THE EVALUATION OF A THERAPY USING A RANDOMIZED CLINICAL TRIAL (RCT)
Introduction
	In experimental therapeutic studies, the researcher compares the effects of a certain therapy (drug-therapy, diet, surgery, psychotherapy, acupuncture, etc.) on one group of subjects with the effects of other therapeutic interventions or with the absence of intervention on another group of subjects, highly comparable to the first group. These studies are clinical experiments on human volunteers.
The most rigorous and thus valuable type of therapeutic study is the randomized, controlled, double-blinded trial (RCT). In an RCT a representative sample of volunteer subjects with a certain pathology is studied. Each subject will receive one of two possible interventions (the evaluated treatment or the control treatment, i.e. either the best currently existing treatment, or placebo, or no treatment at all).

Trial: The trial represents an experiment. 

Randomized: The two interventions are allotted to subjects by chance (randomized), thus constituting two groups of subjects, or so called „arms”: the treated arm and the control arm. The only difference between the two arms should be the applied intervention, all other factors, such as age, gender, diet, co-morbidities, etc. being equally distributed by chance. 
Double-blinded: the patient does not know which intervention he/she receives, the attending and evaluating physicians do not know which intervention they administer to the patient. In this way, both patient- and doctor-related subjectivity are avoided. 
Controlled: by comparing in a randomized and double-blinded manner the intervention effects on a treated group with those on a control group, a clinical trial is considered controlled regarding bias that could have appeared, had these precautions for ensuring and maintaining comparability between the treated group and the control group not been taken (do not confound this with a case-control data collection !). 
For clinical practice, the most useful medical indicator of treatment effect rendered by an RCT is the so called „number needed to treat” (NNT).
This activity involves the protocol of an RCT, as well as testing the comparability of subjects and the treatment effect.


Aim of this practical session: 

· acquiring basic methodological skills for performing and interpreting randomized clinical trials (RCT)
Utility: 

· performing a randomized clinical trial (RCT) for your graduation research and thesis 
· understanding and interpreting the results of RCTs, as future practitioners
Requirements:

1) read and understand the following scenario, as well as the individual requirements of the protocol, results and interpretation sections below

2) perform the required descriptive operations for this study, then complete the corresponding parts of this document (remember to save your work while doing so)

3) perform the required analytical operations for this study, then complete the corresponding parts of this document (remember to save your work while doing so)
Scenario:
	A randomized clinical trial (RCT) has been performed in order to assess Metistatin (a statin - drug intended to lower blood cholesterol levels) versus Placebo for preventing major vascular events (nonfatal myocardial infarction, cardiac death, stroke) in diabetic patients.
A number of 1204 patients with diabetes from several hospitals in England were included in the study sample.
The study was conducted after the approval for marketing of this preparation.
Of interest for the study was whether Metistatin is superior to placebo (placebo - identical in appearance, size, taste to Metistatin, but lacking the active substance) in preventing major vascular events. A secondary objective has been to follow if Metistatin lowers cholesterol more than Placebo.
Every patient who entered the study was randomly allocated to one of two preparations: Metistatin 80 mg daily administered as a single dose, or placebo. The allocation of the two interventions was masked – the investigator was allocating for each eligible patient a code corresponding to one of the two interventions, found in opaque numbered sealed envelopes. The pharmacy of the hospital was making sure each patient would receive the correct intervention based on the codes.

Neither the patients nor the physicians were aware about which intervention the patients were receiving.

Subjects were followed under similar care circumstances for all diabetic patients from the respective hospitals.
At the end of the study the following technique of analysis was used: patients were analyzed as belonging to the group to which they were randomized, even if they have not followed the prescriptions.
The study excluded subjects receiving other medications that alter cholesterol levels (prednisone, estrogen, progesterone, anabolic drugs, and cyclosporine), subjects allergic to Metistatin, obese subjects and subjects for whom transportation for follow-up would be difficult or impossible. Also, all subjects who entered the study signed an informed consent (the act by which the patient consents to enter the study, acknowledging their rights, all the risks and benefits posed by his/her participation in the study).
Patients were followed for 10 years. Blood cholesterol levels were measured at the beginning and at the end of the study and the occurrence of major vascular events has been recorded. Assessing the quantitative data (cholesterol levels) showed that they followed a normal distribution, and the variances were equal.


