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Objective: Clozapine is the only medication distributed in the U.S. through a
national patient registry system that provides the medication only if results of
patients’ weekly blood tests show na evidence of significant white blood cell
suppression, an effect thut can be fatal if it progresses to advanced agranulo-
eytosis. This study assessed morbidity and mortality related to agranulocyto-
sis during the first five years of the national registry system. Methods: Data
lrom the eatioual regisiry database muintained by the WS, mauufacturer of
clozapine was used to determine the level of treating systems” adherence to
the mandated program of weekly white blood cell counts, number: of in-
stances in which clozapine treatment was denied beeause of prior detcrml-
nation of white blood cell suppression, and numbher of cases ofaﬂrmuloeyto‘
sis.and deaths rclated o ugranulocylosis aumong treated patients froni Febru-
ary 1990, when clozapine was commercially wntreduced in thic U:S., thicough
December 1994. The actual numbers of cases of agranulocytosis and: related
deaths were compared with cxpected outcomes based on clinicat. research
dane hefore the drug hecame availible commercially. Results: Approximatc-
ly. 97 percent of treating systerns had a high overall level of adherence:to the
registry protocol. In 28 instances, the pretreatinent authorization roquige-
ment resulted in denial of clozapine; after additional data were considered,

15 of the paticats were clcared for trcatment. The actual incidences. of 382

cases of agranulocytosis and 12 related deaths were lower than. theexpectcd
995 cases and 149 deaths. Conclusions: The clozapine national registry system
fostered early detection of white blood cell suppression, prevented: rclreat-
ment with- clozapme of patients who had previously developed white blood
cell suppression, and brought about fower than expected rates.of. agranuloey-
tosis and associated deaths. (Psychiatric Services 47:52-56, 1996)

n 1990, approximately 5 million
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fered from severe mental ‘disor-
ders. Of those, mare than half. about
2.5 million had schizophrenia (1).
Among persons with schizoplirenia,
l)etween 10 and 30 percent do not re-
spoud wdequutely to stundard anti-
psychotic agents, because the: agents
have subaptimal efficacy or intolera-
ble adverse effects (2). Thius between
250,000 and 750,000 tredtment-resis-
lant persons with schizophrenia ve-

side in the Gnited Stutes. They repre-
sent potential candidates for treat-
meént with clocuping, an atypical an-
tipsychatic medieation indicated for
the treatment-resistant patient. As-of
December 31, 1994, u total of 99,502
patients in the US. had been exposed
6 clozupine, and more than half of
them remained on the medication at
that time. )

Increased: public interest in cloza-
pine and enhanced familiarity of
physicians with the medication make
it likely that therapcutic usc of cloza-
pine will become more common in
the coming vears. However, clozi-
pirie use is associated with risk of
agranulocytosis, a potentially fatal

‘bloed disorder that is usuafly ro-

versible if detected early ‘enough.
Limitations in social und medical sup-
port networks for persans with severe
miental illness underscore the need
for proceduics ‘to help safcguard this
wtlnerable ;patient group from such
advene side effects.

In keeping with general principles
developed by the Food and Orug-Ad-
ministration, eusrcal praccduces {or
distribution of elozapine stipulate
that the medication is available in the
U:S. only through treatment systcms
registered with the national registry

developed and maintained by the -

U.S. manufacturer of clozapine. The

. purpose of the registry is to-enhance

patient sufety by facilitating carly de-
‘tection of potentially dangerous white
blood ccll suppression, dispensing
the medication enly to patients with
cwrrent hlaod -tests, delineating re-
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3,?0“5!‘"‘1&&5 for patient monitoring,
and eliminating as candidates for
therapy anyone with a history of
clozapine-related white blood cell
\'uppfe.‘ﬁlou

All potential candidates for the
medication must. be cleared through
the national registry to identify per-
sons who have had significant clozs-
pmr-relatud white blood cell sup-
pression in the past and wha should
ot receive the medication aguin be-
cause ol markedly increased risk of
agrapulocytosis. White blood ccll
counts arc nornadly 5,000 per cubie
millimeter or greater. A white hlood
ccll count below 3,500 per cubic ail-
limeter iudicates leukopenia, a condi-
tiou of mild white blaod cell suppres-
sion that is gencrally reversible upon
interruption of clozapine therapy.
Agranulocytosis, a potentially fatal
coniplication, is-indicated hy a white
bluod cell count helow 2,000 and de-
fired by an absolute neutrophil count
below 500 per cubic millimeter: Dis-
continuation of clozapine is mandato-
rv for patients wilh agranulocytosis
becuse they are at high risk of death
secandary to a wide range of oppor-
tunistic infcctions.

