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Section I. Introduction and General Essays

Ly GKS 0S3AAYyYyAYyIXoD

I.1 Approachto the Evidence Based Medicine Rotation (Ray Klein, Jonathan
Ross)

The evidencédased medicine (EBM) rotation is a unigue opportunity to hone and solidify a set of skills

that will remain inaluable 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 thiayhelps readers make clinical decisions.
CKSNB Aad y2 aAy3atsS aNARIKGE FLIINRFOK (G2 G4KS 9.a NP
framework.

1. RemindYourself of the Basics

Spend the initial portion of the rotation readirifyidenceBasedViedicine: 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 P{Qi&stion from a Research Article

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

4dz0 aLJISOALFf Gex @2dz YAIKG 0SS gl NB 2F a2YS (Se 22dzN
to review. A patiat may ask a question prompting you to search the literature for an answer. A new

issue of theNew England Journal of Medicife any other major medical journal) may have a research

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

PICO question. If you are trying to answer a new clinical question, form your PICO question before you
SPSy o6S3aAAYy (2 &aSFNOK (GKNRJzZAK tdzwaSR® LF &2dz I NB &
found, recreatetheali K2 NBEQ t L/ h |jdzSadA2y o0ST2NBE &2dz 6S3IAYy (K
following:

Patient / ProblemP
Intervention-|
ComparisorC
OutcomeO
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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 alsinplify the summary process.

3. Complete Any Necessary Background Reading

L¥ @2dz FNByQlG | fNBIFIRe FFEYAEAINI gAGK GKS G(G2LIAO 27
background reading. For example, if your article describes the effects ofPiGKitors, you may need

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

of previous research on PGSHknhibitors. 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 glzadility of the
findings to a specific patient. Consider including the following in your EBM database summaries.

Question
wSadlrisS GKS LINAYEFNE |jdSadAizy | yagSNBR o0& GKS
important buzz words in this box, as anything included here is searchable within the EBM
database.

Patients:

Describe the patient population, the numberthme 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. Thiinformation 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 géinedaio 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® per cent followp?

Quality:

Describe the higiguality and lowquality characteristics of the study. Important factors to
consider include randomization, blinding, sample size, length of follow up, intetttitneat
analysis, funding source, metholdgy flaws, etc. If not obvious, describe how a certain study
characteristic may eliminate or create a source of bias.

Pageb of 393, Revised 01/23/2023 Sections-VI Returnto Table ofGontents




Evidence Based Medicine Study Guide
EBM Elective
Department of Medicine

Description of Intervention:

This should be aneline 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

LX  OS62 &adzov Aye2SOGAz2yas oNRGS a[ ANY IfdziARS
necessary, a longer/more detailed description of the intervention should bedad in the

Gt GASyi&aé o0602E 06208

Description of Control:

Aonelinedescription of what was administered to the control groegy.,placebo, or the
comparison drug.

QOutcomes:

Statistically describe any major outcomes from the study and any irapbadverse 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), kvbé 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 glameirthe 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 RRand the Clis 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 NNF use the numbers derived as is).

Randomized Controlled Trial Calculator So, in this example, the EER is 13.3
the CERsi26.7%, and the RRR is 50
Outcome o CITTTE (but enter 50 into the data box in
Experimental [{00 A 50 B the New Study field because % is
Control o0 ¢ JF50 5 alree_tdy emk_)edded)_and its
confidence interval is 37.8 t0 59.8
get results reset
The ARR also needs to be multiplied
Results by 100, thus the ARR is 13.3 with a
Chi-squared 40.838  p-value: 0 of 9.3t0 17.3
Estimate 95% CI
RRR 0.5 [0.378 to 0.598] 1/ARRs the NNT which in the
ARR 0.133  [0.093 to 0.173] example is
NNT 8 [11108] 7+ (rounded to 8 here) with a
confidence interval of 11 to 6.
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New Study field for Outcome

Outcome | EER | cER | RRR | cr [NNT| o | |
=

(Rememberif your calculations use an outcome in which the result is better (higher) such as
survival rather thameath, the RRR is really a RRI, and you will need to multiply the RRR in the
EBM Calculator line by00 in order to make it transferable to the EBM databdkat includes

the Cls as well.)

Significance:

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

Start bybriefly describing any essential pathophysiology and previous research in the field. For example,
if you are summarizing an article on a new type of immummulating chemotherapy, it woulde 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 significahtieestudy outcomes. This

is an opportunity to evaluate the importance and quality of the research. Is this a giwea#tingand
practicechanging study? How big (or small) is the effect size? Are the findings generalizable to the
relevant patient populdon? 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
GKS LI OS (42 O2yOAraasSteée RSAONAROGS GKS aidl 1S K2YS
As you complete thevidencebasedmedicine rotation, you will no doubt have developed your own
approach, but hopefully this proves to be a useful starting ground. At the end obtaton, you should

feel considerably more fluent and facile regardihg 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 lifelong 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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[.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 nowliseased person testing negative. Tests with high specificity are
used to confirm a disease is present.

Positive predictive value (PPM):the test is positive, what is the probability that the patient has the
disease? Depends on prior probability (or{pest 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 (NPMJithe test is negativaeyhat 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 resiilts an
the higher the NPV.

Sensitivity and Specificity
Result of Gold Standard Test

Result of Test DiseasdPositive Disease Negative
Investigated TP= True positive
.. A FP= False positive
Positive (4) TP(a) =—T> FP (b) TN= True negative
Negative ) FN(c) <€—— TN(d) FN= False negative
Sensitivity= a/a +c or TP/TP+F} Positive Predictive Value PPV=a/a+@BITP+FP =—>

Specificity= d/b +d or TN/FP+T'h Negative Predictive Value NPV= d/d+c or TN/TN+ER—

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 prdest probability.

