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Take Home Message or Keypoints:

e  The Pharmacologically Pertinent Period of Effect (PPPE) is an important element of pharmacoepidemiologic studies.

e |t specifies the time period within which a specific outcome can occur as a result of a specific time window of exposure
to a given dose of the drug

e  With respect to the rofecoxib studies, the observational studies are consistent with two different PPPEs for the 25mg
and the 50 mg doses.

e Atthe dose of 50mg, there are 2 PPPEs, one is immediate thrombogenic and the other one is delayed atherogenic
effects..

e Atthe 25 mg dose, no immediate effect is seen, though we cannot rule out a long-term effect in the absence of duration
analyses.
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ABSTRACT

Background: The period of time during which a patient is exposed to a drug does not necessarily
correspond to the period during which the drug produces the adverse effect under consideration. We
propose the term Pharmacologically Pertinent Period of Effect (PPPE) to address this time window. We
explored the PPPE in light of the rofecoxib saga.

Methods. We identified the observational database studies of rofecoxib at doses 25 and 50mg daily and
thromboembolic events. We also obtained the Kaplan-Meier curves of VIGOR and APPROVE trials.

Results. : We found 7 observational studies with 9 analyses. All the studies only looked at current
exposure. At the dose of 25mg, only 3 of 9 analyses were barely statistically significant. At the dose of
50mg, the risk ratios were much higher. The visual inspection of the Kaplan-Meier curves shows that in
the APPROVE trial (25mg) the placebo and rofecoxib curves start separating to become statistically
significantly different only after 36 months. In contrast the VIGOR (50mg) curves start separating very
early and the divergence increases after 8 months.

Discussion. The 50mg observational studies, looking at current exposure, correctively identified the
almost immediate increase in risk evident in the VIGOR Kaplan-Meier curves. The absence of an
immediate increase in risk shown by the APPROVE trial was also correctively identified by most
observational 25mg studies. To our knowledge no observational study was done on the long-term cardiac
toxicity of the 25mg dose. It would thus appear that the two doses of rofecoxib have different PPPEs.



INTRODUCTION

A policeman sees a drunk on his hands and feet under a streetlight. Policeman: “what are
you doing, sir?” Drunk: “I am looking for my car keys.” Policeman: “where did you lose them,
sir?” Drunk: “over there, in the park.” Policeman: “why are you looking here?” Drunk:
“because this is where the light is.”

The cornerstone of a pharmacoepidemiological study is the classification of all the
patients included in the study into one and only one of four groups. Exposed-Event, Unexposed-
Event, Exposed-No-event and Unexposed-No-event. Misclassification of a significant number of
patients will invalidate the measures of association produced by the study.

With respect to the outcome, the occurrence of the event of interest in a given patient is
usually relatively straightforward given that there are clear-cut diagnostic criteria for most events
of interest to pharmacoepidemiologists. If this is not the case, or if the necessary information to
establish the diagnosis is not available in the database, then perhaps the best solution might be to
not do the study at all and do something else. There are fishes in them rivers.

With respect to exposure, however, the attribution of the status of exposed or non-exposed
to the drug of interest is more intricate since it must be derived from the knowledge of the period
of time during which the subjects took the drug. In database studies this information comes from
prescriptions by physicians or dispensed prescriptions by pharmacists. For the purpose of this
essay we will assume that the information about the intake of the drug by the subjects is flawless.
Unfortunately it is often not the case. But that is another story.

The object of this dissertation is to emphasize the fact that the time span during which the
drug is taken (or administered) does not necessarily match up with the period during which it
produces the adverse event of interest to the study. We propose the term: “Pharmacologically
Pertinent Period of Effect” (PPPE) to define this latter time-window. Continuous administration
for some time might be necessary for the mechanism of action to kick in, while the
pharmacological effect responsible for the adverse event may also be present after the drug has
been discontinued.

We will present a series of examples where the duration of the drug exposure is clearly
different from the time span of its deleterious pharmacological effect. We will then revisit the
rofecoxib saga and try to better understand the results of the observational studies done at the
time in light of the PPPE concept.

EXAMPLES

In this section, we present a series of examples that illustrate the concept of the PPPE. In
these examples, the PPPE is described in terms of its length of duration as well as its
reversibility.

