
Duke Program on Teaching Evidence-Based Practice 
 

 
 
 
 
 

 

Answers to HARM / RCT  
Example 

Teaching Package 

 



Duke Program on Teaching Evidence-Based Practice 
 

Educational Package: Part I 
Teaching Scenario  

Study 
Design 
 

How you 
select your 
starting 
population  

Comparison 
group  

Assessments 
and direction of 
inquiry 

Strengths / 
Weaknesses 

1)  
 
 
Case-
Control 
 

Identification of a 
group of people 
who already have 
the outcome you 
are interested in 
(CASES) 

Identification of a 
group of people 
who do NOT 
have target 
outcome but are 
similar to cases 
in many ways 
(MATCHED 
CONTROLS) 

Because the cases 
have already 
developed the 
outcome, you look 
BACK to determine 
the exposure status 
in each group. 

Strength: Requires small 
sample size, studies can be 
done by looking back in time, 
thus require little time to do.  
 
Weakness: Susceptible to 
bias, limited validity. 

2) 
 
 
Cohort 
 
 
 

Identification of 
exposed group 
(COHORT) 

Identification of 
non-exposed 
group 
(COHORT) 

Follows groups 
FORWARD in time 
monitoring for the 
occurrence of the 
outcome or adverse 
events. 

Strength: Can be used when 
outcomes are harmful, and/or 
occur infrequently 
 
Weakness: Exposed and 
non-exposed groups may 
begin with different risk of 
harmful outcome (i.e. the 
groups may not be the same 
wrt confounding variables). 

3) 
 
 
RCT 
 
 
 

Random 
selection of 
groups that are 
balanced with 
respect to known 
and unknown 
determinants of 
outcome. 
 
 

Comparison is 
between 
Randomized 
Groups, one 
group with 
exposure and 
one group 
without the 
exposure. 
 
 

FORWARD 
measurement of 
occurrence of the 
outcome or adverse 
events. 

Strength: Less bias 
associated with the groups at 
the start.   
 
Weakness: may be unethical 
to randomize people to 
harmful interventions 
 
May take large samples and 
years of study to capture rare 
and serious events  

 
Although the paper that we found to answer our HARM question for Mr. G is a RCT, 
clinicians will often not find RCT to help determine HARM.  RCTs are often not feasible if the 
outcome in question is truly harmful, posing an ethical challenge to randomization.  Further, 
rare and serious events may only occur after following large numbers of people (e.g. tens of 
thousands of patients) for prolonged periods of time.  Therefore, it is essential to gain 
appreciation for the methodology, strengths and potential pitfalls (biases) associated with 
case-control and cohort studies.  The following list of papers might be considered for 
teaching and learning about these methodologies:  
 
Case-control study: 
Phenylpropanolamine and the risk of hemorrhagic stroke.  NEJM 2000;343:1826-32. 
 

Prospective cohort study: 
Incidence of and risk factors for ventilator-associated pneumonia in critically ill patients.  Ann Int Med. 
1998;129:433-440. 
 

Population based case-control study 
The risk of myocardial infarction associated with antihypertensive drug therapies.  JAMA 1995;274:620-625. 
 

Nested case-control study 
The relationship of postoperative delirium with psychoactive medications.  JAMA 1994;272:1518-1522. 
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CRITICAL REVIEW FORM FOR HARM 
Citation: Silverstein FE. et. al. Gastrointestinal toxicity with celecoxib vs. nonsteroidal anti-
inflammatory drugs for osteoarthritis and rheumatoid arthritis.  JAMA. 2000;284:1247-1255 

 
 Guide 

 
Comments 

 
Are the Results Valid? 
 
Did experimental and control groups begin the study with a similar prognosis 
 
Did the investigators 
demonstrate similarity with 
respect to all known 
determinants of outcome; did 
they adjust for differences in the 
analysis. 
 

 
This trial was conducted as a randomized trial.  Therefore, 
randomization, if done correctly should yield equal distribution 
of characteristics (both known and unknown) between the two 
groups.  Specifically, baseline characteristics of the treatment 
groups were similar with respect to known risk factors for PUD 
including age, presence of a rheumatologic disorder, h/o GI 
bleed or ulcer, H. Pylori infection, and use of tobacco, alcohol, 
aspirin, steroids or anticoagulants.   
 

