
A Statistician’s View of FDA/Industry Relations 40 Years ago

by David Salsburg

When I left academia to join Pfizer Central Research in 1967, the industry was in disarray.  The rules for getting approval of a new drug were being drastically changed, and no one knew quite how to interpret them.  Fortunately for statisticians, it was apparent that something called a “p-value” was going to be required to salt and pepper the study reports and to provide a magical stamp of approval from the gods of chance.

In response to the new mandate given the agency by the 1962 amendments to the Food and Drug Law, the FDA had produced a guideline for what would now be required in a New Drug Application.  It laid out a suggested collection of sections, sub-sections, and sub-sections to the sub-sections.  Two years before I was hired, the new head of clinical research at Pfizer had plunged in where other companies were still hesitating.  Pfizer chemists had come up with a new phenothiazine that had managed to escape the patent nets of other companies.   Samples of the new drug were given to several prominent psychiatriststo try on their patients, and one of them declared that this new drug had the remarkable property of “rousing catatonic patients”.

Pfizer contracted with different psychiatrists for a battery of randomized controlled studies (none of them with placebo).  Under those contracts, the clinicians designed the studies, arranged for randomization, and supplied the p-values (whatever those things were).  Those were the days when randomization was done according to the Merck Manual.  If you had three treatments, for instance, you selected six letters and used the Manual’s tables to assign two letters each at random to the three treatments.  Patients were then given bottles labeled A,  B, C, D, E, or F.  Crossover studies were frequently used,  but the data were analyzed as if these were parallel treatment groups.

These several different studies with their several different designs and several different formats of reports were shuffled about at Pfizer to fit them into the FDA’s new guidelines of specific sections, sub-sections, and sub-sub-sections.  As the contracts had called for, in all studies there were p-values.   

The initial reviewers at FDA objected to the proposed package labeling.  The claim that the drug aroused catatonic patients had not been proven in the studies submitted--probably because there were no catatonic patients in those studies.  A spirited defense of this insight by the great psychiatrist who had seen it did not avail.  He had no p-values.

But Pfizer’s pioneering effort was rewarded.  Commissioner Goddard of FDA called a press conference to announce the approval of the Navane NDA and praised Pfizer for meeting the new requirements of the agency and showing that it could be done, although many of the drug companies had complained that the new requirements were impossible to fulfill.

During discussions with the medical reviewer at FDA, there had been some close calls where the reviewer had questioned the p-values presented in some of the studies, and no one knew how to answer him.  So, the head of clinical research at Pfizer decided that the company needed to hire its own statistician who could go down to FDA and defend the p-values.

I was that statisticiane.  They gave me a Marchand calculator, an access code to the IBM 1130 computer that was used mostly for accounting purposes, and they put me in an office with an MD.  The MD whose office I shared objected to having to share his office with a mere Ph.D., so they emptied a large closet that had no windows and set me up there.  But, they did something even more important.  They brought me fascinating problems that needed to be solved.  I soon found myself advising chemists, pharmacologists, toxicologists, pharmacists, MD’s, and management.  In fact, one reason I was hired is that a senior member of management had recently taken a course in operations research at MIT and wanted someone who knew how to manipulate an exponential distribution.  There was also an MD in my department who had been betting on sugar and pork belly futures, and he saw in the magic of my statistics a way to get a leg up on other traders.

One of my jobs was to accompany the head of clinical research in his adversarial forays to the FDA and to engage in the forthcoming battles of the p-values.

When the Kefauver-Harris bill passed, the FDA finally had the authority it had long sought to  regulate  drugs with respect to both safety and efficacy.  They immediately sought advice from the National Academy of Sciences on how to address the problem of the efficacy of the large number of drugs already on the market .  The NAS-NRC set up a blue ribbon committee that reviewed all of the now marketed drugs.  They invited the drug companies to present data in support of their efficacy claims.

And so, the drug companies did what was normal in those days.  They brought forth an array of  great men of medicine, these renouned leaders who dominated  their respective departments at prestigious medical schools.  And, the members of the NAS-NRC committees were given lectures on the efficacy of meclyzine, thioridizine, etc., and combinations of these drugs.