**_ikelihood ratio is a way of combining the test characteristics (sensitivity and specificity) into a
singe measure.
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When combined with odds, the LR (likelihood ratio) generates the ptestt odds:
Pretest odds x LR = Pogtst odds

And converting probability to odds is
Odds = Probability/ 3Probability
Probability = Odds/ 1 + Odds

Sensitivityhelps rule OUT (SNOUT)
Specificity helps rule IN (SPIN)

Parameter Definition Calculation
The probability of a diseased person testing True positives
Sensitivity positive True positives + False
negatives
The probability of a nowliseasederson testing True negatives
Specificity negative True negatives + False
positives
Positive The probability that disease is present given a True positives
Predictive positive result True positives + False
Value positives
Negative The probabilitythat disease is absent given a True negatives
Predictive negative result True negatives + False
Value negatives
Positive A ratio representing the likelihood of having the Sensitivity
likelihood ratio | disease given a positive result 1-Specificity
Negative A ratio representing the likelihood of having a 1-Sensitivity
likelihood disease given a negative result Specificity
Ratio

Other terms you will come across:

EER=Experimental event rateutcome present/total in group exposed to experimental agent
CER=Control event rateutcome present/total in group not exposed to experimental agent
ARR=ADbsolute risk reductiolEERCERCan also have ARI or ABI (absolute benefit increase)]
RRR=EERER divided by CHEan also have RRI or RBI (relative benefitimse)]

NNT= Number needed to treat: 1/ARRan also have NNH (number needed to harm) or NNS (number
needed to screen)]
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Relative Risk
RCTs or Prospective CohortCase outcomes| Control outcomes
Exposure Yes a b
P No C d

Relative Risk#(a+b) orexposed outcomes yes/all exposed

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

Notes:
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Section Il. Types of Studies

1.1 APrimer on the Design of Studies(Jacqueline Raicek)

Study Designs iMedicine

1. Basic studies

a.
b.
C.
d.

2. Observational studies
a.

b.

Animal studies
Method development
Genetic

Cell

Investigate the causeutcome relationships between a
dependent variable and independent variable, such a
animal experiment, genetic and cell studies. Method
development suidies investigate the development and
improvement of biochemicalmaging,and biometric
methods.

Descriptive
i. Case report
i. Case series
iii. Crosssectional

Describes what is happening in a population, for

example, the prevalenc@cidence or experience of a
group. Often the first step or initial inquiry into a new
topic, event,diseasepr condition.

(descriptive or
prevalence)
Analytical
i. Crosssectional, survey
ii. Casecontrol
iii. Cohort

3. Experimental/Interventional studies

a.

b.
C.
d

Randomized controlled
Norntrandomized controlled
Selfcontrolled

Crossover

4. Economic evaluations

a.

© oo o

Cost analysis
Costminimization analysis
Costutility analysis
Costeffectiveness analysis
Costbenefit analysis

Pagel2 of 393 Revised 01/23/2023

Attempts to quantify the relatnship between two
factors, effect of an intervention or exposure on an
outcome.

Compare the effect of treatments or interventions wit
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
a20ASGeT O2YLI NB |t dSNyI
outcomes; evaluate cost and benefit of alternative
interventions.
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Meta-analysis combines the statistical results of
different studies in a particular clinical area and
systematic reviews evaluates andenprets the
evidence of all studies conducted in a clinical area.

5. Meta-analysis (including Network Me&nalysis)
and Systematic review

Sourced fronBalkan Med.P014 Dec;31(4):2#3 and Center foEvidence Based Medicine, University
of Oxford https://www.cebm.net/2014/04/studydesigns)

January2019

[I.2 Factorial Design, Main Effect, and Interactio® Zhang

You may have come across a 2x2 factorial design in your experience of reading resedesh \Aftiat
exactly is the structure of this design?

A factorial experimental design consists of factors and levdisctaris an independent variable. Each
factor has a certain number tdvelsp [ SG Q& G1 1S +ty SEIFYLX So

[ SGQa al e ¢S ¢ A BRfayetsand ke # dertaln tactasslafiett Bolv onkny points they
score. We can start by looking@&to independent variablefor example age and amount of pregame
Gatorade. Because each independent variable is a factor, there are two factors.

Factor 1age

Factor 2: Gatorade

C2NJ SIOK FIFIOU2NE GKSNB OFy 06S RAFFSNByld fSoStaod |
those that are age 15. We are choosing two levels for age. For the amount of Gatorade drank before the

31 YSZ f S Qad3ekps Ba therena® thre€levelsfor amount of Gatorade.

CKA& A& | HEo FIOG2NAIf RSaAdIyod ¢KS FANBG atz2G NB

refers to the number of levels for age. The second slot refers to the second indepersd@ble,

FY2dzyd 2F DFG2NIRS® ¢KS ydzYoSNJ aoé NBFSNBR G2 GKS
6! VEO6. OE6/ 0 X Si0o

Eachparenthesigefers to an independent variable. A is the number of levels for the first independent

variable. B is the number af\els 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 weeess this?
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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 firdritbmber of conditions by multiplying the numbers
together. Therefore, there are 6 conditions.

Experimental Condition #

Age (years)

Gatorade before game (cups)

10

10

10

15

15

OO B W N PF

15

WIN| P W NP

With a 2x3x4 design, there would be @dnditions. In the example above, age is predetermined. In a
randomized controlled trial, patients would be randomly assigned to these conditions.

b2¢g tSiQa

RA&0Odzaa

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

4 KA OK depehdeit &

l.:.l

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 ofgras, 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 poirts 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.

idKS

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 at0-yearoldsor 15yearolds. Essentially, this is looking at the effect of one

independent variable on the dependent variatof 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 th#my 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 pregame Gatorade.

