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Section I. Introduction and General Essays 

 

Lƴ ǘƘŜ ōŜƎƛƴƴƛƴƎΧΦ  

  

I.1 Approach to the Evidence Based Medicine Rotation (Ray Klein, Jonathan 

Ross) 

The evidence-based medicine (EBM) rotation is a unique opportunity to hone and solidify a set of skills 

that will remain invaluable throughout a clinical career. During this rotation, residents develop skills to 

form clinical questions, find the strongest available evidence, critically appraise the relevant research, 

interpret study findings, and summarize the evidence in a way that helps readers make clinical decisions. 

¢ƘŜǊŜ ƛǎ ƴƻ ǎƛƴƎƭŜ άǊƛƎƘǘέ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ 9.a ǊƻǘŀǘƛƻƴΣ ōǳǘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ Ƴŀȅ ǇǊƻǾƛŘŜ ŀ ǳǎŜŦǳƭ 

framework. 

1. Remind Yourself of the Basics  

Spend the initial portion of the rotation reading Evidence-Based Medicine: How to practice and teach it 

by Straus et al. The book is a short and easy read that will provide you with a solid foundation for the 

rest of the rotation. This is a useful refresher that covers everything from tips on forming an answerable 

clinical question to a review of essential statistics. Also take some time to review this EBM guide, which 

is filled with useful information created by residents who have previously participated in the EBM 

rotation. 

2. Form a new PICO Question or Rebuild the PICO Question from a Research Article  

There are many paths that may lead you to a research article. If you are interested in a particular 

ǎǳōǎǇŜŎƛŀƭǘȅΣ ȅƻǳ ƳƛƎƘǘ ōŜ ŀǿŀǊŜ ƻŦ ǎƻƳŜ ƪŜȅ ƧƻǳǊƴŀƭ ŀǊǘƛŎƭŜǎ ǿƛǘƘƛƴ ǘƘŜ ŦƛŜƭŘ ǘƘŀǘ ȅƻǳΩǾŜ ōŜŜƴ ƳŜŀƴƛƴƎ 

to review. A patient may ask a question prompting you to search the literature for an answer. A new 

issue of the New England Journal of Medicine (or any other major medical journal) may have a research 

article you find interesting. However you find a journal article, remember the importance of creating a 

PICO question. If you are trying to answer a new clinical question, form your PICO question before you 

ŜǾŜƴ ōŜƎƛƴ ǘƻ ǎŜŀǊŎƘ ǘƘǊƻǳƎƘ tǳōaŜŘΦ LŦ ȅƻǳ ŀǊŜ ǎǳƳƳŀǊƛȊƛƴƎ ŀƴ ƛƴǘŜǊŜǎǘƛƴƎ ŀǊǘƛŎƭŜ ȅƻǳΩǾŜ ŀƭǊŜŀŘȅ 

found, re-create the auǘƘƻǊǎΩ tL/h ǉǳŜǎǘƛƻƴ ōŜŦƻǊŜ ȅƻǳ ōŜƎƛƴ ǘƘŜ ǎǳƳƳŀǊȅ ōȅ ƛŘŜƴǘƛŦȅƛƴƎ ŜŀŎƘ ƻŦ ǘƘŜ 

following:   

  

Patient / Problem-P   

Intervention-I  

Comparison-C  

Outcome-O  
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While it can be tempting to bypass the creation of a PICO question, establishing this framework at the 

beginning of the process will payback major dividends. Understanding the PICO framework will make it 

easier to find a relevant article, and it will also simplify the summary process.   

  

3. Complete Any Necessary Background Reading  

LŦ ȅƻǳ ŀǊŜƴΩǘ ŀƭǊŜŀŘȅ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘŜ ǘƻǇƛŎ ƻŦ ŀ ƧƻǳǊƴŀƭ ŀǊǘƛŎƭŜΣ ƛǘ ƛǎ ƻŦǘŜƴ ƴŜŎŜǎǎŀǊȅ ǘƻ Řƻ ǎƻƳŜ 

background reading. For example, if your article describes the effects of PCSK-9 inhibitors, you may need 

to quickly relearn their mechanism of action. Furthermore, you may need to quickly review the findings 

of previous research on PCSK-9 inhibitors. As always, UpToDate is an excellent resource for this type of 

background reading. 

4. Interpret and Summarize the Research Article in the EBM Database  

The goal is to create a succinct review that will help readers understand the fundamental question the 

article answers, the magnitude of the findings, the quality of the study, and the generalizability of the 

findings to a specific patient. Consider including the following in your EBM database summaries.   

Question:   

wŜǎǘŀǘŜ ǘƘŜ ǇǊƛƳŀǊȅ ǉǳŜǎǘƛƻƴ ŀƴǎǿŜǊŜŘ ōȅ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀǊǘƛŎƭŜ ȅƻǳΩǾŜ ŦƻǳƴŘΦ .Ŝ ǎǳǊŜ ǘƻ ƛƴŎƭǳŘŜ 

important buzz words in this box, as anything included here is searchable within the EBM 

database.    

Patients:   

Describe the patient population, the number in the control arm and the intervention arm, 

inclusion criteria, exclusion criteria, and any important baseline demographics of the patients in 

the study. Include a description of the intervention and the control. List the outcomes that will 

appear below. This information will help readers determine how generalizable the results may 

be to their particular patient. For example, if 97% of the patients in a study are Caucasian, a 

reader would need to think critically about whether or not the results can be generalized to a 

patient of a different race. After describing the patient population, briefly describe the study 

protocol: How were the patients randomized? What happened to the intervention group? What 

happened to the control group? The duration of the study? The per cent follow-up?  

Quality:   

Describe the high-quality and low-quality characteristics of the study. Important factors to 

consider include randomization, blinding, sample size, length of follow up, intention-to-treat 

analysis, funding source, methodology flaws, etc. If not obvious, describe how a certain study 

characteristic may eliminate or create a source of bias.    
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Description of Intervention:   

This should be a one-line description of what happened to the intervention group. For example, 

if half of the participants received liraglutide 1.8mg SubQ daily and the other half received 

ǇƭŀŎŜōƻ ǎǳōv ƛƴƧŜŎǘƛƻƴǎΣ ǿǊƛǘŜ ά[ƛǊŀƎƭǳǘƛŘŜ мΦуƳƎ {ǳōv Řŀƛƭȅέ ƛƴ ǘƘŜ ƛƴǘŜǊǾŜƴǘƛƻƴ ōƻȄΦ LŦ 

necessary, a longer/more detailed description of the intervention should be included in the 

άtŀǘƛŜƴǘǎέ ōƻȄ ŀōƻǾŜΦ   

Description of Control:   

A one-line description of what was administered to the control group, e.g., placebo, or the 

comparison drug.  

Outcomes:   

Statistically describe any major outcomes from the study and any important adverse effects. If 

there are more than two study arms in your article, you will need to choose the two most 

relative to compare in this summary. Everything should be reported in terms of EER 

(experimental event rate) and CER (control event rate), which can then be used to calculate RRR 

and NNT (number needed to treat, or NNH, number needed to harm). You will need to know the 

number of patients in each arm, and then use the EBM calculator to find the confidence 

intervals for RRR and NNT. Quickly glancing at the number needed to treat/harm allows anyone 

reading your summary to get a quick sense of the magnitude of the study findings, particularly 

because you will have calculated the 95% CI (confidence interval). Remember, the EBM 

calculator reports the RRR and the CIs in a way that requires you to multiply by 100 before 

entering into the appropriate fields in the EBM database (one does not need to do the same for 

the NNT- use the numbers derived as is).  

 

 
 

 

So, in this example, the EER is 13.3%, 

the CER is 26.7%, and the RRR is 50%  

(but enter 50 into the data box in 
the New Study field because % is 

already embedded) and its 
confidence interval is 37.8 to 59.8 

 

The ARR also needs to be multiplied 

by 100, thus the ARR is 13.3 with a CI 

of 9.3 to 17.3 

 

1/ARR is the NNT which in the 

example is  

7+ (rounded to 8 here) with a 

confidence interval of 11 to 6. 
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New Study field for Outcome 

 

 
   

(Remember- if your calculations use an outcome in which the result is better (higher) such as 

survival rather than death, the RRR is really a RRI, and you will need to multiply the RRR in the 

EBM Calculator line by -100 in order to make it transferable to the EBM database- that includes 

the CIs as well.) 

Significance:   

The first step in understanding the significance of the results is to establish the essential background. 

Start by briefly describing any essential pathophysiology and previous research in the field. For example, 

if you are summarizing an article on a new type of immuno-modulating chemotherapy, it would be nice 

to briefly remind the reader how the drug works. Furthermore, if your study is a follow up to previous 

research on the same drug, quickly note that in this section.   

After briefly establishing the essential background, interpret the significance of the study outcomes. This 

is an opportunity to evaluate the importance and quality of the research. Is this a ground-breaking and 

practice-changing study? How big (or small) is the effect size? Are the findings generalizable to the 

relevant patient population? Are there major limitations that should temper enthusiasm? Is there 

another upcoming study on the topic we should watch out for in the next few years? This final section is 

ǘƘŜ ǇƭŀŎŜ ǘƻ ŎƻƴŎƛǎŜƭȅ ŘŜǎŎǊƛōŜ ǘƘŜ άǘŀƪŜ ƘƻƳŜ ƳŜǎǎŀƎŜέ ƻŦ ŀ ƧƻǳǊƴŀƭ ŀǊǘƛŎƭŜΦ 

As you complete the evidence-based medicine rotation, you will no doubt have developed your own 

approach, but hopefully this proves to be a useful starting ground. At the end of the rotation, you should 

feel considerably more fluent and facile regarding the practice of EBM, be able to communicate more 

effectively with colleagues and patients alike, and hopefully establish some habits that will be helpful in 

promoting life-long learning. What follows are chapters written by residents who have taken this 

elective as a way to consolidate their learning and to contribute to your own learning.  Enjoy!  
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I.2 Introductory Essentials- (Rebecca Wood) 

Definitions: 

Sensitivity: The probability of a disease person testing positive. Tests with a high sensitivity are used for 

screening as they may yield false positive results but do not miss people with the disease (low false 

negative rate).  

Specificity: The probability of a non-diseased person testing negative. Tests with high specificity are 

used to confirm a disease is present.  

Positive predictive value (PPV): If the test is positive, what is the probability that the patient has the 

disease? Depends on prior probability (or pre-test probability) and sensitivity/specificity of the test. The 

higher the prior probability, the greater the PPV. An overly sensitive test yields more false positive 

results and has a lower PPV.   

Negative Predictive Value (NPV): If the test is negative, what is the probability that the patient does not 

have the disease? A high NPV is very important for a screening test. Also depends on prior probability 

and sensitivity/specificity. The more sensitive the test, the fewer number of false negative results and 

the higher the NPV.   

  

 

  

   Likelihood Ratio** Positive= sensitivity/1- specificity 

    

   Likelihood Ratio** Negative= 1- sensitivity/specificity  

  

*Sensitivity and Specificity are characteristics of the test, and do not vary with changes in prevalence 

or with changes in pre-test probability.   

 **Likelihood ratio is a way of combining the test characteristics (sensitivity and specificity) into a 

single measure.    

