.4.2. Secondary outcomes 

As stated above, secondary outcomes include several other echocardiographic-, performance-, 

kidney-, and biomarkers outcomes. All secondary-/ sub-analyses will be performed using the 

same methodology as stated in the primary analysis. The primary analysis will be performed 

using only the PP-dataset. An eƯicacy analysis will be performed using the ITT-dataset.  

Secondary  
 
To assess whether GGA has an 
eƯect on echocardiographic 
measures 
 
 

 
Secondary endpoints: 
Echocardiographic measures 

 Left atrial (LA) index volume and function (LA Global 
Strain and LA emptying fractions (reservoir, conduit 
and booster pump)). 

 Echocardiographic determined LV global 
longitudinal strain. 

 Echocardiographic determined LV myocardial 
relaxation (e’). 

 Echocardiographic determined LV distensibility, 
measured by E and LV end-diastolic volume. 

 Echocardiographic determined right ventricular 
systolic function (TAPSE, RV S’).  

 Echocardiographic determined pulmonary artery 
pressure (PAP). 

 
To assess whether GGA 
improves self-reported quality 
of life and exercise tolerance in 
patients with HFpEF compared 
to placebo. 
 

Patient reported outcomes and exercise capacity 
 NYHA-class. 
 Total symptom score (TSS) and clinical symptom 

score (CSS) of the KCCQ quality of life assessment. 
 Change in 6-minute walking distance (6MWD). 
 Change in health status during the study using the 

EQ-5D-5L quality of life assessment. 
 

To assess whether GGA 
improves endothelial function 
measurements 
 

Endothelial function assessment 
 Endothelium-dependent and -independent 

vasodilation in skin, determined by iontophoresis of 
acetylcholine (miochol) and sodium nitroprusside 
and measured using Laser Speckle Contrast 
Analysis (LASCA). 

 Microvascular and inflammatory biomarkers: 
Nitrosated hemoglobin (Hb(NO)4), nitrate/nitrite, 
H2S, CRP, endothelin-1 and Tioredoxin-4. 

 
To assess whether GGA 
improves renal (hemodynamic) 
function in patients with HFpEF 
compared to placebo. 
 

Kidney endpoints 
 Iohexol-measured GFR (mGFR). 
 Para-aminohippuric acid-measured eƯective renal 

plasma flow (ERPF). 
 intrakidney hemodynamic function including renal 

vascular resistance (RVR), glomerular pressure 
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(Pglo), aƯerent vascular resistance (Ra) and eƯerent 
vascular resistance (Re). 

 Urinary albumin-creatinine ratio (UACR). 
 Serum and urinary neutrophil gelatinase associated 

lipocalin (NGAL). 
 serum and urinary kidney injury molecule (KIM)-1. 

 
To assess whether GGA 
improves cardiovascular 
function markers 
 

Cardiovascular function markers 
 NT-proBNP 
 hs-Troponin 

To assess the safety of the use 
of GGA 

Safety Markers 
 Clinical events (death, myocardial infarction, heart 

failure hospitalization) 
 Serious Adverse Events (SAE’s) 
 Treatment Emergent Adverse Events (TEAE’s) 
 Adverse events of specific interest 

(expected/anticipated AE’s) 
 

Table 3: Table describing all secondary endpoints for the GLADIATOR trial. 

4.4.2.1. Echocardiographic measurements 
Echocardiographic data will be described by the following summary statistics: arithmetic mean, 

standard deviation, median, quantiles, minimum, and maximum. These summary statistics will 

be visualized using box plots and line plots after treatment and after placebo. Further analysis 

will be provided using the methodology stated above. 

4.4.2.2. Laboratory and Biomarker measurements 
All laboratory evaluations are performed by local laboratories (AUMC, OLVG, UMCG). 

Hematology: erythrocytes, hemoglobin, hematocrit, MCV, MCH, MCHC, reticulocytes, 

leukocytes, diƯerential blood count, platelets  

Clinical chemistry: aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline 

phosphatase (AP), gamma glutamyl transpeptidase (GGT), lactate dehydrogenase (LDH), 

creatine kinase (CK), amylase, lipase, glucose, cholesterol (HDL, LDL, total), triglycerides, 

creatinine, urea, uric acid, bilirubin, total protein, albumin, sodium, potassium, calcium, 

chloride, magnesium, anorganic phosphate. 