The registry system requires all pa-
tients to have a buscline white blood
ccll count and weekly white hlood
cell counts throughout treatment
with clozapine and lor four weeks af-

‘ter treatment ends. The medication is

dispensed weekly only to palicnts for
whom data on current white hload
cell connts ave available. The registry
systent alsu outlines the responsibili-
ties of physicians, pharmacies, pa-
tients, and the medication’s rusafuc-
turce and wholesale distiibutors in
cnsuring proper use of the medica-
tion. Distribution of the medication is
limited to registered pharmacies,
which agree to follow the “no
blood—u0 drug™ guidelines.
Treatment systems that fail to fulfill
their obligations to report results of
weekly monitoring of patients’ white
blood cell counts ave contacted by na-
tional registry staff, who cxplaiu the
risks of clozapine therapy and the re-
quirements for weekly monitoring.
Subscquently, national registry stad
follow up with the physicians and
pharmacists involved to verify that
the problewns have been corrected.

This puper discusses clinical prac-
tice related to the clozapine national
regishy system, reports ou the inci-
deuce of agranulocytosis and agranu-
locytosis-related deaths from Febru-
ary 1990, when dozapine was fiest
distributed commerciilly in the US.,
ta December 1994, and compares this
clinical experience with expectations
based on premarket clinical research
projections. '

This study does not address direct-
ly the issue of optimizing the fre-
queney aud pattera. of white blood
cell testing, -although the study's
prospective analyses of rates ofagran-
ulocytosis and related deaths may
have some bearing on this issue. The
issue of whethcr formal alterations in
the current requirement of weekly
blood tests will result in.an “accept-
able” incrcase in risk is the focus of
separate epidemiologic studies and
will not be cousidercd here. This
study specifically addressed current
¢uality assurance functions wud
soaght lo answer the question of
whether the use. of a single, national
registry of all elozapine users in the
United States has enhanced patient
safety and contributed to the saving of
lives.

Mcthods

Tbe national registry

All data coming to the clozapine na-
tional registry are entered-into:an in-
tegrated, computerized  database
maintained: by the manufacturcr. Pa-
ticuls” computer records are. estab-

Tished during the ‘initial phone calls

made by physicians who are secking
clearance to-sturt a specific patient on
clozapine: The records include the
patient's identifying code number
and initials, the physician’s identifica-
tion, the pharmacy’s identification,
daily dosuge of clozupine in mil-
ligrams, dnd white - blood cell test
dates and results. -

These data are retained perma-
nently, and additional data are added
each weck. As more thar60,000: pa-
lients currently receive do/amne,
more. than 500,000 separate ficlds of
dats gre’ sent to-die manufacturer’s
national registry each week: Tn addi-
tion, separatc databuscs sre. i
tained lo track ‘ol reported adverse
reactions. All datx analyzed in this re-
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_port were drawn from those sources

and were provided by the manufac-
turec. )

We used these data tu cxamine two
process vaciables related to fanctions
of the nutional registry systein over
the first five ycaes of commercial dis-
tvibution of the medication: level of
adherence to the: registry protocol
-and denial of clinically inappropriate
retreatment. We also examined two
outcome variublcs—ratc of agranule-
cylosis and rate of deaths related to
agranulocytosis—and compared those
rates with Uie rates that were predict-
ed in analyses eonducted before dic
medication was cununcrcially distrib-
uled in the US.

Results and discussion

Adberence lo registry protocol

‘The manufacturer’s cducational and
scrvicing activities, plus the patential
threat of disciplinary action such us
deregistration as a clozapine treat-
ment system, appear ta have resulted
in generally high levels of adheresnice
fo weckly monitoring: ‘Over the first
five years of commercial distribution
of clozapine, morc than 97 percent of
trcating physicians and pharmacists
managed their patients on clozapinc
at high overall fevels-of adhevence o
the requirements- of the produet la-
beling. The remaining 3. percent laave
been charuclerized: by varying levels
of protocol compliance. National reg-
istry data show that a sinall peicent-
age of treatment systems periedically
relax adherence to monitoring guide-
lines.