It seems that once a drug company had a useful drug on the market, it was standard practice to combine that with everything else the company had and with many compounds that were generic.  For instance, Pfizer had an antihistamine, meclyzine, which was a potent sleep aid, stopped itching, and seemed to prevent nausea and vomiting.  It was marketed under the name Atarax.  Pfizer also marketed Catarax, a combination of digoxin and meclyzine, and other --ax’s that combined it with aspirin, with a bronchodialator, with niacin, with tetracycline antibiotics, with guanefesin, and so forth.

The NAS-NRC committees listened to the great men of medicine and reviewed the journal articles and unpublished studies submitted and ended up categorizing all marketed drugs into either

Efficacy proven

Probably efficacious

No proof of efficacy.

Reviewers at the FDA fiddled with these reports, modifying the definitions of the categories slightly, shifting a few drugs from one category to another, and running the whole thing past the legal department.  The companies were then given a certain amount of time to prove efficacy for drugs in the last two categories or take them off the market.

There was some rejoicing at Pfizer.  Years before, the company had bought out a vitamin supplement company, Roerig, to gain its experienced staff of detail men.  Among its many vitamin combinations, Roerig sold a tonic czlled Heptuna-Plus, which had no rational basis for its ingredients.  Every time the company tried to remove it from the market, they faced the wrath of a group of doctors in Ohio who were constantly prescribing it.  Fortunately, the NAS-NRC review identified Heptuna-Plus as having no proof of efficacy.  So, a letter went out.  Much to Pfizer’s regret the FDA had ordered them to remove it from the market, and they had no choice in the matter.

Another product that was much more important to Pfizer was a combination of meclyzine and niacin, called Antivert. It was the most widely prescribed drug for dizziness.  The niacin was there to make the patient flush and feel as if something was happening.  It was common at that time for doctors to prescribe niacin as a placebo because of this property.  Pfizer agreed to remove the niacin but insisted that meclyzine was effective in dizziness.

To prove their case they brought a leading expert in the field when dealing with the medical reviewer.  I came along in case some one asked about p-values.  Our expert brought page after page of studies in which volunteers were put on a swing and twisted around and around to induce nystagmus, the fluttering of the eyes back and forth.  The duration of the nystagmus was measured, and it was shown in study after study that pretreatment with meclyzine reduced the duration of nystagmus over pretreatment with placebo.  They all used paired t-tests and all the p-values were less than 0.001.

“Well,” said the medical reviewer, “if you wish to market this drug for the reduction of experimentally induced nystagmus, this would be adequate.  But, you want to market it for reduction in dizziness, and you’ll have to prove that it reduces dizziness.”

How the great expert fumed on the flight back.  He was dismayed.  Everyone knows that the same inner ear mechanism controls both, he said, there was no need to run any other studies.   However, it was obvious that we needed studies of meclyzine in dizziness.  On the way back, we designed a study that would take patients with chronic dizziness and put them in a crossover  between meclyzine and placebo.  We would contract with four different centers to get four studies of the same design.  The great man insisted that, for his study, he would also put the patients on swings and induce nystagmus.  He was sure that, when I analyzed his data, I would show a perfect correlation. 

Well, the drug did reduce both the number of episodes of dizziness and the average degree of dizziness from a four point scale in all the studies.  One of the p-values failed to reach 0.05, but all the others were significant.  From one of the studies, I had the measured time to end of nystagmus in addition to the counts of bouts of dizziness and the average degree of dizziness on 40 patients.  All three measures showed a high degree of significance in favor of meclyzine.  The correlation between the differences in time to end nystagmus and the average dizziness score was very close to zero.  Dividing the patients into groups based on differences in number of dizzy spells showed no significant relationship between the difference in nystagmus times and these categories.

Yes, the studies showed clearly, the drug did reduce dizziness.  It also reduced time of experimentally induced nystagmus.  And, in some patients, it even did both.

This taught me that the FDA reviewers were not necessarily wrong if they refused to take the pronouncements of great men of medicine.  There is a difference between an indirect measure with no clinical significance and the manifestations of disease that are being treated.  I was to discover in my career that there are many well-known medical facts that have never been proven--and some of them may even be true.

There is, of necessity, an adversarial relationship between FDA reviewers and those of us who worked for the drug companies.  In any complete rendition of all studies involving an experimental agent, there are bound to be ambiguities.  There are going to be studies that fail to produce p-values below the magical 0.05.  There is going to be a study where a  patient is  hospitalized suddenly with toxic shock or with a pulmonary embolism,and it is a crap shoot whether that patient was on active drug or placebo.  

