The drug that’s treating everything

FORGET WRINKLES. BOTOX IS NOW BEING USED TD TREAT

MIGRAINES, DEPRESSION, TWITCHING EYES, OVERACTIVE

BLADDERS, SWEATY PALMS AND MORE. SOME CALL IT A
MARVEL OF MEDICINE; OTHERS CAUTION THE RISKS ARE STILL

UNKNOWN. INSIDE THE EXPLODING BUSINESS AND

STRANGE SCIENCE OF BOTOX

EY ALEXANDRA SIFFERLIN

URING A RECENT THERAFPY

sesglon, ome of Dr Norman
Besenthals regulars sald he was conslder-
ing suicikde. [twasn't the first tme the pa-
tient had emtertained the thought, and even
thoughhe was on ant dep ressants and alwarys:
keptupwith hisappointments, Rosenthal  a
licensed paychlatrist with a private practice
in Nomh Bethesds, Md., wanted tooffer his
patient something ele.

“I think you dyould pet Botox,” Roden thal
told hdm. “You should schedule an appodmt-
ment on your way hime "

It was peculiar advice coming from a
shrink, but not withowt precedent. In 2014,
Rosenthal, a clinical profesor of psychiatry
at Georgetown University School of Madi-
clne, and Dr. Erle Finzl, an asdstant pro-
fessor of peychiatry at George Washington
Schoo] of Medicine, publisheda study show
ing that when people with majer depression
got Botos, they reported fewer symploms dx
weeks later tha npeople who hadbeen given
placebo injectbons. “I'm always on the look-
ot for things that are wmesual and inteest-
Lo for d epression” says Rosenthal, who s
widely comsidered an expert on the condi-
ton “I've fownd Botox to be helpful, bt its
atill mit malnetream™

It's aleo mot approved by the US. Food
and Drug Admin gtration (FDA ) for de pres-
slon, not that that stops doctors from pre-
scribing it that way. Sech off-label e of
Botox, like that of any FOA-approved drsg,
1slegal in the (LS. That'sbec s don ce ad g
hias been approved by the FDA for acondi-
tion, lcensed physiciansame legally allowed
o prescribe it for any medical issue they
thinkit couldbens i, regardless of whether

for diseases

vou would
never know

about.

MIN DORG,
Harvard Medical Sohool

it's been proved to work for that condition.

Now, thanks in La]?e part o off-lalel
wse, Botox—the wrinkle smoother that ex-
pleded as a culiural phenomenon and med-
ical tAumph —is incressingly being drafted
for probl ems that go farbeyond thecosmetic.
The depression suffered by Fose nthal's pa-
tlent Is just one example on a list that in-
cludes everything from excessive sweatlng
amd neck spasms 1o leaky bladders, pre-
mature ejaculation, migraines, cold hands
and even the dan gemus ¢ and baecon di don of
atrial Abndllation afierbean surgery,
others. The mnge of conditions for whic
doctors are now using Botox i dizzying, re-
flecting the drug’s unique characte dstics as
musch as the dreg indestrys unlgue strate-
gles forcreatinga Blockbuster.

Botox 1s a neurotoxin derived from the
T et Clow e diuerrs B ol ireirve. Lingest od lin
o tam | nated food, it can inverfere with key
muscles in the body, causing paralysis and
even death. But when injected in tiny doses
into targeted areas, it can block signals be-
tween nervesand muscles, causing the mus-
eles o pe las That's how it amooths wrinkles:
when you immobili e the muscles that sur-
round Aine lines, those lines ame lesslikely o
e —ialn g them lets notlceable. [ sl
why it's FD A-ap proved totreat an overact ive
bladder: Botox can prevent i nvwohon tary mus-
¢le oonitract ioms that can cause people o feel
like they have to pee even when they don’

Inz015, Botox, prodwced by pharmaces-
tical maker Allergan, penerated global mve-
nweol §2.45 billlon—more than hal Fofwhich
came From therapewtic mther than cosmetic
waes, That noncosmetic revenue {5 lkely 1o
bialloom in the years ahead as doctors try out