Research Protocol

1. Aim and objectives of your research (fill in the corresponding empty spaces after the colon signs) 
	Aim of research (evaluation of a hypothetic link between the potential risk or protective factor X and the disease Y / evaluation of a new diagnostic test X in identifying or confirming the disease Y / evaluation of the efficacy (or of certain adverse effects) of a treatment scheme X in patients suffering of the disease Y / describing a new health phenomenon in order to search for hypotheses regarding its possible prognostic factors): 
Objectives (evaluating the potential link between the prognostic factor and the disease /quantifying the importance of this link / evaluating the causality potential of this link):
· To study the comparability of studied samples:
· Is there a significant difference between the mean initial cholesterol in patients receiving Metistatin and those who received placebo?
· To study the existence of a treatment effect:
· Is there a significant difference between the mean cholesterol decrease (initial cholesterol - final cholesterol) in patients who received Metistatin versus those who received placebo?
· To study the effect size (quantification of importance) of the treatment:
· By comparing the mean decrease of cholesterol in the two groups
· By computing medical indicators for a fixed event (occurrence of a major vascular event): relative risk (RR), absolute risk reduction (ARR), number needed to treat (NNT)


2. Domain of research (check the corresponding boxes, using an X)

	
	
	

	Description of a health phenomenon
	
	

	
	
	

	Evaluation of a diagnostic test
	
	

	
	
	

	Evaluation of a therapeutic approach
	
	

	
	
	

	Evaluation of prognostic (risk or protective) factors
	
	

	
	
	


3. Study type (check the corresponding boxes, using an X)
	A. Based on study objectives

	

	a. Descriptive (no tests or comparisons are performed, no links or associations are pursued)
	
	

	
	
	

	b. Analytical (tests or comparisons are performed, links or associations are pursued)
	
	

	

	B. Based on the researchers role

	
	
	

	a. Observational (the researcher does not intervene either on subjects or on the course of the disease)
	
	

	
	
	

	b. Experimental (the researcher does intervene on both subjects and on the course of the disease – e.g. by administering treatments, performing operations, etc.)
	
	

	
	
	


3.c type of therapeutic study: color the correct answer
• Depending on the design
· parallel group (each subject is assigned to one group. Finally we obtain several groups, each patient receiving an intervention only (except where intervention is the absence of any intervention)) 

· Cross over (each subject receives as an intervention and then another intervention after a period of time (washout). The intervention order that is given here is random - the subjects are their own witnesses)
• Depending on the objective
· efficacy / explanatory (trial conducted under restrictive conditions tending to the ideal situation in which patients are followed to make sure they take the correct dosage, with the correct schedule) :
· effectiveness / pragmatic (trial conducted under conditions similar to those in current clinical practice, with patients selected less strictly - provides information that may be recommendations for use in practice) :
• Depending on the hypothesis
· superiority (trial hypothesis is that treatment A is superior to treatment B)
· non-inferiority (trial hypothesis is that intervention is at least as good compared to other reference intervention) :
· equivalence (trial hypothesis is that the results of two interventions / treatments are similar) :
• Depending on the phase of development of a drug
· Phase I (safety assessment (observation of serious side effects or less serious ones, identifying safe dosage of medication, assessment of absorption, metabolism, distribution and excretion of the substance) of the drug in humans. Carried out on a small number of subjects (tens).)
· Phase II (initial evaluation of the effectiveness of the drug. Carried on hundreds of subjects. Moreover it aims to identify other adverse effects) :
· Phase III (confirmatory phase. Assess whether the drug really is efficient, comparing it with other existing treatments. Performed on a large number of subjects (several thousand). Moreover it continues tracking adverse reactions. If this phase ends well, the drug may be approved by the national agencies for the use of the product on the market) :
· Phase IV (pharmacovigilance phase / post marketing - after the release (approval) on the market. Evaluates other risks (long-term), evaluates the drug in different populations, or even to see if others may be benefiting of the drug. It can change its use for optimal results (i.e. change in dosage)) :
• Subjects were randomly assigned treatments (randomized) ? (YES / NO)
• state whether allocation was concealed (allocation concealed ?) (Yes / unclear / no) (one who introduced the study subjects must not know what intervention the patient will receive.)
• All patients were analyzed in the groups to which they were randomized (analysis was like " intention to treat analysis ") (YES / NO) (ie subjects who received the new treatment, even if take it or take it discontinuously or take it wrong, are analyzed as if they have taken all the treatment correctly, and the same for the control group)
• the masking method that was used (mask - blind) for
· open (open label) (both patient and doctor which assesses the outcome know what the patient received)
· single-blind (the patients are not aware of which interventions they are receiving)
· double-blind (neither the patient nor the doctor knows which evaluates the results of intervention know what intervention the patient is receiving)
• The trial was controlled ? (YES / NO) (the treatment of interest was compared with one control (placebo, reference treatment, other treatment)
4. Target population and study sample (fill in the corresponding empty spaces after the colon signs)
	