Single Use, Immediate, Reversible

Anaphylactic shock (fig. 1) can be instantaneous for both parenteral® and oral drugs?, or
occur within a couple of hours after the exposure. The relevant time has been described in a study
as 1 hour for parenteral exposures and 2 hours for oral exposures.® This example demonstrates a



short PPPE. Thus, for parenteral drugs, the PPPE is 1 hour after the exposure, and 2 hours for
oral drugs. This means that after these given time periods, the outcome cannot be attributed to the
exposure. In other words, the outcome is only related to the exposure if it occurs within the
PPPE.

Single Or Continuous Use, Immediate, Reversible

Ticagrelor (fig. 2) is an antiplatelet agent that reversibly binds to platelets to prevent platelet
aggregation.* Because its action is directly related to the concentration of drug in the blood
(which depends on the pharmacokinetics of the drug), the effect begins shortly after the onset of
treatment and stops quickly after discontinuation.® Thus, the risk of bleeding (fig. 2) in patients
taking ticagrelor is increased as soon as the treatment is started and goes back to normal once the
drug is eliminated from the body.* In this example, the PPPE is from the moment the treatment is
started until about 2 to 3 days after the treatment is stopped (5 half lives).

Aspirin (fig. 3) is a classic antiplatelet drug that, unlike ticagrelor, irreversibly binds to platelets
to inhibit platelet aggregation. This inhibition is initiated rapidly after the administration of the
first dose.® Similarly to ticagrelor (fig. 2), the risk of bleeding caused by aspirin is increased
instantly after onset of treatment. However, aspirin permanently inactivates platelets, which have
a lifespan of 7 to 10 days in the circulation.” Therefore, the risk of bleeding (fig. 3) remains for 7
to 10 days after the drug is stopped. At this point, the body has replaced the inhibited platelets
with new platelets from the bone marrow.” The PPPE in this example is from the initiation of
treatment up until 7 to 10 days after the treatment is stopped. If only 1 dose is taken, the PPPE is
7 to 10 days.

Continuous Use, Delayed, Reversible

Hypertension (fig. 4) is one of the many adverse effects of long-term steroid therapy and
is a result of sodium and water retention. The risk of hypertension is directly related to the dose
and duration of treatment.® In a study by Sato et al, hypertension occurs only in patients receiving
more than 20 mg of prednisolone daily.® As shown in figure 4, hypertension appears quickly after
the onset of treatment. In a study by Williamson et al, blood pressure increases rapidly after 5
days of corticotherapy.*® Also, once the treatment is stopped and the drug is eliminated from the
blood, the sodium and water retention resolve and the risk of hypertension goes back to its initial
value (the effect is reversible). In this example, the PPPE begins 5 days after the onset of
treatment and stops about 1 to 2 days after discontinuation. Therefore, if hypertension appears
before 5 days of continuous treatment or after sporadic use, it should not be attributed to the
corticosteroid.

Single Use, Immediate, Reversible

Chemotherapeutic drugs are known for their several adverse effects, cardiotoxicity being
one of the more severe. Cardiotoxicity has been particularly well documented with anthracyclin-
based chemotherapy. Acute anthracyclin cardiotoxicity is uncommon, reversible and independent
of the dose. It can occur instantly after initiation of therapy up to 2 weeks after the end of
treatment.



Continuous Use, Irreversible

In addition, chronic anthracyclin-induced cardiotoxicity can occur 1 year or more after the
end of therapy, and can lead to irreversible cardiomyopathy.? Some cases have been reported
where cardiomyopathy appears several years after completing therapy.'3!* As shown in figure 5,
the risk of cardiotoxicity is existent from the beginning of treatment until death. It is unclear
whether the risk remains constant, increases, or decreases with time.

Delayed, Irreversible

Vaginal adenocarcinoma (fig. 6) is rare and generally appears in women 50 years and
older.’® In the 1960s, several cases of cancer of the vagina in girls 14 to 22 years of age were
reported.>1% A study by Herbst et al*> demonstrated that these cases were caused by exposure to
estrogens in utero. Diethylsilbestrol was commonly taken during pregnancy to prevent
miscarriage.'® As shown in figure 6, the risk of vaginal cancer caused by DES exposure in utero
appears at age 14, reaches a peak between ages 17 and 22,7 and then decreases after age 408,
This means that the cancerous effect is irreversible. The PPPE for this example is the period of
time between age 14 and death.