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

of age is the same regardless of cups of Gatorade. This means there iateractions
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Gatorade (cups)

10 years old e=15 years old

This is a graphical representation of the daté¢hen the lines are parallel, there are no interactions

b2¢gs fSGQa adifferend KS RIGOF 6SNB
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 point§iyearolds and 4 points in 1year

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 GadlersSince the effect is not uniform all the way across,
that means there is an interaction.
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25

= N
(¢] o

Points per Game
=
o

1 2 3
Gatorade (cups)

10 years old 15 years old

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 tthegtre is an interaction. Something about age
changes the effect that Gatorade has.

|l 26 R2S&a GUKAa |LJXe G2 OfAYyAOFf GNRFfAaK [SGdQa Gl
FNBE n O2yRAGAZ2Yyad [ SGQa &l avandisleperdghiv&iRble§)andt 221 |
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

Thereis 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. Irtiaddive 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 reed 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 aglas examples outside of clinical trials. In summahgn

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 comparisoniwitiinal

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 wilsually be a factorial experiment.

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

2. https://www.youtube.com/watcHPv=rwQYLtG_AYI
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[1.3 Randomized Controlled Trial (RCT) Design: Key Elements in the Gold
Standard of EBMY SS3F y ) h QI SNY

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 Badedicine Elective Guide and acts to unify many of
these topics in one narrative review.

Introduction:

w/ ¢a NB y2i 2yt aeshNdbarerfeintittiz quintesdentbhtdols avidexddetased
medicine in that they are designed to dirgcanswer 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 asvar&@bjes as

possible, and introduces an interventioad.,therapy) to isolate its effect on the outcome of interest.
Totackle this endeavor, one must first understand what types of questions can be answered by an RCT.

PICO Questions:

Anyonewho hastéky G KS 9.a C2NJ[ATFTSH 9ftSO0ABS &aK2dA R (y26
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 aimwitldeaid 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 througbut this course, but each step is critical in designing an RCT. | 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 REBes an intervention ledto 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 tiéng 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 severityddsiA OF f f @ aSSy Ay a¢lFo6fS MO ®
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) outcoras, the measurement is quite cleag.,did the patient live or die? Was there
complete clearance of the tumdgsion,or no? RCTs become tricky when there are no validated tools to
assess a change, as when the outcome is subjective and requires s@meityngo 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 upvith 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 @gdlattrough 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

biasof 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 formedchgnce; it allows a statistical diversification of each
ANRdzL) YR aO2yUGNRf &aeg FT2N) GKS OKIyOS GKFG 2yS 3INERJz
R2Sa y2i4 Ftftglea 32 FFOO02NRAYy3 (2 LIXIFYZ FyRol Idz O]
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, treatmentefractory diseas 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 fag(,control for) potential confounding

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

Y@ FFFSOG GKS 2dzi02YSd / K22aAy3 GKS GNARIKGE NI yR
many arms will be utilized in the trial, as it would b#idilt 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 ensurethe 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 akolc@ 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
patientsdo 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 intentieto-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 hehe 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 systenmrdedpss 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 o 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) your trial as initially planned. Phase | trials are where

the rubber meets the road and can make or break an RCT moving forward. Phase Il commonly
RSGUSNN¥AYS STFFAOIFIO&I o0dzi INB y2d fFINBS Sy2dzakK &2
Il canes 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.
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Satistical Analysis and thé&Myth ¢ of the Significant pValue:

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 intenvemd
placebo. In deadto-headtrial, 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 iy a point estimateor mean value in the case of a continuous
variablegt A Ya G2 RSY2yadNlIGS GKIG GKS adNHzZS @FfdzSe 27F |
confidence interval (Cl), such that there is a 95% chance that there is a true differencebd¢hse
measured outcome in the intervention and the control group. A-idariority 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 dhterest), 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
20aSNWWSR 200dzNNBR RdzS (2 OKIFyOS>I | yvitistidaly A4 O2YYz2y
AAIYATFAOIYGSE YR (K2a&aS addzRASa ofS G2 YFyALdAFGS
NBadzZ Ga Ay Lzt AOFGA2yd LG A& AYLRNIIYyG G2 y24S 0
outside of chance which may be sificant depending on what is being tested. Additionally, the more

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

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

OFryy20G |aadzyS GKIG | L) @FtdzS Xnonp A& YSIYyAy3IFdzd =
making meaning out of the numbers. A more nuanced and useful metric is the confidence interval,

which gives one a range of possiliige 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 preverduiceme) 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 omites 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.htinthat allows one to use various calators 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 determigifmow sample sizes were calculated.
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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 designin@n 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 (tkeffect size) will require a

larger sample size, but more on that below. If the variables being measured have a large variation, the
GSNNBNJ o NEé OFy o6S 1jdzAGS fI NBS dzyf Saa GKS al YLX S
that if variabilityis 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
aK2dz R 6S G2 aSS I OSNIIAY YI 3yaidzR Sy Hodtatifidiah T SNBy O
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 imtrpret the results. As above, a p value of 0.05 is commonly

dzZASR® t 26SNJ 0ORSY23GSR Fa {KS -0»N& SgmoristtigdittiNgtharéisS G I € 0

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

CSAY A G RNENRE YE @ 6S F LINRPoOofSY F2NJ AYEFEESNI GNRI 2
observed due to the small sample size.

