
1

Drug Trial Designs: 
Designs, Endpoints, and Methodological 
Concerns

Bradford D. Harris, MD
Medical Officer

Division of Anesthesia, Analgesia, and Addiction Products
Center for Drug Evaluation and Research

FDA

May 03, 2012

Presenter
Presentation Notes
Welcome to the FDA. We appreciate your participation in this sedation workshop. 
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Outline
• Approved sedatives
– Highlights of two of the most recent 
approvals

• Methodological concerns

Presenter
Presentation Notes
In my talk, I will first highlight certain aspects of two recently approved drugs with indications for sedation. I will then review concerns we have with some of the study methodologies used in trials with this particular class of therapeutics. 









3

Drugs Approved for Sedation
Drug Year of Approval

• Lorazepam 1980
• Midazolam 1984

• Propofol 1992
• Fospropofol 2008

• Dexmedetomidine 1999

Presenter
Presentation Notes
These are the 5 drugs approved for sedation in the past 30 years. I have grouped them by class: benzodiazepines, diisopropylphenol compounds, and imidazoles. I will focus on those most recently approved, Fospropofol and Dexmedetomidine.
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Dexmedetomidine
• Indications
– Intensive Care Unit Sedation
•

 

Precedex®

 

is indicated for sedation of initially intubated and 
mechanically ventilated patients during treatment in an intensive 
care setting. Precedex should be administered by continuous 
infusion not to exceed 24 hours. 

•

 

Precedex has been continuously infused in mechanically ventilated 
patients prior to extubation, during extubation, and post‐
extubation. It is not necessary to discontinue Precedex prior to
extubation.

– Procedural Sedation
• Precedex is indicated for sedation of non‐intubated patients prior 
to and/or during surgical and other procedures.

Presenter
Presentation Notes
The first drug I’m going to highlight is dexmedetomidine. Dexmedetomidine has two approved indications for sedation: one for intensive care unit and the other for procedures. The language in this slide is taken directly from the current label. 



<<Pause for 5 sec.>>
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Dexmedetomidine: ICU Sedation
• Trials
–

 
Two randomized, double‐blind, parallel‐group, placebo‐
controlled clinical trials 754 patients receiving mechanical 
ventilation

• Endpoints
– Study 1 and 2: Amount of rescue medication required to 
achieve specified level of sedation 

– Study 1: Percentage of patients who achieved a sedation 
score  without the use of additional rescue medication

Presenter
Presentation Notes
Dexmedetomidine’s current ICU labeling is based on two randomized, double-blind, parallel-group, placebo-controlled clinical trials in 754 mechanically ventilated patients. 

Both studies had as their primary endpoints of the amount of rescue medication required to achieve a specified level of sedation using the Ramsay sedation scale.

Furthermore, Study 1 had a second primary endpoint. This was the percentage of patients who achieved a sedation score during intubation without the use of additional rescue medication. 



The list of issues that must be addressed during the clinical development program needs to include assessing the clinical value of the primary endpoint for the patient. 





 glabellar tap or loud noise
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Ramsay Sedation Scale
Level Response

1 Awake and anxious, agitated, or restless

2 Awake, cooperative, accepting ventilation, oriented,
tranquil 

 

3 Awake; responds only to commands

4 Asleep; brisk response to light glabellar tap or loud noise 

5 light glabellar tap or loud Asleep; sluggish response to 
noise stimulus but  does not respond to painful stimulus

6 Asleep; no response to light

Presenter
Presentation Notes
The Ramsay sedation scale ranges from 1 to 6. This scale was first reported in a case series in 1974 as a tool to assess the depth of sedation in ICU patients. In this presentation, I will revisit the use of the Ramsay Sedation Scale, as an example of one of our methodological concerns.
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Dexmedetomidine: 
Procedural Sedation
• Trials

–
 

Two randomized, double‐blind, placebo‐
controlled multicenter clinical trials evaluated 
non‐intubated patients prior to and/or during 
surgical and other procedures

Presenter
Presentation Notes
The clinical program supporting dexmedetomidine’s indication for procedural sedation consisted of 

<<breath>> 

two randomized, double-blind, placebo-controlled multicenter clinical trials evaluating non-intubated patients prior to and/or during surgical and other procedures.
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Dexmedetomidine: 
Procedural Sedation
• Study 1 – elective surgeries/procedures performed 
under monitored anesthesia care. 
–