	Target population
· Clinical characteristics (e.g. the disease, the stage of the disease, complications, functional status): 

· Demographic characteristics (restrictions regarding age, gender, socio-economic status of patients):  


	

	Accessible population (due to certain geographic or time-related constraints for either the subjects or the researcher. It should state the setting (hospital, GP, …) and the location (the city,…) ): 


	

	Study sample (identify and fill in possible inclusion and exclusion criteria, to make sure no relevant differences exist between the compared groups except the difference imposed by your subject grouping method)

	· Inclusion criteria (specifically identify the characteristics of subjects being studied; if subjects are chosen to form several groups, specify distinctive criteria for each group of subjects)
·  Clinical characteristics (e.g. only subjects with a certain disease X, in stage Y and functional impairment Z):
·  Demographic characteristics (e.g. only subjects older than 65, from rural environment, with low income and primary education at most): 


	· Exclusion criteria (applied only to subjects who comply with the above inclusion criteria; if not relevant, some or all exclusion criteria may be missing)
·  Biasing factors (e.g. coexistent diseases/coexistent treatments):
·  Adverse effects: 

·  Factors that make data collection difficult or impossible: 

·  Ethical issues: 

	· The size of the sample is sufficient? (if more than 1202 for this study ) (Yes / No) :

The sample size was calculated as follows. Data were taken from the database of the three hospitals (the proportion of subjects with major vascular events in diabetic patients who were not taking statins, and the mean and standard deviation of cholesterol levels).

· The primary objective was to reduce major vascular events, so the calculation was made for this variable. From that database they found that 0.24 (24 %) of the diabetic subjects had a major vascular events. Researchers have proposed that a statistical test should discern differences of 6% or higher (so the second group would have 18 % of major vascular events). The alpha significance level was set to 0.05, and the power of the test (the probability of observing the difference that was set, in case that there was one) of 80 %. The researchers have proposed that the trial should have the same number of subjects for each intervention (so the size of group 1 divided to the size of group 2 is equal to 1). To compute the sample size an online tool was used http://statpages.org/proppowr.html. We obtained a value of 601 subjects per group by estimated with the continuity correction, respectively 1202 subjects in total.


5. Data collection method (check the corresponding boxes and fill in the corresponding empty spaces after the colon signs)

	A. Based on the studied population

	

	a. Exhaustive
	
	(the whole target population is studied)

	
	
	

	b. Sampling
	
	(a sample of the target population is studied)

	

	

	B. Based on the duration of data collection

	
	
	

	    Cross-sectional
	
	(data is collected at a given moment, like a „photographic image” of the medical situation)

	
	
	

	    Longitudinal
	
	(data is collected from the past or from the future, when referred to the start of a study)

	
	
	

	Retrospective
	
	(data is collected from the past (e.g. exposure to risk factors), from questionnaires or patient records)

	
	
	

	Prospective
	
	(data is collected in the future, by following patients over time (e.g. following the appearance or remission of a disease)

	
	
	

	

	C. Based on the grouping method 

	a. Representative sample (or consecutive sample)
	
	(the research is performed on a sample group closely mirroring all characteristics of the target population from which it has been extracted)

	
	
	Specify the followed outcome (i.e. disease):

	
	
	Specify the followed factor: 

	
	
	

	b. Exposed – nonexposed
	
	(two groups are followed: one exposed, the other non-exposed to a prognostic factor)


	
	
	Specify the followed outcome (i.e. disease):

