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Figure 2.3b. STUDY ERROR : Mi racle cure that kills claims fifth victim

EM9330: The Globe and Mail, Sep tember 1, 1993, page s A1, A10

Miracle cure that kills claims fifth vic tim
______________________________________________

Experiment al hepatitis B drug trial goes fat ally wrong after docto rs mis s early clu e

BY LAURAN NEERGAARD
Asso ciate d Press

A fifth volun teer die d in the United States
ye s terday from an exper iment al dr ug tou t e d
as a mir acle cure for hep atitis B. The pa-
tient was bey ond medical res cue eve n as
scie n tis t s unrave lle d the mys ter y of what
we n t gr ave ly wrong in a cli nical trial.

The first clu e wa s in plain sig ht a year ago,
but res earche rs at the Nation a l Institutes of
He a lth did not know enoug h abou t the drug
to recog n ize what it meant, the study’s lea d
scie n tis t said.

"Something ter rib le hap pen ed and we
misse d it," Dr. Jay Hoofnag le said in an emo-
tion a l in ter vie w des cribing the horror of re-
alizing the drug was kil ling people mon ths
after they sto pped taking it.

"The dre adf ul thing [is] waiting to see
what wil l happen," he said, his voi ce trem-
bling, before learning of the lat est death. "I
ju s t ho pe we’re ove r the worst."

The drug Fia lur idine (FIAU) ha d sh own
great promise for fighting the hepatitis B
vi rus, whi c h can caus e dea dly cir rhosi s and
live r canc e r. When dogs passe d toxi city tests
unharmed, the Food and Drug Adm inis-
tration approv ed FIAU for hum an trials.

Too lat e, scie n tis t s woul d discov er that in
hu mans, FIAU stealthily att ack s the ver y
buil d ing block s of cel ls in liv ers, kidn eys
and ner ves.

Five people tre ated with FIAU hav e died
of liv er and kidn ey failu r e, despi te liv er
transplants for thre e of the patients. Yest e r-
day, a 37-ye ar-ol d woman died after two
mont hs in criti c a l condition and two liv er
transplants at the Unive rsity of Vir gin ia
Me dical Cent e r. One volun teer rem ain s in
se rious con d ition the re.

An othe r is recov ering from an Aug. trans -
plant at Emo ry Unive rsity Hospi tal in Atlant a.

Dr.Hoofnag le now fears that other anti-vi-
ral drugs such as the AIDS drugs AZT and
ddI – know n to be tox ic – may att ack pa-
tients as FIAU does.

The first clu e that FIAU was dange rou s
ap peare d in Aug u s t of last year when a man
who had take n FIAU dev elo ped painf ul ner ve
damag e. Pau l Mels trom of Pheon ix and 23

ot he r volu nteers par ticip ated in a 28-day
NIH study of FIAU, from mid -April to mid -
May. Alm o st fou r mont hs lat e r, Mr. Mel-
st rom , 53, con tract e d seve re neuro pathy in
his feet and leg s. An othe r patient had min or
neur opathy.

"I t wa s so obvious to me it was the FIAU",
Mr.Mel sto rm said from Arizona . "The re’s
nothing about my life that change d in 1992,
but there was one hallmark eve n t. That was
the tak ing of the FIAU".

Bu t the NIH cou ld not prove that FIAU
wa s to bla m e. Many facto rs cau se neuro -
pathy, inclu ding alc ohol. Mr. Mel strom is a
re cove ring alc oholi c and onc e ha d a bou t
with mil d neur opathy.

So the age n cy con tin ued the trial this
spring, giv ing the drug to 15 other wise
healthy hep atitis patients for up to 11 weeks.
Dr.Hoofnag le did war n volu nteers before-
hand that neuro pathy was a pos sib le sid e-
ef fect and test e d them for symp t o ms.

In early Jun e, two volun teers dev elo ped
neur opathy symp t o ms and immediat ely
sto pped taking FIAU. By mid -mont h, they
we re hospi talized with liv er poi son ing, unre-
la ted to their hepatitis but sim ilar to the lat e
toxi city Mr. Mel strom had exper ienc e d.

Dr.Hoofnag le halted the trial, but the hor-
ro r wa s ju s t begi nning.

One by one, from Jun e 16 throu gh Aug u s t,
seve n people fel l il l with damag ed liv ers,
kidn eys and ner ves, as frust r ated docto rs
and frightene d fe llow volun teers looke d on.

No w, wit h fiv e of the sev en dea d, the re-
ma ining eight patients in the trial are bei ng
wa tche d to deter min e whet her they escaped
se rious harm.

What hap pen ed? This is Dr. Hoofnag le’s
theory:

A vir us cannot reprodu c e on its own, so it
in stead take s ov er a cel l’s DNA, the cel lu-
lar blu eprin t that maps how each person’s
un ique genes are contin uou sly reprodu c e d.
The vir us us es the DNA to repli c ate its elf
fur iou sly.