Baotox for even more off-labe]l uses andas Al-
]er?n comducts studies of 1ts own
In the majority of these cases, it's the

doctors st the font Une who start wslng
Botox off-label, and then we see tle treat-
ment of things we never expected the taxin
towork for" says Min Dodsg, & researcher at
Harvard Medical School who studies botu-
limem toxing in te lab and has no fnancial
tiesto Alle sran. “1meet with plyelels s who
are using the tod neve rywhere—for disesses
you would never know about.”

The potentlal ofthe drug i e nomous, but
it fen't without rlska Most of the experts I
apoke with agmee thatinsmall doses, Botox &
safe when admindse red by a Hoe nse d profes-
siomal butsot everyone agrees that itssafety
extends toall of its newer off-labe] wses,

Inrecent years, a number of high-profile
lawsuits have been browght against Aller-
gan in which plaimiffe n:]aln‘gd that of-
label uses—for allmenis including a child's
cerebralpasy sy mptoms, for lnstance, of an
adult s o nd tremors—resulted in bt ng del-
eterlous dde effects. St the drugs aceep-
tance ina growing mumber of doctors” offices
worldwide, and its revemse growth, show no
signs of slowing.

It's a remarkable an for a dreg that anly
a few years ﬁuwu assnciated with Holly-
wood cockiall partles where guesis came
For Bellinds and left with a forelead full of
Botox Injections. [t highlights tye advances
theat can e cur when plhysiclans, seeking new
theraples for the ir patienis, e xplore creative
mew et for approved doegs—basie ally, real-
world experments thattake place largely be-
yond the reach of federal regulators. That,
in tum, ralses gquestions abouwt the risks of
deploying medicines in ways that have not
been fully vetted. Butithappens all the time.

THEDEU G HAS COME A LONG WAY since {15
abilityto anodoth fac ol wrinkles was Astdis-
cowerad, by accldent. In the 19704, ophit hal-
meloglst Dr. Alan B Scott started stud ylng
thetoxin &5 atherapy for people witha medi-
cal condithon that rendered them cros-eyed.
“Some of these padents that would come
would kind of joke and say, ‘Oh, Doctor, I've
coie o get the lnes out” And [ would Laugh,
Tout I really wasn't tuned i vo the practical,
and valuahle, aspect of that " Scott wold CBS
in 2o Seott named the dousg Ocullnum
and formed & company of the same name in
1578, In 1984 he received FDA approval For
thee t rea tie it of steab Emus (thee mased-eye
disorder) and abnormal eyelid spasma



Two years later, Allergan bought Oculi-
num for $9 million and changed the drug’s
name to Botox. At the dme, Allergan was
primarly an ocular-care company that
sold products like comtact-lens cleaners
and prescripton solutdons for dry eyes,
brnging in abowt $500 millien in annwal
sales. Allergan says it saw Botox a8 a dreg
for a mdelve population : 1°'s est maved that 4%
of people in the LS. have crossed eyes, for
which the drug was initially appeoved, and
Allerganmade about $13 milllonin sles from
the drug by the end of 1991,

In 1968, David E1. Pyott became CEQ
of Allergan. He was enthuslastc about
Botox's wrinkle-reducing potential, he
says, and pushed the company to con-
duct a serles of stuedies on the matter. In
2002, Botox eamed FDA approval for so-
called fmown lines—wrinkles between
eyebrows—marking the firs dme a phar-
maceutical drug was given the green light
for a strictly cosmetic purpose. In 2001,
the year before Botox was approved for
wrinkles, it generated about $310 million
in sales. By 2013, the year it was approved
for overactive bladder, Allergan reported
nearly $2 billion in revenue from Botox.