Sensitivity and Specificity *    

TP= True positive   
FP= False positive   
TN= True negative   
FN= False negative   

  Result of Gold Standard Test   

Result of Test  
Investigated   

Disease Positive   Disease Negative   

Positive (+)   TP (a)   FP (b)   

Negative ( - )   FN (c)   TN(d)   

  
Sensitivity= a/a +c or TP/TP+FN   
  
Specificity= d/b +d or TN/FP+TN   

Positive Predictive Value PPV=a/a+b or TP/TP+FP   
  
Negative Predictive Value NPV= d/d+c or TN/TN+FN    
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 When combined with odds, the LR (likelihood ratio) generates the post-test odds:  

 Pre-test odds x LR = Post-test odds  

And converting probability to odds is  

Odds = Probability/ 1-Probability  

Probability = Odds/ 1 + Odds   

 

Sensitivity helps rule OUT (SNOUT)  

Specificity helps rule IN (SPIN)    

Parameter Definition Calculation 

Sensitivity 

The probability of a diseased person testing 

positive 

True positives 

True positives + False 

negatives 

Specificity 

The probability of a non-diseased person testing 

negative 

True negatives 

True negatives + False 

positives 

Positive 

Predictive 

Value 

The probability that disease is present given a 

positive result 

True positives 

True positives + False 

positives 

Negative 

Predictive 

Value 

The probability that disease is absent given a 

negative result 

True negatives 

True negatives + False 

negatives 

Positive 

likelihood ratio 

A ratio representing the likelihood of having the 

disease given a positive result 

Sensitivity 

1-Specificity 

Negative 

likelihood 

Ratio 

A ratio representing the likelihood of having a 

disease given a negative result 

1-Sensitivity 

Specificity 

 

Other terms you will come across:  

EER=Experimental event rate: outcome present/total in group exposed to experimental agent  

CER=Control event rate: outcome present/total in group not exposed to experimental agent  

ARR=Absolute risk reduction: EER-CER [Can also have ARI or ABI (absolute benefit increase)] 

RRR=EER-CER divided by CER [can also have RRI or RBI (relative benefit increase)] 

NNT= Number needed to treat: 1/ARR [Can also have NNH (number needed to harm) or NNS (number 

needed to screen)] 
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Notes: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RCTs or Prospective Cohort   Case outcomes   Control outcomes   

Exposure   
Yes   a   b   

No   c   d   

  
Relative Risk=  a/(a+b)      or  exposed outcomes yes/all exposed   

              c/(c+d)           not exposed yes/all not exposed   
  

Relative Risk   
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Section II. Types of Studies 

II.1 A Primer on the Design of Studies ς (Jacqueline Raicek) 

Study Designs in Medicine  

 

1. Basic studies  

a. Animal studies  

b. Method development  

c. Genetic  

d. Cell  

 

2. Observational studies  

a. Descriptive  

i. Case report  

ii. Case series  

iii. Cross-sectional 

(descriptive or 

prevalence)  

b. Analytical  

i. Cross-sectional, survey  

ii. Case-control  

iii. Cohort  

 

3. Experimental/Interventional studies  

a. Randomized controlled  

b. Non-randomized controlled  

c. Self-controlled  

d. Crossover  

 

4. Economic evaluations  

a. Cost analysis  

b. Cost-minimization analysis  

c. Cost-utility analysis  

d. Cost-effectiveness analysis  

e. Cost-benefit analysis  

Investigate the cause-outcome relationships between a 

dependent variable and independent variable, such as 

animal experiment, genetic and cell studies.  Method 

development studies investigate the development and 

improvement of biochemical, imaging, and biometric 

methods.  

Describes what is happening in a population, for 

example, the prevalence, incidence, or experience of a 

group.  Often the first step or initial inquiry into a new 

topic, event, disease, or condition.  

Attempts to quantify the relationship between two 

factors, effect of an intervention or exposure on an 

outcome.  

Compare the effect of treatments or interventions with 

control in humans. Placebo or different treatments or 

interventions may be used as controls.  Designed to 

reduce bias.  

Evaluate total cost of disease or health condition on 

ǎƻŎƛŜǘȅΤ ŎƻƳǇŀǊŜ ŀƭǘŜǊƴŀǘƛǾŜ ƛƴǘŜǊǾŜƴǘƛƻƴΩǎ Ŏƻǎǘ ŀƴŘ 

outcomes; evaluate cost and benefit of alternative 

interventions.  



Evidence Based Medicine Study Guide 
EBM Elective 

Department of Medicine 
 

Page 13 of 393, Revised 01/23/2023 Sections I-VI Return to Table of Contents              

  

5. Meta-analysis (including Network Meta-analysis) 

and Systematic review  

 

 

Sourced from Balkan Med J. 2014 Dec;31(4):273-7 and Center for Evidence Based Medicine, University 

of Oxford (https://www.cebm.net/2014/04/study-designs/)  

January 2019  

 

 

II.2 Factorial Design, Main Effect, and Interactions (Yi Zhang) 

You may have come across a 2x2 factorial design in your experience of reading research articles. What 

exactly is the structure of this design? 

A factorial experimental design consists of factors and levels. A factor is an independent variable. Each 

factor has a certain number of levelsΦ [ŜǘΩǎ ǘŀƪŜ ŀƴ ŜȄŀƳǇƭŜΦ 

[ŜǘΩǎ ǎŀȅ ǿŜ ǿƛǎƘ ǘƻ ƭƻƻƪ ŀǘ ōŀǎƪŜǘōŀll players and see if certain factors affect how many points they 

score. We can start by looking at two independent variables, for example age and amount of pregame 

Gatorade. Because each independent variable is a factor, there are two factors. 

Factor 1: age 

Factor 2: Gatorade 

CƻǊ ŜŀŎƘ ŦŀŎǘƻǊΣ ǘƘŜǊŜ Ŏŀƴ ōŜ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎΦ [ŜǘΩǎ ǎŀȅ ǿŜ ǿŀƴǘ ǘƻ ƭƻƻƪ ŀǘ ǘƘƻǎŜ ǘƘŀǘ ŀǊŜ ŀƎŜ мл ŀƴŘ 

those that are age 15. We are choosing two levels for age. For the amount of Gatorade drank before the 

ƎŀƳŜΣ ƭŜǘΩǎ ŎƘƻƻǎŜ мΣ нΣ ŀƴd 3 cups. So, there are three levels for amount of Gatorade. 

¢Ƙƛǎ ƛǎ ŀ нȄо ŦŀŎǘƻǊƛŀƭ ŘŜǎƛƎƴΦ ¢ƘŜ ŦƛǊǎǘ ǎƭƻǘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŦƛǊǎǘ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΣ ŀƎŜΦ ¢ƘŜ ƴǳƳōŜǊ άнέ 

refers to the number of levels for age. The second slot refers to the second independent variable, 

ŀƳƻǳƴǘ ƻŦ DŀǘƻǊŀŘŜΦ ¢ƘŜ ƴǳƳōŜǊ άоέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƭŜǾŜƭǎ ŦƻǊ ŀƳƻǳƴǘ ƻŦ DŀǘƻǊŀŘŜΦ 

ό!ύȄό.ύȄό/ύ Χ ŜǘŎΦ 

Each parenthesis refers to an independent variable. A is the number of levels for the first independent 

variable. B is the number of levels for the second independent variable. C is the number of levels for the 

third independent variable, and so on. 

Back to our example, if we added a third independent variable, shoe brand, with 4 levels (Nike, Adidas, 

New Balance, Asics), how would we express this? 

Meta-analysis combines the statistical results of 

different studies in a particular clinical area and 

systematic reviews evaluates and interprets the 

evidence of all studies conducted in a clinical area.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Study+designs+in+medicine+balkan+med+j
https://www.ncbi.nlm.nih.gov/pubmed/?term=Study+designs+in+medicine+balkan+med+j
https://www.ncbi.nlm.nih.gov/pubmed/?term=Study+designs+in+medicine+balkan+med+j
https://www.cebm.net/2014/04/study-designs/
https://www.cebm.net/2014/04/study-designs/
https://www.cebm.net/2014/04/study-designs/
https://www.cebm.net/2014/04/study-designs/
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This would be a 2x3x4 factorial design. The order of the independent variables is arbitrary. We could say 

2x4x3, 3x2x4, 3x4x2, 4x3x2, 4x2x3, and it would all be referring to the same experiment. 

Going back to the 2x3 design, we can also find the number of conditions by multiplying the numbers 

together. Therefore, there are 6 conditions. 

Experimental Condition # Age (years) Gatorade before game (cups) 

1 10 1 

2 10 2 

3 10 3 

4 15 1 

5 15 2 

6 15 3 

 

With a 2x3x4 design, there would be 24 conditions. In the example above, age is predetermined. In a 

randomized controlled trial, patients would be randomly assigned to these conditions. 

bƻǿ ƭŜǘΩǎ ŘƛǎŎǳǎǎ Ƴŀƛƴ ŜŦŦŜŎǘΣ ǿƘƛŎƘ ƭƻƻƪǎ ŀǘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŀƴ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ ƻƴ ŀ dependent 

variable. If we wanted to look at the main effect of age on points scored, we would look at the data as if 

the other independent variable, amount of Gatorade, did not exist. And vice versa to look at the main 

effect of amount of Gatorade. Using the same pool of patients, we can look at the effect of multiple 

independent variables. This is one of the benefits to using a factorial design. 

 1 cup Gatorade 2 cups Gatorade 3 cups Gatorade  

10 Years Old 10 points 15 points 20 points Mean = 15 points 

15 Years Old 20 points 25 points 30 points Mean = 25 points 

 Mean = 15 pts Mean = 20 pts Mean = 25 pts  

 

The above table lists the data for the dependent variable, points per game, in relation to the two 

independent variables in our hypothetical experiment. 

We can see that the main effect of 1 cup of Gatorade is 5 points per game. This is the same regardless of 

whether we are looking at 10-year-olds or 15-year-olds. Essentially, this is looking at the effect of one 

independent variable on the dependent variable of interest. If we were to take away the age 

stratification and just look at the means, it would be 15 pts for 1 cup, 20 pts for 2 cups, and 25 pts for 3 

cups Gatorade, with the main effect of 5 pts. We are used to this- many studies look at just one 

independent variable and one dependent variable. 

Likewise, the main effect of age, in this case 5 years, is 10 points. This is the same regardless of the 

amount of pre-game Gatorade. 

The effect of Gatorade is the same from 1 to 2 cups, from 2 to 3 cups, and regardless of age. The effect 

of age is the same regardless of cups of Gatorade. This means there are no interactions. 
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This is a graphical representation of the data. When the lines are parallel, there are no interactions. 

bƻǿΣ ƭŜǘΩǎ ǎŀȅ ǘƘŜ Řŀǘŀ ǿŜǊŜ different. 

