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Objective: Clozapine is the only medication distributed in the U.S. through a
national paticat registry systco that provides the medication only if results of
patieats’ weekly blond tests show ne evidence of significant white blood cell
suppression, an effect that can be fatal if it progresses to advanced agranulo-
eytosis. This study assessed morbidity and mortality rclated to agravulocyto-
sis during the first five years of the national registry system. Methods: Data
[rom-the aational registry databuse maintained by the U.S, manufaclnrer of
clozapine was used to determine the level of treating. systems' ‘adhercnce to
the mandated program of weekly white blood cell counts, number of in-
stances in which clozapine treatment was denicd beeause of prive détermi-
nation of white blood cell suppression, and numher of cases of'wrmuloeyto—
sis:and:deaths rclated lo ugranulocylosis among treated patients froni: Fehru-
ary 1990, when clozapine was commercially introduced in-the U.S;, thcough
Pecember 1994. The actual numbers of cases of agranulocytnm and related
deaths were compared with cxpected outcomes based on clinical research
dane before the drug hecame available cammercially. Resslts: Approximate-
Iy 97 percent of lreating systems hud a high overall-level of adherence to the
registry protocol. In 28 instances, the pretreatment authorization require-
ment resulted in denial of clozapine; after additional data were considered,

15 of the patients were clearcd for treatment. The actual incidences. of 382
cases of agranulacytosis and 12 related deaths were lower than Hteexpectcd :

995 cases and 149 deaths. Conclusions; The clozapine national registry system
fostered early detection of white blood cell supprcssion, prevented relreal-
ment with clozapine of patients who had previously dcvelnpcd ‘whi '
cell suppression, and brought about lower than expected rates of agranulocy—
tosis and associated deaths. (Psychiatric Services 417:52-56, 1996)

Dr. Homgfetd ‘s associate professor in the
department of psychiatry at the fobert
Wuod Jahnsun Medical School of the Uni-

persons in the United States suf-
fered from severe mental disor-
ders. Of those, mare than half about

In 1940, approximately 5 million

versity of Medicine and Dentistry of New
Jersey, 675 Hoes Lane. Piscataway, New
Jersey 0885¢ He served as consultant to
Sundoz Phunnaceuticals Corpuration at
the time of the stucy.

52

DOC KET

_ ARM

25 million had sechizophrenia 1).
Among persons with schizophreni,
between 10-and 30 percent do not re-
spoud wdequutely to stundard anti-
psychotic agents, because the: agents
have suboptimal’ efﬁcacy or’intalera-
ble adverse effects. {2). Thus bétween
250,000 and 750,000 tredtment-resis-
lant persons with sclumphr(.nia ve-

side in the Gnited Stutes. They repre-
sent petential candidates for treat-
wént with clocupine, an atypical an-
tipsychotic mediration indicated for
the treatment-resistant patient. As of
December 31, 1994, u total of 99,502
patients in the ULS. had been exposed
(o chreapine, and more than half of

them remained on the medication at

that time.

Increased: public interest in t.l(ru—
pine and enhanced familiarity of
physiciuns with: the medication make
it-Tikely that therapcutic vse of cloza-
pine will become more common in

-the coming vears. However, cloza-

pine use is associated with risk of

agranulocytosis, a potentially fatal
‘blood disorder that is usually rc-

versibile if detected early “enough.
Limitations in sucial and medicul sup-
port networks for persons with severe
niental illness underscore the need:

for proceduics to help safcguard this

atlnerable patient group from such
udveme side effects.
In lceepmg with general principles

‘developed by the Food and Drug Ad-

ministration, eurrcal praccdures for
distribution of elozapine stipulate
that the medication is available in the
Us. only through treatment systems
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 fueilitating curly de-
tection of potentially dangerous white

bloud cell suppression; dlspensmg
the medication only o patients with

cwrrent blood tests, delineating ve-
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sponsibilities for patient moniforing,
and eliminating as candidates for
therapy anyone with a history of
clozapine-relatcd white blood cell
\-uppl'ebblou