Injust overa decade, the number of peo-
ple inthe LS. recelving cosme tebonelmm
tamcin type A lnject loms — mostly from Botox
but also from another brand called Dys-
port, which commands less than 10% of the
maa ket —exploded. From 2000 102015, use
of the taedns for winkles increased 755%. It
became a cultural phenomen on too, Spawn-
ing Boto parties, Simpsons joles, evengreet-
i eands. In 2008, Sex and the Cliy character
Samant ha Famously qui pped, “1 don't really
believe in marrisge. Now Botox,on the other
hand, that works every time."

But to-day it's the medical wesof thed neg
that are the great moneymaker, in parnt be-
case do lors are abetter handle on
T 1o wse it {num toxdn type A lsone
of seven peumtoxine produced from Clos-
rridier botuliner Contrac tng botulism s
biad mews: it can canse blurred vsion, per-
sistent trouble swallowing and worse. In one
recentcase, close 1o 30 people werehospltal-
lzedin Ohioln 2015 afrer st vernd ing achunch
potleck. Ome pemon died. The o kowas
uldmately attributedtoa potatosalad made
from impropedy home-canned potatoes
that were harboring the bacteda Given it
level of tascicity, some countries have even
explored lts potential use as a bloweapon

‘With Botox, however, the dose makes
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:'Il'l' 15 BOTOX?Y COVER IT?
v
Botox comes from a .
" sum called Closirid Mot for wrinkles. Some

botulinum that can cause

L
IS IT SAFE?
*

The FOA requires Botox o
bear a black-box waming—
an alert that the: dnsg moy
oome with major risks—hut
most experts agree it's safs
when used comsothy for
approved conditions. Sl
serious side effects have
been reportsd.



the pobson. In medicine, it's wsed in such
small amounts that most experts deem
it safe. “It's fascinating)” says Dong, ithe
Harvand researcher. “These are the most
toxie substances known o man, and they
are ako the most wseful toxdns wed in
medicine Aght mow”

Batox works by tempomaly immohili-
img muscle activity. It does this by block-

nerve-muscle communication, which
makes the injec ted muscles unable 1o con-
tract, Paralyzingmuscle act ivity 15 ow Botox
can steadyastraying gaze, el iminate an eye-
Lid spasin oF stop ol gnal g From pemves duat
stimulate sweat ina person’ armplt.

Botox has ako been shown o prevent
chmnike migmines bt thers, it's unclear
exactly why Botox works. (For doctors,
reaching a fim undemstanding of how
Botox prevents migralnes will be tricky,
slnce they don't know for certaln what
causes the severe headaches in the first
place.) “There were multple clinical tdals
for migraines, and most of them falled”
says Dr. Mitchell Brin, sendor vice president
of drug development at Allergan and chief
scientific officer for Botox “It wook a long
time to fgure met where to inject and how
much” Today people who receive Hotox
for migraine prevention get 31 injections in
different spots on their head and neck. The
effects of Botox can last abowt theee to six
manths depending on the condition.

The wie of Botox for migraines was, like
many other new applications for the drug,
a kind of happy accident. A Beverly Hills
plastic = ohserved that people who
go Botox for wrinkles were reporting fewer
headaches, paving the way for studies abot
migraimes. Similady,d octors in Europe wene
intrigued when they potlced that their pa-
thents who got Betox for facial spasms were
sweatingless tham wieal.

“It's pure serendipity,” sy Brin

THOUOH FEOFLE OFTEN ASSOCIATE pliar-
macentical discovery with glant indusirial
laboratories and expansive, rigomusclinical
trials, the mision creep for Botm —as with
muany other dregs that have rece ved gove m-
ment approval for onespec i c use—h as been
driven by off-label wse.

Inthe case of Botos, doctors who experi-
ment off-]abel say they do s becawse they're
Tl rg Foer sotte vt res tme it ot oo For the ie
patents. “ lnmy 30 years of medical p ractice,
Byt 15 ome of the most i mpactful tre stments
1 had ever seen” says Dr. Linda Brubaker,
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dean and chiefdivesity office r ofithe Loyola
University Chicago Strtch School of Medi-
cime, who inde pendently studied Boto for
overactve bladder beforethe FDA approved
it for that condition in 2013.