 
For case-control studies: Were 
exposed patients equally likely to 
be identified in the two groups? 

 
Not applicable as this is an RCT 
 

 
Did experimental and control groups retain a similar prognosis after the study started? 
 
Were the outcomes and exposures 
measured in the same way in the groups 
being compared? 
 

Yes.  Patients were followed with prospective collection of 
information on utilization of study medications, adverse events 
and upper GI complications.  Assessors were blind to 
treatment group.  A GI events committee reviewed each case 
of potential ulcer complication and assigned it as meeting or 
not meeting the defined criteria for upper GI complication.   
 

 
Was follow-up sufficiently 
complete? 

The authors report 100% follow-up at 6 months.  However, this 
is misleading and based on a complicated definition of lost to 
follow up that is not sound.  Ideally, they would have followed 
everyone to six months irrespective of whether they were 
taking the medication and included all events in the analysis.   
 
Because a significant number of patients withdrew from the 
study.  (1611 in Celecoxib group and 1784 in the NSAID group 
see Fig. 1 pg.1250) there is concern that loss to follow up 
destroys the balance created by randomization, and leaves us 
with unbalanced groups.  The loss to follow up is, in fact 
different in each group and we are not given prognostic 
information about those lost.  Therefore, we cannot easily 
determine the direction of the bias (e.g. did the bias favor or 
work against the Celecoxib?) 
 
In the worst case scenario (if we assume everyone on 
Celecoxib has bad outcomes) any benefit of celecoxib would 
be lost. 
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What are the Results? 
 
How strong is the association 
between exposure and outcome? 
 
How precise is the estimate of 
risk? 

Data are reported as annualized incidence rates (# of events 
per 100 patient-years of exposure).  Some patients were at risk 
for study endpoints for less than the full 6-month follow up (e.g. 
after a patient had a study endpoint, they were censored or 
taken out of the pool of patients who could further contribute to 
the endpoints.) 
 
Primary outcome measure was rate of ulcer complication 
alone.  Secondary outcome measure was a combined endpoint 
of symptomatic ulcers or perforation, gastric outlet obstruction 
and bleeding. 
 
Results Bottom line:   
Primary outcome of rate of ulcer complications alone were 
0.76% for celocoxib vs. 1.45% for NSAIDs (p=0.09) – a trend 
that does not reach statistical significance. 
 
Secondary outcome of rates of combined ulcer / perforation / 
obstruction / bleeding were 2.08% (celocoxib) vs. 3.54% 
(NSAIDs; p=0.02). Thus combined outcomes were statistically 
lower with celecoxib. (Abs risk difference: 1.46%, NNH=69) 
 
The importance of concurrent aspirin use can be 
underscored by comparison of the subgroups that were 
ASPIRIN users (20.6% of patients) vs. NON-ASPIRIN users.   
 
ASPIRIN users had higher risk of ulcer complications and there 
was no difference between ulcer complications for celocoxib 
vs. NSAIDs in the ASPIRIN user group (2.01% vs. 2.12% 
p=0.49).   
 
NON-ASPIRIN users had lower ulcer complications in 
celecoxib vs. NSAIDS (0.43% vs. 1.27% p=0.04) and 
combined ulcer or ulcer combination (1.40% vs. 2.91% p=0.02) 
 
Table 3 summarizes the results of the GI events 
committee.   
 
                                            Celecoxib    NSAID     RR (CI) 
Upper GI bleed: (person-yrs)    11/1441        20/1384…     0.53 (0.26-1.11) 
 

Ulcer or Ulcer complication: 
                           (person-yrs)    32/1441        51/1384…     0.57  
 

Subset who were NON-ASPIRIN Users: 
Upper GI bleed: (person-yrs)    5/1143        14/1101…      0.35 (0.14-0.98)* 
 

Ulcer or Ulcer complication: 
                           (person-yrs)    16/1143        32/1101…     0.48 * 
*p<0.05 
 
Table 4 summarizes additional adverse events.  There was 
a lower incidence of reductions in hematocrit in the Celecoxib 
group as well as lower adverse renal events and HTN.   
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How can I apply the results to my patient care? 
 