Of the more than 10,000 physicians
and pharmacists currently involved in
dispensiug - clozapine, about 70 are
contucted annually because of poour
compliance in reporling data to the
national registry. National rvegistry
stafl institute corrective activns, in-
cluding cducation, - clinical manage-
ment training, and intensified review.
As new treatiment systcius acc added,
and older ones may become large or
complacent, this iterative prucess
continues.

Between 1980 and 1992, analyses
were performed to determine il cor-
rective actions by national registry
stafl were associated with improved
reporting of white blood cclf counts:
In Marcls 1992 registry staff identi-
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Cumulative number of actual and predicted cases of ag:mulocyloau amony pa-
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cent of the required records of whitc
blood ecll counts. One year later, in
April 1993, despite the addition of
more than 400 patients to the case-
loads of these 100 physicians, fora to-
tal of 2,767 patients, the percentage of
acceptable reports of white hlood eell
counts by these physicians had im-
proved ta 61 perceat.

Denial of retreatment

Patients who have discontinued use
of clozapive duc to agranulocytosis
are at increased rvisk of developing the
reaction again, generally earlier in
therapy and in a more agyressive
form, if elozapine is reinstituted (3).
The national registry clears each po-
tential candidate for clozapine thera-
py to reduce the chances of reexpo-
sure to the medication by persons at
inereased risk of developing agranu-

! Crueudatives num]\ﬂﬁ of pati receiving clozupine were 9807 in 1990, 24,112 in 1991, 47246 in 1992,
TA845 e A, sad YY502 in 1994_ Predicted ber of cases was calculated using a conservative esti-
wate afa { rute: of agranntoevtasis, based on po ket clinical h

foeytosis.
Between February 1990 and De-

fied physicians who had more than six
patients for whom morc than 10 per-
cent of the required reports of white:
o blood cell counts in the latest three
months were 1nissing: From: this. list,
the 100 physicians with the: highest
percentage of paticnts for wham

more than 10 percent of the teports
were missing were identified. At that
timne, ‘ticsc 100 physicians. weie re-
sponsible for 2,343 patients.

Before the intervention by national
registry stuff, 58 percent of those pa-
tients were missing more than 10.per-

‘ﬁgure 2.

Cumulstive number of actual and predicted deaths related to complications of
agranwlocytosis among paticuls mu,mug clozapme 1990—1994'
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¥ Cumaulative nwnhers of paticats lmuvmgdltmpmr were 8807 i 1990. 24 119 - 399L, 4:,..-16 n 1992,
TL3463 in 1993, aud 99,302 in 1991 Preclieted numhﬁr of deathis vens calcitated using conscrvative esti-

mates-of u Lp L rde uf ageinuloeyis:
markot clinical researcl
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andf 216 pexcent rate of associated martality, based on pre-

cember 1994, there were 28 instances
in which poteutisl candidutes for the
medication were denied retreatment.
Nige instances involved eight pa-
tients who had confirmed historics of
white blood: cell counts helow 2,000
or absolute ncutrophil counts below
1,000. The nine instances included-
two altcrupts to obtain rctreatment
clearance for one paticat. In four oth-
erinstances the registry was tested-hy
the manulacturer using identification
numbers of non-retreatable patients

‘tw assurc that the system functioned

appropriately. In the other 15 in-
stances, retreabment was denied uatil
closér - inspection revealed errors in
dlata; these patients were subsequent-
ly cleared for retreatment.

Rate of agranulocytosis
Between February 1990 and Decem-
her 1994, a total of 99,502 paticats
were exposed to clompine in the U.S.
and had records of morc than onc
white hlood cell count. Durm" the
first cdendyr year in the study periad
(February through Decewmbicr 1990),
9,807 patients were: exposed to cloza-
pine. The cupulstive total had in-
creased to 24,112 patients by the end
of calendar year 1991, to 47,246 at the
end of 1992, to 74,345 at the end of
1993, and to 99502 by the end of
1994. S '
Among the total of 99,502 patieuts

PSYCHIAYRIC SERVICES ¢ January 199G Vol.47 tNo.i

Find authenticated court documents without watermarks at docketalarm.com.