In the trials, FIAU foi led the hep atitis B
vi rus by for ming a bog u s li nk in a hep atitis -
infected DNA chain that sto pped it from re-
producing.

FIAU did not stop the re, howeve r. It als o

tr ick ed sub -un its of the body’s cel ls called
mitochond r ia, whi c h have their own DNA
that FIAU als o cr ipple d. This cripple d
DNA produ c e d a secon d ge neration of
flawe d mitochond r ia that kil led the cel ls de-
pendent on them for ene rgy.

St opping the drug at that poi nt did not halt
the problem becau se the gen eti c damag e
ha d alrea dy been don e.

Mr.Mel strom exhibited that damag e soon -
er than the othe r patients becau se the mito -
chond r ia of ner ve cel ls reprodu c e fa ster than
thos e of liv er cel ls, Dr. Hoofnag le said. Doc-
to rs did not realize, howeve r, that his neu -
ro pathy sig n a l led worse dis ease to come.

"I n ret rospect, [the conne ction] seems ob-
vious," Dr. Hoofnag le said. "Bu t we fol lowe d
on cou rse becau se we hoped FIAU wou ld
ma ke their hepatitis get better. We weren’t
look ing for tox icity any more."

The NIH now knows that FIAU did not
pois on the test dogs becau se dog s have a
natural enzyme that rende rs the drug inac-
tive, Dr. Hoofnag le said.

Gove rnm e n t scie n tis t s will meet on Sep t.
21 in Washington to rev i ew Dr. Hoofnag le’s
data, inclu ding his con cer n that sim ilar anti-
vi ral drugs cou ld als o be dange rou s.

"This tox icity is not in FIAU alon e," Dr.
Hoofnagle said. "This tox icity ..... probably
ha s been seen for many years and not rec-
og n ized."

At least one exper t on antiv iral drugs is
ske pti c a l.

Dr.Ray mon d Schin azi of Emo ry Unive r-
sity fou nd in 1986 that FIAU unde r cer tain
condition s woul d metaboli ze into a ver y toxi c
co mpoun d. He thinks the NIH volun teers
fe ll victim to that stil l-unexp l ore d metaboli te
of FIAU, rat her than to damag ed mit ochon-
dria.

And, he says , AIDS drugs don’t att ack
mitochond r ia.

"They’re ver y different," Dr. Schin azi said.
"AZT doesn’t kil l people the way FIAU does."

Bu t Dr.Hoofnag le thinks scie n tis t s will be
amazed by what they don’t know about mi-
tochond r ia.

"I t wa s consid ere d a min or issue," he said.
"This is goi ng to change all that."
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The article EM9330 reprint e d ov erleaf on pag e 2. 35 il lust r ates the diffic ulty of assessing the effects of a drug on humans
on the basis of its effects on laborato ry anim als; this is a maj or dilem ma for medical res earch. [An othe r ca s e, in
the 1950s wit h wide implication s, inv olved bir th defects induced world-by thalidomide, a drug taken by some pregnant
women to combat mor ning sicknes s.]

It is useful practic e to apply the ter min ology we hav e in trodu c e d fo r data -base d inve s tig a t i ng and the FDEAC cycle to des -
cr ibe the cent r al is s ue rais ed by the article reprint e d ov erleaf on pag e 2. 35; we can do so by identifyi ng:

• the target popula t ion for the inv estig a t ion;

• the study popula t ion for the inv estig a t ion;

• the sa m p le fo r the inv estig a t ion.

Ba s ed on you r thre e id e n tific ation s, des cribe briefly the re aso n fo r the diffic ulty that arose – we des cribe this diffic ulty as a
li mit ation im pos ed by study error on an Answe r.

Su ch a lim itation on an Answe r aris es in essentia l ly all wo rk on the deve lopment of new drugs for treating ser iou s il lness.

1

The fol low ing Science Edit orial [270: 215, 13 October, 1995] EM9532 broadens the sco pe of the issues raise d by the article
EM9330 reprint e d ov erleaf on pag e 2. 35; in doi ng so, it makes cle ar the impor tan ce of our dis tin ction in the FDEAC cycle
between the target popula t ion and the study popula t ion.

• Ta rge t popul ation: the group of ele ments to whi c h the inv estig a tor(s) want Answe r(s) to the Que s tion(s) to apply.

• St udy popul ation: a gr oup of ele ments av ail able to an inv estig a t ion.

Flaws in Risk AssessmentsEM9537:

Chem i c a l risk assessment studie s conducted with rodents have
helped to justify expenditure s of more than a trillio n dollars ove r the
past 20 years. Large addit ion a l ou tlays are pla nne d, alt hou gh it has
not been shown that such studies have sub stantia l ly ben efit e d hu man
health. In fact, it has become inc rea singly cle ar that the main cau ses
of untimely hum an death are smoking and diet. For exa mple, a re-
cent article in the Ne w Engl and Jou rnal of Medicin e* in d i c ates that
excess weight has a wid e rang e of delet e rious effects on health.