	
	
	Specify the predetermined exposure factor:

	
	
	

	c. Case - control
	
	(two groups are followed: the cases, who have the predetermined disease, and the controls, who are free of the predetermined disease)

	
	
	Specify the predetermined disease:

	
	
	Specify the followed exposure factor:

	
	
	


6. Defining variables (open the Excel database and fill in the names of all collected variables in the correct textboxes below)

	A. Qualitative (categorical)
	
	

	Nominal (e.g. hair colour)

· 
	Nominal dichotomial (e.g. gender)
· 
	Ordinal (e.g. disease severity)
· 

	B. Quantitative

	Continuous(e.g. weight)

· 
	Discrete (e.g. number of children in a family)

· 

	C. Survival (e.g. survival time before death)

	


7. Data description and analysis plan (check the corresponding boxes and remember how to execute and interpret each of the specified entities. Refer to files Instructions.pdf and Interpretations.pdf)
	Programs and database that will be used for data description and analysis:
· Excel – to solve section Results you will save, then open the file called BD_T(en).xls

· EpiInfo – to solve section Results you will import your data from the above Excel file (don’t do that just yet ! finish completing the Research Protocol first !)

	Data description 
a. for qualitative variables:
· Frequency tables

· Pie charts

b. for quantitative variables:
· Mean and standard deviation – for normal distributed data
· Mean and interquartile range – for non normal distributed data
· Frequency tables

· Histograms
· Synthetic graphics
· normally distributed variables: error plot, or box plot
· non normally distributed variables: box and whiskers chart (box plot)
c. for survival variables:
· Median of survival time

· Survival probability chart

	Description of potential relationships between variables
a. for qualitative variables:
· Contingency tables

· Column charts

b. for quantitative variables:
· For grouped quantitative data – see above (quantitative data description)

· Relationship between 2 quantitative variables - Scatter charts

c. for survival variables:
· Survival probability charts

	Data analysis plan
Objectives:
(                    Evaluation of the existence of a relationship between a treatment and its outcome:
(        Comparison of qualitative data
o         2 / >2 independent samples (expected frequencies in the contingency table > 5 for > 80% of cells)
(         Chi square Test           
o         [image: image1]2 / >2 independent samples (expected frequencies in the contingency table < 5 for > 20% of cells)
(        Fisher's exact test         
o         [image: image2]Two dependent / paired samples
(         Mc Nemar Test           
(        Comparison of quantitative data that follow a normal distribution
o         [image: image3]Two independent samples
(        Student test for independent samples                 
(        Assuming equal / unequal variances 
o         [image: image4]Two dependent / paired samples
(        Student test for paired samples                            
(        Excel: t test paired two samples for means
(        Comparison of quantitative data that do not follow a normal distribution
o         Two independent samples                       
(        Mann Whitney U test                                 
o          Two dependent / paired samples           
(        Wilcoxon test for paired samples             

(      Comparison of survival data                                    
o         2 / >2 independent samples
(        Log-rank test                                              
 
(                    Quantifying the importance of the relationship - for therapeutical studies (See formulas, examples and interpretations in file Interpretations.pdf)
o                                  The point estimator (it provides information to what was observed in the studied sample) and its 95% confidence interval (it provides information regarding what is happening in the target population / in reality - if the samples are correctly chosen)
(        [image: image5]representative sampling (consecutive sample)                 [image: image6]
o         REE, REC, ARR, RR, OR, NNT
   
(        exposed - not exposed sampling
 o         REE, REC, ARR, RR, OR, NNT
(        [image: image7]case – control sampling
Odds Ratio - OR


	· Choose your level of clinical significance for mean cholesterol reduction (bibliographic documentation has led you to the conclusion that only a drop in cholesterol levels larger than 20 mg/dl should be considered clinically significant). 


Write the clinical level of significance for mean cholesterol reduction in the following box:
· Choose your level of clinical significance for NNT and ARR (bibliographic documentation has led you to the conclusion that avoiding a major vascular event for every 25 treated patients (or less) would still be regarded as clinically acceptable. This is also equivalent to an ARR of 4% - a reduction higher than 4% is clinically relevant). 