ROFECOXIB SAGA

The rofecoxib saga, seen with the benefit of hindsight, provides an instructive example of
the importance of the PPPE in the design of pharmacoepidemiologic studies. A quick review of
the issue might be of interest for those who are too young to be around at the time or too old to
remember.

The analgesic anti-inflammatory and antipyretic properties of acetyl salicylic acid were
discovered in 1897%°. The ulcerogenic properties of this drug were rapidly recognized. In the
1960s, Ibuprofen, the first Non Aspirin Non Steroid Anti-inflammatory (NANSAID), was
marketed across the world.?® A series of NANSAIDS were rapidly developed and made
available to the patients. The aim of this flurry of activity was to obtain a share of this very
profitable market but also to discover a drug that would have the benefits of the NSAIDs without
their gastro-intestinal unwanted effects. ASA and NANSAIDS inhibit both COX-1 and COX-2
enzymes. Their beneficial effects are produced by the inhibition of the COX-2 mediated
production of Prostaglandin E2 (PGE>). This substance produces inflammation, pain and fever.
Their toxic effects on the gastric mucosa are mediated by the inhibition of COX-1 mediated
PGE,.2! The activity was thus centered on discovering a selective COX-2 inhibitor. Rofecoxib
was among the first of this class of drugs, which were labeled as Coxibs.

The VIGOR?? trial published in 2000 successfully demonstrated the gastrointestinal safety
of rofecoxib (50mg) when compared to naproxen and a similar relief of symptoms in patients
with rheumatoid arthritis. However, once all the adverse events had been properly collected and
adjudicated, there were significantly more cases of myocardial infarction and stroke in the
rofecoxib group (20 MIs with rofecoxib versus 4 Mls with naproxen)?. The so-called dual
hypothesis was proposed to explain this phenomenon.?! This hypothesis posited that the specific
inhibition of the COX-2 enzyme might make patients more vulnerable to thrombotic disease and



thus more likely to develop myocardial infarctions and strokes. In addition this selective
inhibition would also accelerate atherogenesis and increase blood pressure. These two
mechanisms of action would thus result in two different PPPEs. The thrombogenic effects would
be immediate and require the presence of rofecoxib in the body. The atherogenic effects could
only occur after prolonged and continuous exposure to rofecoxib.

The Kaplan-Meier curves of a serious thrombotic event in the VIGOR trial, in Figure 7,
compare rofecoxib with naproxen. Visual inspection reveals that the curbs separate early and that
the divergence starts to accelerate at a later time point during the study follow-up. This would be
consistent with the two components of the dual hypothesis operating simultaneously (an
immediate thrombogenic effect and a long-term atherogenic effect) at a dose of 50 mg of
rofecoxib.

The pharmacoepidemiological community eagerly accepted the challenge and a series of
database observational studies explored the possibility of an association between rofecoxib and
thromboembolic events.

In 2005, the APPROVE?? trial was published. This double blind controlled trial recruited
2586 patients with intestinal polyps and randomized them to receive either rofecoxib 25mg daily
or placebo. The principal outcome was the recurrence of neoplastic polyps of the colon. Given
the existence of the rofecoxib-thromboembolic events controversy, all the thromboembolic
events were identified and properly adjudicated. The trial was discontinued 2 months ahead of
schedule when the data and safety monitoring board reported a significant 2-fold increase in the
incidence of serious thromboembolic events in the group randomized to rofecoxib 25 mg per day
(46 thrombotic events with rofecoxib vs 26 with placebo; relative risk, 1.92; 95 percent
confidence interval, 1.19 to 3.11). Subsequently, Merck, the manufacturer of rofecoxib, withdrew
the drug from the market. Careful inspection of the Kaplan-Meier curves (fig. 8) for
thromboembolic events in the APPROVe trial leads us to conclude that the rate of events in the
two groups remains virtually identical up to about 18 months of follow-up, after which point the
two curves start to separate and become significantly different by 36 months. This visual
inspection was confirmed by the non-proportionality of hazards (p <0.01).23 Thus, this trial
provides no evidence of the immediate effect on coagulation, but it does provide evidence of a
delayed effect in patients who take 25mg rofecoxib regularly for prolonged periods of time. This
delayed effect is compatible with the second component of the dual hypothesis, which posited
that selective inhibition of COX-2 enzymes is atherogenic and produces hypertension. One would
expect that it would take some time for an atherogenic effect to produce an increase in the rate of
thromboembolic events. Indeed, the adverse event data from the VIGOR FDA report shows an
increase in the rates of hypertension and cardiac heart failure.