 1 cup Gatorade 2 cups Gatorade 3 cups Gatorade  

10 Years Old 10 points 15 points 20 points Mean = 15 points 

15 Years Old 14 points 18 points 22 points Mean = 18 points 

 Mean = 12 pts Mean = 16.5 pts Mean = 21 pts  

Here, we see that the effect of 1 cup of Gatorade is 5 points in 10-year-olds, and 4 points in 15-year-

olds. Also, the effect of age (age 15 compared to age 10) is 4 points with 1 cup Gatorade, 3 points with 2 

cups Gatorade, and 2 points with 3 cups Gatorade. Since the effect is not uniform all the way across, 

that means there is an interaction. 
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On the graph, we see that the lines are not parallel, and would meet at some point if the data were to 

extend further in one direction or another. This means that there is an interaction. Something about age 

changes the effect that Gatorade has. 

Iƻǿ ŘƻŜǎ ǘƘƛǎ ŀǇǇƭȅ ǘƻ ŎƭƛƴƛŎŀƭ ǘǊƛŀƭǎΚ [ŜǘΩǎ ǘŀƪŜ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ ŀ нȄн ŦŀŎǘƻǊƛŀƭ ŘŜǎƛƎƴΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŜǊŜ 

ŀǊŜ п ŎƻƴŘƛǘƛƻƴǎΦ [ŜǘΩǎ ǎŀȅ ǿŜ ǿŀƴǘŜŘ ǘƻ ƭƻƻƪ ŀǘ ŀǎǇƛǊƛƴ ŀƴŘ ŀǇƛȄaban (independent variables) and 

incidence of major bleeds (dependent variable). The numbers in the following table refer to the number 

of patients in each group. 

 Aspirin Placebo Total 

Apixaban 100 100 200 

Placebo 100 100 200 

Total 200 200 400 

 

There is a total of 400 patients, with 200 randomized to aspirin and 200 to placebo, as well as 200 to 

apixaban and 200 to placebo. With these 400 patients, we are essentially conducting two parallel trials: 

aspirin vs. placebo, and apixaban vs. placebo. In addition, we can compare aspirin and apixaban 

together, to aspirin alone, apixaban alone, and placebo. We can look into how aspirin and apixaban 

work together and see if there are any interactions. This is the advantage to using a factorial design. One 

would need to make sure to sufficiently power the study for each of the four conditions in this 

hypothetical study. 
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Hopefully by now you have a better understanding of factorial design, main effect, and interactions, and 

how this can apply to clinical trials as well as examples outside of clinical trials. In summary, when 

choosing an experimental design, one important consideration is which one delivers the most statistical 

power with the fewest subjects. If the research questions call for direct comparison of individual 

experimental conditions, as is required when treatment packages are being compared, then this design 

will usually be an RCT. If the research questions call for assessing the effects of individual components of 

an intervention, then this design will usually be a factorial experiment. 

References: 

1. https://www.methodology.psu.edu/ra/most/factorial/  

2. https://www.youtube.com/watch?v=rwQYLtG_AYI  

 

Submitted 10-17-2020 

  

https://www.methodology.psu.edu/ra/most/factorial/
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II.3 Randomized Controlled Trial (RCT) Design: Key Elements in the Gold 

Standard of EBM (YŜŜƎŀƴ hΩIŜǊƴ) 

Overview: 

This chapter aims to introduce the design process of a randomized controlled trial (RCT). It will discuss 

the fundamentals and significance of forming a clinical question, randomization, blinding, bias, and 

statistical analysis (sample size and power calculations). This chapter is supplemented by the works of 

other chapters on these topics in the Evidence Based Medicine Elective Guide and acts to unify many of 

these topics in one narrative review. 

Introduction: 

w/¢ǎ ŀǊŜ ƴƻǘ ƻƴƭȅ 5ǊΦ wƻǎǎΩ ŦŀǾƻǊƛǘŜ ǘǊƛŀƭ design but are one of the quintessential tools in evidence-based 

medicine in that they are designed to directly answer a clinical question. While other study types, such 

as case studies, case series, cohort studies, and the like raise important questions, they are insufficient 

to prove causality. The RCT forms two identical groups and attempts to control as many variables as 

possible, and introduces an intervention (e.g., therapy) to isolate its effect on the outcome of interest. 

To tackle this endeavor, one must first understand what types of questions can be answered by an RCT. 

PICO Questions: 

Anyone who has takŜƴ ǘƘŜ 9.a CƻǊ [ƛŦŜΗ 9ƭŜŎǘƛǾŜ ǎƘƻǳƭŘ ƪƴƻǿ ǿƘŀǘ άtL/hέ ǎǘŀƴŘǎ ŦƻǊΥ tŀǘƛŜƴǘόǎύΣ 

Intervention(s), Comparison (Control), Outcome(s). It defines plainly for the research team, and the 

audience, who are the key players in answering a question, what you aim to do with said players, what 

your control group is for comparison, and by what measure(s) you deem to ascertain the effect of the 

proposed intervention. While this is of utmost importance in designing an RCT, it has been discussed in 

prior chapters and throughout this course, but each step is critical in designing an RCT. I would like to 

discuss some of the intricacies of the last three components, as they are the key to an RCT. 
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The intervention is (usually) the entire point of an RCT ς does an intervention lead to better or worse 

outcomes for the two groups? The most basic design has two arms: the intervention of choice, and a 

matched placebo for Comparison. However, it is not always ethical to give patients a placebo without 

adequate treatment (such as not treating severe atopic dermatitis in the placebo group while the 

intervention group derives a potential benefit from that arm). Thus, determining what the exact 

intervention is for each group, including the placebo and any adjunct therapies, is tantamount in 

determining if the benefit is from the intervention, the placebo, or a confounding variable. The placebo 

or comparison arm may not always have a completely inefficacious placebo, though each group should 

have similar demographics and disease severity (as tȅǇƛŎŀƭƭȅ ǎŜŜƴ ƛƴ ά¢ŀōƭŜ мέύΦ hǳǘŎƻƳŜǎ Ŏŀƴ ƳŀƪŜ ƻǊ 

break an RCT, because the primary (or secondary and beyond) outcome determines whether or not 

clinicians can distinguish a difference between the two groups. For diseases with objective 

(dichotomous) outcomes, the measurement is quite clear: e.g., did the patient live or die? Was there 

complete clearance of the tumor/lesion, or no? RCTs become tricky when there are no validated tools to 

assess a change, as when the outcome is subjective and requires some ingenuity to determine if there is 

an effect; this is common in dermatology where the determination of whether partial resolution of a 

lesion has occurred is up to the clinician looking at the photograph/patient. All of this to say that being 

able to come up with a concrete PICO statement is the first step of any RCT design. 

Randomization: 

A clinical trial is not an RCT if it lacks the R: randomization. Randomization is the gold standard of trial 

designs Researchers aim to remain equipoise at the start of a trial: though they may have an inclination 

that a treatment works based on weaker literature, they generally are uncertain if the intervention will 

lead to net benefit or harm in the population of question (or else, why do the study at all?). To remove 

bias of the clinician selecting which patients go to the intervention or comparison group, randomization 

is key. The Consolidated Standards of Reporting Trials (CONSORT) guidelines that all RCTs are apt to 

follow says that groups in a trial should be formed by chance; it allows a statistical diversification of each 

ƎǊƻǳǇ ŀƴŘ άŎƻƴǘǊƻƭǎέ ŦƻǊ ǘƘŜ ŎƘŀƴŎŜ ǘƘŀǘ ƻƴŜ ƎǊƻǳǇ ƛǎ ƛƴƘŜǊŜƴǘƭȅ ŘƛŦŦŜǊŜƴǘ ǘƘŀƴ ŀƴƻǘƘŜǊΦ IƻǿŜǾŜǊΣ ƛǘ 

ŘƻŜǎ ƴƻǘ ŀƭǿŀȅǎ Ǝƻ ŀŎŎƻǊŘƛƴƎ ǘƻ ǇƭŀƴΣ ŀƴŘ ŀ ǉǳƛŎƪ ƎƭŀƴŎŜ ŀǘ ǘƘŜ ά¢ŀōƭŜ мέ ƛƴ Ƴƻǎǘ w/¢ǎ ƛǎ ǿŀǊǊŀƴǘŜŘ to 

ensure that RCTs are in fact randomized. Randomization at the individual level is standardized, but may 

also be done by groups, and there are some circumstances in which randomization may be unethical (a 

patient with severe, treatment-refractory disease being randomized to placebo is one example). 

How are patients actually randomized? Simple randomization implies random number generation or a 

coin toss, but one may employ stratification to account for (e.g., control for) potential confounding 

variables like age, sex, etc., though this should be used sparingly for only characteristics/variables that 

Ƴŀȅ ŀŦŦŜŎǘ ǘƘŜ ƻǳǘŎƻƳŜΦ /ƘƻƻǎƛƴƎ ǘƘŜ άǊƛƎƘǘέ ǊŀƴŘƻƳƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ƻƴŜ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ 

many arms will be utilized in the trial, as it would be difficult to randomize to three arms with a coin flip. 

It also depends on the calculated sample size needed to demonstrate a difference between the study 

arms, but more on that later. Randomization and blinding are inherent to a good study design, but the 

correct process for each is usually dependent on the context of the question at hand and what level of 

prior knowledge is present. 
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Bias in RCTs: 

Bias is inherent in all study designs, and researchers must employ multiple means to reduce this entity 

to ensure the results are not impacted by confounders. Bias implies a systematic error, and thus is not 

random; the act of randomization as above helps limit these confounders due to randomness. However, 

processes like selection bias wherein participants are allocated to the intervention or placebo group 

based on baseline characteristics such as disease severity or age may impact the outcome of trials; this 

again speaks to the importance of randomization. Blinding similarly ensures that the researchers and 

patients do not change their expectations, or subconsciously their actions, for each arm of the trial. 

Finally, attrition bias may impact results based on the withdrawal of participants from a group, and this 

highlights the importance of an intention-to-treat analysis whereby participants are evaluated in the 

groups they were originally assigned to. Of note, expected withdrawal rate should be considered when 

determining your sample size (see below), as well as the ethical basis of the investigation at hand as 

there should not be an enormous attrition rate observed due to safety concerns, adverse effects, or lack 

of efficacy. There are a large number of biases that RCTs are designed to control for, and while the list of 

potential biases is too large to discuss here, the RCT is considered the gold standard for determining the 

difference between interventions and control given the efforts to minimize bias intrinsic to the RCT 

design model. 

Phases of RCTs: 

RCTs come in many shapes and flavors, though a tiered system helps readers understand what level of 

evidence is present and which questions are being asked in each phase of the trial. Phase 1 trials are just 

the very beginning of the RCT process with generally a smaller sample size to determine feasibility. 

Feasibility or proof of concept trials help determine whether larger trials will be useful: in a small group, 

does there appear to be some relative safety and efficacy? They also help you get the kinks out for later 

trials, as you learn whether you can (or cannot) run your trial as initially planned. Phase I trials are where 

the rubber meets the road and can make or break an RCT moving forward. Phase II commonly 

ŘŜǘŜǊƳƛƴŜ ŜŦŦƛŎŀŎȅΣ ōǳǘ ŀǊŜ ƴƻǘ ƭŀǊƎŜ ŜƴƻǳƎƘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǎŀŦŜǘȅ ŀƴŘ ŜŦŦŜŎǘƛǾŜƴŜǎǎΣ ǘƘŀǘΩǎ ǿƘŜǊŜ ǇƘŀǎŜ 

III comes in to determine the external validity of the intervention: does it work in the real world? Phase 

IV is usually after the intervention has been approved (after market studies) and will not be covered 

here as this is about starting an RCT from scratch. 