Write the clinical level of significance for NNT in the following box:

Write the clinical level of significance for ARR in the following box:




Results
8. Descriptive Results (Refer to file Instructions. pdf in order to obtain the results required below. After making sure that each representation is complete, easy-to-understand and self-explained, insert it below the corresponding colon sign. Remember to label all tables and figures correctly!) 
	· Description of qualitative data

· Distribution chart for the incidence of major vascular events during the 10-year follow-up:

· Description of quantitative data

· They are already described in the next section,  along with analytical results (when studying initial comparability of the randomized groups)


9. Data Analysis (Refer to files Instructions.pdf and Interpretations. pdf in order to obtain the results required below. Make sure to express your results using the formats specified in file Interpretations. pdf)
	· Initial comparability:

· Is there a significant difference between the mean initial cholesterol values in patients who subsequently received treatment compared to those who were administered placebo?
The following table is already filled in, as an example:
Table 1. Initial characteristics of diabetic patients from the two randomized groups*
Patient characteristics
Metistatin (n=584)

Placebo (n=615)

P

Total Cholesterol (mg/dl) 

236.3 (40.9)

233.8 (38.7)

0.272

Female
293 (50.2)

321 (52.3)

0.471

Triglicerids
78.5 (58, 96.75)
82 (63, 111.75)
0.394



M

	tistatin (n=584)

	Placebo (n=614)

	P

	
	reduction of total cholesterol (mg/dl) 

			

	*Values ​​are represented as mean (standard deviation), n - number of subjects
· Chart for means 
· [image: image9.png](Jp/Bwi) uononpal |oJaysaloyd

no

yes

Metistatin




· Fig. 2 The total cholesterol reduction in the metistatin and placebo diabetics groups (Crosses indicate the mean value, the side of the box represents one standard deviation, the bar another standard deviation, to each side)
· Quantifying the treatment effect:

· Contingency table (EpiInfo – Tables – Exposure variable: Treatment, Outcome variable : Major vascular event/ or in Excel – Insert PivotTable):
Major vascular event
 

Metistatin

yes
no
Total

yes
121

463

584

no
158

456

614

Total

279

919

1198

· Calculate (use Epi Info Tables command or  the Calculator found in Accessories):
RR=

ARR=

NNT = 1/ARR = 



Interpretations

10. Interpret the results of your study. Refer to file Interpretations.pdf to verify your interpretations, only then fill in the empty spaces below.

	
	

	Statistical:


	(        Comparability of studied samples
 
· Is there a significant difference between the mean initial cholesterol values in patients who subsequently received treatment compared to those who were administered placebo?
(        Reasoning for your choice:
 
Note the difference between the mean cholesterol in the two groups:
 
Conclusion: are the samples comparable before the study? (answer):
 
(        Existence of a treatment effect on cholesterol values
· Is there a statistically significant difference between the mean cholesterol decreases in patients treated with Metistatine as opposed to patients who received Placebo? 
(        Reasoning for your choice:
 
Note the difference between the mean decrease of cholesterol in the two groups:

(        Size of treatment effect on avoiding a major vascular event (MVE)
(       Interpret the point estimates of therapeutic efficiency indicators for avoiding a MVE
· RR:

· ARR:

· NNT:

 
Conclusion: Is there a statistically significant therapeutic effect? (detail your answer regarding the two followed outcomes):
 

	
	

	Clinical:
	Appreciate the size of treatment benefit in clinical context
(        Appreciate clinically the difference of mean cholesterol decrease between the experimental group and the Placebo controlled group:
· Apreciate clinically the point estimate of ARR:

(        Does a single RCT, with no bias, performed on a large number of subjects who are representative for a target population, that shows a difference between two treatment outcomes, constitute a good argument for causality (the treatment and not other factors determined the followed outcome to appear)? (yes / no):


	
	


11. Your final conclusion (fill in the textbox below)

	


Conclusion of this activity: 
Today’s activity helps you perform a randomized clinical trial for your graduation thesis or for other research projects.  In the context of evidence based medicine/dentistry (EBM/EBD), it also helps you to understand and interpret the results of randomized clinical trials (RCTs) that you will read as future practitioners. 

Save the changes you made to this document, and then close it.  

Attach this Word document to an e-mail message and send it to the address provided by your assisting professor. Specify in the e-mail Subject: Your full name, your group and the title of this activity.
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