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Objective: Clozapine is the only medication distributed in the U.S. through a
national paticnt registey system that provides the medication only if results of
patients’ weekly hlaod tests shaw na evidence of significant white blood cefl
suppression, an effect that can be fatal if it progresses to advanced agranulo-
eytosis. This study assessed morbidity and mortality related to agrunulocyto-
sis.during the first five years of the national registry system. Methods: Data
[rom the national regisiry database maintained by the US, manufactarer 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 treatinent was denicd: beeause of prioc determl

nation of white blood cell suppression, and number of cases of- aﬂranulocyto—
sis:and:deaths related lo agrandlocytosis among treated patients fron Febru-
ary 1990, when clozapine was commercially intreduced in thic U.S,, through
December 1994, The actual numbers of cases of agranulacytosis and related
deaths were compared with cxpeeted outcomes based on clinical research
done hefore the drug hecame available commercially. Results: Approximate-
Iy 97 percent of treating systerns had a high overalllevel of adherence to the
registry protocol. In 28 instances, the pretreatiment authorization roquite-

‘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 agraaulacytosis and 12 related deaths were lower than ﬂteexpeetcd .

995 cases and 149 deaths. Conclusions: The clozapine national registry system
fostered early detection of white blood cell suppressian, prevented ‘relreat-
ment with clozapine of patients who had previously developed white blood
cell suppeession, and brought ubout lower than expected rates-of agranulocy—
tosis and associated deaths. (Psychiatric Services 47:52-56, 1996}

Dr. Honigfeld is associate professor in the
department of psychiatry at the Robert
Wuod Johnson Medical School of the Uni-
versity of Medicine and Dentistry of New
Jersey, 675 Hoes Lane. Piscataway, New
Jersey 0883¢ He served as consultant to
Sundoz Phurmnaceuticals Corporation at
the time of the study.
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n 1980, approximately 5 million

persons in the United States suf

fered from severe mental disor-
ders. OFf those, mare than half. about
2.5 million had schizophrenia (1).
Among persons with schizoplirenia,
between 10-and 30 percent do not re-
spoud adequately to standard anti-
psychotic agents, because the: ageats
have subaptimal efficacy or intolera-
ble adverse effects (2). Thus bitween
250,000 and 750,000 ﬂhtxtmer’)'t‘—re'si's-
lant persuns with schizophrenia re-

side in the Guited Stutes. They repre-
sent potential candidates for treat-
mént with cluzupine, an atypical an-
fipsychatic medication indicated for
the treatment-resistant patient. As: of
December 31, 1994, a wtal of 99,502
patients in the US. had been exposed
o clozapine,. and. - more than half of
them remained on the medication at
ﬂmt time.

Increased public interest in cloz-
pine and enhanced familiarity of
physicians with the medication make
it-likely that therapeutic usc of cloza-
pine will become more common in

~the coming years. However, cloza-

pinie use is associated with risk of
agranulocytosis, a potentially fatal
blood disorder that is usually re-
versible if detected early ‘enough,
Limitations it social and medical sup-
port networks for persons with severe
miental illness underscore the need

for proceduics ‘to help safcguard this

vatlnerable ‘patient group from such
advense side effects.

In keeping with general principles
developed by the Food and Drug Ad-
ministration, currcal proceduces for
distribution of elozapine stipulate
that the medieation is available in the
US. only through treatiment systems
registered with the national registry

developed and maintained by, the -

U.S. manufacturer of clozapine. The

. purpose of the registry is to-enhance

patientsufety by fucilitating. carly de-
‘tection of potentially dangerous white
blood cell suppression; dispeising
the medication ealy 1o patieuts with
cwrrent hlaod tests, delineating re-
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spousibilities for patient monitoring,
and eliminating as candidates for
therapy anyone with a history of
clozapine-related white blood cell
\-upprcsmon