All potential candidates for the
medication must. be cleared through
the national registry to identify per-
sons who have had significant clozs-
pmr-reiatcd white blood cell sup-
pression in the past and who should
pot receive the medication aguin be-
cause of markedly increased risk of
agranulocytosis. White blood ccll
counts arc nornrdly 5,000 per cubic
millimeter or greater. A white hlooad
ccll count below 3,500 per cubic ail-
limeter indicates leukopenia, a condi-
tiou of mild white bleod cell suppres-
sion that is gercrally reversible apon
interruption of clozapine therapy.
Agranuloeytosis, a putentially fatad
coniplication, is-indicated by a white
blood cell count helaw 2,000 and de-
fined by an abscolute neutrophil count
below 500 per cubic millimeter: Dis-
cantinuation of clozapine is mandato-
rv for patients wilh agranulocytosis
because they are at high risk of death
secondary to a wide runge of oppor-
tunistic infcctions.

The registry system requires all pa-
tients to have a bascline white blood
ccll comt and weekly white hlaod
cell counts throughout trestment
with clozapine and for four weeks af-

‘ter treatment ends. The medication is

dispensed weekly only to paticnts for
whom data on current white bload
cell connts ave available. The registry
systemt also outlines the responsibili-
ties of physicians, pharmacies, pa-
tients, and the medication’s mumiufuc-
turer and wholesale distributors 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™ guidclines.
Treatment systems that fail to fulfH
their obligations to report results of
weckly monitoring of patients” white
blood eell counts are contacted by na-
tional registry staff, who cxplain the
risks of clozapine therapy and the re-
gquirements for weekly manitoring.
Subscquently, national registry stalf
follow up with the physicians and
pharmacists involved to verify that
the problews huve beest corrected.

This paper discusses clinieal prac-
tice related to the clozapine national
regishy systom, reports ou the inci-
deuce of agranulocytosis and agrann-
locytosis-related deaths from Febru-
ary 1990, wheu clozapine was first
distributed commerciilly in the US.,
to December 1994, uud comparcey this
clinical experience with expectations
based an premarket clinical research
prajoctions. '

This study does not address direct-
lv the issue of optimizing the fre-
quency and pattern of white. blood
cell testing, although the study’s
prospective analyses of rates ofagran-
ulocytosis and related deaths wmay
have some hearing on this issue. The
issue of wheticr formal altcrations in
the cumrent requirement of weeldy
blood tests will result in an “accept-
able” inercase in risk is the focus of
sepavate epidemiologic studies and
will not be comsidercd here. This
study specifically addressed current
cuality assurance functions wnd
soaghl lo answer the question of
whether the use. of a single, national
registry of. all do/.apmc users in the
United States has enhanced patient
safetyand. contnbuhad to the saving of
lives.

Mcthods

1be nutional registry

All data coming tothe clozapine.pa-
tional registry arc cntered: into-an in-
tegrated, computerized  database
maintained: by the manufacturcr. Pa-
ticuls” computer u:cord:. e estab-

lished during the ‘nitial phone calls
‘made by physicians who are secking

clcacance to-sturt a specific patient on
clozapine: “fhe. records include the
patient’s identifying code number

and initials, the physician’s identifica-

tion, the pharmacy’s identification,
daily dosuge of clozapine in mil-
ligramss, dnd" white - blood celt test
(!.Ltec and-results. _

These data are retained perma-
uently, and additional data are added
each weelke Ag: mior¢. tharw 60,000 pa-
lients: cunentl) receive doxamne,
more. than 500,000 separate ficlds of
data_are sent o-“tie wanufacturer’s
national registry eich week: In addi-
tion, separatc databuscs sre rouin-
tainied lo track all repertui adverse
reactions. All dati analyzed in this re-
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_port were drawn. from those sources

and were provided by the manufac-
turer. ‘

We used these dutu to cxamine two
pr(wess variables related to finctions
of the national registry systemn over
the first five years of commenrcial dis-
tribution of the medication: level of
aitherence to the regisiry protocol

-and deniul of clinically inappropriate

retreatment. We also examined two
outcome variables—ratc of agranule-
cylasis and rate of deaths related to
agranuloeytosis—and compared thesc
rates with the rates that were predict-
ed in analyses conducted before fhie
medication was comuucecially distrib-
ulcd in the US.