https://www.docketalarm.com/

 predictions based on premarket clini-

Table I
g ffects of actual and liypotsctical rates of compliance in reparting of white blood
cell counds on incidence of agranulocytasis and reélated deaths among patients re-

ceiviug clazapine

Agranulacytasis Death N pre-
— ) veatable

Kate of complizu: (%)  Rate (%) N cases Rate (%) N cases deaths?
Actadd

£0:to 10¢° 38 382 KR 12 —_

0:40 45% w 16 50.0 8 —
Hypal}!t:ﬂwl

75 to 90 60 597 50 30 18

60t 75 80 9 10.6 80 68

ﬁ to 60 1.00 995 15.0 149 137
LN cuses among 99.:)0" pahf:'uh, the cunlative her of paticrits includod in the sadiond registey fromi

Felinary 1990 through December 1994
2N deathis among N cases of agrunulocytosis
3 (Alm(mtd ‘with N deaths at 90t 100 percent compliance in‘reporting
1 Rade: among 99502 cases included in the national registry from - Felinury 1990 through Hocember 1484
3 Jlatc uneong? paticnts treated when clozapine was first distributed commercially in Finland in 1975

was calculated conscrvatively, using
the lower percentage estimate of 1
percent based on the premarket clin-
ical research. Becausc the rate of
leukopenia was consistent in the pre-
and postmarket data, the wore favor-
able postmarket findings on agranulo-
cytosis appear to be the result of sys-
temalic monitoring, carly.detection of
abnormalities: in white blood cell
counts, prompt reporting of  those
counts- to the natienal registry, and
prompt - discontinuation of elozapine
among paliculs wlo-were at risk for

during the study: period, there were
2,931 eascs of leukopenia {erude inci-
dence rate of 2.95 percent), 342 cases
of agranulocytosis (.38 percent), and
12 deuths associated with agranulocy-
tosis (012 pevcent). ‘the rate of
Teukopeuia confucis. quile closcly to

cal-research of approximately 2.5 to 3
perceit of all persons exposed to
cloxapine.

However; the crude rate of agranu-
locytosis during the study period {38
percent) was less than half that antic-

ipated feom premarket research (L to agranulocytosis.
2 pereent). ignire 1 shows the annual
uumber.of expecled and uctual cases  Death rate

of agranulocytosis.over the study pe-
riod: ‘the cxpected number of cases

Pespite intense monitoring, 12 per-
sous died as 4 result of agranulocyto-

Tahlc 2

Prospective analysis of cffécts of rutes of compliance iu repoding of white blood
cell counts on incidence of agranulocytosis and related deaths among 20,000 new
patients receiving clozapine over 2 one-year period

QOptimistic sccnmo‘ Realistic scenario®
Rate af’ Agranalocytosis N pre- N pre-
compli- : : N ventable  Ratc of N ventable
ance (%]_ Rate:{(%) N deaths deaths® death{%) deaths  deaths®
Wurloo 38 w2 o a1 2 0
75090, 60 120 4 2 54 6 kS
60ta 75 .80_ 160 5 3 16.0 16 14
H Io ﬁO 1.00 ©200 6 1 50 30 28
t A‘mmu:: a.3:1 percent rite-of deith amoag cases of agranulacytosis, Tlexs ofthe: nuadber of eases a
vatigus levels of compliance
® Assumes rate of death amoug, cases of agranulocytosis inereases as nimbier of cases increases with de:
ereasedlevels:ofl eon\phm

3 Conypared with twu deatlis «t 90 to 100 percerit compliance in reporting
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sis-related complications hetween
February 1990 and December 1994
Figurc 2 shows the cumulative ex-
pected and actual numbers of deaths
related to agranulocytosis cach calen-
dar year during the study period. The
expected death rate assumes a 1 per-
cent rate of ugrunalocytosis and an as-
sociated mortality rate of 15 percent.
This rate is consistent with couscrva-
tive estinates based on experience
abroad with clozapine and on pul-
lished research on iniwnscrin, an anti-
depressant that has lenkopenia as a
potential adverse effect (4,5).