Al potential candidates for the
medication must be cleared through
the ational registry to identify per-
sons who have had significant clozs-
pme-relatud white blood cell sup-
pression in the past and wha should
ot receive the medication aguin be-
cause ol markedly increased risk of
agranulocytnsis. White blood ccll
counts arc nornrdly 5,000 per cubic
millimeter or greater. A white hlood
ccll count below 3,500 per cubic mil-
limeter indicates leukopenia, a condi-
tiou of mild white blood cell suppres-
sion that is gencrally reversible upon
intcrruption of clozapine therapy.
Agranuloeytosis, a potentially fatal
coniplication, is indicated by a white
bluod cell count helaw 2,000 and de-
fired hy an absolute neutrophil count
below 500 per cubic millimeter: Vis-
cantinuation of clezapine is mandato-
v for patients witlh agranulocytosis
because they are at high risk of death
secondary to a wide range of oppor-
tuniistic infcctions.

The registry system requires all pa-
tients to have a bascline white blood
ccll count and weekly white hlood
cell counts throughout treatment
with clozapiac end for four weeks af-
‘ter treatment ends. The medication is
dispensed weekly only tu paticuts for
whom data on current white hload
cell counts ave available. The registry
systern alse outlines the responsibili-
ties of physicians, pharmacies, pa-
tients, and the medication’s manufic-
turcr 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-1:0 drug™ guidclines.

Treatment systems that fail to ful&ll
their obligations to report results of
weelkly monitoring of patients’ white
blood cell counts ave contacted by na-
lonal registry staff, who cxplain the
risks of clozapine therapy and the re-
quirements for weekly monitoring,
Subscquently, national registry stalf
follow up with the physicians and
pharmacists involved to verify that
the problews huve beext corrected.

This paper discusses clinical prac-
tice related to the clozapine national
regishy system, reports ou the inci-
deuce of agraqulocytosis and agranu-
locytosis-related deaths from Febru-
ary 1990, when dozapine was fisst
distributed commercially in the US.,
to December 1994, and compares this
clinicad experience with expectations
based an 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, -althaugh the study’s
prospective analyses of rates ol agran-
ulocytosis and related- deaths may
have some hearing on this issue. The
issue of whethicr formal alterations in
the current requirement of weekly
blood tests will result in.an “accept-
able” incrcase in risk is the focus of
sepavate epidemiologic studies and
will not be considercd here. This
study specifically addressed current
¢uality assurance functions wnd
soughl to answer the question of
whether the use of a single, national
registry of all Llol.d.pmc users in the
United States has enhanced patient
safety-and mr\tnbutzd to the saving of
lives.

Mcthods

1be national registry

All data_coming ta the clozapine pa-
tional registry are entered: into-an in-
tegrated,. computerized . database
maintained: by the manufacturcr. Pa-
ticuls” computer records are. estab-

lished during the initial phone calls
made by physicians who arc soeking

clcarance to-stint 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 clopine in mil-
ligrams, and- white blood: cell test
dates and vesults. -

These dala are retained perma-
nently, and additional data are added
each weck. As more thair 60,000: pa-
lients currently receive clozapine,
more. than 500,000 separate ficlds. of
data gre’ sent to-tie maanufacturer’s
national registry each week: In addi-
tion,. separatc databuscs sire. riuin-
tained lo track ‘all: reported adverse
reactions. All:data analyzed in this.re-
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port were: drawn from those sources
and were provided by the manufac-
turer.

We used these data tu cxaminc two
process variables related to functions
of the nitional registry systein over
the first five ycacs 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 variubles—rate of agranule-
cylosis and rate of deaths related tv
agranilocytosis—and comparced thosc
rates with We rates that were predict-
ed in analyses conducted before dic
medication was cunuacrcially distrib-
uled in the US.

Results-and discussion

Adberence fo registry protocol

The manufacturer’s cducational and
servicing activities, plus the patential
threat of disciplinary action such as
deregistration as a clozapine treat-
micat system, appear ta have resulted
in generally high levels of adhcrence
o 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-levels-of adhevence to
the requirements: of the product la-
beling. The remaining 3 pereent liave
been charuclerized: by varying levels
of protocol compliance. National reg-
istry data show that a small pevcent-
age of treatment systems periodically
relax adherence to monitoring guide-
lines.