Many of the women she saw inler prac-
tice didn’t want to take drugs for the disor-
derover the long term. Brubaker found that
abowt po%of womenshe treaved with Botox
reportedanaverage of three leaks ad ay,com-
pared with the average of five leaks a dayat
the stan of the study. “It's a very rewanding
option for them,” she says.

1P true that Botoo's ever e xpyarnsd in g e
have been largely physiclan-driven. But
dregmakers are aloo often aware of off-label
wies long before thode whes are officially rec-
ognized by the FDA; that’s how Botox ended
wp being approved for wrinkles, after all

Some industry insiders say IUs not un-
wsual, i =il legally murky, for drug-company
representatives and doctors o share nfor-
Bt wil th on e another abowt thed ife ent
wiarysan approved dreg may bewsed . 1fa doc-
tor potices that, say, a teatment for crossed
eyesalio “takes the linesowt,” he may men-
thon it o the represen tative From whom he
buys the dregs. Theat repmay share that with
anotherof his clients, and o on.

U5, pharmaceutical companles are
prohibited from marketing a drug for un-
approved purposes wntl they've submited
proal o the FD:Aofits eficacy and gottenthe
apency’s green light If they skip that step,
they're breaking the law, and the pemnlties
can be seep.

In 2010, Allergan pleaded guilty and
agread to pay $600 millon @ eaolve ale-
gations that it unlawflly promoted Botox
for conditoni—including headaches, pain,
spasticity and juvenile cerebral paley —that
atthetime were not approved by the FDA. In
one of the complanits, prosecutors sald that
Al “IMegally, vi and without
anyerught t?ﬂ]:: m-zgﬂlm health
effects v which it subjecied patlents, pro-
moted off-label wses of Botox™ The 1S
Department of Justice also argued that Al-
lergan explaited on-label uses for cervical
dystonla—a disorder characterized by ex-
treme neck-muscle contractions—t o “grow
oif-label pain and headache sales” Posecu-
tors also argued that Allergan paid doctors
Lo give tations and 1o atheer
1:1]\‘_!.1:.].1:[1:13.ﬂ pru.e];m mmmemth time
werne off-label.

As partof the setlement, Allergan agmed
toplasd guilty toomne cimins misdemaanor



misbranding charge and pay $375 million
The company acknowl that {15 mar-
keting of Botox led to off-label uses of the
dreg. Allergan aleo agreed to pay $225 mil-
lign to resolve civil charges alleging that te
marketing of Botox had cauved doctors o file
false relmbumement claims, thowegh Aller-
gan denied wrongdoing. The company sald
imastatement thatthe senlement was in the
best inerest of its stockholders because it
avedded lidgation costs and “ permits us to
foous our time and respurces on ... develop-
mew treatmen 5"

As with any drug, Allergan is legally re-
quired o make known Bolox's modt severe
potential side effects, and in 2009 the FDA
required Botox tobeara black-Txox waring —
the strongest type of waming label given to
any drug—cavtoning that there was evi-
dence the dmg had been linked to serows
slde effects. With Botox, this inclwdes e Fects
spreading from the injecdon site 1o other
parts of the body, ¢ muscle weakness,
double vsion and d eyelids

In physiclans’ offices—where patents
typlcally don't see the box the vials are
packed i and therefore maybe unaware of
the black-box warning—the omes ison doc-
tors to owtline the potental risks with any
patlent dhoodin g o try Botos for any ¢ ondi-
tioay, FDOA-ap proved or not

Ray Chester, an attomey in Austin who
hias represented several plant ifs in lowaults
againg Allergan, says that just abowt all the
e s e Teas hea e dl  vvolved ofFlabe] use of
the drug. 1o 2014 & New Yorkeouple argued
that Botox, which they chose to try off-label
totreat the br son’ cerebral-pal sy symploms,
canspid 1ife-thresten lng complications. The
FTamily was awarded $6.75 million by a jury.
Allergan, which initially planned to appeal,
endeduppavately settllng thecate with te
Family, and the terms of the setlement have
been kept oondential.