The complexity of statistical analysis is out of scope for this topic, but | point readers to the above
resources as well as the references of this chapter for additional information.

Conclusion:

RCTs are considered the gold standareMidlencebasedmedicine andlesigning one from scratch
requires an intimate knowledge of the components of its methodolmgy design. All good studies

begin with a welbutlined question, and by understanding how an RCT is designed, we can all begin to
improve our ability to interpret and create evidenbased medicine.
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1.4 RCTs: Strengths and Limitations (Mariah Evarts)

Strengths of RCTSs:

In EvidenceBased Medicine: How to Practice and Teach BRMus et al statektF (& S-EaseR Sy O S
medicine requires the integration of the best research evidence with our clinical expertise and our

LI GASY(GQa dzyAljdzS @I fdzSa FyR OANDdzraidl yoSadeé Ly 2N
of practicing EBM, there must laa 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 sourcastiodtypague

observational and nomandomized 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 far more nuanced understanding of reported findings.

Randomization

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

groups. Computegenerated randomization is often favored. On a conceptual level, randiaiz

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 grouttst were statistically much more similar than chance

g2dzf R KIS LINSBRAOGSR® ¢KS | dziK2NB RSSY GKAA G2 oS
GNBLX  OSYSyid NIYR2YATF{iAZ2YyEé D

ExclusionarCriteria

Todecrease heterogeneity in treatment groups, RCTsoflefine 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 nawrgroupof 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-sgmidomizaton runin 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 norcompliance wouldncrease internal validity so that the therapy is truly being tested rather
than testing a behavior (neadherence) as well as the theragyowever this may bias results but also
leads to a nofrepresentative sample, thus decreasing external validity.

Rahwell 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 subjectsat 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 dtadies o
call for measuring either binary outcomes or indirect values such that a difftcuieasure outcome

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

binary outcomeg effect on quality of life, disess, overall welbeing,etc. ¢ are given overall less value.
Cl @l OF f f a clnkaticst I (1 K-npBasta®2a bibpsychosocial approach to medicine. True
integration of evidencdased medicine can only occur when clinimetrics and the biopsydhial

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 signifiearhich 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 dfJ; NI A OA LI yGa GKFG RARY QO NBALRYR
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 pathbpsiological understanding and thus what subgroup of people may react
differently to an intervention. This should never be dgust hocand direct conclusions from subgroup
data are dangerous because studies are often not powered for that analysis. Regaitdis 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.NEJMand JAMAcaution against this type of analysis and instead encourage the use of
subgroup data to formulate thoughtful hypotheses for future studies.
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1.5 Systematic Reviews and MetAnalyses (Alex Dona@n)

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 cinge our practice standards, the amount of information can be
overwhelming, and even good RCTs contradict each other frequently. Fortunately, we have two forms
of evidencebasedliterature that aim to synthesize the available evidence we do have, whiiegdke
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 Mefmalyses areakcribed 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 knowag® add
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 selectedmetiyodically 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 sinilar 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 MetaAnalysis 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 synthesizpigtbig
statistics such as incidence, prevalence, argjaostic 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 ragtalysis to help demonstrate statistical resulfs

the studies included.
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Most often, the odds ratio or relative risk are the metrics used to demonstrate relative effechéta

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

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

O2YLI Nxazy G2 ay2 GNBFaGYSyd STFSOG¢ o 0#ysSldzi g1 £ S
helps us evaluate the amount and strength of evidence availald@saver a specific medical question.
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1.6 Network Meta-Analysis Explanation and Interpretation of a Unique Tool
for EBM (David Styen)

What are network metaanalyses?

This guide will not seek to explain the finer mechaniogenferatinga hetwork metaanalysis (NMAbut

will instead focus omnderstanding and interpretingMAs. So, what are NMAs? Network mataalysis
isaspecifid@d dzo aSlG 2F aaidl yRI NRafysiszhdtisdeinygitikzadimbrg ghtl fate Y S |
frequently in systematic reviews. Simply put, NMAs are nagtalyses that, through advanced statistics

and data interpretation, allow the indirect comparison of diffet interventions wheréneadto-head

trials do not exist (or are limited).

. 2dz YAIKG &l e2dzNBESt T3 rédwolldiINRDEA OSKIE G CZ8II B EXA W LI
clinician is trying to decide between two drug therapies (Drug A or Driar Bje 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 nfeadto-headrandomized controlled trials exist (or perhaps only one or

two small trials). Tére 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 effecteath 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 eheadto-headtrial 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. Esseltyi 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.

Direct evidence

Avs B trials

Indirect evidence

Avs C trials B vs Ctrials
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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 rreetalyses do. A NMA that draws
conclusions from very few studies, with few sudtfe and questionable quality will be doubted just as a
traditional metaanalysis with those limitations would. However, wheredsgirquality meta-analysis

can usually only provide conclusions about a single comparison (Drug A versus placebo, eturly, netw
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 anothand 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 availdides 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 eachtherapynt f 06S 02y y SOGSR (2 LI I 0S62 6la GK
O2YLI NI G2NEUVT o0dzi GKSNIYLASE OlyYy KI MhBadtb-hegdSa RNI gy
studies have been performed. The number of patients that have been exposed to a particular tiserapy
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 determiéhere 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 visuaichidiéd 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 én indicate more studies have studied that particdamparison 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 relativeity of

studiesexist, just as with traditional metanalysis, the greater the amount of data, the stronger the
conclusions.
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GLP-1 agonist
35956 patients

Control - DPP-4 inhibitor
71692 patients 40781 patients

SGLT-2 inhibitor
27881 patients

Zheng 2018 Tricco 2015
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How are network metaanalyses made, and what makes them valid?