The risk assessment procedure s us ed by the Env ironm e n tal Pro -
tection Age n cy (EPA) have been criti cized for many years and for
ma ny rea son s. Thei r qu ali ty has recently come unde r in tensi fi ed cri-
ti cism, as is evi dent in the proceedings of a July 1995 meeting spon-
so re d by Tox icology For um of Washington, D.C., and in a recently
publis hed book, Diet ary Res trict i on†. The criti cs poi nt out that rodent
risk assessment studie s lack reprodu cib i lity becau se of gen eti c drift
in the test anima ls and becau se of a failu r e to con trol their con sump -
tion of food.

Mo st standard risk assessment exper iments expos e rodents to large
doses of a test chemical for about 2 years, whi c h is approx imately
thei r natural life-sp an. For mos t tests, one or more of three strain s
of rodents are use d: Sprag ue-Dawley (SD) rats, Fis che r (F-344)

rats, and B6C3F1 mic e. Thes e anima ls hav e a hig her natur al inci-
denc e of tum ours than do hum ans , and some of the tum ours are not
co mmon to hum ans. Thes e rodent strain s we re ado pt e d in the belief
that they wou ld exhibit les s variability than wil d-type anima ls do.
On the basis of this assump tion, eno rmous effor t ha s been expende d
in studies of about 500 different chemicals. Each exper iment has
involved comparison bet ween dos ed and non d ose d anima ls (con-
trol s). Thu s a large dat abase is availa ble con cer ning the weight,
longevity, and pat hol ogy of con trol anima ls. Dat a cited in the Tox i-
cology For um proceedings and in Diet ary Res trict i on in d i c ate that,
du ring the past 25 to 30 years, the adult body weight of rodents
fr om mos t of the strain s us ed in tox icity testing has inc rea s ed 20 to
30%. Dege nerative dis eases and tum our incid e n ce als o have in-
crea s ed. Rodent sur viv a l ha s de cre ase d. At the Merck Research

Laborato ry in the 1970s, the sur viv a l rate at age 2 of SD rat e us ed
as con trols was 58%. In the 1980s it was 44%, and in the 1990s it
ha d dropped to 24%. A different laborato ry compi led dat a on F-344
rats. In 1970, 80% of males sur viv ed for 2 years. In 1981, 60%
surviv ed. Their current sur viv a l rate is 36%. The incid e n ce of tum ours
in con trol rodents has als o change d with tim e. For exa mple, the
number of liv er tum ours in con trol B6C3F1 mic e in cre ase d fr om an
av erage of 32% in 1980 to about 50% in 1984. In tests at various
la borato rie s , live r tumour incid e n ce in male B6C3F1 mic e ha s varied
between 10 and 76%.

A par tia l ex pla n ation for this variability in longevity and health lie s
in practic es at the bre e der companies. App are n tly, they hav e unwit-
tingly cau sed gen eti c drift by their methods of selecting bre e ding
stock. The standardized procedure at risk assessment laborato rie s
ha s also been a facto r. In gen eral anima ls are fed ad libitum (ad
li b); that is, they are giv en as much food as they want to eat. As a
re sul t of ove reating, the health of ad lib anima ls is imp aired . This is
cle arly shown by the fact that if the food int ake of lit ter mat es of ad
li b anima ls is reduced to 70% or les s of ad lib amou nts, rodent
health and longevity are much improve d. A re c ent exper iment using
SD rat s co mpare d the longevity of con trol rat s fe d ad lib with that of
rats fed 65% of the ad lib amou nts. At matur ity, the ad lib ma les
weighed 60% more than did the diet-rest ricted males. Only 7% of
the ad lib ma les liv ed as long as 2 ye ars. In con trast, 72% of the
diet-rest ricted rats sur viv ed for more than 2 years. They were sle ek
and healthy. Alt hou gh this phen omen on has been wid ely obs erved
and wel l know n fo r ma ny years, the standard protocol stil l calls for
ad lib fe e ding, so that in effect, when anima ls are expos ed to
chemicals in risk assessments, they simul tan eou sly receiv e on e poten-
tia l carcin oge n and one known carci nog en – their food.

When scie n tis t s plan exper iments, they seek to con trol the impor-
tant variable s and to achieve tim e-inv ariant reprodu cib le res ult s. Thos e
at EPA wit h the responsib i lity for est ablis hing protocols for risk assess -
ment exper iments have act e d as if they did not share thes e go als.

Philip H. Abels on

*J. E. Manson et al., Ne w Engl . J. Med . 333: 677 (1995). [DC Lib r ary call number: PER R11 .B7]
†R. W. Har t, D. A. Neuma nn, R.T. Rober tson, Eds., Diet ary Res trict i on: Implications for the Des ign and Interpre tation of Toxi-
ci ty and Car cinoge nicity Studies (ILSI Pre ss, Washington, DC, 1995).

The article s EM9330 and EM9537 reprint e d ov erleaf on pag e 2. 35 and above are als o us ed in Fig ure 3.1 of the STAT 231
Course Mat e ria ls and in Statis ti c a l Highlig ht #22.
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