In one of the studies I analyzed, the investigator contacted us six months after the study had been  completed to tell us that one of the former patients had had an MI.  So, since he knew we would be interested, he followed up on as many of the patients from that study he could find and discovered that four others had MI’s within six months of completing the study,  It had been a placebo controlled study and, when we broke the code, we found that all five had been on the study drug.  We contacted the other investigators who had participated in that study.  We had no idea of what our denominators would be, how many patients could be contacted, and, sure enough, we found three other MI’s, two on patients who had been treated with active drug.

How should this be viewed.?  If we had been able to track down all patients in the study, both those on active drug and those on placebo and if these were the only MI’s, the incidence was about what would be expected in this type of patient.  The drug’s half life was eight hours.  Except that its biological effect seemed to extend well beyond a week after ending dosing.  How should this clearly incomplete information be factored into the evaluation of the drug?

Every program has ambiguities.  All the original studies that compared seratonin uptake inhibitors (like Prozac) to benzodiazipams (like Valium) for depression showed the older drugs had significantly better efficacy.  Was this because they are better or because the main measuring instrument was designed to detect their sedative characteristics.?  The decision at FDA was that the measuring instrument was at fault.   I was constantly impressed by the common sense and the scientific integrity of the medical reviewers I met at FDA, when faced with such ambiguities.  

The critics of the FDA are always there to exploit these ambiguities.  At one extreme are the self proclaimed consumer advocates and therapeutic nihilists, who fasten on the negative interpretations of these ambiguities.  At the other extreme are the people in the drug companies who have worked all their career on this compound, whose emotions are tied up in its value to the medical community.  If the compound is the only treatment in sight for some terrible disease (like Lou Gerig’s disease), patient advocacy groups will bombard the FDA.  And then, there is Congress.  There was a saying in the industry when I joined:  “God help the reviewer at FDA who approved the drug that killed the Congressman’s dog.”

In some sense, the FDA reviewers are in a difficult situation.  There is no way they can be sure of the safety of a new drug.  Hanging over all their decisions is the possibility that there exists some group of potential patients with a peculiar metabolism for whom this drug will prove toxic at the doses being marketed. (After all, how much “safety” can really be guaranteed in an NDA that describes the results  of studies that exposed only about 3000 patients to the new drug.) 

We all know that that there is bound to be another problem like the relationship between MAO inhibitors and hard cheese.  MonoAmineOxidase is an enzyme that plays many roles, but it was found in the 1950’s that MAO inhibition provided a treatment for depression, and several MAO inhibitors were marketed for this indication.  Some years after they had become standard therapy, there were several cases of life-threatening digestive problems with a small number of patients on MAO inhibitors.  They were all of Mediterranean descent.  It turned out that a small group of related individuals carried a mutant gene that required the use of MAO to digest hard cheese.  When such a person was on a MAO inhibitor and also ate a large amount of hard cheese, the problem occurred.   What is the chance that an NDA dealing with 3000 exposed persons will contain someone with this rare mutation who is also eating hard cheese?

 There is a Yiddish expression; “You criticize the daughter when you mean the daughter-in-law.”  It is impolite to criticize your daughter-in-law and the way she keeps house, so, in front of her, you say how your daughter keeps a dirty house or doesn’t feed her children proper food, when you mean the daughter-in-law.  So, too, the insolvable problem of estimating the safety of a new drug is always there, but it is much easier to examine the nuances of efficacy and to argue over the validity of a p-value, all the time hoping that whatever terrible problem is out there it will show up during the discussion of efficacy.

In spite of the unsolved problem of safety, in spite of the very real questions that can be raised about the validity of our statistical models, somehow, we all muddled through.  We argued and discussed the meaning of the ambiguities.  We ran additional studies and agreed to post-marketing studies.  The FDA reviewers took chances.   I am sure that some important new therapeutic entities never got developed because of pharmaceutical executives who were too timorous to continue in view the potential skepticism at FDA.  We all know of some drugs that were approved only to show an unacceptable incidence of some serious side effect.

But, above it all, my hat is off to the FDA reviewers who labor in the trenches, to the statisticians on both sides who try to estimate effects in spite of the best efforts of the gods of chance, and to all of you who have had to sweat over a p-value that didn’t seem quite right.
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