Results and discussion

Adberence o registry protocol

The manufacturer’s cducational and
scrviving activities, plusthe patential
threat of disciplinary action such us
deregistration as a clozapine treat-
micnt system, appear ta have resulted
in generally high levels of adherence
fo weekly monitoring: Over the first
five years of commercial distribution
of clozapine, morc than 97 percent of
trcating physicians and pharmacists
managed their patients on clozapine
at high overall fevels of adherence to
the reqguirements- of the product la-
beling. The remaining 3 percent lave
been chiaructericed: by varying levels
of prutocol compliance. National rcg-
istry data show thut @ small percent-
age of treatment systems periodically
relax adherence to monitoring guide-
lines.

.Of the more than 10,000 physicians
and pharmacists currently iuvolved in
dispensing clozapine, about 70 are
contacted annually because of puor
compliance in repurling data to the-
national registry. Natignal registry
staff institute corrective uctivns, ia-
cluding cducation, - clinical manage-
ment training, and intensified review.
As new treatment systcins ace added,
and older ones may become large or
complacent, this iterative procéss
continues.

Belween 1990 and 1942, analvses
were performed to determine il cor-
rective actions by national registry
stall were associated with impyoved
reporting of white bloud celt eounts:
Iv March 1992 registry staff identi-
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Cumulative number of actual and predicted cases of agranulocytosis ummong pa-

tients receiving clozapiue, 199019941
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taate: af 2 { peroeat e of agranntocytasis, based on premarket clinical research.

fied physicians who had more thansix
putients for whom more than 10 per-
cent of the required reporis of white
blood cell counts in the latest three
months were missing. From: this, list,
the 100 physicians with e highest
percentage of paticnts for wham

more: than 10 percent of thie teports
were fissing were identified. At that
time, ‘thesc 100. physxcmns wete re-
sponsible for 2,343 patients:

Before the intervention hy national
registry staff, 58 pereent of those pa-
tients were missing more than 10.per-

‘Figurez

Cumulative number of actual and predicted deaths related to complicutions of
agranulocytosis among paticuds mu.mug cluzapme 1990—1994'
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Ciated mmnln‘.y. based on pre-

cent of the required records of white
blood ccll counts. One vear later, in
April 1993, despite the addition of
more than $0) patients to the case-
loads of these 106 physicians, fora to-
tal 2,767 patients, the percentage of
aceeptable reparts of white hfood cell

counts by Uesé physicians had im-

proved to 61 percent.

Denial of retreatment

-Patients who have discontinued use

of clozapine duc to agranulocytosis
are at increased visk of developing the
reacbon again, genevally earlier in
therapy and jn a more aggressive
form, if clozapine is reinstituted {3).
Fhe patioual registry clears cach po-
tential candidate for clozapine ther-
py to reduce the chances of reexpo-
sure to the medication by persons at
increased risk of developing: agrzau-
focytosis.

Between February 1990 'and De-
cember 1994, there were 28 instances
in which potetiud candidates for the
medication were denied retreatment.
Nige iustances involved eight pa-
tients who had confirmed kislorics of
white blood: cell counts helow 2,600
or abselute neatrophil counts below
1,000. The nine instances included-
two allempls to obtain rctréatment
clearance for one paticat. In four oth-
erinstances the registry was testedhy
the manulacturer using identification
numbers of non-retreatable patients

't assurc that the systeny Fanctioned

appropriately. In the other 15 in-
stances, retreatment was denied uotil
closer inspection revealed errors in
data; these patients were subscqueat-
ly cleared for retreatment.