Evidence Based Medicine Study Guide 
EBM Elective 

Department of Medicine 
 

Page 21 of 393, Revised 01/23/2023 Sections I-VI Return to Table of Contents              

Statistical Analysis and the άMythέ of the Significant p-Value: 

Though an RCT can be performed to determine superiority of one intervention over another, the null 

hypothesis present for any two comparisons is that there is no difference between the intervention and 

placebo. In a head-to-head trial, the goal is to demonstrate that a health benefit (or harm) is obtained 

from the intervention, that is, that the estimate of efficacy lies above the control. While there are many 

ways to mathematically determine this, a point estimateςor mean value in the case of a continuous 

variableςŀƛƳǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ǘƘŜ άǘǊǳŜ ǾŀƭǳŜέ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƭƛŜǎ ŀōƻǾŜ ƻǊ ōŜƭƻǿ ǘƘŜ фр҈ 

confidence interval (CI), such that there is a 95% chance that there is a true difference between the 

measured outcome in the intervention and the control group. A non-inferiority or equivalence trial aims 

to show no difference between the intervention and control (often the control here is an approved 

treatment or intervention for the condition of interest), and statistically this is demonstrated by overlap 

in the 95% CI. 

As has been covered elsewhere in this guide, the p value represents the chance that the results 

ƻōǎŜǊǾŜŘ ƻŎŎǳǊǊŜŘ ŘǳŜ ǘƻ ŎƘŀƴŎŜΣ ŀƴŘ ƛǘ ƛǎ ŎƻƳƳƻƴƭȅ ŀŎŎŜǇǘŜŘ ǘƘŀǘ ŀ ǾŀƭǳŜ ҖлΦлр ƛǎ ǎtatistically 

ǎƛƎƴƛŦƛŎŀƴǘΣ ŀƴŘ ǘƘƻǎŜ ǎǘǳŘƛŜǎ ŀōƭŜ ǘƻ ƳŀƴƛǇǳƭŀǘŜ ŎƻƳǇƭŜȄ ǊŜƎǊŜǎǎƛƻƴǎ ǘƻ ƻōǘŀƛƴ ŀ Ǉ ǾŀƭǳŜ ҖлΦлр ƻŦǘŜƴ 

ǊŜǎǳƭǘǎ ƛƴ ǇǳōƭƛŎŀǘƛƻƴΦ Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǾŀƭǳŜǎ ҖлΦм ǎǘƛƭƭ ƘŀǾŜ ŀ фл҈ ŎƘŀƴŎŜ ƻŦ ōŜƛƴƎ ƻōǎŜǊǾŜŘ 

outside of chance which may be significant depending on what is being tested. Additionally, the more 

that something is tested (e.g., large sample size in trials), the more likely one will find a statistically 

significant result, but an astute reader should determine the clinical significance of the results. One 

Ŏŀƴƴƻǘ ŀǎǎǳƳŜ ǘƘŀǘ ŀ Ǉ ǾŀƭǳŜ ҖлΦлр ƛǎ ƳŜŀƴƛƴƎŦǳƭΣ ǘƘŜ ŎƻƴǘŜȄǘ ƛƴ ǿƘƛŎƘ ƛǘ ǿŀǎ ŘŜǊƛǾŜŘ ƛǎ ŎǊƛǘƛŎŀƭ ǘƻ 

making meaning out of the numbers. A more nuanced and useful metric is the confidence interval, 

which gives one a range of possible true values and identifies with 95% confidence which range is likely 

to be true. Cis are attached to important metrics such as the relative risk reduction or increase, the 

absolute risk reduction or increase and the NNT (number to be treated to prevent one outcome) or NNH 

(number needed to cause a harmful outcome).  

Sample Size and Power Calculations: 

When designing an RCT, one must calculate what sample sizes would be required to obtain a statistically 

significant result based on the measurements and outcomes being obtained. One tool that has been 

developed by the Centers for Disease Control and Prevention (CDC) is OpenEpi 

(https://www.openepi.com/Menu/OE_Menu.htm) that allows one to use various calculators to 

determine appropriate sample sizes, make power calculations, and perform statistical analyses like 

ANOVA and t tests. These tools can be helpful in determining how large a sample size should be in 

addition to reading similar trials and determining how sample sizes were calculated.  

 

https://www.openepi.com/Menu/OE_Menu.htm
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To determine a sample size, one needs to consider the effect size, p value, and power. While these all 

have mathematical derivations, they are concepts that can generally be asked as simple questions that 

one designing an RCT should consider: How large and in what direction (positive or negative) do the 

designers believe the difference between the two (or more) arms should be, and is that clinically 

meaningful? Of note, a small difference in the measured outcomes (termed effect size) will require a 

larger sample size, but more on that below. If the variables being measured have a large variation, the 

άŜǊǊƻǊ ōŀǊǎέ Ŏŀƴ ōŜ ǉǳƛǘŜ ƭŀǊƎŜ ǳƴƭŜǎǎ ǘƘŜ ǎŀƳǇƭŜ ǎƛȊŜ ƛǎ ƭŀǊƎŜ ŜƴƻǳƎƘ ǘƻ ƘŜƭǇ ƴŀǊǊƻǿ ǘƘŜ фр҈ /LΣ ǎǳŎƘ 

that if variability is small, then the resulting sample size required will be small. 

Often, the effect size of the intervention can be taken into account to determine how large a sample size 

ǎƘƻǳƭŘ ōŜ ǘƻ ǎŜŜ ŀ ŎŜǊǘŀƛƴ ƳŀƎƴƛǘǳŘŜ ƻŦ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ƎǊƻǳǇǎΦ 5ŀǊǘƳƻǳǘƘΩǎ {ȅƴŜǊgy biostatistician 

group is a helpful resource in making these calculations, and there is commonly a team of 

biostatisticians that play a pivotal role in helping to design and implement these aspects of RCTs, to 

adjust for participant attrition, and to interpret the results. As above, a p value of 0.05 is commonly 

ǳǎŜŘΦ tƻǿŜǊ όŘŜƴƻǘŜŘ ŀǎ ǘƘŜ DǊŜŜƪ ƭŜǘǘŜǊ άōŜǘŀέύ ƛǎ ƻŦǘŜƴ ǎŜǘ ǘƻ лΦу-0.9 and demonstrates that if there is 

a difference between the groups, the trial has a large enough sample size to detect that difference. 

.ŜƛƴƎ άǳƴŘŜǊ-ǇƻǿŜǊŜŘέ Ƴŀȅ ōŜ ŀ ǇǊƻōƭŜƳ ŦƻǊ ǎƳŀƭƭŜǊ ǘǊƛŀƭǎ ǎǳŎƘ ǘƘŀǘ ŀƴ ŜŦŦŜŎǘ ǘƘŀǘ ƛǎ ǇǊŜǎŜƴǘ ƛǎ ƴƻǘ 

observed due to the small sample size. 

The complexity of statistical analysis is out of scope for this topic, but I point readers to the above 

resources as well as the references of this chapter for additional information. 

Conclusion: 

RCTs are considered the gold standard in evidence-based medicine and designing one from scratch 

requires an intimate knowledge of the components of its methodology and design. All good studies 

begin with a well-outlined question, and by understanding how an RCT is designed, we can all begin to 

improve our ability to interpret and create evidence-based medicine. 
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II.4 RCTs: Strengths and Limitations (Mariah Evarts) 

Strengths of RCTs: 

In Evidence-Based Medicine: How to Practice and Teach EBM, Straus et al state tƘŀǘ άŜǾƛŘŜƴŎŜ-based 

medicine requires the integration of the best research evidence with our clinical expertise and our 

ǇŀǘƛŜƴǘΩǎ ǳƴƛǉǳŜ ǾŀƭǳŜǎ ŀƴŘ ŎƛǊŎǳƳǎǘŀƴŎŜǎΦέ Lƴ ƻǊŘŜǊ ǘƻ ŦǳƭŦƛƭƭ ǘƘŜ άōŜǎǘ ǊŜǎŜŀǊŎƘ ŜǾƛŘŜƴŎŜέ ŎƻƳǇƻƴŜƴǘ 

of practicing EBM, there must be an evaluation of strength of evidence, largely based on study design 

and implementation. The evidence hierarchy for testing treatment strongly favors the randomized 

controlled trial (RCT) as a design that uses randomization to reduce various sources of bias that plague 

observational and non-randomized studies. When used to test therapies, RCTs can draw causal links 

between an intervention and an outcome more easily than other studies because of the randomization 

and resulting lack of confounding bias.  

What are the weaknesses of RCTs? 

As much as RCTs are heralded as the gold standard for determining efficacy of one treatment as 

compared to another, they are not without limitations. Discussing weaknesses of RCTs is particularly 

important because it allows for a more nuanced understanding of reported findings.  

Randomization: 

A central component of RCTs is that recruited and eligible patients are randomized into treatment 

groups. Computer-generated randomization is often favored. On a conceptual level, randomization 

combats confounding bias, particularly confounders that have not been identified by the treatment 

team. In practice, however, there are a variety of ways that this can generate biased results. Schulz et al 

found that many studies had treatment groups that were statistically much more similar than chance 

ǿƻǳƭŘ ƘŀǾŜ ǇǊŜŘƛŎǘŜŘΦ ¢ƘŜ ŀǳǘƘƻǊǎ ŘŜŜƳ ǘƘƛǎ ǘƻ ōŜ ŘǳŜ ǘƻ άƴƻƴǊŀƴŘƻƳ ŀƭƭƻŎŀǘƛƻƴέ ǊŀǘƘŜǊ ǘƘŀƴ 

άǊŜǇƭŀŎŜƳŜƴǘ ǊŀƴŘƻƳƛȊŀǘƛƻƴέΦ  

Exclusionary Criteria: 

To decrease heterogeneity in treatment groups, RCTs often define a narrow set of selection criteria that 

may exclude important populations, including women and those over 65 years old. Likewise, subjects 

with comorbidities are often excluded. From a study design perspective, this increases internal validity 

which can be used as a marker for low risk of bias. From a clinical perspective, however, this obviously 

will decrease the applicability of the information, thus decreasing its external validity. Additionally, it is 

possible that by selecting for such a narrow group of subject characteristics, the study results may be 

artificially inflated.  
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Rothwell also reports on other ways that RCTs can select for certain types of patients even prior to 

randomization. One example is when study design uses a pre-randomization run-in period. All recruited 

subjects take a placebo and those subjects that are not adherent or have adverse events from the 

medication are excluded from the cohort to be randomized. Again, from a statistical perspective, 

reducing non-compliance would increase internal validity so that the therapy is truly being tested rather 

than testing a behavior (non-adherence) as well as the therapy. However, this may bias results but also 

leads to a non-representative sample, thus decreasing external validity.  

Rothwell points out that these types of selection mechanisms are particularly troubling because they are 

often not reported and there is no quantifiable way to assess the external validity. He suggests that all 

trials report the number of eligible subjects that were not included in the randomization as well as the 

number of patients invited but who ultimately declined to participate in randomization. 