 
Primary endpoint: the percent of patients not requiring 
rescue midazolam

 
to achieve a specified level of sedation 

using the standardized Observer’s Assessment of Alertness 
/ Sedation Scale

•
 

Study 2 –
 

patients  undergoing awake fiber optic 
intubation prior to a surgical or diagnostic 
procedure.
–

 
Primary endpoint: the percent of patients requiring rescue 
midazolam

 
to achieve or maintain a specified level of 

sedation using the Ramsay Sedation Scale

Presenter
Presentation Notes
It is noted that the first study assessed the percent of patients not requiring rescue midazolam. And the second study assessed the percent of patients requiring rescue midazolam.  Different scales were used in the two studies and, as you recall, the Ramsay Sedation Scale was not specifically developed to assess procedural sedation.  I will come back to the issue of the use of rescue medications in a trial shortly.



9

Fospropofol 
• Indication 

–
 

Monitored anesthesia care sedation in adult 
patients undergoing diagnostic or therapeutic 
procedures.

• Trials
–

 
Study 1 –

 
Randomized, blinded, dose‐controlled 

study for sedation in patients undergoing 
colonoscopy. 

–
 

Study 2 –
 

Randomized, blinded, dose‐controlled 
study for sedation in patients undergoing flexible 
bronchoscopy.

Presenter
Presentation Notes
The second drug I’m going to review is Fospropofol. Fospropofol is indicated for monitored anesthesia care in adult patients undergoing diagnostic or therapeutic procedures.

These studies varied only in their study population. Patients were either undergoing a colonoscopy or bronchoscopy.
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Fospropofol
•

 
Endpoint: Rate of "sedation success," defined 
as proportion of patients, who:
–

 
Did not respond readily to their name spoken in 
normal tone of voice using the Modified 
Observer's Assessment of Alertness/ Sedation 
Scale score 

– Completed procedure without use of alternative 
sedative medication

– Did not require manual or mechanical 
ventilation

Presenter
Presentation Notes
The primary endpoint for both of these studies was the rate of "sedation success" as defined by the above metrics.

<<pause>>

When you consider the definition that was used for “sedation success,” the question comes up:  What is a normal tone of voice? This would seem to vary from individual to individual and from situation to situation. How does one standardize this between investigators and across study sites?
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Methodological Concerns
• Clinical meaningfulness of the endpoints
• Appropriate metrics
• Rescue medications
• Reproducibility of assessments
• Dose equivalency estimates
• Type of trial and analysis

Presenter
Presentation Notes
In this part of my talk, I will comment on a few areas of concern the Division has identified in trials used to evaluate the efficacy and safety of drugs for sedation. This list is not all-inclusive and is meant to serve as a starting point in the discussion to follow.



The first issue is the clinical meaningfulness of the endpoint for the patient.
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Clinically Meaningful Outcomes

• Are the endpoints evaluating something that has 
clinical meaning for the patient?
–

 
Potential for the endpoints most closely related to the 
action of the drug (e.g., sedation scales) to be 
statistically significant, yet the treatment effect may 
not be clinically meaningful.

– Selection of the targeted depth of sedation

Presenter
Presentation Notes
One of the primary concerns in evaluating a trial is whether the primary endpoint has clinical meaning for the patient. Even if the endpoint measures what you think it will measure it would still need to represent a clinically meaningful outcome. The targeted sedation level chosen for a trial, whether it is the primary endpoint or a component thereof, needs a clear rationale for its selection. 

What does this value mean for the patient? Has the scale or endpoint been correlated with other clinical data?



From a regulatory standpoint, we have to compare the success of the selected endpoint or endpoints to the risk to make a determination of the risk:benefit ratio.
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Methodological Concerns
• Clinical meaningfulness of the endpoints
• Appropriate metrics
• Rescue medications
• Reproducibility of assessments
• Dose equivalency estimates
• Type of trial and analysis

Presenter
Presentation Notes
I will now touch upon a concern we have regarding the appropriateness of the metrics.
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Appropriate Metrics

•
 

The scale should be used in setting  or 
population for which it was developed 
and in which it has been validated

Presenter
Presentation Notes
Most studies in sedation employ a sedation scale. The scales used in studies need to be developed for the study situation or the population in question, especially when they are either the primary endpoint or a component thereof. For example, a scale developed to assess ICU sedation, such as the Ramsay Sedation Scale, may not have the right elements for assessment of procedural sedation. Does this endpoint measure what it is supposed to?
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Methodological Concerns
• Clinical meaningfulness of the endpoints
• Appropriate metrics
• Rescue medications
• Reproducibility of assessments
• Dose equivalency estimates
• Type of trial and analysis

Presenter
Presentation Notes
In clinical practice, multiple drugs with sedative activity are commonly used. However, their use as rescue medications can present real challenges in interpreting the efficacy and/or the safety of a drug.
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Rescue Medication
• Which rescue medication is best to use

– May vary by clinical scenario
– Different PK/PD properties of these 
medications

• Multiple rescue‐type meds in same trial
– Opioids for pain and other sedating drugs used 
as standard of care for multiple applications

• Concomitant rescue meds and dose‐changes 
of test treatment

Presenter
Presentation Notes
The study design needs to standardize an appropriate rescue medication regimen. This will vary with the clinical scenario. 