NMAs are designed muchdik I y& 2 G KSNE Y 2 NiBalysesl Nelifcal guegighlist ¢ = Y SG T
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 cliniezdtepn involves multiple

treatment modalities or options, and trials involving those options are broken down into two broad
categoriesheadto-headstudies between treatments and treatment versus placebo studies. The vast

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

used to develop the network metanalysis. Information from each of the studies is carefelyacted

andpooled with other data before being subjected to multiple, complex statiktinalyses, 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, semdlifferent types of bias were assessed and listed on the y axis of the
OKFNI® 'ff 2F (GKS &daddzRASa AyOf dzZRSR Ay G(KS NBOASH
2F OAlF &Y 2NJ KAIK NRa]l 2F 0ALl akchegorkae tHelSpte8 ghll 1 3S 2 F
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-analyss, it is imperative to read and understand the potential for bias included within the NMA, as

[

84% l!l'u

e £

= Low Unclear = High

low-quality studies ormigh-risk bias risk studies can throw the conclusions into doubt and potentially
prevent the clinician from drawing meaningful supportrfréhe study.

Tricco 2015
hyOS GKS OIFftOdAZ dAz2ya INB O2YLX SGSRE K28SOSNE (K
OF f OdzAf FiA2ya LINBaSyidKé 5dzS G2 GKS FFOdG dKFdG GKS
calculations, rathethan directly observed findings in a trial, the conclusions drawn must be felt to be
valid by the clinician.

O« »
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The validity of network metanalyses relies on three core principlasmogeneity, similarity, and
consistencyHomogeneity refers to the analgf the treatment effect of a single intervention within

themetal Yy f @aAad tdzi Fy2G0KSN) gl &> K2Y23SySAiie asSsSia
NRdzaKfe GKS alryYS STFSOG Ay SIOK GNRAFf 6RSNB Al Aa
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 woutd 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 adsess

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

GKFG FLEt 2y (KS a0 S ¢ 8ehthmeénteffetlisthamogerousii KS T2 NBad LI 2

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 anothéthe 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 differert 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 befr{i iepresents 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 higtvalue likely has less valid conclusions than another study with a $mall i
value.

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

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

However, there are often at least a few tridiat 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 compaxmné

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! Ay(2 R2dzoi® ¢KAa Ol sSibipoosgdamystudiek@n |j dzSadA2y alL
overrule/cast doubt on the findings of a large NMA, what is the point of doing an NMA in the first

LX  OSK¢ ba! ax ¢gKSyYy dzaSR O2NNBOGfezr OFy KSf L) adzlik
smaller studies or @y 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 Metaanalysis?

Now that you (hopefully) have at least a conceptual understanding of what NMAs are, you may ask
@2dz2NAESEFY Gl 26 NB ba! NBadzZ §a LINBaAaSyiSRI FyR K2g
meta-analyses, there are a multitude of ways to condubtA$, and subsequently a multitude of ways

GKFG GKS RFEGF OFy ©0S LINBaSyiSRoe Ly (GKAa asSolArzys
NMA data, the Foregilot, and the League chart.

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

L 20 hy GKS RALFINI YOIMEAS LINANYIFNBA (2802 K2 YaS 62575 ya S
different therapies, as well as placebo. Each therapy has been compared individually to the other

therapies availableand 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 2Ghfibitors have been

compared to DPA inhibitors as well as GHPantagonists. The Foresiop clearly and easily

demonstrates that SGEXinhibitors were found to be superior to placebo as well as-BRibitors

but were not significantly better than GLP1 antagonists with respect {caaibe mortality.

E Primary outcome: all-cause mortality, 97 trials; 12=12%

Absolute RD Favors i Favors
Treatment Comparator (95% Crl), % HR (95% Crl) Treatment | Comparator
DPP-4 inhibitor 0.1(-0.3t00.6) 1.02(0.94t0 1.11) =
GLP-1 agonist vs Control -0.6 (-1.0t0-0.3) 0.88 (0.81t0 0.94) .
SGLT-2 inhibitor -1.0(-1.5t0-0.6) 0.80(0.71t00.89) .
Control -0.1(-0.4t00.2) 0.98 (0.90to0 1.06) _E
GLP-1 agonist vs DPP-4 inhibitor  -0.5(-0.9 to -0.2) 0.86 (0.77 t0 0.96) I
SGLT-2 inhibitor -0.9(-1.2 to -0.4) 0.78 (0.68 to 0.90) o
Control 0.6 (0.3t0 1.0) 1.14 (1.06 t0 1.23) m
DPP-4 inhibitor  vs GLP-1 agonist 0.7(0.2t01.3) 1.17 (1.04 to 1.30) S
SGLT-2 inhibitor -0.4(-0.9t00.2) 0.91(0.79t0 1.04) =
Control 0.9(0.4to 1.5) 1.25(1.12to0 1.40) I
DPP-4 inhibitor  vs SGLT-2 inhibitor  1.0(0.4t0 1.7) 1.28(1.11t0 1.47) Com
GLP-1 agonist 0.4(-0.1t00.9) 1.10(0.96t0 1.26) iom
No. of No. with Total No. . —— ‘
Treatment Trials Events (%) of Patients 0.5 1.0 2.0
Control 88 2955(5.2) 57022 HR (95% Crl)
DPP-4 inhibitor 49 1171(3.9) 30178
GLP-lagonist 32 1195(4.4) 27373
SGLT-2 inhibitor 29 714 (3.6) 19587
Zheng 2018
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The figure below is called a leagetart andis 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 efficatthe 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 fetter 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.