Furthermore, a re-analysis of three trials of rofecoxib in Alzheimer’s disease focusing
specifically on cardiovascular events found similar results of increased risk.? These trials,
conducted during the period 1998-2003, had reported no significant increase in cardiovascular
deaths with rofecoxib (25 mg die) using an on-treatment analysis of the data, which included
events up to 14 days after drug withdrawal. The re-analysis performed intention-to-treat analyses,
thus also included deaths occurring more than 14 days after drug withdrawal, and focused on
confirmed cardiovascular deaths. The pooled results found a rate ratio of cardiovascular deaths of



3.57 (95% CI: 1.48-9.72; P=0.004) with rofecoxib compared with placebo. The authors of the
ITT analysis concluded that: “if a drug has lingering effects or needs a latent period before an
effect becomes evident, then an on-treatment analysis can provide only an incomplete picture of
its toxicity.”

In view of these several results, it is of interest to review the observational database
studies that were published on the subject with particular emphasis on the duration and doses
administrated. Since the rofecoxib arm of VIGOR was done with a dose of 50 mg daily and
APPROVe with a dose of 25 mg daily, we focus on the observational database studies that
specifically looked at the incidence of cardiovascular events at these specific doses. We used the
study selection of a meta-analysis on myocardial infarction and NSAIDS.? Studies were
included if they were observational cohort or case-control studies, if the NSAID was rofecoxib, if
the comparator was no exposure or naproxen, and if the dose of rofecoxib was 25 or 50 mg.
These studies are presented in table 1. We observed that all the studies focus on current exposure
to rofecoxib, though none reported the effects according to the duration of exposure, particularly
prolonged exposure. Thus, these studies could not provide data on the probable delayed
atherogenic effect observed in both the VIGOR and APPROVe trials. The studies suggested that
the risk of cardiovascular events with low-dose (25 mg) was not or barely significant while the
risk with high-dose (50 mg) was significantly greater. This is consistent with the hypothesis of
an immediate thrombogenic effect with a 50 mg dose but not with 25 mg.

DISCUSSION

The Pharmacologically Pertinent Period of Effect (PPPE) is an important element of all
pharmacoepidemiologic studies. It specifies the time period within which a specific outcome can
occur as a result of a specific time window of exposure to a given dose of the drug. We presented
a series of examples, which illustrate this concept. Arguably, most pharmacoepidemiological
studies will focus on current exposure that is the period of time during which the drug was in the
patient’s possession and will frequently not take into consideration the duration of the exposure.
It is of interest to note that in most of our examples an analysis based on current exposure after
short periods of time would have missed the association.

We interpret the results of our retrospective review of the rofecoxib saga as consistent
with two different PPPEs for the 25mg versus the 50 mg doses. At the dose of 50mg, both the
thrombogenic immediate and the atherogenic delayed effects are present. This was suggested by
the spline curve of the Kaplan-Meier of all thrombogenic events in the VIGOR trial.?® The PPPE
appears early and the risk increases through time. The observational studies correctly identified
this early increase in risk by using current exposure as the PPPE. The results of the APPROVE
trial constitute the cornerstone of our retrospective review of the rofecoxib saga. This large, well
planned and well executed randomized double-blind trial is as close to the truth as we will ever
get on the cardiovascular effects of rofecoxib at a dose of 25 mg daily. The Kaplan-Meier curves
presented in figure 8 of this study clearly show that they visually separate after about 18 months.
And they become significantly different after 36 months.



There is an obvious lack of short-term effect. It is thus not surprising that the
observational studies that explored the cardiovascular effects of a current exposure of 25 mg
show inconsistent, mostly negative or barely positive results. We limited our review to
observational studies that explicitly looked at doses of 25 mg and 50 mg because those were the
doses used in the VIGOR and APPROVe trials. Furthermore, by comparing the results of these 2
doses within each study, we limited the impact of different methodologies. To our knowledge
only one observational study explored the effects of long-term (a year or more) administration of
rofecoxib.?” When looking at continuous duration of current NSAID (rofecoxib) use, they found
an increase in risk from 0.82 (0.56-1.19) for < 3 months of treatment to 1.85 (1.32-2.59) for 3-12
months of treatment. However, the doses are not mentioned in their analysis of continuous
duration of use. In this study's analysis of current use of Rofecoxib, there is clearly a higher rate
of CVT events in doses 25 mg or greater (1.58 (1.16-2.15)) compared to the doses less than 25 mg
(1.01 (0.74-1.40)). We can see in this study that cutoff doses for low-dose and high-dose groups do
not differentiate clearly between 25 and 50 mg as in the other studies that we included. Because
there is still some information on dose, we included these results in our review (Table 1)