Biomarker and laboratory data will be described by the following summary statistics: arithmetic 

mean, standard deviation, median, quantiles, minimum, and maximum. Box plots and line plots 

by treatment group will be provided. Additional analyses of safety and eƯicacy biomarkers and 

their results will be provided in a separate report. All analyses will be 



NL 80684.042.22 / RECONNEXT WP 4.1.2.  GLADIATOR-HFpEF 
 

26 
 

4.4.2.3. Patient reported outcomes and exercise capacity 
Quality of life is assessed using the EuroQoL-5D-5L and Kansas City Cardiomyopathy 

questionnaire and will be collected at inclusion visit and after both treatment periods. Change in 

(delta) EuroQoL-5D-5L and KCCQ will be reported after both treatment periods. 

Changes from baseline EuroQoL-5D-5L or KCCQ will be analyzed based on a repeated measures 

ANCOVA model in which treatment, visit, and treatment-by-visit interaction will be included as 

fixed eƯect factors and the baseline value as the covariate. Treatment comparisons (GGA vs 

placebo) and eƯect size estimates, including two-sided 95% confidence intervals, at diƯerent 

visits will be presented. The analysis will be performed with available data and based on the 

likelihood method with an assumption of missing at random (MAR) for missing data. 

4.4.2.4. Endothelial function assessments 
Endothelium-dependent and -independent vasodilation in skin will be determined by 

iontophoresis of acetylcholine (miochol) and sodium nitroprusside and measured using Laser 

Speckle Contrast Analysis (LASCA). Changes after treatment will be reported using diƯerence in 

mean, 95% CI and p-value.  

Microvascular and inflammatory biomarkers: Nitrosated hemoglobin (Hb(NO)4), nitrate/nitrite, 

H2S, CRP, endothelin-1 and Tioredoxin-4 will be assessed with a biomarker analysis. Changes 

after treatment will be reported using the diƯerence in mean, 95% CI and p-value. 

4.4.2.5. Renal Hemodynamic measurements 
Renal parameters will be calculated using the following formulas:18 

- Measured Glomerular Filtration Rate (mGFR) measured by plasma Iohexol concentration 

will be calculated using the following method:  

𝑚𝐺𝐹𝑅 =
[𝑝𝑙𝑎𝑠𝑚𝑎 𝐼𝑜ℎ𝑒𝑥𝑜𝑙]

𝑇𝑖𝑚𝑒
 

- EƯective Renal Plasma Flow (ERPF) measured by plasma PAH concentration will be 

calculated using the following method: 

𝐸𝑅𝑃𝐹 =
[𝑝𝑙𝑎𝑠𝑚𝑎 𝑃𝐴𝐻]

𝑇𝑖𝑚𝑒
 

- Renal Blood Flow (RBF) will be calculated using:  

𝑅𝐵𝐹 =
𝐸𝑅𝑃𝐹

(1 − 𝐻𝑎𝑒𝑚𝑎𝑡𝑜𝑐𝑟𝑖𝑡)
 

- Filtration Fraction (FF) will be calculated using GFR/ERPF 
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𝐹𝐹 =
𝐺𝐹𝑅

𝐸𝑅𝑃𝐹
 

- Glomerular oncotic pressure (πG) will be calculated with the formulas using total protein 

(TP) and filtration fraction (FF) below: 

𝐶𝑚 =
𝑇𝑃

𝐹𝐹
𝑥 ln (

1

1 − 𝐹𝐹
) 

πG = 5 𝑥 (𝐶𝑚 − 2) 

𝑃𝑔𝑙𝑜 =  𝛥𝑃𝐹 + 𝑃𝐵𝑜𝑤 + 𝜋𝐺 

Alternatively:    𝑃𝑔𝑙𝑜 = (
ீிோ

௄ிீ
) + 10𝑚𝑚𝐻𝑔 + [5 × (

்௉

ிி
× 𝑙𝑛 (

ଵ

ଵିிி
) − 2)] 

- Renal vascular resistance using mean arterial pressure (MAP)/RBF: 

𝑅𝑉𝑅 =
𝑀𝐴𝑃

𝑅𝐵𝐹
 

Renal hemodynamic data will be described by the following summary statistics: arithmetic 

mean, standard deviation, median, quantiles, minimum, and maximum. Box plots and line plots 

of means of biomarkers over visits, by treatment group will be provided.  

4.4.2.6. Cardiovascular function markers 

Lastly, we will assess NT-proBNP and hs-Troponin in plasma. NT-proBNP and hs-Troponin data 

will be described by the following summary statistics: arithmetic mean, standard deviation, 

median, quantiles, minimum, and maximum. Box plots and line plots of means of biomarkers 

over visits, by treatment group will be provided.  

 

4.4.2.7. Safety outcomes 
Incidence rate of treatment-emergent AEs not presented at baseline will be summarized based 

on key and exploratory subgroups.  

Deaths reported during the study period will be tabulated by treatment group.  