Clinimetrics: 

RCTs inherently need to have a measurable outcome within a reasonable time frame, thus studies often 

call for measuring either binary outcomes or indirect values such that a difficult-to-measure outcome 

can be quantified. There is a concern that this has led to a hyper-focus on the measurable and non-

binary outcomes ς effect on quality of life, distress, overall well-being, etc. ς are given overall less value. 

CŀǾŀ Ŏŀƭƭǎ ǘƘƛǎ ŀ ƳƻǾŜ ǘƻ άclinimetricsέ ǘƘŀǘ ŘŜ-emphasizes a biopsychosocial approach to medicine. True 

integration of evidence-based medicine can only occur when clinimetrics and the biopsychosocial 

approach can exist in the same space.  

Variation Masked by Averaging: 

As previously discussed, RCTs often have stringent inclusion and exclusion criteria as a method of 

increasing internal validity and potentially resulting in statistical significance which may not be 

replicated in the average person. Even if these criteria are loosened somewhat, however, there are 

resulting issues involving averaging across heterogeneity. For example, the averaging may conceal 

helpful information about a portion of ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŀǘ ŘƛŘƴΩǘ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ǘƘŜǊŀǇȅΦ ¢Ƙƛǎ ƛǎ ŀ ǇŀǊǘƛŎǳƭŀǊ 

worry as the size of the study increases in participant number.  

One suggestion that is commonly given in an attempt to deal with the heterogeneity is to create 

subgroups based on pathophysiological understanding and thus what subgroup of people may react 

differently to an intervention. This should never be done post hoc and direct conclusions from subgroup 

data are dangerous because studies are often not powered for that analysis. Regardless, it is tempting to 

analyze subgroup results and draw conclusions about why there are differences, potentially even 

extrapolating the information to a patient that matches the baseline characteristics of the subgroup 

more directly. NEJM and JAMA caution against this type of analysis and instead encourage the use of 

subgroup data to formulate thoughtful hypotheses for future studies. 
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II.5 Systematic Reviews and Meta-Analyses (Alex Donovan) 

In the field of medicine, research advances are constantly guiding us in new directions regarding the way 

we evaluate, diagnose, and treat patients.  Though we do our best to critically appraise each randomized 

control trial and decide how it will change our practice standards, the amount of information can be 

overwhelming, and even good RCTs contradict each other frequently.  Fortunately, we have two forms 

of evidence-based literature that aim to synthesize the available evidence we do have, while taking the 

strengths and weaknesses of individual studies and synthesizing the results of the studies together to 

help generate more global conclusions, which can hopefully better guide our medical decision making.   

Systematic Reviews and Meta-Analyses are described below.   
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Systematic review  

A Systematic review is a summary of all available evidence meeting specific eligibility criteria that can be 

used to address a specific question. It is a synthesis and critical appraisal of all studies known to address 

the same specific research question with an aim to limit bias as much as possible.   

A Systematic Review is the most transparent of reviews as it communicates methods and bias explicitly.  

The studies evaluated in a systematic review are selected very methodically based on specific criteria to 

answer the same scientific question and to minimize bias. These special reviews evaluate the differences 

in studies through a quantitative and qualitative means known as heterogeneity, which helps explain 

how similar or different the individual studies being compared are in order to help gauge how 

meaningful/applicable the results are.  (Please see section 8 on Heterogeneity for more details.)  

Meta-Analysis  

A Meta-Analysis is a statistical method that combines the results from different studies to effectively 

provide more power than the individual studies alone. They are also helpful in synthesizing big-picture 

statistics such as incidence, prevalence, and diagnostic accuracy due to the larger numbers and ability to 

evaluate for trend among the individual studies, which cannot be seen in the individual studies 

themselves.  Systematic reviews often include a meta-analysis to help demonstrate statistical results of 

the studies included.   
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Most often, the odds ratio or relative risk are the metrics used to demonstrate relative effect in a meta-

analysis.  The pooled effects of the individual randomized control trials are often portrayed in the form 

of a Forest Plot which demonstrates the odds ratio of each study with a 95% confidence interval, in 

ŎƻƳǇŀǊƛǎƻƴ ǘƻ άƴƻ ǘǊŜŀǘƳŜƴǘ ŜŦŦŜŎǘέ όǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƻŦ ŀƴ ƻŘŘǎ Ǌŀǘƛƻ ƻŦ мΦлύΦ   hǾŜǊŀƭƭΣ ŀ ƳŜǘŀ-analysis 

helps us evaluate the amount and strength of evidence available to answer a specific medical question.   
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II.6 Network Meta-Analysis- Explanation and Interpretation of a Unique Tool 

for EBM  (David Styren) 

What are network meta-analyses?   

This guide will not seek to explain the finer mechanics of generating a network meta-analysis (NMA) but 

will instead focus on understanding and interpreting NMAs. So, what are NMAs? Network meta-analysis 

is a specific ǎǳōǎŜǘ ƻŦ άǎǘŀƴŘŀǊŘέ ƻǊ άǘǊŀŘƛǘƛƻƴŀƭέ ƳŜǘŀ-analysis that is being utilized more and more 

frequently in systematic reviews. Simply put, NMAs are meta-analyses that, through advanced statistics 

and data interpretation, allow the indirect comparison of different interventions where head-to-head 

trials do not exist (or are limited).   

¸ƻǳ ƳƛƎƘǘ ŀǎƪ ȅƻǳǊǎŜƭŦΣ ά²Ƙŀǘ ŘƻŜǎ ǘƘŀǘ ƳŜŀƴ ƛƴ ǘŜǊƳǎ ƻŦ real-world ǇǊŀŎǘƛŎŜΚέ CƻǊ ŜȄŀƳǇƭŜΣ ǎŀȅ ǘƘŀǘ ŀ 

clinician is trying to decide between two drug therapies (Drug A or Drug B) for the treatment of one of 

his/her patients. Through a literature review, the clinician notices that numerous trials compare Drug A 

or Drug B to placebo, but no head-to-head randomized controlled trials exist (or perhaps only one or 

two small trials). There are even systematic reviews of both Drug A and Drug B to help separately 

determine the treatment effect of each therapy in a large patient population. Traditionally, the clinician 

in this situation would have to weigh the relative treatment effects of each drug in isolation and attempt 

to infer which drug may be the better choice for his/her patient. NMAs were developed to support 

clinicians in exactly this kind of scenario. NMAs utilize and synthesize data drawn from separate trials in 

order to mimic a head-to-head trial as closely as possible and provide a clinician increased confidence in 

making therapy decisions.  

The theory behind network analysis is fairly straightforward, although the formation of a network 

analysis is anything but simple. Essentially, the supposition is that if Drug A and Drug B are both 

compared to a common comparator (usually placebo), and if their study designs and populations were 

similar, then via a version of the transitive property, A can be indirectly compared to B.   
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  Riley 2017  

The strength of the indirect comparisons relies heavily on the amount of data available for evaluation, as 

well as the quality of the studies involved, just as traditional meta-analyses do. A NMA that draws 

conclusions from very few studies, with few subjects, and questionable quality will be doubted just as a 

traditional meta-analysis with those limitations would. However, whereas a high-quality meta-analysis 

can usually only provide conclusions about a single comparison (Drug A versus placebo, etc.), network 

meta-analysis can compare Drug A to Drug B, AND Drug A to Drug C and Drug B to C and so on.  Often, 

NMAs will include a visual depiction of the studies involved in their analysis (called network plots), 

illustrating how the studies relate to one another and the strength of the connection between the 

studies.   

As illustrated in the examples below, network plots can be relatively simple or highly complex depending 

on the number of interventions being studied and the number of subjects/studies available. There are 

similar features to each network plot, however. In brief, each therapy being studied is usually labeled on 

the map, and lines are drawn between therapies to illustrate studies that have directly compared to the 

two therapies. Often each therapy wƛƭƭ ōŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǇƭŀŎŜōƻ όŀǎ ǘƘŀǘ ƛǎ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ άŎƻƳƳƻƴ 

ŎƻƳǇŀǊŀǘƻǊέύΣ ōǳǘ ǘƘŜǊŀǇƛŜǎ Ŏŀƴ ƘŀǾŜ ƭƛƴŜǎ ŘǊŀǿƴ ōŜǘǿŜŜƴ ƻƴŜ ŀƴƻǘƘŜǊ ǿƘŜƴ ŘƛǊŜŎǘ head-to-head 

studies have been performed. The number of patients that have been exposed to a particular therapy is 

represented as a circle of varying size, which increases proportionally to the number of patients. This is a 

useful feature as it allows the clinician to have perspective when interpreting conclusions later in the 

NMA. For example, if the NMA determines there is a significant benefit or harm associated with Drug A 

versus Drug B, but an extremely small patient population was exposed to Drug A, the relative imbalance 

in the two patient populations may have impacted the results. Another useful visual aid included in 

network maps is the thickness of the lines connecting certain therapies. In most network maps, with an 

increasing number of studies comparing two therapies, the thickness of the line increases. Similar to the 

size of the circles, the thicker lines indicate more studies have studied that particular comparison and 

can provide potentially stronger conclusions than a comparison where extremely few studies have been 

performed. Although the purpose of NMA is to provide additional data when a relative paucity of 

studies exist, just as with traditional meta-analysis, the greater the amount of data, the stronger the 

conclusions.   
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How are network meta-analyses made, and what makes them valid?   

NMAs are designed much likŜ ŀƴȅ ƻǘƘŜǊΣ ƳƻǊŜ άǘǊŀŘƛǘƛƻƴŀƭέΣ ƳŜǘŀ-analyses. A clinical question is 

presented, and a literature review is performed to locate and assess any and all studies that might be 

useful in answering the initial clinical question. Often with NMAs, the clinical question involves multiple 

treatment modalities or options, and trials involving those options are broken down into two broad 

categories: head-to-head studies between treatments and treatment versus placebo studies. The vast 

majority of the time, there are more treatment versus placebo studies, and these are primarily what are 

used to develop the network meta-analysis. Information from each of the studies is carefully extracted 

and pooled with other data before being subjected to multiple, complex statistical analyses, whose 

mechanisms are beyond the scope of this guide. The studies involved are then assessed individually for 

risk of bias, and the results are occasionally presented in a visual diagram similar to the example 

provided below. In the figure, seven different types of bias were assessed and listed on the y axis of the 

ŎƘŀǊǘΦ !ƭƭ ƻŦ ǘƘŜ ǎǘǳŘƛŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǊŜǾƛŜǿ ǿŜǊŜ ǘƘŜƴ ŎŀǘŜƎƻǊƛȊŜŘ ƛƴǘƻ άƭƻǿ Ǌƛǎƪ ƻŦ ōƛŀǎΣ ǳƴŎƭŜŀǊ Ǌƛǎƪ 

ƻŦ ōƛŀǎΣ ƻǊ ƘƛƎƘ Ǌƛǎƪ ƻŦ ōƛŀǎέΦ ¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǎǘǳŘƛŜǎ ǘƘŀǘ Ŧŀƭƭ ƛƴǘƻ ŜŀŎh category are then plotted on 

the x axis for easy visual identification. Not all studies provide all of the information required to assess 

for bias, and not all NMAs report their bias analysis in graphical form. However, just as in traditional 

meta-analysis, it is imperative to read and understand the potential for bias included within the NMA, as 

low-quality studies or high-risk bias risk studies can throw the conclusions into doubt and potentially 

prevent the clinician from drawing meaningful support from the study.   