CONCLUSION

The choice of the right PPPE(s) should be the object of a formal discussion early in the
design of a pharmacoepidemiological study. All the information available on the drug-outcome
relationship should be taken into consideration. The signal that triggered the study can provide
valuable information. If it consists on case reports, the temporal association between the time
window of the drug ingestion, its duration and the time period of the reported events should
dictate the choice of the PPPE. If the signal arises from a randomized controlled trial, Kaplan-
Meier curves indicating the time to the event of interest would be extremely helpful. If the
pharmacologic mechanism of the deleterious effect is known or suspected, it should also be taken
into consideration.

Finally, what should we do when we do not know what to do? Most studies will focus on
current exposure because that is where the light is.
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Table 1. Description of 9 observational studies comparing high dose (> 25 mg) and low dose (< 25 mg) rofecoxib use and risk of myocardial

infarction
Reference Year Database Study size Exposure  Reference group Ratio (low dose) Ratio (high dose)
Ray?® 2002 TennCare 453962 Currentuse No use 1.03 (0.78-1.35)  1.70 (0.98-2.95)
Ray?® 2002 TennCare 453962 New use No use 1.02 (0.76-1.37)  1.93 (1.09-3.43)
Levesque?® 2005 Health Insurance & NVSS 113927 Currentuse  No use 1.21(1.02-1.43)  1.73(1.09-2.76)
*Andersohn?’ 2006 GPRD 17561 Current use  No use 1.01 (0.74-1.40) 1.58(1.16-2.15)
Garcia-Rodriguez®® 2008 THIN 716395 Currentuse No use 1.41(1.07-1.87) 6.50(0.70-60.33)
Ray?3! 2009 GPRD 48566 Currentuse Naproxen 1.44 (0.96-2.16)  2.29 (1.24-4.22)
Ray® 2009 GPRD 48566 Currentuse No use 1.12 (0.90-1.41) 1.79 (1.07-2.97)
Varas-Lorenzo® 2009 Saskatchewan Health Care 364658 Currentuse No use 1.61(0.96-2.72) 1.24 (0.63-2.45)
Fosbol® 2010 Danish administrative registers 1028437  Currentuse No use 1.32(1.02-1.71)  3.02(1.91-4.78)

*Study by Andersohn et al.?” used a cutoff rofecoxib dose of < 25 mg and > 25 mg, therefore the high dose group includes 25 mg.
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FIGURE LEGENDS

Figure 1: Instantaneous risk of anaphylactic shock after 1 time exposure to a parenteral or oral
drug. PPPE: pharmacological pertinent period of exposure. Single Use, Immediate, Reversible

Figure 2: Risk of bleeding from continuous exposure to ticagrelor. PPPE: pharmacological
pertinent period of exposure. Single or Continuous Use, Immediate, Reversible.

Figure 3: Risk of bleeding from continuous exposure to aspirin PPPE: pharmacological pertinent
period of exposure. Single or Continuous Use, Immediate, Reversible

Figure 4: Risk of hypertension from continuous exposure to steroids. PPPE: pharmacological
pertinent period of exposure. Continuous Use, delayed, Reversible

Figure 5: Risk of cardiotoxicity from exposure to anthracyclin-based chemotherapy. PPPE:
pharmacological pertinent period of exposure. Delayed, Irreversible

Figure 6: Risk of vaginal adenocarcinoma from exposition to diethylsilbestrol in utero. PPPE:
pharmacological pertinent period of exposure. Delayed, Irreversible

Figure 7. Kaplan—Meier Estimates of the Cumulative Incidence of Confirmed Serious
Thrombotic Events in the Vioxx® Gastrointestinal Outcomes Research trial (VIGOR).

Figure 8. Kaplan—Meier Estimates of the Cumulative Incidence of Confirmed Serious
Thrombotic Events in the Adenomatous Polyp Prevention on Vioxx® (APPROV
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