Examples from applications that we have seen demonstrate how commonly rescue medications are employed in sedation studies. This includes: using an opioid for pain relief or an anti-psychotic for delirium. Both classes of these agents have sedation as one of their known side effects. These types of uses make the interpretation of both the efficacy and safety not only challenging but also difficult. To further illustrate the complexity of this issue, in one study alone that we reviewed, as many as 200 different rescue medications were employed. How does one interpret the data with so many concomitant medications?



Another practice that makes interpretation of these trials challenging is the concomitant use of rescue medications while at the same time adjusting the test drug dose to alter the level of sedation. We recognize the clinical need for doing so, but questions remain: Does the drug work as intended? Are the adverse events attributable to the study drug and/or the rescue medications employed?
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Methodological Concerns
• Clinical meaningfulness of the endpoints
• Appropriate metrics
• Rescue medications
• Reliability and reproducibility of 
assessments

• Dose equivalency estimates
• Type of trial and analysis

Presenter
Presentation Notes
The reliability and reproducibility of assessments is crucial to the interpretability of any outcome measure.
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Reliability and Reproducibility of 
Assessments
• Little documentation is seen in submissions 
concerning the training of study staff

•
 

Rater training can be used to lend some assurance 
that investigators are properly evaluating the 
patient and that the assessments are consistent 
within and between investigators

Presenter
Presentation Notes
Studies sometimes employ scales that institutions are nominally familiar with, such as the Ramsay sedation scale or the Richmond agitation sedation scale. During their development, studies on the psychometric properties of scales often have impressive correlation scores. However, as a pediatric intensivist, I know that nursing staff have different definitions of adequately sedated amongst themselves and do not consistently employ the scales to their appropriate definitions. 

When evaluating large multicenter trials where investigators and or their staff possess different levels of training, we are finding that the proper documentation has not occurred at the clinical sites, specifically rater training and the appropriate documentation of assessments. Rater training may also be used to lend some assurance that the investigators are properly evaluating the patient and that the assessments are consistent within sites and between investigators. 
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Methodological Concerns
• Clinical meaningfulness of the endpoints
• Appropriate metrics
• Rescue medications
• Reproducibility of assessments
• Dose equivalency estimates
• Type of trial and analysis

Presenter
Presentation Notes


<<pause>>
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Dose Equivalency Estimates
• Appropriate selection of the active comparator
• Appropriate rescue medication
• Converting within a class

– Commonly applied in opioids
– Can it be done with sedative agents?

• If so, on what would it be based?

• Converting between classes of agents
– Benzodiazepines and Propofol
– Benzodiazepines and Dexmedetomidine
– Propofol and Dexmedetomidine

• How should metabolites be considered?

Presenter
Presentation Notes
The selection of an appropriate active comparator is essential. And so too is the selection of the rescue medication. Dose equivalency conversions have inherent assumptions. This practice is commonly done when converting between agents within a class, an example is the commonly applied practice within opioids. Is this a valid practice? In spite of the common practice, is there sufficient evidence for its use?



Can this practice be applied appropriately with sedative agents? The algorithm is substantially more complicated when converting between classes of agents, such as benzodiazepines and propofol, benzodiazepines and dexmedetomidine, or propofol and dexmedetomidine.



Are the effects of active metabolites being captured?
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Methodological Concerns
• Clinical meaningfulness of the endpoints
• Appropriate metrics
• Rescue medications
• Reproducibility of assessments
• Dose equivalency estimates
• Type of trial and analysis

Presenter
Presentation Notes
I will conclude with a brief introduction to the consideration of the type of trial and analysis one might employ.