.Of the more than 10,000 physicians
and pharmacists currently involved in
dispensing - clozapine, about 700 are
contuacted annmually because of pour
compliance in repurling data to the
natioual registry. National registry
staff institute corrective actions, in-
cluding cducution, clinical manage-
ment training, and intensified review.
As new treatinent sysicius acc added,
and older ones may become large or
complacent, this iterative procéss
continues.

Between 1990 and 14992, analyses
were performed to determine i cor-
rective actions by national registry
stall were associated with improved
reporting of white blood cclf counts:
Tu Marcls 1992 registry staff identi-
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Figsere 1

Cumulative number of actual and predicted cases of agranulocytosis urmony pa-

tients receiving clozapiue, 1990-1994!
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TA8435 ine A9HK3, seead YY,502 in 1904 Puthd numbcr of cases was am[qalaled usmg a conservative esti-

wate of g { pe Tute: of ag:

fied physicians who had more than six
paticuts for whom more than 10 per-
cent of the required reports of white
blood cell counts in the latest three
months were nissing: From: this fist,
the 100 physicians with the highest
percemtage of paticnts for wham

vtosis, based-on p

ket

more: than 1@ pereent of Hie reports
were missing were identiffed. At that

‘timie, ‘thesc: 100 physicians. wete re-

sponsible:for 2,343 paticnts.

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

‘Figure 2

Cumnulative number of actual and predieted deaths related to comglicutivns of
agranulocytosis among paticrls r(x.u\qug cloapme 1990—1994'

cent of the required records of white
blood ecll counts. One year Tater, in
April 1993, despite the addition of
more than 400 patients to the case-
loads of these 100 physicians, for a to-
tal 6f 2,767 patieats, the percentuge of
acceptable reparts of white hicod eell
counts by these physicians had im-
proved to 61 percent.

Denial of retreatment

Patients who have discontinued use
of clozapive duc to agranulocytosis
are: at increased risk of developing the
reaction again, generally earlier in
therapy and in a more aggressive
form, if clozapine is reinstituted (3).
The pational registry clears each po-
tential candidate for clozapiae ther-
py to reduce the chances of reexpo-
sure to the medication by persons at
increased risk of developing agrnu-
focytosis.

Between February 1990 and Dec-
vember 1994, there were 28 instances
in which potcutial candidates for the
medication were denied retreatment.
Ninc instances involved eight pa-
tients who had confirmed historics of
white blood: cell counts helow 2,000
or absolute neutrophil counts below
1,000. The nine instances included-
two altcrmpts to obtwin rctréatment
elearance for one paticat. In four oth-
erinstances the registry was testedhy
the manufacturer using identification
numbers of non-retreatablé patients

‘to assurc that the systeny fanctioned

appropriately. In the other 15 in-
stances, retreatment was denied until

160 “~ Prodicted B closer - inspection revealed errors in
140 - Actial (,-” data; these patients were subsequeat-
//‘ ly cleared for retreatment.
120 "
: /-".r Rate of agranulocytosis
L - — Between February 1990 and Decem-
'g' ’/" her 1994, a total of 99,502 paticuts
5 & ”a were exposed to clozapine in: the U.S.
z e and had records of morc than onc
“ - T T ) _ white. blood cell count. During, the
e g first calendur year in the study periad
9 =g | (February through December 1990),
% /_,/"’ 9,807 patients were exposed to cloza-
. e s . pine. The cunulative total had- in-
0 — T IV . i _ . creased to 24,112 patients by the end
1990 Risis] A 192 1983 1994- of calendar year 1991, to 47,246 at the
¥ Cumalative heis of nﬁcnh ivings ch ' \Vﬂl‘cﬂsﬂ'i' iﬁ-lQQl*'?All?;»ili.‘.l‘ggl,47,?a4€ in 1992, endof 1992, to 74,345 ‘tlt‘ the cnd of
FLG in 1990, sad 99,302 o 1954, Pronlicd A miosher of deaths was calentated wsing conservative o, L000: and fa 99502 by ‘the end of ,
steates of u 1 percurit e uf sgrinulneytasic. and 236, pexcent rate of assoc: ted martality. based on pre- 1994.
market dlinical reseurch. : Among the total of 99,502 palients
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Table 1 .