Theoigh the off-label wie of dregs males
many experti— inched ing some at the FDA—
uncomiorahle, the practice sde rin
medicine. its how doctorslearned that Lyr-
lca, which is approved to treat nerve pain,
can treat anxiety, and howthey leamed that
finasteride, a thattreatsenl -
Labes, can mdduxgma]e hﬁim“ﬁd ?

“Aveparate balancing of dsks andbenehts
is mecessary for each inte nded wse of a drug,
evenonce it s approved, 1o emsure the ben-
efits of using the producttotreat apan icular
disease or cond ltlon outwelgh the dsks," says
FDA press officer Sarah Peddicond.



That's why for any off-label wses that
Alhlﬁu woant s 1o market todoctos andihe
public —de pression, cold hands, atria] Ghed-
lation in beart-surgery patients—the com-
pany musst conduct 16 own cinical triak 1o
show lis efficacy and safety.

Allergan does not disclose its reseanch-
and -devel opment bed et for Botax specifi-
cally, bt the company’s anmual B&D bud-
#et is about $1.5 billion. “This drug is not
done in terms of s diferent applicatons,”
says Allergan’s Brin “It still has many dif-
ferent, exciting, meaningful orunites
for patients.™ " o

THESTUD IES USING BOTOX for de pression,
like ol r research imto Botox's off-labe ] po-
tential, we e soenoourag g thatt hey caught
the attentbon of Allergan. In Rogen thal and
Finzis research, 74 people with major de-
pressive disorder were rand omly assigned
o recelve Botox injectjons ora placebo Six
weeks later, 52% ofthe people who mecelved
Botox experlenceda dropin reported symp-
toms, compared with 15% of the peoplegiven
aplacebo. “Over so% of people responding ks
ahighnumber” says Finz L “These arepeople
who have already tried othe r treatments, and
ithey are significan iy depressed™”

Mow Allergan bopes o replicate the
fndings on alarger scale, and the company
s currently running it own Phase 2 clini-
cal trial I its results are in Ine with Rosen-
thal and Finesl's, it would E‘jﬂf, pavin
ihee way for Botox to obtain approva
for the d reg as a depression treatment. That
wouldn't change anything for doctoms, of
ocourse—they can already prescribe it off-
label, and some do, with great resshs—but
it would allow Allergan to begin mardketin
Botox for depression, a change that coul
dramateally inc reaselts adoption and sales,

Sdll, Botox's wse for depression ralses
a questhon that confounds some reseanl-
ers Insome cases, how Botox works Is ev-
ident: the tosdn can block the signals be-
tween merves and muscles, which s why it
can help calm an overactive bladder, say, or
a twitching eve, or the facial muscles that
make wrinkles more apparent. In other
cases, however {with migrmines as well a
withdepression ), sclentisis are lummaored.
They mayhave notloed that the drug works
for a given conditdon, but they aren’t al-
ways sure why— in sclencesp eak, they don't
Tenovwe what the mechandsm fs.

‘With depression, Rosenthal and Finesi
think it may relate to what's known as
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the facial-feedback hypothesis, a theory
stemming from research by Charles Darwin
opher and psychologist William James. The
theory posits that people's facial expressions
can influence theirmood. Lift your faceinto
a smile and it may just cheer you up; if you
can't frown or furrow your brow in worry,
perhaps you won't feel so anxious or sad.