22

Type of trial and analysis

• Setting and patient populations
• Placebo vs Active Comparator
• Superiority vs. Non‐inferiority

Presenter
Presentation Notes
The types of trial and analyses are determined by the study’s primary objective. Is the drug being studied for procedural or long-term sedation? Is a placebo controlled or active comparator study the most appropriate? And in the case of the active comparator studies, is superiority or non-inferiority needed? These concerns will be further expanded upon by my colleague, Dr. Price.
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Background Slides
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Approved Drugs for Sedation.1
Drug

Year of 

 

Approval
Indication 

Dexmedetomidine 1999 Intensive Care Unit Sedation
edex®

 

i cated for sedation of  lly int la tients during 
a n

Prec s indi initia ubated and mechanically venti ted pa
tre tme t in an intensive care setting. Precedex should be administered by continuous infusion not to exceed 
24 hours.
Precedex has been continuously infused in mechanically ventilated patients prior to extubation, during 
extubation, and post‐extubation. It is not necessary to discontinue Precedex prior to extubation.
Procedural Sedation
Precedex is indicated for sedation of non‐intubated patients prior to and/or during surgical and other 
procedures.

Fospropofol Disodium 2008 LUSEDR   fospropofol disodium) inj ction is intr v u  sedative hypnotic agen ndi a
tored ane

A(TM) ( e  an  a eno s ‐ t i c ted for 
moni sthesia care (MAC) sedation in adult patients undergoing diagnostic or therapeutic 
procedures.

Propofol 1992 Initiation and maintenance of Monitored Anesthesia Care (MAC) sedation ‐ Adults only
Combined sedation and regional anesthesia ‐ Adults only 
Intensive Care Unit (ICU) sedation of intubated, mechanically ventilated patients ‐ Adults only
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Approved Drugs for Sedation.2
Drug Year of 

 

Approval
Indication 

Lorazepam (Inj) 1980 ATIVAN Injecti ca  adult patients for preanesthetic medi ion, producing tion (sleepiness 
or  ro s s), relief of anxiety, and a decreased ability  call event  related to the day of surg
most seful i ose p ents who    ou out 

on is indi ted in cat  seda
d w ines to re s ery. It is 
 u n th ati are anxi s ab their surgical procedure and who would prefer to have 

diminished recall of the events of the day of surgery.

Midazolam 1984 • intramuscularly or intravenously for preoperative sedation / anxiolysis / amnesia; 
•

 

in n  as an agen r sed ti olysi amnesia prio to or during d i herapeutic o
endoscopic procedures, such as  ronc copy, gastrosc py, c sc y, coronar a giography,  ardi c
ca i atio ology proc d s diol c  rocedu

trave ously t fo a on/anxi s/ r

 

iagnost c, t r 
b hos o ysto op y  n c a  

theter z n, onc e ure , ra ogi p res, suture of lacerations and other procedures 
either alone or in combination with other CNS depressants; 
• continuous intravenous infusion for sedation of intubated and mechanically ventilated patients as a 
component of anesthesia or during treatment in a critical care setting.
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Observer’s Assessment of 
Alertness/Sedation Scale
Responsiveness Speech Facial expression Eyes Score

Responds readily to name 
spoken in normal tone

Normal Normal Clear, no ptosis 5

Lethargic response to name 
spoken in normal tone

Mild slowing or 
thickening

Mild relaxation Glazed or mild 
ptosis (< half of the 
eye)

4

Responds only after name is 
called loudly or repeatedly

Slurring or 
prominent slowing

Marked 
relaxation (slack 
jaw)

Glazed and marked 
ptosis (> half of eye)

3

Responds only after mild 
prodding or shaking

Few recognizable 
words

‐ ‐ 2

Does not respond to mild 
prodding or shaking

‐ ‐ ‐ 1

Presenter
Presentation Notes
Study 1 in evaluating dexmedetomidine’s efficacy in procedural sedation, employed the Observer’s Assessment of Alertness/Sedation Scale. This scale ranges from 5 being responding readily to name and in normal tone to 1 being non-responsive to mild prodding or shaking. As with the case of the Ramsay scale, there are questions in the clinical use of the OAASs as to when one transitions from light to moderate sedation.
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Modified Observer’s Assessment of 
Alertness/Sedation Scale
Level Response

6 Agitated

5 Responds readily to name spoken in normal tone (alert)

4 Lethargic response to name spoken in normal tone

3 Responds only after name is called loudly and/or repeatedly

2 Responds only after mild prodding or shaking

1 Does not respond to mild prodding or shaking

0 Does not respond to deep stimulus 

Presenter
Presentation Notes
The Modified Observer’s Assessment of Alertness/Sedation Scale ranges from 6, in which the patient is agitated, to 0, where the patient does not respond to deep stimulus. There is confusion as to what constitutes light to moderate sedation when using this scale as well. 
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