The difference between the pre-
dicted and actnal cumulative death
rates—149 predicted deaths com-
pared with 12 actual deaths—sug-
gests-the henefits of rigorous paticut
monitoring. Thcse data show that cur-
rent medical practice and monitoring
procedures have coutributed sub-
stantially toward saving the lives of
many patients who require clozapinc
therapy. )

Table 1 shows how patient survival
might have been affected over: the:
study period il monitoring had heen
less rigorous. Actual clinical experi-
ence in the US. from February 1990
through December 1994 showed 90
to 140} percent compliance with rc-
porting ol whitc blood cell counts. In
that context, patients with agranulo-
cytosis had an overall risk of fatal
complications of 3.1 percent (12
deaths among 382 cases of agranulo-
cytosis):

At the other extreme are the initial
findings on this tepic from Fiutand in
1975-1976, where a 50 percent rate
of mortality emerged among paticnts
whao developed agranulocytesis (eight
deaths among 16 cases of agranulocy-
tosis). Rates of white blood éell moni-
toring were estimated to-be 30 to 45
percent. The outdated medical and
monitoring conditivus existing at that
time cleardy no longer apply, given
the heightened awareness of clozap-
inc und its ierapeutic and adverse
effects. However, hetween the cur-

-rent U.S. experience, represeating

the highest level of monitoring, and
the early Iinnish experience, one cun
interpolate intenmcdiate scenarios of
adequate, fair, or poor levels of moni-
toring and the associated risks of fatal
vomplications of agranulocytosis.
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For example, a rate of compliance
with white blood cell monitoring of
73 to 90 percent would be associated
with a risk of fatal complications ofan

estimaled 5 percenl wnong palients -

whao developed agranulocytasis, a
monitoring rute of 60 to 75 percent
with an estimated 10 percent sate of
fatal complications, and a monmitaoring
rate of 45 to 60 percent with an csti-
mated 15 perceat rate of fatal compli-
cations, the level recently reported
for deaths related to agranulocytosis
assaciated with mianserin (4). Thus if
wogitoring standards in the US. had
been less stringent between 1990 and
1994, between 30 and 149 deaths
might have occurred, instead of dic
12 deaths that actally oceurred.

P]bspeditm analyses

Based on conservative projections of

currcnt rates of aceoss to clozaping, al
least 20,000 Americans per year are
likely to be uewly exposed to cloza-
pine in the coming years. If thesc pa-
tients are treated under current mon-
itoring. eonditions, aboul 76 palicnls
(3% percent) are likely to develop
agranulocytosis, aud two patients ure
likely to- die‘of complications of agran-
ulocytosis (3. L percent among agranu-
focytosis cascs) in each annual coherl.

Given these rates, what would hap-
pen if standards for monitoring were
lowered? Two principal scenarios,
whiose rates are shown in Fable 2, can

be considered. An optimistic scenatio
presumes that medical practice has ad-
vauced. envagh that most cases of
agranulocytosis, including sympto-
mutic cascs, can be arrested without
fatal’ complications. Thus if vue as-
sumes that adequacy of monitoring has
w0 beuring on Gtal outcomes, two
deaths could be anticipated-among the
next 20,000 new clozapine patients if
monitoring compliance remains at
current levels. IF the rate of compli-
atwe drops, one will likely see an in-
crease in the rate of agrauulocytosis
and an additional twa to fonr deaths.

The secund, wore realistic scenario
assumes that early detection-and cou-
tinued vigilance exert a favorable im-
pact on the rate of agrmuloeytosis
and the rate of Eatalities. In this sce-
uario, a wider rauge of vutvomes can
be projected, and substantially poorer
vutcowmes are likely: For example, the
estimated risk ol agrmuwducyiusis
would range from .38 to 1 percent and
the rate of futalities from 5-to 15 per-
cent. The projections shown in Tablc
2 suggest that if monitoring deterio-
rates from curcent lfevels, between
four and 28 additional deaths may oc-
cur amoug cach aunual cohort of new
pafients.

Conclusions

in the first five years of commercial
distribution of clozapine in the U.S.,
the national clozapine registry systew

Peer Reviewers Sought by Journal

appeurs-lu have contributed to reduc-
ing mortality related to complications
of agranulocytosis substantially helow
projeeted rates derived from premaur-
ket date. The rigorous safeguards in
place to maximize the opportunities
for early detection of white blood ecll
suppression have heen associated
with favorablc outcomes in rates of
both agranulocytosis and fatal compli-
cations. Dacreased vigilance would
likely be associated with an increase
in otherwise preventable deaths. ¢
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