Duloxetine
60 mg
9 Pregabalin
(0.8842.40) 300 mg
1.45 W Milnacipran
(0.84~2.53) S 100 mg
° 1.46 1.04 Milnacipran
(0.84~255) | (0.68~1.65) | (0.6441.49) 200 mg
1.98 1.41 5 1.35 Pregabalin
(0.92~4.19) | (0.80~2.51) | (0.6842.63) | (0.68~2.63) 150 mg
2.33 1.68 1.62 S
(1.50~3.67) | (1.25~2.28) | (1.16~2.25 80900

League tables showing the results of the network meta-analyses comparing the effects of all drugs including odds ratios
(OR) and 95% credible intervals. OR > 1 means the top-left treatment is better.

Young 2016

As the above examples demonstrate, the way data are reported in NMAs can lead naturally into
FOGSYLIWGAY3 (2 GNIylé OFNAR2dza GKSNILIASad ba!a 2F0S
a0l GAadA0ay GNEBE (2 RSUOUSNXNAYS tharkoth@K Thes2 Mnkingdlrét A S G K
O2y UNRPOSNEAIFIT 4 GKS& NBLRNI 2yfe& | AaLINRPolFOAfAGREE
often difficult to prove or replicate these findings. Rankograms and rankings from NMAs are NOT

designed to provide défitive rankings odictate appropriate treatment for clinicians. Ultimately the

dzy A lj dzS OANDdzvyaidlyoOoSa 2F SIOK LI GASyaGs a ¢Sttt I a
chosen. Rankograms can help suggest therapies, however, and can @dditlenal information if a

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

below, the NMA conducted suggests that SGlifihibitors have the highest likelihood of being the best

therapyof those testedo prevent cardiovascular mortality.
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B | Cardiovascular mortzlity
56 Trials
3818 Patients with events
115349 Patients
272004 Patient-years

10 | ======Cantrol
DFP-4 inhibitors
GLP-1 agonists
0.8 '\ SGLT-2 inhibitors
=06 X
,E 0.44
0.2
1 )1 I——— i
1 2 3 4
Best Worst
Rank
Zheng 2018

Rankograms will usually be provided for each of the outcomes studied withidNte andwill typically
reflect the results reported in the League charts or Forest plots. Therefore, it is importakednto

F O02dzyit 020K (KS & KNdadtd-hedltoinparisbids, lai2welliaS iR theirghkogrénts, 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 likelithad 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 Metanalyses? What are their advantages?

Network metaanalysis is a unique and powerful tool for clinicians that goes beyond traditionat meta

analysis angbrovides an additional support in the difficult challenge lafical decision making. NMAs

Ffft26 AYRANBOG O2YLI NR&2Y 2F YdzZ GALI S GKSNI LIASaExX
probability for the different therapies in order to help decide which therapies should be used first most

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

example, if Drug A and Drug B were compareddto-headin a one or two small studies, there may or

may not be a benefit shown, and the confidence intervals may be quitedbtoeorporating that data

into a network metaanalysis (that includes indirect comparison utilizing other common comparator

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

confidence intervals by broademjrthe 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 naictivelyrandomized by the NMA. The data remains randomized from the
original studies, but an NMA cannot bensidered 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 triaDespitethis, 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 Metaanalysis can help improve patient care dralp clinicians make the right decisions for

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

What it is not

Superiority trials what we are used to seeing. Study compares a treatment to either placebo or existing
gold standard andhows a statistically significant superiority in the results

Equivalence triais typically used to show there really is no significant difference between two versions
of the same druge.g.,generic drugs or vaccine lots.

What is a Norinferiority 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 standardgcebo or netreatment 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 provehbatefficacy
Aada ay20 Ay TSNR2 NEatmérgs TOedzNMER Wahlfisto det@rhide that @ he®
intervention is not worse than a control treatmenteg,, some existing therapy) by a reasonably small
amount with an acceptable degree of datence.

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 contrtdeatment by a prespecified margin (inferiority margin).
Rejection of the null hygthesis 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. RCTsnvolving control: The availability of randomized control trials singvsuperiority of the
control treatment compared to placebo.

2. Establishingendpoints Researchers must select an appropriatelpointto be studied; once
this has been established available data is used to determine the expected performance/efficacy
of the control treatment.

3. Setting the Noninferiority Margin: A threshold below which it can be established that the new
drug is notworse 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

STTSOG aal§ 27 GKS I OGAGS O2yiNRf OSNHdzaieJ I OS02d

effect shown in prior studies will be consistent in yoonimferiority study) about the effectiveness of
the control compared to placebo as this will not be assessed in themenority trial; therefore, more
data about comparator = more precise estimate of effect. In general, this is a conservative esfimate
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 ¢hactive controli(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 comparato
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 Fom: Wangge G, et al.

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

clinical and statistical considerations. However, details on howautérgin should be

determined are not clearly specified, with the gxt@m 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 exampif 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 fixerrgin method, or 95¢85% 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 conservegiimate (smallest effect

size possible) of the effect of the active comparator, which is the upper bound of the 95%
confidence interval (ClI) of the pooled effect size, rather than the point estimate. M2 reflects the
clinical judgement about how much of Mhould 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%f M1, the loss of effect that must be ruled out. Determining M2 assures that the
test drug will be superior to placebo.
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Determining M1, as the first step in defining a noninferiority margin, can be based on one or
more placebecontrolled trials of the etive comparator that have a design similar to the current
noninferiority trial. A metaanalysis of several placeloontrolled trials is preferable, because it
will result in a pooled, more precise effect estimate of the active comparator.