Butit muld besomething elsealtogether.
In 2008, Matteo Caleo, a researcher at the
Italian Mation al Res earch Council’s Institute
of Neuroscience in Pisa, published a contro-
versial study showing that when he injected
the muscles of rats with Botox, he found evi-
dence of the drug in the brain stem. He also
injected Botox into one side of the brain in
mice and found that it spread to the opposite
side. That suggested the toxin could access
the nervous system and the brain,

“We were very shkeptical,” says Edwin
Chapman, a professor of neuroscience at
the University of Wisconsin-Madison,
after reading Caleo's study. But in Augmst
2016, Chapman and his graduate student
Ewa Bomba-Warczak published a study
in the journal Cell Reports showing simi-
lar spreading effects in animal cells in the
lab. For Chapman, it explained what he
was hearing anecdotally from doctors: that
Botox might be influen cing the central ner-
vous system and not just the area where it's
being injected.

Ironically, it's the off-target effects of
Bomx that have some researchers most ex-
cited. “Botox may be worldng in a way that is
different from what we think,” says Bomba-
Warczak. “It may be even more complex”

and Bombe-Warczak both think
Botox is safe when used correctly, but they
say their inboxes quickly filled with mes-
sages after their study was published. *We
were startled by the number of people who
feel they were harmed by these toxins,” says
Chapman. *We feel these were pretty safe
apents. Now it seems that for some people,
they believe the toxin can sometimes canse
something that may be irreversible. And
that'sa total mystery”

Allergan says Botox is well estab-
lished as a drug and that the benefits and
risks of wxins are well understwod. *With
more than 25 years of real-world clinical
experience ... approxmately 3,200 articles
in scientific and medical journals, market-
ing authorizations in more than 9o markets
and many different indications, Botox and
Botox Cosmeticare [among] the most widely
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‘Botox may

be working
in a way that

is different
from what
we think.

It may be
even more

complex’

EWil BOMEBEA-
WARCZAK, University of
Wisconsin—Madison

researched medicines in the world,” an Aller-
gan rep wrote in an emailed statement.

Even if Botox's mechanism isn't always
well understood and some of its off-label
uses are still unproven, interest in the drug
isn't likely to wane, “Botox is a big cash coe
for the physicians’ practices,” says Ronny
Gal, an investment analyst at Sanford C.
Bernstein who has watched thed rug closely
for more than ade@de. “When I talk to phy-
sicians, they say, ‘Bobox is not a problem. It
wrks and gives you theresult youwant! If it
waorks for depression and atrial fibrillation,
it could be massive.”

IN NOVEMBER, the FDA held a two-day
hearing asldng for expert comment on the
apency’s Tules concerning off-label drug
use and marketing. Some said the prac-
tice paves the way for scientific progress
and gives doctors and their patients much
needed alternatives for hard-to-treat med-
ical conditions, Others said that off-label
drug use is primarily financially motivated
and that it poses a serious threat to public
health, particularly when drugs are used ex-
perimentally on children.

Off-label use is a topic the FDA hasbeen
eyeing for some tme. ¥ Therehave been many
instances where unapproved uses of a drg,
even whencommonly accepted by the medi-
cal community, have later been shown tobe
unsafe or imeffective or both—sometimes
with devastating consequences o public
health)” says the FDA's Peddicord.

It's unclearhowthe FDA'S foous will pivot
with the next Administration. President-
elect Donald Trump has pledged that in his
first 100 days, he would be “cutting the red
tmpe at the FDA” and insiders have specu-
lated that a Trump Administration would
loosen the agency s dlready limited oversight
on off-label use.

But evenif the laws mmain unchanged, as
long as off-label uses are permitted by law,
expect doctors to keep pushing the bound-
aries of Botox's applications — sometimes in
the name of medical progress and sometimes
with remarkable results,

Morman Bosenthal, the Maryland psychi-
atrist who recommended Botox for his sui-
cidal patient, says he's seen the upside first-
hand. The patient, persuaded by Rosenthal,
did indeed get Bowx shots on his forehead
and between his brows, Days later, Rosenthal
gotan email fromthe patient it was a thank-
you note. Finally, the patient wrote, he was
feeling better. O