Were the study patients similar to 
my patient? 

 
The patients are outpatients from 386 centers in Canada and 
the US.  Review of Table 2 reveals an older population (mean 
age = 60), white (nearly 90%) with longstanding OA or RA.  
These patients are likely similar to my patients.   
 

 
Was the duration of follow-up 
adequate? 

 
6 months is shorter than the duration of therapy for many 
patients.  Although there are certainly situations in which trials 
of anti-inflammatory medications can be short (e.g. in the case 
of acute injurty), for the majority of patients with OA and RA 
medications are continued indefinitely. 
 

 
Should I attempt to stop the 
exposure? 
 

 
The dose of celecoxib used in this study is far greater than 
would be used in clinical practice.  This may over-estimate risk 
of toxicity, however the limited follow up time of 6 months does 
not answer the question of ultimate safety in patients who are 
on these medications indefinitely.   
 
The question here is really should we substitute one drug for 
another.  From these data, it seems that there might be some 
benefit to using celecoxib in preference to ibuprofen.  How 
much better and whether it is worth the considerable extra 
cost, is a matter of balance of priorities for the individual doctor 
/ patient pair.  The Number Needed to Harm of 68 means that 
we would have to treat 68 patients with NSAID (compared to 
celecoxib) to cause one extra combined endpoint of 
ulcer/perforation/obstruction/ bleed.  This would be in line with 
other therapies.  However, if the cost of medication is 
prohibitive, this may not be an option for our individual patient. 
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CRITICAL REVIEW FORM FOR THERAPY 
Citation: Silverstein FE. et. al. Gastrointestinal toxicity with celecoxib vs. nonsteroidal anti-inflammatory 
drugs for osteoarthritis and rheumatoid arthritis.  JAMA. 2000;284:1247-1255 

 Guide Comments 
 
Are the Results Valid? 
 
Did experimental and control groups begin the study with a similar prognosis 
 
 Were patients randomized? 

 
Yes 
 

 
Was randomization concealed? 
 

 
Yes.  Patient assignment was done by an interactive voice 
response system according to a computer generated, 
randomization schedule.   
 

 
Were patients analyzed in the 
groups to which they were 
randomized? 

 
Statistical analyses were conducted on the intent-to-treat 
population defined a priori in the protocol as consisting of all 
patients who received at least 1 dose of assigned study 
medication.   
 

 
Were patients in the treatment and 
control groups similar with respect to 
known progrnostic factors? 

 
Yes.  They were similar with respect to demographic 
characteristics, risk factors for GI bleeding, H. Pylori infection, 
medication usage (aspirin, steroids and anticoagulants) and co-
morbidity.   
 

 
Did experimental and control groups retain a similar prognosis after the study started? 
 
Were 5 important groups (patients, 
caregivers, collectors of outcome 
data, adjudicators of outcome, data 
analysts) aware of group allocation? 

 
Blinding is mentioned to patients, care providers, assessors of 
the clinical outcomes and drug company personnel.   

 
Aside from the experimental 
intervention, were groups treated 
equally? 

 
Yes.   
 

 
Was follow-up complete?  

See HARM appraisal sheets 
What are the Results? 
 
How large was the treatment effect? 
 
How precise was the treatment 
effect? 

 
See HARM appraisal sheets 
 

How can I apply the results to my patient care? 
Were the study patients similar to my 
patient? 

See HARM appraisal sheets 
 

Were all patient- important outcomes 
considered? 

See HARM appraisal sheets 
 

Are the likely benefits worth the 
potential harms and costs? 