Raie of agranulocytosis
Between February 1990 and Decem-
her 1994, a total of 99,502 paticats
were exposed to clozapine in the G.S.
and had records of morc than onc
white hlood cell count. Duriag the
first cddendar year in the study-period
(February through Decemlicr 1990),
9,807 patients were exposed to cloza-
pine. The cumulative 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 cnd of
1993, and ta 99,502 bv the end of
1994. ‘

Among the total of 99,502 patieuts
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Tabie 1

£ffects af actual and liyputhctical rates of compliance in 1e[m1tmg of white blood
cclt counts on incidence of agranulocytasis and related deaths among patients re-

ceiving clazapine
Agranulacytasis Death N pre-
- veatable

Jate of complisnc: (%)  Rate (%)  Ncases  Rate(%)® N cases deaths®
Actual

#1010 10¢° 3% 382 31 12 -

300 45% - [T 16 S0.0 8 —
Hypothctical

DN .60 597 30 30 1§

60t 75 &0 96 10.0 80 68

4; to 60 1.00 995 150 149 1 37

N (uses armong 99.30° paticuty, the cumulative numiber of paticrits includod in the wdionad registny firaa

Fehwaary 1990 through Decenber 1994
2 N deaths among N caves of agranulocytosis

3 Ganyprared with N deaths a2 90t 100 percent compliance in‘reporting
 Ratr: among 99502 cases included io the national vegistry frem-Felinmry 19690 through tcoomber 1911
3 fate umong paticats treated when dozapine was finst distibuted commercially in Finlund in 1975

ducing the study: period, there were
2,931 easus vfleukopenia (crude inci-
dence raté of 2.95 percent), 342 cases
of agranulecytosis (.38 percent), and
12 deuths associated with agranulocy-
tosis (,m;z pereent).
Teukopeuia cunforiis. quile closcly to

predictions based on premarket clini-

cal-research of approximately 2.3 to 3
percent of all persons exposed to
cloxapine.

However, the crude rale of agrauu-
locytosis during the study-periad (38
percent) was less than half that antic-
ipated feom premarket research (1 to

2 percent). Iigure 1 shows the annual:

number of expected and uctual cases
of agmnulpcytos{sv-_dver the stndy pe-
rind: ‘the expected number of cases

the rate of

was calculated conscrvatively, using
the lower percentage estimate of 1
percent based on the premarket clin-
ical rescarch. Beeausc the rate of
leukopenia was cansistent in' the pre-
and postmarket daty, the more favor-
able postmarket findings on agran wo-
cytosis appear to be the result of sys-
fculﬁ.[i(:*tnﬂlﬁ!iﬂfﬁ_l& carli detection-of
abnormalities: in white hlood cell
counts, prompt reporting of - those
counts- to the natienal registry, and
prompt -discontinuation of clozapine
awnong paticuls who were at risk for
agranulocyfosis.

Death rate
Pespite intense monitoring, 12 per-
sous died as' 4 resalt of agrunulocyto-

Tahle 2.

Prospective analysis of clicts of rutes of compliance iu reporting of white blood
cell counts on incidence of agranulocytosis and related deaths among 20,000 new
patients recemng clazapine over a one-ycar period

Optimistic scenmo’ Realistic scenaric®
Rate af Agranulacytnsis N pre- N pre-
compli- ‘ ' N ventahle Ratcof N ventable
ance (%)_ Rate{%) N deaths deaths? death (%) deaths  deaths®
Wurlgo - 38 w3 0 al 2 0
090 .60 120 4 2 .56 [ 4
60ta 75 .80 160 5 3 1€:0 16 14
060 100 W0 6 a ;5.0 30 28

b rhwuu:s 2.3:1 percent rate-of de:ith amoag cases of agranulacytosis, regandless ofthe nundier of eaves al

various fevels.of ‘compliance.

* Assuines fate of: clcdhamnug cases of agranulocytosis inereases as

-lvar "

with de:

boer of cases in

3 (:omwured.mth.m' deaths-atﬂﬁ-to 100 percerit compliance in rqmdnz
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sis-related complications hetween
febriary 1990 and December 1994
Figurc 2 shows the cumulative ex-
pected and actual numbers of deaths
related to agrunulucytosis each calen-
dar year during the study period. The
expected death rate assumes « 1 per-
cent rate ofagranalocytosis and an as-
socitted mortality rate of 15 percent.
This rate is consistent with couscrva-
tive estimnales based on experience
abroad with clozapine and on pub-
lished research on intanserin, an anti-
depressant that has lenkopenia as a
potential adverse effect (4,5).