 Summary table of deaths (all deaths, all deaths during treatment and up to 6 weeks after 

last dose of study drug, all deaths later than 6 weeks after last dose of study medication) 

 Listing of subjects who died during treatment and up to 6 weeks after last dose: subject 

ID, start and stop date of study medication, date of death, relative day and cause of 

death. 
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4.4.2.8. Cost-eƯectiveness 

To quantify impact on benefits and costs of GGA compared to placebo on HFpEF a cost-effectiveness 

analyses will be conducted. Primary outcomes of CEA are costs (in €) and effectiveness defined as 

Health-Related Quality of Life (HRQoL).  

 

HRQoL scores are obtained by self-reporting questionnaires and includes the EuroQol 5D-5L (EQ-5D) 

and Kansas City Cardiomyopathy Questionnaire (KCCQ).19,20 Details on obtaining and calculating 

KCCQ values are described in detail elsewhere. The EQ-5D is a 5-item scale consisting of mobility, 

self-care, usual activities, pain and anxiety translated into a value between 0 and 1. Here, 0 represents 

death and 1 perfect health. A utility value is generic, non-disease specific, HRQoL measure used in 

cost-effectiveness analyses to inform health technology assessment and allows for direct comparison 

between different diseases. The KCCQ is a disease specific questionnaire which allows to better 

capture disease specific impact of the intervention. EQ-5D and KCCQ scores and scales are 

calculated from individual patient scores using validated scoring algorithms derived from questionnaire 

scoring manuals.19,21 Results will be interpreted in terms of statistically significant difference and 

clinical relevance between treatment arms. Statistical difference was assessed via a two-sided p-

value ≤0.05. 

 

The CEA will take a hospital perspective, meaning only direct medical costs will be included. To inform 

direct medical costs, healthcare utilization data from the patient is collected from hospital records and 

combined with Dutch unit tariffs. 79 The time horizon of the CEA will adhere to the clinical trial time 

horizon. Outcome of the CEA will be expressed as Costs, Quality Adjusted Life Years (QALY) and 

Incremental Cost Effectiveness Ratio’s (ICERs) between treatment arms. Due to the cross-ver design 

on the clinical trial, patients will act as their own control. Subgroup analysis to assess impact of cost, 

QALYs and ICERs of specific groups will be explored, and included but are not limited to, NYHA-class, 

kidney function, endothelial function, ECG measure and Cardiovascular markers. 

The CEA will be conducted in adherence to 2024 version of the Dutch guidelines for economic 

evaluations.22 

5. Protocol deviations 

5.1. Definition of protocol deviations 

A major protocol deviation is defined as any deviation from the protocol which could: 

1. Cause damage to the participant. 
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2. Could alter the primary outcome of the trial. 

The following occurrences are deemed major protocol deviations: 

- Inclusion of a participant who did not fulfil all inclusion criteria, or did fulfil one or more of 

the exclusion criteria.  

- Failure to determine one of the primary endpoints i.e. E/e’ or RHI. 

Any other deviation from the protocol is considered a minor deviation and may include the 

following instances: 

- Failure to show up for a scheduled visit. 

- Failure to provide adequate samples (such as laboratory samples, echo measurements, 

RHI measurements, Hemodynamic kidney measurements, etc.) 

- “Out of window” visits, meaning the participant did not show up within the required 

timeframe. 

5.2. Reporting of protocol deviations 

Any major protocol deviation will be reported in the main trial publication. Minor protocol 

deviations will not be reported. 

6. Statistical software 

Data will be analyzed using R Studio (RStudio Team (20xx), R version 4.4.2. RStudio: Integrated 

Development for R. RStudio, PBC, Boston, MA URL http://www.rstudio.com/) and STATA 

(StataCorp. 2023. Stata: Release 18(. Statistical Software. College Station, TX: StataCorp LLC.) . 

Dependent on the current optimal statistical analysis tools and the preference of the researcher. 
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8. Appendices 

8.1. KCCQ-scoring 

As described in the KCCQ Scoring instruction, the following derivations will be used.23 

Generally only questions actually answered are used for derivation of the scores in the following 

way:  

If there are n questions in a scale, and the subject must answer m to score the scale, but the 

subject answers only n-i, where n-i ≥ m, calculate the mean of those questions as (sum of the 

responses to those n-i questions) / (n-i) not (sum of the responses to those n-i questions) / n. 