The second steig to calculate M2 from M1 by choosing a certain amount of the effect to be
preserved. The draft FDA guideline implicitly recommends ugirgsarved effeabf

50% to determine M2. Choosing a higher percentage to be presenge®(%, where M2 is
33%o0f 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-LINBAaSNDSRMSFFSOdao PR
For the relative risk (RR), antther ratio measures, the guideline discusses 3 methods for
calculating M2. The preferred method calculates the margin using the natural logarithm:
S fyomMmkamMOPOMBLIRNESENWSRO ST WMBEDINE a SNIISR

Interpreting the Results:

The results othe 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 noninferidria} 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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Figure 1

Analysing noninferiority by comparing the confidence interval (CI) of the relative risk to a predefined margin.
(1) and (2) Noninferiority was not demonstrated because the upper limit of the CI exceeded the margin (A),

(B). (C) Noninferiority was demonstrated because the upper limits of the CI did not exceed the margin

Althunian TA, et al. Defining the noninferiority margin and analysing noninferiority: An overview. Br J
Clin Pharmacol. 2017;83(8):163642.

Issues/Limitations of noninferiority trials:

1. [FO1l 27F LX I OS02 3IANRdzZLI I YR NI @ dnlpropsblisReyd data@? y a i | y O¢
comparator effect.

2. Variation in noninferiority margins chosen for the study.

0 One can easily see how setting a less conservative margin can lead to the finding of
GY2YAYFSNRA2NRAGEE ¢ KSY Acton & b arly praspeSfiedNB a dzf Ga | NB
noninferiority margin.
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3. Reliance on subjective factolise(, clinical judgement) when determining an appropriate preserved
effect value again influencing the noninferiority margin.

o This is particularly challenging whesing 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.

Referencs:
1. L. Mauri, R.B. D'Agostino Sr. Challeriggke design and interpretation of noninferiority trials N
Engl J Med, 377 (October (14)) (2017), pp. 1B%G7.

2. Althunian TA, de Boer A, Groenwold RHH, Klungel OH. Defining the noninferiority margin and
analysing noninferiority: An overview. Br J Girarmacol. 2017;83(8):163642.

3. Wangge G, Roes KC, de Boer A, Hoes AW, Knol MJ. The challenges of determining noninferiority
margins: a case study of noninferiority randomized controlled trials of novel oral anticoagulants.
CMAJ2013;185(3):22Z.

SubmittedNovember 2018
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[1.8 PragmaticClinicalTrials What Are They? (Priya Katari)

Keyattributes of PCTs:

1. intent to inform decisionmakers(patients, clinicians, administrators, apdlicymakery, rather
than clarifying a biological or social mechanism

2. anintent to enroll a population relevant to the decision in practice and representative of the
patients/populations and clinical settings for whom the decision is relevaand

3. anintent to either

a. streamline procedures and data collectiaso that the tral can focus on adequate power for
informing the clinical and policy decisions targeted by the tial

b. measure a broad range of outcomes

Commonsense definition for a PCT would thus be as follows:

G58aA3aySR F2N G§KS LINRA Y I -Nikerd deghtdliid) hé&coprativeybaahdeI6fA y 3
benefits, burdens and risks of a biomedical or behavioral health intervention at the individual or
LJ2 Lddzf F GA2y € SOSE dé

Pl
(0p))

SubmittedFebruary2019

9 R A (n@eNDr 2Katari introduced bookmarks and hyperlinks ts doicument materially enhancing its
usability.
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[1.9 Assessing Pragmatis of Clinical Trials (Diana Le8SM)

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

Gt NF AYEF GAO-2/KIAlY AONE  ¢CKNSA&IKEéa 60& S5NIP t NA&F YIFGFNREZ LI
adopting an intervention into realorld clinical care. Pragatic 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 researctessgn trials that match their intended
purpose, the PragmatiExplanatory 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 PREGSas nine domains: eligibility criteria, recruitment, setting, organization,

flexibility in delivery, flexibility in adherence, follewp, primary outcome, and primary analysis [2].

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

highly pragmatic trial are described below, using each domain.

Eligibility criteria: The trial includes any S

individual with the condition of interest St

. Pri lysi R "
who meets candidacy for the Toutt eHot 5 Hol et palcigants
. . . . . are all data recruited into the
intervention that was being provided in included? trial?

usualcare for that condition.

Primary outcome Setting
. . H | Whi is th
Recruitment: The trial enrolls only those ™%t st

participants? done?

who present to a clinic for usual
appointments without being actively
recruited. The trial also recruits from

Follow-up Organisation
H H% How closely are What expertise and
mUItIple CIInICS' participants resources are needed
followed-up? to deliver the
intervention?
Settl ng . The trlal takes place ina Settlng Flexibility: adherence Flexibility: delivery
. . . What measures are in place How should the
|dent|CaI tO tm Usual care Set“ng and to make sure participants intervention
adhere to the intervention? be delivered?

takes place in multiple centers.
The PRagmatic-Explanatory Continuum Indicator Summary 2 (PRECIS-2) wheel.

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 detaiof 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 adherenceThe trial is flexible in how the users engage with the intervention and does
not have gpecial measures to enforce adherence.

Follow-up: The trial has no more followp 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 measurdghe outcome in a way that is similar to usual care.

Primary analysisThe trial implements an intentieto-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 PRECBSscore, 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 pragmaitiis helpful to view pragmatism as a continuum,

as the PRECGEtool illustrates. Furthermore, researchers should not be discouraged from designing
trials that lean toward the explanatory enRather, researchers should design trials that fit their

intended purpose.