See HARM appraisal sheets 
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Educational Package Part II: The rest of the story 
Making sense of the additional data: 
 
Number Needed to Treat 
Six Month Data from the FDA Web site [remember this is 6 month risk, NOT annualized (person-yrs) as in the JAMA paper] 
 # of events Denominator 

(# of people) 
Event rate Relative Risk Absolute Risk 

Difference 
Number 
Needed to 
Harm 

6 mo. risk       
Celebrex 11 3987 0.28%    
NSAID 20 3981 0.50% 0.56 (p=0.092) 0.22%  

or  0.0022 
455 

NSAID Data from 6 months is broken into the 2 groups below: 
Diclofenac 9 1996 0.45% 0.62 (p=0.264) 0.17% or 0.0017 588 (Not signif) 
Ibuprofen 11 1985 0.55% 0.51 (p=0.073) 0.23% or 0.0023 435 (Not signif) 
 
Twelve Month Data from the FDA Web site, uncensored 
 # of events Denominator 

(# of people) 
Event rate Relative Risk Absolute Risk 

Difference 
Number Needed 
to Harm 

12 mo. risk       
Celebrex 17 3987 0.43%    
NSAID 21 3981 0.53% 0.81(p=0.640) 0.10%  

or  0.001 
1000 
(Not significant) 

NSAID Data from 12 months is broken into the 2 groups below: 
Diclofenac 10 1996 0.50% 0.86 (p=0.414) 0.07% or 0.0007 1429 

(Not significant) 
Ibuprofen 11 1985 0.55% 0.55 (p=0.450) 0.212% or 0.0012 833 

(Not significant) 
 
Reminder for comparison:  Six Month Data from the JAMA paper [annualized (person-yrs)] 
 # of events Denominator  

(person-years) 
Event rate Relative Risk Absolute Risk 

Difference 
Number Needed 
to Harm 

6 mo. risk       
Celebrex 11 1441 0.76%    
NSAID 20 1384 1.45% 0.53 (0.26-1.11) 0.69%  

or  0.0069 
145 person-years 
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Educational Package Part II: The rest of the story   Making sense of the additional data: 
 
Overview:  Because the data in the JAMA paper and the data on the FDA website are not 
presented in a uniform, consistent way, it may be hard to pull the information together and come 
to definitive conclusions.  However, the presence of additional data that was not reported must 
shake our faith in the data that is reported.  At a minimum, we must look with a cautious eye to 
consider whether the comparative benefit of celecoxib compared to ibuprofen and diclofenac is 
supported by the full body of data that includes additional adverse events in the months 
following 6 months.  
 
From a teaching point of view, there are several ‘teachable moments’ that come out of this real 
life example of biased reporting.  The following are some of these teaching opportunities 
 

1. Risk vs. Rate data:  The data on the FDA web site does not give us information on 
annualized rates (person-years.).  This creates the opportunity for discussion on several 
points: 

 
 
• What is the difference between risk and rate?  In the JAMA paper, the authors 

report the absolute numbers of events in the entire sample over the 6-month period in 
Table 3. Therefore, we could calculate the risk of events in the population over the 
entire 6-month period of time.  This does not give us any information on WHEN the 
events happened.  The time to event analysis and annualized incidence takes into 
account how long the study subjects were on the medication prior to an adverse 
event.   

 
• Can we compare risk vs. rate data?  Because we do not have the one-year data in 

person-years, it is difficult, if not impossible, to compare the annualized rate over 6 
months to the 12-month risk data.  We know that many patients did not contribute to 
the outcomes for the entire 6-month or 12-month period of time.  Risk calculated from 
this data does not reflect true risk because they stopped following some people (i.e. 
they were censored).  Although we can calculate number needed to harm (NNH) in 
each situation, we cannot make a clean comparison for the risk vs. rate data.   

 
2. The Ethics of drug company sponsored research:  It is notable that all of the authors 

were either Pharmacia employees or paid consultants.  There were NO unpaid authors.  
This is clearly disclosed at the end of the article in ‘financial disclosures’.  How should we 
view this information as we read an article in the future?  Of note, there has been no 
follow up report in JAMA or clarification in the published literature to bring to public 
attention the additional, unreported data.   

 
3. Returning to the patient:  Finally, we must decide what to tell Mr. G!  On the basis of the 

available information, there is not strong evidence to support the extra expense to him, 
given his limited income.  Thus, we switched him to ibuprofen!   

 