The 7 individual domain scores and 3 summary scores will be calculated as follows:  

8.1.1. Physical Limitation  

Code  responses to each of Questions 1a-f as follows:  

 Extremely limited = 1  

 Quite a bit limited = 2  

 Moderately limited = 3  

 Slightly limited = 4 

 Not at all limited = 5  

 Limited for other reasons or did not do = NA 

If at least three of Questions 1a-f are not missing, then compute Physical Limitation Score = 

100*[(mean of Questions 1a-f actually answered) – 1]/4 

8.1.2. Symptom Stability  

Code the response to Question 2 as follows:  

 Much worse = 1  

 Slightly worse = 2  

 Not changed = 3  

 Slightly better = 4  

 Much better = 5  

 I’ve had no symptoms over the last 2 weeks = 3  

If Question 2 is not missing, then compute Symptom Stability Score = 100*[(Question 2) – 1]/4 

8.1.3. Symptom Frequency  

Code responses to Questions 3, 5, 7 and 9 as follows:  
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Question 3  

 Every morning = 1  

 3 or more times a week but not every day = 2  

 1-2 times a week = 3 

 Less than once a week = 4 

 Never over the past 2 weeks = 5 

Questions 5 and 7  

 All of the time = 1  

 Several times a day = 2  

 At least once a day = 3 

 3 or more times a week but not every day = 4 

 1-2 times a week = 5 

 Less than once a week = 6  

 Never over the past 2 weeks = 7  

Question 9  

 Every night = 1 

 3 or more times a week but not every day = 2  

 1-2 times a week = 3  

 Less than once a week = 4  

 Never over the past 2 weeks = 5  

If at least two of Questions 3, 5, 7 and 9 are not missing, then compute:  

S3 = [(Question 3) – 1]/4 S5 = [(Question 5) – 1]/6 S7 = [(Question 7) – 1]/6 S9 = [(Question 9) – 

1]/4 Symptom Frequency Score = 100*(mean of S3, S5, S7 and S9) 

8.1.4. Symptom Burden  

Code responses to each of Questions 4, 6 and 8 as follows:  

 Extremely bothersome = 1  

 Quite a bit bothersome = 2  

 Moderately bothersome = 3  

 Slightly bothersome = 4  

 Not at all bothersome = 5  
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 I’ve had no swelling/fatigue/shortness of breath = 5 

If at least one of Questions 4, 6 and 8 is not missing, then compute: 

Symptom Burden Score = 100*[(mean of Questions 4, 6 and 8 actually answered) – 1]/4 

8.1.5. Self-EƯicacy  

Code responses to Questions 10 and 11 as follows:  

Question 10  

 Not at all sure = 1  

 Not very sure = 2  

 Somewhat sure = 3  

 Mostly sure = 4  

 Completely sure = 5  

Question 11 

 Do not understand at all = 1  

 Do not understand very well = 2  

 Somewhat understand = 3  

 Mostly understand = 4  

 Completely understand = 5  

If at least one of Questions 10 and 11 is not missing, then compute:  

Self-EƯicacy Score = 100*[(mean of Questions 10 and 11 actually answered) – 1]/4 

8.1.6. Quality of Life  
Code responses to Questions 12, 13 and 14 as follows:  

Question 12 

 It has extremely limited my enjoyment of life = 1  

 It has limited my enjoyment of life quite a bit = 2  

 It has moderately limited my enjoyment of life = 3  

 It has slightly limited my enjoyment of life = 4  

 It has not limited my enjoyment of life at all = 5  

Question 13  
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 Not at all satisfied = 1  

 Mostly dissatisfied = 2  

 Somewhat satisfied = 3  

 Mostly satisfied = 4  

 Completely satisfied = 5  

Question 14  

 I felt that way all of the time = 1  

 I felt that way most of the time = 2  

 I occasionally felt that way = 3  

 I rarely felt that way = 4  

 I never felt that way = 5  

If at least one of Questions 12, 13 and 14 is not missing, then compute Quality of Life Score = 

100*[(mean of Questions 12, 13 and 14 actually answered) – 1]/4  

8.1.7. Social Limitation 

Code responses to each of Questions 15a-d as follows: 

 Severely limited = 1  

 Limited quite a bit = 2  

 Moderately limited = 3  

 Slightly limited = 4  

 Did not limit at all = 5  

 Does not apply or did not do for other reasons = NA 

If at least two of Questions 15a-d are not missing, then compute Social Limitation Score = 

100*[(mean of Questions 15a-d actually answered) – 1]/4  

8.1.8. Total Symptom Score  

Total Symptom Score (TSS) = mean of the following available summary scores:  

 Symptom Frequency Score  

 Symptom Burden Score  

8.1.9. Overall Summary Score  

Overall Summary Score (OSS) = mean of the following available summary scores:  

 Physical Limitation Score  
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 Total Symptom Score  

 Quality of Life Score  

 Social Limitation Score  

8.1.10. Clinical Summary Score  

Clinical Summary Score (CSS) = mean of the following available summary scores:  

 Physical Limitation Score  

 Total Symptom Score 