References:

1. Thorpe KE, Zwarenstein M, Oxman AD, et al. A prag@gpienatory continuum indicator
summary (PRECIS): a tool to help trial desigde@din Epidemio2009;62(5):464175.
doi:10.1016/}.jclinepi.2008.12.011

2. Loudon K, TrewdeS, Sullivan F, Donnan P, Thorpe KE, Zwarenstein M. The-PRIBCIS
designing trials that are fit for purposBMJ 2015;350:h2147. Published 2015 May 8.
doi:10.1136/bmj.h2147

3. Fordl, Norrie J. Pragmatic TriaN.Engl J Med2016;375(5):454163.
doi:10.1056/NEJMral1510059

Submitted 22022

[1.10 Phases ofNew Druglnvestigation Trialg (Katie KozackazSM})
LT 82dzQNB GNBAYy3 (G2 yIAf R26y (GKS RAFTFSNByOSa
should help!!
A.t KI &S nY @né Howh SeMIDyigWorks.
1 This type of study is not commonly used.

1 A few small doses are used on a few individuals who likely do not benefit from this
treatment.
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1 Instead, the purpose is to speed up approval processing and to help others in the future.

1 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.

I Sometimes, this could require a biopsy, sample, or testing of the participant to evaluate
these interactions.

1 This is not aequired part of testing for drug approval.
B.t KFaS LY aLa BKSCOAMBRING NS (0 dfyH ySK (1 dzZRA Sa o
1 The goal of this phase is to determine a suitable dose for phase Il and to test safety of the
drug.
1 Minimal dose for toxicity and maximum toleratedse are defined.

1 Evenif the drug has already undergone animal testing, effects and distribution may be
different in human studies.

1 A small dose is given to a few patients to start. Then as tolerated, dosing increases by 100%,
66%, 50%, 40%, 33% etctilsevere or dose limiting toxicity in a large fraction of the
participants ends the trial.

1 Many subjects will in the end receive stiterapeutic dosing and will not be able to have
benefits from the drug.

i Titration may not occur in one single particippdoecause 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.tKIFIasS LLY a528a2KS ¢NBFGYSYyd 22N]K

1 llA: Treatment is given to a small group of patientsL02 at one strong dose.

1 1IB: Treatment is given in several doses to assess optimal dose.

1 Phase Il involves a much larger group of patients.

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

1 No placebo is used.

1 If enough benefit from treatment, the drug moves on to phase lll.

D.t K48 LLLY éLa LG 280G8SNJ GKFy 2KFG Aa ! @FAftlof St
9 Last testing before being submitted to the FDA for approval.
1 Large number of patients, longer duration, greater sEop

9 Placebo or standard of care used.
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1 This study can confirm dosing, timing, and frequency. It is used for the package insert/drug
leaflet.
1 Confident efficacy evaluation. Also finds more toxicities.
9 If passes stage Ill, a New Drug Application formbsn#ited for approval.
E.t KFaS LY a2KIG 9tf%S 52 2SS bSSR (G2 Yy24K
9 Used for drugs already FDA approved and is therefore the safest type of study.
9 Looks at other aspects of the treatment such as quality of life or cost.

References:
1. @ KFG NS (KS t KI ArBeficarCancér Sdcigiet@ary 2087NA | f & K €
https://www.cancer.org/treatnent/treatments-and-side-effects/clinicaltrials/what-you-need
to-know/phasesof-clinicaktrials.html

2. .NPR&Z ¢2Y3X &/ fChnical Diald SecbrdEditiia016 Bsvied ghapter 2,-83.

SubmittedJanuary2019
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[I.11 Understanding Endpointsvith an emphasis on cancer tria(®avid Lakomy

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

A: Basically, the end goal is to demonstratficacywith acceptablesafety.

Q: But | have read plenty of studies that have used a varietygfR LI2 Ay i da GKI G RARY
test efficacy?

'Y /FyOSNJ) RNUzZZ GNARAFfa 32 GKNRdAdzZZAK aS@OSNIf LKIFasSa o
more detailed information) prior to approval. In brief, phase | trials evaluate toxicity and tolerability

phase Il trials determine antumor activity, and phase Il determine clinical benefit. Thus, different

stages of clinical trials require different endpoints with early phase trials testing for endpoints regarding
pharmacokinetics, pharmacodynamics, @aathor 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 stdyy-step, what endpoints are there for
phase | 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 diisgting toxicities (DLTs) defined by the occurrence of

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

G2 GKS blFdA2ylrt /1FyOSNI LyaadAGdziSQa /2YY2y ¢SNXYAyYy2
classification, andsually 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 dodimiting toxicity.

Q: That seems fairly straightforward, are there any issues with using MTD, DLT, and RP2D in
phase | 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 hetegeneity 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 | 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 therapiedun, some lower grade (grade 2)
toxicities that may have been passable if they were experienced only transiently may become
intolerable if they are experienced continuoustyd.,long-term low-grade diarrhea or xerostomia).
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RP2D may also be affectedthys history tied to chemotherapy drugs. While there is typically a direct
relationship between dose and efficacy for chemotherapeutic agémtsi{igher dose resulting in
greater efficacy), for molecular agents this is not always the case and lowes dith similar efficacy
may produce lower toxicity.

Overall, this remains an evolving field.

0: Okay, so what about phase |l trials, what are the endpoints here?

A: Phase Il trials begin to answer the question of whether or not the drug will work, that is for oncology
trials, does this drug have asttimor activity in humans. Thus, tumor response measured as objective
response rate (ORR) or progressfoge survivd(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 bcriteria exist, for solid tumors the Response evaluation criteria in solid tu(®&€1ST)
guidelines are the most commonly applied. RECISTS consists of identification and classification of tumor
lesions, periodic assessment (usually radiographic), casgrato 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).
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