Effects af actual and hypullictical rates of compliance inreparting of white blood
it counts on incidence of agranulocytasis and related deaths among patients re-
ceiving clazapine

Agranulocytasis Death N pre-
= ventable

Kate of complisuc: (%) Rate (%) N cases Rate(%)® N cases deaths®
Actuaad

0.t 1007 38 82 31 12 —

30045% o 1G 0.0 8 —_
Hypathetical

Tt 60 597 30 30 18

60rta 75 80 86 10.6 80 68

1ﬁt050 1.00 995 15.0 149 1}7

0N caases among 99.30° paticut, the cumulative number of paticrits includod in the sationiad registry froni
Fedwaary 1990 through Decentber 1994

2 N dethis among N caves of agranulocytosis

3 Comyprared with K deaths at 90t 100 percent comphianve in‘reporting

1 Riste: among 99,502 cases included io the national registry from - Felirusry 1990 through Hocember 1984

3 Ratc umong patients treated when dozapine was first distributed o cfally in Finlund in 1975

was caleulated conscrvatively, using
the lower percentage estimate of 1
percent based on the premarket clin-
ical rescarch. Becausc the rate of
leukopeniia was consistent in' the pre-
and postmarket data, the more fvor-
able postmarket findings on agranula-
cytosis appear to be the result of sys-
teraalic monitoring, carly detection of
abnormalities. in white bload cell
counts, prompt . reporting of  those
counts: to the natienal registry, and
prompt - discontinuation of elozapine
among. paliculs wiho- weee at risk for

during the. study: period, there were
2,931 eascs of levkopenia (crude inci-
deuce raté of 2.95 pereent), 342 cases
of agranulocytosis (.38 percent), and
12 deuths associated with agranulecy-
wsis {012 percent). ‘the rate of
Teukopeuia cunfucis. quile closcly to
predictions based on premarket clini-
cal-research. of approximately 2.5 to 3
percent of all persons exposed to
cloxapine. '

However, the crude rale of agranu-
locytesis during the study pennd {38
percent) was:less than half that antic-

ipated from premarket research (1 to agranulocyfosis.
2 pereent). ligure I shows the annual:
number. of expecled and uclual cascs Death rate

Despite intense monitoring, 12 per-
sous died as 4 resalt of agranulocyto-

of agramilocytosis.aver the study pe-
riod: Ythe expected number of cases

Tahlc 2

Prospective analysis of cffécts of rutes of compliance iu repodting. of white bloed
cell counts on incidence of agranulocytosis and related deaths among 26,000 new
patients receiving clazapine over a one-ycar period

Qptimistic scenardo!  Realistic scenario®
Rate af Agranulocytosis N pre- N pre-
compli- - : N ventable Rutcaf N ventable
ance {%) Rate{%) N deaths deaths? death{%) deaths  deaths®"
90 1 100 - .38 7 3 0 31 2 0
751080, .60 120 4 2 540 6 4
60-ta 75 .80 160 5 3 10:0 16 14
Hto60 - 100 200 6 1 50 30 28
t r‘w a 3>l péh:em rate-of de:ith amoag cases of agranulacytosis, regandiess ofthi: mamiber of cases al
variaus tevels.of eomplumcn:
* Assuimes raté of tleaﬂlamxxxg cases of agranulocytosis inereases as nimbor of cases wilh de-
ereased develsof cﬂmphamc

 Congpired with two. deatlis «t 90 to 100 percerit compliance in reporting
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sis-related complications hetween
Fehriary 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-
sacidted mortality rate of 15 percent.
This rate is consistent with couscrva-
tive estimates hased on experience
abroad with .clozapine and on pub-
lished research on inianscrin, an anti-
depressant that has lenkopenia as a
potential adverse effect (4,5).