  

Tricco 2015 

hƴŎŜ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǊŜ ŎƻƳǇƭŜǘŜŘΣ ƘƻǿŜǾŜǊΣ ǘƘŜ ǉǳŜǎǘƛƻƴ ōŜŎƻƳŜǎ ά/ŀƴ ǿŜ ǘǊǳǎǘ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴǎ ǘƘŜ 

ŎŀƭŎǳƭŀǘƛƻƴǎ ǇǊŜǎŜƴǘΚέ 5ǳŜ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴǎ ǊŜŀŎƘŜŘ ōȅ ba!ǎ ŀǊŜ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǎǘŀǘƛǎǘƛŎŀƭ 

calculations, rather than directly observed findings in a trial, the conclusions drawn must be felt to be 

valid by the clinician.  



Evidence Based Medicine Study Guide 
EBM Elective 

Department of Medicine 
 

Page 32 of 393, Revised 01/23/2023 Sections I-VI Return to Table of Contents              

The validity of network meta-analyses relies on three core principles: homogeneity, similarity, and 

consistency. Homogeneity refers to the analysis of the treatment effect of a single intervention within 

the meta-ŀƴŀƭȅǎƛǎΦ tǳǘ ŀƴƻǘƘŜǊ ǿŀȅΣ ƘƻƳƻƎŜƴŜƛǘȅ ǎŜŜƪǎ ǘƻ ŀƴǎǿŜǊ ǘƘŜ ǉǳŜǎǘƛƻƴΥ ά5ƻŜǎ 5ǊǳƎ ! ƘŀǾŜ 

ǊƻǳƎƘƭȅ ǘƘŜ ǎŀƳŜ ŜŦŦŜŎǘ ƛƴ ŜŀŎƘ ǘǊƛŀƭ ǿƘŜǊŜ ƛǘ ƛǎ ǎǘǳŘƛŜŘΚέ LŦΣ ƻƴ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ ǘŜƴ ǘǊƛŀƭǎ ƻŦ 5ǊǳƎ A 

versus placebo, 5 trials found no benefit, and 5 trials showed benefit, those ten trials would be deemed 

heterogeneous, and data gleaned from their analysis would be suspect. However, if those ten trials all 

demonstrated a similar benefit, the data would be homogenous, and would be valid for inclusion in an 

NMA. The homogeneity of each intervention in the trial is assessed independently, meaning that if there 

are five interventions for comparison, the data homogeneity for each intervention would be assessed 

completely independently of one another. Homogeneity can be measured via multiple methods, 

including the use of a forest plot. If the majority of (and preferably all), studies have treatment effects 

ǘƘŀǘ Ŧŀƭƭ ƻƴ ǘƘŜ άōŜƴŜŦƛǘέ ƘŀƭŦ ƻŦ ǘƘŜ ŦƻǊŜǎǘ ǇƭƻǘΣ ǘƘe treatment effect is homogenous.   

The second principle critical for determination of validity in an NMA is similarity. The principle of 

similarity is applied to all of the trials included in the NMA as a whole, and it seeks to assess how similar 

the study designs, disease severity, and base populations between the trials are. This makes sense 

conceptually as an NMA is essentially a gigantic hypothetical RCT where there are X number of 

treatment arms comparing different interventions against one another.  If the base characteristics of the 

different study arms were significantly different than one another, there would be considerable risk of 

bias, and the conclusions of the RCT would be suspect. By the same token, if the base characteristics of 

the different studies are significantly different, then it is difficult to draw a valid comparison between 

the different interventions within the NMA. As with homogeneity, similarity can be measured with 

various tools or methodologies, with a common method being i2 (i2 represents the percentage variation 

between studies that is due to dissimilarity between studies rather than random chance [Higgins et al, 

2003]). A NMA that has a high i2 value likely has less valid conclusions than another study with a small i2 

value.  

The third factor that helps ensure validity of a NMA is consistency. Often NMAs are generated because 

there is insufficient or poor-quality data comparing one or more interventions for a particular condition. 

However, there are often at least a few trials that will directly compare one intervention to another, and 

these studies can be used to ensure that the conclusions derived from the NMA are consistent with 

what has been directly observed in past trials. For example, if there were two trials comparing Drug A to 

Drug B showing no benefit for either drug, however, the NMA showed a strong benefit for Drug A 

compared to Drug B, the findings would not be consistent, and it would throw the conclusions of the 

ba! ƛƴǘƻ ŘƻǳōǘΦ ¢Ƙƛǎ ŎƻƴŎŜǇǘ ōŜƎǎ ǘƘŜ ǉǳŜǎǘƛƻƴ άLŦ ǎmall, possibly poor-quality studies can 

overrule/cast doubt on the findings of a large NMA, what is the point of doing an NMA in the first 

ǇƭŀŎŜΚέ ba!ǎΣ ǿƘŜƴ ǳǎŜŘ ŎƻǊǊŜŎǘƭȅΣ Ŏŀƴ ƘŜƭǇ ǎǳǇǇƻǊǘ ŦƛƴŘƛƴƎǎ ǘƘŀǘ Ƴŀȅ ƘŀǾŜ ŀƭǊŜŀŘȅ ōŜŜƴ ŦƻǳƴŘ ƛƴ 

smaller studies or may bring to light results that previously had not been studied. As with all research, 

conflicting studies prompt further questions and a need for further study.   
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How do you interpret a Network Meta-analysis?  

Now that you (hopefully) have at least a conceptual understanding of what NMAs are, you may ask 

ȅƻǳǊǎŜƭŦΥ άIƻǿ ŀǊŜ ba! ǊŜǎǳƭǘǎ ǇǊŜǎŜƴǘŜŘΣ ŀƴŘ Ƙƻǿ Řƻ L ƛƴǘŜǊǇǊŜǘ ǘƘƻǎŜ ŘŀǘŀΚέ Wǳǎǘ ŀǎ ǿƛǘƘ ǘǊŀŘƛǘƛƻƴŀƭ 

meta-analyses, there are a multitude of ways to conduct NMAs, and subsequently a multitude of ways 

ǘƘŀǘ ǘƘŜ Řŀǘŀ Ŏŀƴ ōŜ ǇǊŜǎŜƴǘŜŘΦ Lƴ ǘƘƛǎ ǎŜŎǘƛƻƴΣ ǿŜΩƭƭ ŀǘǘŜƳǇǘ ǘƻ ŜȄǇƭŀƛƴ ǘǿƻ ŎƻƳƳƻƴ ǇǊŜǎŜƴǘŀǘƛƻƴǎ ƻŦ 

NMA data, the Forest plot, and the League chart.   

In the example below, you can see one example of how a study might illustrate its findings in a Forest 

ǇƭƻǘΦ hƴ ǘƘŜ ŘƛŀƎǊŀƳΣ ǘƘŜ ǇǊƛƳŀǊȅ ƻǳǘŎƻƳŜ ƻŦ άŀƭƭ-ŎŀǳǎŜ ƳƻǊǘŀƭƛǘȅέ Ƙŀǎ ōŜŜƴ ŜǾŀƭǳŀǘŜŘ ŦƻǊ ǘƘǊŜŜ 

different therapies, as well as placebo. Each therapy has been compared individually to the other 

therapies available, and the hazard ratio results have been plotted in groups of three on the Forest plot 

to the right. In the section outlined in the blue box, we can see that SGLT-2 inhibitors have been 

compared to DPP-4 inhibitors as well as GLP-1 antagonists. The Forest plot clearly and easily 

demonstrates that SGLT-2 inhibitors were found to be superior to placebo as well as DPP-4 inhibitors 

but were not significantly better than GLP1 antagonists with respect to all-cause mortality.  

 

 
Zheng 2018 
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The figure below is called a league chart and is a very common format for presenting data in NMAs. The 

columns and rows represent the different treatments being compared within the NMA.  At the 

intersection of the column and rows, the comparative efficacy of the two treatments is reported as an 

odds ratio. The exact layout varies from study to study, but each table should include an explanation (as 

the chart does below) of which treatment is better. In the study below Duloxetine 60mg was not 

significantly better than Milnacipran 100mg as evidenced by the confidence intervals, but Milnacipran 

100mg was better than placebo. Studies will often report separate League tables for each end point or 

indication being tested.   

 

 
Young 2016 

As the above examples demonstrate, the way data are reported in NMAs can lead naturally into 

ŀǘǘŜƳǇǘƛƴƎ ǘƻ άǊŀƴƪέ ǾŀǊƛƻǳǎ ǘƘŜǊŀǇƛŜǎΦ ba!ǎ ƻŦǘŜƴ ǿƛƭƭ ǊŜǇƻǊǘ άǊŀƴƪƻƎǊŀƳǎέ ǘƘŀǘ Ŏŀƴ όǘƘǊƻǳƎƘ 

ǎǘŀǘƛǎǘƛŎǎύ ǘǊȅ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘƛŎƘ ŎƻƳǇŀǊŀǘƛǾŜ ǘƘŜǊŀǇȅ άǊŀƴƪǎέ ōŜǘǘŜǊ than others. These rankings are 

ŎƻƴǘǊƻǾŜǊǎƛŀƭ ŀǎ ǘƘŜȅ ǊŜǇƻǊǘ ƻƴƭȅ ŀ άǇǊƻōŀōƛƭƛǘȅέ ƻŦ ƻƴŜ ǘƘŜǊŀǇȅ ōŜƛƴƎ άōŜǘǘŜǊέ ǘƘŀƴ ŀƴƻǘƘŜǊΣ ŀƴŘ ƛǘ ƛǎ 

often difficult to prove or replicate these findings. Rankograms and rankings from NMAs are NOT 

designed to provide definitive rankings or dictate appropriate treatment for clinicians. Ultimately the 

ǳƴƛǉǳŜ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ƻŦ ŜŀŎƘ ǇŀǘƛŜƴǘΣ ŀǎ ǿŜƭƭ ŀǎ ŜŀŎƘ ǇŀǘƛŜƴǘΩǎ ǘƻƭŜǊŀƴŎŜ ǿƛƭƭ ŘƛŎǘŀǘŜ ǿƘŀǘ ǘƘŜǊŀǇȅ ƛǎ 

chosen. Rankograms can help suggest therapies, however, and can provide additional information if a 

clinician is attempting to decide between two equivalent therapies. For example, in the rankogram 

below, the NMA conducted suggests that SGLT-2 inhibitors have the highest likelihood of being the best 

therapy of those tested to prevent cardiovascular mortality.   
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  Zheng 2018  

  

Rankograms will usually be provided for each of the outcomes studied within the NMA and will typically 

reflect the results reported in the League charts or Forest plots. Therefore, it is important to take into 

ŀŎŎƻǳƴǘ ōƻǘƘ ǘƘŜ άǊŀǿέ Řŀǘŀ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ head-to-head comparisons, as well as in the rankograms, as 

they may not always line up appropriately, and/or they may differ based on outcome studied. For 

example, Drug A may have the highest likelihood of being the best drug for the primary outcome, but 

Drug B may have the highest likelihood of avoiding adverse events. Therefore, it is important to take 

into account the needs and circumstances of your patient when making clinical therapy decisions.   