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

Table 1 shows how patient survival
might have bheen affected over the:
study period il monitoring had heen
less rigorous. Actual clinical experi-
ence in the U.S. [rom Fobruary 1980
threugh December 1994 showed 90
to 160 percent compliance with rc-
porting of whitc blood cell counts. In
that context, patients with agranulo-
cytosis had an overall wisk of fatal
complications of 3.1 percent (12
deaths among 382 cases. of agranulu-
cytosis):

At the other extreme are the initial
findings on this topic from Finkmd in
1975-1976, where a 50 percent rate
of mortality emerged among paticnts
whao devcloped agranulocytosis (eight
deaths among 16 cases of agranulocy-.
tosis). Rates of white blood cull inoni-
toring ‘were estimated to be 30 to 45
percent. The ontdated medical and
monitoring conditivns existing at that
time cleady no longer apply, given
the heightened awareness of clozap-
inc und its therpentic and adverse
eflects. However, hetween the cur-

-rent U.S. experience, representing

the lughest level of monitoring, and
the early finnish experience, une cun
interpolute intermediate scenarios of
adequate, faix, or poor levels of moni-
toring and the associated risks ol Tatal
complications of agranulocylosis.
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For example, a rate of compliance
with white blood ccll monitoring of
73 to 90 percent would be associated
with a risk of fatal complications ofan

estimaled 5 percenl wuong palients -

wha developed agranulocytasis, a
monitoring rute of 60 to- 75 pereent
with an estimated 10’ percent rate of
fatal complications, and a monitoring
cate of 45 to 60 percent with an ¢sti-
mated 15 percent vate of fatal compli-
cativns, the level recently reported
for deaths related to agranulocviosis
associated with mvianserin (4). Thas if
" wogitoring standards in the US. bad
been less stringent between 1990 and
1594, between 30 and [49 deaths
might have occurred, instcad of the
12 deaths that actnally accurred.

Hbspcdiw analyses
Based on conservative prejections of
currcnt rates of accoss to elozaping, al
least 20,000 Americans per year are
[ikely to be uewly exposed to cluza-
pine in the coming years. If thesc pa-
tienits are. treated under current mon-
itoring. eonditions, sboul 76 paliculs
(38 percent) are likely to develop
agranulocytosis, and twe patients are
likely to die'of complications of agran-
ulocytosis (3. L percent amang agrani-
leeyiosis cascs) in each annual cohort.
Given these rates, what wauld hap-
pen if standards for monitoring were
lowered? Two principal scenatios,
whose-rates are shown in Fable 2, can

be considercd. An optimistic scenario
presumes that medical practice has ad-
vaunced. envugh that most cascs of
agranulocytosis, including sympto-
mutic cases, can be arrested without
fatal complications. Thus if oue as-
sumes that adequacy of monitoring has
o bearing on futal outcomes, two
deaths could be anticipated amoug the
next 20,000 new clozapine patients if
monitoring compliance remains at
carrent fevels. If the rate of compli-
atie drups, one will likely see an in-
crease in the rate of agranulocviosis
and an additional twa to foor deaths.

The secud, wore realistic scenario
assumes that early detection and con-
tinued vigilance exert a favorable im-
pact on the rate of agruaulocytusis
and the rate of fatalities. In this sce-
nario, a widcr rauge of vutcomes can
he projected, and substantially poorer
vutcomes are likely. Yor example, the
estimated risk of agrawlucytusis
would range from .8 to 1 percent and
the rate of futalities from 5 to 15 per-
cent. The projections shawn in Table
2 suggest that if monitoring deterio-
rates from curcent levels, botween
four and 28 additional deaths may oc-
cur among cach anrual cohort of new
patients.

Conclusions

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

Peer Reviewers Sought by Journal

appears o have contributed te reduc-
ing mortality related to complications
of agrunulocytosis substantially helow
projeeted rales derived from prevaur-
ket dati. The rigorous safeguards in
place to maximize the opportunities
for eurly detection of white blood cdll
suppression have been associated
with favorablc outcomes in rates of
both agranulecytosis and fatal compli-
cations. Decreased wgulan(e would
likely be associated with #n increase
in otherwise preventable deaths. ¢
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