The dificrence between the pre-
dicted and actual cumulative death
rates—149 predicted deaths com-
pared with 12 actual deaths—sug-
gests the henefits of rigorous paticut
monitoring. Thicse data show that cur-
rent medical practice and monitoring
procedures have contributed sub-
stantiadly toward saving the lives of
many patients who require clozapioc
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 U.S. from February 1990
thirough December 1994 showed 90
ta 100 percent compliance with rc-
portng of whitc bleed cell counts. In
that context, patients with agranulo-
cytosis had an ovecrall wisk 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 topic from Finkmd ia
1975-1976, where a 50 percent rate
of mortality emerged among paticnts
wheo developed agranulocytosis {eight
deaths ameng 16 cases of agranulocy-
tosis). Rates of white blood ccll wnoni-
toring were estimated to-be 30 to 45
percent. The outdated medical and
monitoring conditivus existing at that
time cleady no longer apply, given
the heightened awareness of clozap-
inc und its thierapeutic and adverse
eflects. However, between the cur-

-rent U.S. experience, represeating

the Lighest level of monitoring, and
the early Finnish experience, one cun
interpolate intennediate seenarios of
adequate, faix, or poor levels of moni-
toring and the associated risks ol fatal
complications of agranulocytosis.
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For example, a rate of compliance
with white blood cell monitoring of
75 to 90 percent would be associated
with a risk of fatal complications ofan

‘estunaled 5 percent wuong palients -

wha developed agranulocytasis, a
monitoring rute of 60 to- 75 percent
with an estimated 10 percent rate of
fatal complications, and 2 monitoring
rate of 45 to 60 percent with an csti-
mated 15 percent rate of fatal compli-
cations, the level recently reported
for deaths related to agranulocytosis
assaciated with mianserin (4). Thas if

" wogitoring standards in the US. had
been less stringent between 1990 and
1994, between 30 and 149 deaths
wmight have occurred, instead of the
12 deaths that actnally aceurred.

Prespective analyses

Based on conservative projections of

current rates of aceess to clozapinc, al
least 20,000 Americans per year are
li]«-:ly to be uewly exposed to cloza-
pine in the coming years. If thesc pa-
tients are. treated under current mon-
itoring conditions, aboul 76 palicnls
(38 percent) are likely to develop
agruuulocytosis, aud twe patients are
likely to.die of complications of agran-
ulocytosis (3. L percent among agranu-
locytosis cascs) in each annual cohort.

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

be considered. An aptimistic scenatio
presumes that medical practice has ad-
vauced. enough that most cascs of
agrannlocytosis, including sympto-
mutic cascs, can be arrested withaut
fatal- complications. Thus if vue as-
sumes that adequacy of monitoring has
wo besring on Gt outcomes, two
deaths could be anticipated amoung the
next 20,000 new clozapine patients if
monitoring compliance remains at
curvent fevels. IF the rate of compli-
anee drops, onc will likely see an in-
crease in the rate of agranulocytosis
and an additional two to fonr deaths.

The second, ore realistic scenario
assumes that early detection and ceu-
tinued vigilance exert a favorable im-
pact on the mate of agrumulocylosis
and the rate of fatalities. In this sce-
nario, a wider rauge of vutcomes can
be projected, and substantially poorer
vutcomes are likely: Yor example, the
estimated risk ol agranulucytosis
would range from .38 10 1 percent and
the rate of futulities fivm 5 to 15 per-
eent. The projections shown in Table
2 suggest that if monitoting deterio-
rates from curcent fevels, botween
four and 28 additienal deaths may oc-
cur among cach annual cohort of new
patients.

Conclusions

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

Peer Reviewers Sought by Journal

dppcars o have contributed to reduc-
ing mortality related to complieations
of agranulocytasis substantially helow
prajected rates derived from premar-
ket date. The rigorous safeguards in
place to maximize the opportunities
for early detection of white blood ecll
suppression have been associated
with favorablc outcomes in rates of
both agranulocytosis and fatal compli-
cations. Decreased vigilance would
likely be associated with sn increase
in otherwise preventable deaths. ¢
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