Why should clinicians utilize Network Meta-analyses? What are their advantages?  

Network meta-analysis is a unique and powerful tool for clinicians that goes beyond traditional meta-

analysis and provides an additional support in the difficult challenge of clinical decision making. NMAs 

ŀƭƭƻǿ ƛƴŘƛǊŜŎǘ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ƳǳƭǘƛǇƭŜ ǘƘŜǊŀǇƛŜǎΣ ƻŦǘŜƴ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ŀƴŘ Ŏŀƴ ǇǊƻǾƛŘŜ ŀ άǊŀƴƪƛƴƎέ 

probability for the different therapies in order to help decide which therapies should be used first most 

often. NMAs can also help reduce the size of confidence intervals established in other studies. For 

example, if Drug A and Drug B were compared head-to-head in a one or two small studies, there may or 

may not be a benefit shown, and the confidence intervals may be quite broad. Incorporating that data 

into a network meta-analysis (that includes indirect comparison utilizing other common comparator 

studies) can allow for confirmation of an effect or non-effect, and/or can reduce the size of the 

confidence intervals by broadening the data pool.   
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It should be noted, however, that the data and conclusions provided do not represent randomized data, 

as the subjects were not actively randomized by the NMA. The data remains randomized from the 

original studies, but an NMA cannot be considered a randomized trial. Therefore, conclusions drawn 

should be considered to be observational in nature, and a NMA cannot take the place of a large, 

prospective randomized trial. Despite this, NMAs can provide meaningful and insightful data that can 

assist clinicians, prompt further investigations, or demonstrate effects or connections not previously 

understood. As with all aspects of medicine, no one tool can be used alone to make decisions, but 

Network Meta-analysis can help improve patient care and help clinicians make the right decisions for 

their patients. 
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II.7 Non-Inferiority Trials (Lukas Emery) 

What it is not 

Superiority trialsτwhat we are used to seeing. Study compares a treatment to either placebo or existing 

gold standard and shows a statistically significant superiority in the results   

Equivalence trialsτtypically used to show there really is no significant difference between two versions 

of the same drug, e.g., generic drugs or vaccine lots.   

What is a Non-inferiority Trial   

Background: 

Noninferiority trials are an important tool for the evaluation of many therapeutic interventions such as 

new drugs or biologics, medical devices, and a wide variety of other therapies. The trial design allows 

one to circumvent the standard placebo or no-treatment control as this is not ethical when many 

conditions already have an effective treatment established. Therefore, noninferiority trials seek to 

compare new interventions to existing therapies/standard of care in an effort to prove that their efficacy 

ƛǎ άƴƻǘ ƛƴŦŜǊƛƻǊέ ǘƻ ŎǳǊǊŜƴǘƭȅ ŀǾŀƛƭŀōƭŜ treatments. The ultimate goal is to determine that a new 

intervention is not worse than a control treatment (i.e., some existing therapy) by a reasonably small 

amount with an acceptable degree of confidence.   

Trial Design:    

The null hypothesis in a noninferiority study states that the primary end point for the experimental 

treatment is worse than that for the control treatment by a prespecified margin (inferiority margin). 

Rejection of the null hypothesis would, therefore, support the claim that a new intervention is not 

inferior to the comparison therapy. The foundation of noninferiority trials is built on several factors:   

1. RCTs involving control: The availability of randomized control trials showing superiority of the 

control treatment compared to placebo.   

2. Establishing Endpoints: Researchers must select an appropriate endpoint to be studied; once 

this has been established available data is used to determine the expected performance/efficacy 

of the control treatment.   

3. Setting the Non-inferiority Margin: A threshold below which it can be established that the new 

drug is not worse than its comparator. This is based on both statistical and clinical 

considerations as outlined below.   
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Determining the Noninferiority Margin:   

This margin should be chosen such that the new drug can be considered to be effective relative to 

placebo (even when a placebo group is not included) and needs to account for the uncertainty in the 

ŜŦŦŜŎǘ ǎƛȊŜ ƻŦ ǘƘŜ ŀŎǘƛǾŜ ŎƻƴǘǊƻƭ ǾŜǊǎǳǎ ǇƭŀŎŜōƻΦ CƛǊǎǘΣ ȅƻǳ ƴŜŜŘ ǘƻ ƳŀƪŜ ŀ άŎƻƴǎǘŀƴŎȅ ŀǎǎǳƳǇǘƛƻƴέ όi.e., 

effect shown in prior studies will be consistent in your noninferiority study) about the effectiveness of 

the control compared to placebo as this will not be assessed in the non-inferiority trial; therefore, more 

data about comparator = more precise estimate of effect. In general, this is a conservative estimate of 

the effect of the comparator based on available data and usually represents the smallest effect size. 

Researchers must then, using clinical judgment, determine a clinically acceptable difference (degree of 

noninferiority) of the test drug compared to the active control (i.e., how much of the treatment effect 

needs to be preserved). This consideration is often related to the seriousness of the outcome, the 

benefit of the active comparator and the relative safety profiles of the test drug and the comparator. 

The higher the percentage to be preserved the more conservative the noninferiority margin, thus 

making it more difficult to conclude noninferiority. For more detailed information on setting the 

noninferiority margin please see excerpt below:   

Excerpt From: Wangge G, et al.   

Most of the guidelines on noninferiority trials state that a margin should account for both 

clinical and statistical considerations. However, details on how such a margin should be 

determined are not clearly specified, with the exception of the recently drafted guideline on 

noninferiority trials issued by the FDA. The guideline was composed based on previous 

guidelines and methodological publications on noninferiority trials published since the 1980s. 

The guideline is only one example of determining a noninferiority margin, and it reflects 

regulatory interest; thus, its focus is on showing indirect efficacy of the test drug compared with 

placebo.  

The guideline recommends the fixed-margin method, or 95%ς95% method, which is considered 

the most straightforward and readily understood approach. The method starts by identifying 

M1 and M2. M1 is the effect of the active control compared with placebo, which is assumed to 

be present in the noninferiority trial. M1 is chosen as a conservative estimate (smallest effect 

size possible) of the effect of the active comparator, which is the upper bound of the 95% 

confidence interval (CI) of the pooled effect size, rather than the point estimate. M2 reflects the 

clinical judgement about how much of M1 should be preserved and represents the largest 

clinically acceptable difference (degree of inferiority) of the test drug compared with the active 

control. For example, if it is necessary that a test drug preserve 75% of a mortality effect, M2 

would be 25% of M1, the loss of effect that must be ruled out. Determining M2 assures that the 

test drug will be superior to placebo.  



Evidence Based Medicine Study Guide 
EBM Elective 

Department of Medicine 
 

Page 39 of 393, Revised 01/23/2023 Sections I-VI Return to Table of Contents              

Determining M1, as the first step in defining a noninferiority margin, can be based on one or 

more placebo-controlled trials of the active comparator that have a design similar to the current 

noninferiority trial. A meta-analysis of several placebo-controlled trials is preferable, because it 

will result in a pooled, more precise effect estimate of the active comparator.  

The second step is to calculate M2 from M1 by choosing a certain amount of the effect to be 

preserved. The draft FDA guideline implicitly recommends using a preserved effect of  

50% to determine M2. Choosing a higher percentage to be preserved (e.g., 67%, where M2 is 

33% of M1) results in a stricter or more conservative noninferiority margin, meaning it is more 

difficult to conclude noninferiority. The formula to calculate M2 for a risk difference (RD) is:  

(1 - ǇǊŜǎŜǊǾŜŘ ŜŦŦŜŎǘǎύ Ҏ  - M1 

For the relative risk (RR), and other ratio measures, the guideline discusses 3 methods for 

calculating M2. The preferred method calculates the margin using the natural logarithm:  

Ŝ ƭƴόмκaмύҎόмҍǇǊŜǎŜǊǾŜŘ ŜŦŦŜŎǘǎύ ƻǊ όмκaмύ όмҍǇǊŜǎŜǊǾŜŘ ŜŦŦŜŎǘǎύ 

Interpreting the Results:    

The results of the noninferiority trial are compared with the prespecified noninferiority margin as 

follows: if the upper bound of the 95% CI for the effect estimate is smaller than the noninferiority 

margin, noninferiority is concluded. For example, if a noninferiority trial shows that the RR of the new 

drug compared with the active comparator is 0.94 (95% CI 0.72 to 1.25), and the noninferiority margin is 

1.3, it can be concluded that the new drug is noninferior to the active comparator. 
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Issues/Limitations of noninferiority trials:   

1. [ŀŎƪ ƻŦ ǇƭŀŎŜōƻ ƎǊƻǳǇ ŀƴŘ ǊŜƭƛŀƴŎŜ ƻƴ άŎƻƴǎǘŀƴŎȅ ŀǎǎǳƳǇǘƛƻƴǎέ ōŀǎŜd on prior published data for 

comparator effect.     

2. Variation in noninferiority margins chosen for the study.  

o One can easily see how setting a less conservative margin can lead to the finding of 

άƴƻƴƛƴŦŜǊƛƻǊƛǘȅέ ǿƘŜƴ ƛƴ ŦŀŎǘΣ ǘƘŜ ǊŜǎǳƭǘǎ ŀǊŜ Ƨǳǎǘ ŀ ǊŜŦƭŜction of a poorly prespecified 

noninferiority margin.   
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3. Reliance on subjective factors (i.e., clinical judgement) when determining an appropriate preserved-

effect value again influencing the noninferiority margin.    

o This is particularly challenging when using noninferiority design for safety studies as there are 

usually no reasonable data to justify the margin for safety; instead, the researchers must decide 

what level of adverse events is acceptable.  

References:   
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II.8 Pragmatic Clinical Trials- What Are They? (Priya Katari) 

Key attributes of PCTs: 

1. intent to inform decision-makers (patients, clinicians, administrators, and policymakers), rather 

than clarifying a biological or social mechanism 

2. an intent to enroll a population relevant to the decision in practice and representative of the 

patients/populations and clinical settings for whom the decision is relevant; and 

3. an intent to either  

a. streamline procedures and data collection so that the trial can focus on adequate power for 

informing the clinical and policy decisions targeted by the trial or  

b. measure a broad range of outcomes. 

 

Common sense definition for a PCT would thus be as follows: 

ά5ŜǎƛƎƴŜŘ ŦƻǊ ǘƘŜ ǇǊƛƳŀǊȅ ǇǳǊǇƻǎŜ ƻŦ ƛƴŦƻǊƳƛƴƎ ŘŜŎƛǎƛƻƴ-makers regarding the comparative balance of 

benefits, burdens and risks of a biomedical or behavioral health intervention at the individual or 

ǇƻǇǳƭŀǘƛƻƴ ƭŜǾŜƭΦέ 

 

Submitted February 2019 

9ŘƛǘƻǊΩǎ note: Dr. Katari introduced bookmarks and hyperlinks to this document, materially enhancing its 

usability. 
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II.9 Assessing Pragmatism of Clinical Trials (Diana Lee, GSM4) 

 

Clinical trials lie on a continuum between explanatory and pragmatic. As stated in the chapter 

άtǊŀƎƳŀǘƛŎ /ƭƛƴƛŎŀƭ ¢Ǌƛŀƭǎ- ²Ƙŀǘ !ǊŜ ¢ƘŜȅΚέ ōȅ 5ǊΦ tǊƛȅŀ YŀǘŀǊƛΣ ǇǊŀƎƳŀǘƛŎ ǘǊƛŀƭǎ ƛƴŦƻǊƳ ǇǊŀŎǘƛŎŜ ōȅ 

adopting an intervention into real-world clinical care. Pragmatic trials seek to maximize external 

validity by testing in usual conditions. Conversely, explanatory trials confirm a causal hypothesis under 

ideal conditions to ensure internal validity.  

 

To clarify the concept of pragmatism and to help researchers design trials that match their intended 

purpose, the Pragmatic-Explanatory Continuum Indicator Summary (PRECIS) was introduced in 2009 

[1]. PRECIS guides trial design by assessing the degree of trial pragmatism using ten design domains. 

The updated PRECIS-2 has nine domains: eligibility criteria, recruitment, setting, organization, 

flexibility in delivery, flexibility in adherence, follow-up, primary outcome, and primary analysis [2]. 

Each domain is scored on a Likert scale from 1 (very explanatory) to 5 (very pragmatic). Features of a 

highly pragmatic trial are described below, using each domain. 

 

Eligibility criteria: The trial includes any 

individual with the condition of interest 

who meets candidacy for the 

intervention that was being provided in 

usual care for that condition. 

 

Recruitment: The trial enrolls only those 

who present to a clinic for usual 

appointments without being actively 

recruited. The trial also recruits from 

multiple clinics. 

 

Setting: The trial takes place in a setting 

identical to the usual care setting and 

takes place in multiple centers.  

 

Organization: The trial places the 

intervention into the usual organization of care and only uses the existing healthcare staff and 

resources.  

 

Flexibility in delivery: The trial leaves the details of implementing the intervention to providers, which 

is what happens in usual care, without being rigidly prescriptive about the delivery. 
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Flexibility in adherence: The trial is flexible in how the users engage with the intervention and does 

not have special measures to enforce adherence.  

 

Follow-up: The trial has no more follow-up than usual care and limits additional data collection. 

 

Primary outcome: The trial has an outcome that has the most recognizable importance to the 

participants and measures the outcome in a way that is similar to usual care.  

 

Primary analysis: The trial implements an intention-to-treat analysis using all available data.  

 

In summary, when designing a clinical trial, closely mimicking what happens in usual care will lead to a 

higher PRECIS-2 score, or higher pragmatism. It is also important to note that pragmatic trials are not 

free of limitations, and very few trials are truly pragmatic on all nine domains [3]. Rather than 

categorizing trials as either explanatory or pragmatic, it is helpful to view pragmatism as a continuum, 

as the PRECIS-2 tool illustrates. Furthermore, researchers should not be discouraged from designing 

trials that lean toward the explanatory end. Rather, researchers should design trials that fit their 

intended purpose.   
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II.10  Phases of New Drug Investigation Trialsς (Katie Kozacka, GSM4) 

LŦ ȅƻǳΩǊŜ ǘǊȅƛƴƎ ǘƻ ƴŀƛƭ Řƻǿƴ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǾŀǊƛƻǳǎ ǘǊƛŀƭǎ ƛƴ ǎǘǳŘȅΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

should help!! 

A. tƘŀǎŜ лΥ ά9ȄǇƭƻǊƛƴƎ LŦ and How a New Drug Works.1έ 

¶ This type of study is not commonly used.  

¶ A few small doses are used on a few individuals who likely do not benefit from this 

treatment.  
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¶ Instead, the purpose is to speed up approval processing and to help others in the future.  

¶ Generally, this type of study looks more at how a drug reacts with a target organ, tissue, or 

how it is distributed in the body.  

¶ Sometimes, this could require a biopsy, sample, or testing of the participant to evaluate 

these interactions.  

¶ This is not a required part of testing for drug approval.  

B. tƘŀǎŜ LΥ άLǎ ǘƘŜ ¢ǊŜŀǘƳŜƴǘ {ŀŦŜΚ1έ άCƛǊǎǘ ƛƴ IǳƳŀƴ {ǘǳŘƛŜǎΦ2έ 

¶ The goal of this phase is to determine a suitable dose for phase II and to test safety of the 

drug.  

¶ Minimal dose for toxicity and maximum tolerated dose are defined.  

¶ Even if the drug has already undergone animal testing, effects and distribution may be 

different in human studies.  

¶ A small dose is given to a few patients to start. Then as tolerated, dosing increases by 100%, 

66%, 50%, 40%, 33% etc. until severe or dose limiting toxicity in a large fraction of the 

participants ends the trial.  

¶ Many subjects will in the end receive sub-therapeutic dosing and will not be able to have 

benefits from the drug.  

¶ Titration may not occur in one single participant because then the effects of dosing cannot 

be distinguished from long term side effects of the drug. The phase I trials are not good at 

picking up time dependent side effects or rare toxicities.  

C. tƘŀǎŜ LLΥ ά5ƻŜǎ ǘƘŜ ¢ǊŜŀǘƳŜƴǘ ²ƻǊƪΚ12έ 

¶ IIA: Treatment is given to a small group of patients 12-100 at one strong dose.  

¶ IIB: Treatment is given in several doses to assess optimal dose.  

¶ Phase II involves a much larger group of patients.  

¶ Less common side effects can be picked up in this way.  

¶ No placebo is used.  

¶ If enough benefit from treatment, the drug moves on to phase III.  

D. tƘŀǎŜ LLLΥ άLǎ Lǘ .ŜǘǘŜǊ ǘƘŀƴ ²Ƙŀǘ ƛǎ !ǾŀƛƭŀōƭŜΚ12έ 

¶ Last testing before being submitted to the FDA for approval.  

¶ Large number of patients, longer duration, greater scope.  

¶ Placebo or standard of care used.  
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¶ This study can confirm dosing, timing, and frequency. It is used for the package insert/drug 

leaflet.  

¶ Confident efficacy evaluation. Also finds more toxicities.  

¶ If passes stage III, a New Drug Application form is submitted for approval.  

E. tƘŀǎŜ L±Υ ά²Ƙŀǘ 9ƭǎŜ 5ƻ ²Ŝ bŜŜŘ ǘƻ YƴƻǿΚ1έ  

¶ Used for drugs already FDA approved and is therefore the safest type of study.  

¶ Looks at other aspects of the treatment such as quality of life or cost. 

References: 
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II.11 Understanding Endpoints with an emphasis on cancer trials (David Lakomy) 

Q: What is the key requirement for new cancer drug approval?  

A: Basically, the end goal is to demonstrate efficacy with acceptable safety.  

Q: But I have read plenty of studies that have used a variety of eƴŘǇƻƛƴǘǎ ǘƘŀǘ ŘƛŘƴΩǘ ŘƛǊŜŎǘƭȅ 

test efficacy? 

!Υ /ŀƴŎŜǊ ŘǊǳƎ ǘǊƛŀƭǎ Ǝƻ ǘƘǊƻǳƎƘ ǎŜǾŜǊŀƭ ǇƘŀǎŜǎ όǇƭŜŀǎŜ ǎŜŜ άtƘŀǎŜǎ ƻŦ bŜǿ 5ǊǳƎ LƴǾŜǎǘƛƎŀǘƛƻƴ ¢Ǌƛŀƭǎέ ŦƻǊ 

more detailed information) prior to approval. In brief, phase I trials evaluate toxicity and tolerability, 

phase II trials determine anti-tumor activity, and phase III determine clinical benefit. Thus, different 

stages of clinical trials require different endpoints with early phase trials testing for endpoints regarding 

pharmacokinetics, pharmacodynamics, and tumor shrinkage and later stage trials testing for patient 

centered efficacy in terms of prolongation of survival or improvement in symptoms.  

Q: That is confusing, lets break it down further step-by-step, what endpoints are there for 

phase I trials? 

A: The conventional primary endpoints of phase 1 trials have historically been: maximum tolerated dose 

(MTD), recommended phase 2 dose (RP2D), and estimation of safety profile of the new drug.  

The MTD is determined by the occurrence of dose-limiting toxicities (DLTs) defined by the occurrence of 

severe toxicities during the first cycle of systemic cancer therapy. Such toxicities are assessed according 

ǘƻ ǘƘŜ bŀǘƛƻƴŀƭ /ŀƴŎŜǊ LƴǎǘƛǘǳǘŜΩǎ /ƻƳƳƻƴ ¢ŜǊƳƛƴƻƭƻƎȅ /ǊƛǘŜǊƛŀ ŦƻǊ !ŘǾŜǊǎŜ 9ǾŜƴǘǎ ό/¢/!9ύ 

classification, and usually encompass all grade 3 or higher toxicities with the exception of grade 3 

nonfebrile neutropenia and alopecia.  

The RP2D then, is usually the highest dose with acceptable toxicity, usually defined as the dose level 

producing around 20% of dose-limiting toxicity.  

Q: That seems fairly straightforward, are there any issues with using MTD, DLT, and RP2D in 

phase I trials? 

A: There are several. For one, the DLT definition stated above, while still the most commonly used, is 

met with a fair degree of heterogeneity in terms of its criteria and how it is applied in patient studies. 

There is no singular consensus on the definition of DLT in phase I trials.  

Secondly, and more profoundly, this standard is largely based on cytotoxic chemotherapy drugs and 

regimens that dominated oncology for decades but are now less applicable in our targeted molecular 

therapy age. For example, chemotherapies were administered for a set period of time (in cycles) as 

opposed to often continuously for novel molecular therapies. In turn, some lower grade (grade 2) 

toxicities that may have been passable if they were experienced only transiently may become 

intolerable if they are experienced continuously (e.g., long-term low-grade diarrhea or xerostomia). 
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RP2D may also be affected by this history tied to chemotherapy drugs. While there is typically a direct 

relationship between dose and efficacy for chemotherapeutic agents (i.e., higher dose resulting in 

greater efficacy), for molecular agents this is not always the case and lower doses with similar efficacy 

may produce lower toxicity.  

Overall, this remains an evolving field. 

 

Q: Okay, so what about phase II trials, what are the endpoints here? 

A: Phase II trials begin to answer the question of whether or not the drug will work, that is for oncology 

trials, does this drug have anti-tumor activity in humans. Thus, tumor response measured as objective 

response rate (ORR) or progression-free survival (PFS).  

Q: How is ORR determined and analyzed? 

A:  ORR is defined as the proportion of patients with tumor size reduction of a predefined amount and 

for a minimum time period. Response duration usually is measured from the time of initial response 

until documented tumor progression.  

While a variety of criteria exist, for solid tumors the Response evaluation criteria in solid tumors (RECIST) 

guidelines are the most commonly applied. RECISTS consists of identification and classification of tumor 

lesions, periodic assessment (usually radiographic), comparison to baseline, and placement of tumor 

response into different categories: complete response (CR), partial response (PR), stable disease (SD), 

progressive disease (PD), and not evaluable (NE).  








































































































































































































































































































































































































































































































































































































































































































