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Current Status of Clozapine for Treatment-Resistant Schizophrenia

Se Hyun Kim, MD, PhD
Department of Psychiatry, Seoul National University Hospital, Seoul, Korea

Clozapine is the first and most effective atypical antipsychotic drug for treatment-resistant schizophrenia (TRS). After withdraw-
al of clozapine due to concerns of agranulocytosis, clozapine was reintroduced with a comprehensive safety monitoring system,
the clozapine patient monitoring system (CPMS). The reintroduction was a response to the pressure from psychiatrists and pa-
tients with TRS and their families. Clozapine is still the best single agent for the treatment of TRS. However, approximately 30%
of patients with TRS still show psychotic symptoms. In patients with clozapine-resistant schizophrenia (CRS), augmentation of
other antipsychotic agents could be considered after a thorough evaluation of proper clozapine treatment. In this review, the sta-
tus of clozapine in patients with TRS and CRS will be discussed. (Korean J Schizophr Res 2021;24:1-7)
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Chlorpromazine Clozapine

Fig. 1. Chemical structures of chlorpromazine and clozapine.
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Table 1. Requirements for assessment of adequate treatment re-
sponse for clozapine

Plasma clozapine level  >350 ng/mL

Treatment duration More than 8-12 weeks after
achieving clozapine plasma level
350 ng/mL

Clozapine dose More than 400-500 mg/day if plasma
level unavailable*

Symptom severity No more than moderate level

of individual psychotic symptoms

«. Clozapine dose must be adjusted considering individual and
ethnic differences in drug metabolism and tolerability

4

Aol o o)z W2 FA QR F2HE 7|H9] o] f&
A= om, 49] Do/5-HTon 7Hd2 4 v]AS 5414
oF&E0] 7| 2AQl 71 e g e Aottt ERAEE 89S
AEH O 2 o2 D, 784 H&0] 60% olsto|H, o]=
218l 5-HToa/Dy 584 & Hli= S2A0] Atial e
2 7MY =& Holth 1 Qo= FRAMS =9l D, 4§
Al, i, op-oF=dE R =84, Hy 3|28 =84, M, obA|
8959 £84) SolE 2 A Helch

wheba] SEARAY ohE A orE 82 o242 A
o] ti3xA4 7 F sk 2RAS] £53 D, -84 At
RS thE oFER ESTths Aotk whepA] =yl 4~
A 23}=7E 2 ofAlof| thigk A7} gho] Eo] gtk 1|
oJmjoflA] A3 FAEE W8 A At 7vid 4
o, druelE, dujgto|s, vnate|e SRHUA &
o] B8 a9 Ayl HFE? 2oy Y P oF
= B8 axol gigk AAA At= AgHAQ] Holr}, Mdujzt
o|=9] B, SEAY} WHESHA HH S=A ws o
of vsl F7HAl X7 ANE Y= Ao 2 FAIE Bl
A5 Fol EIEglon, SR A R eE oty
ZetE H§ FolE ofof nHlugt dAtolA ERHeE of
glujzetEn FARE Ao FUHARl A' avks fEst
ﬁq_'%}@

HE oFEmA AIjHE vgE A e AT E
ottt glang]E, ofuldzetole, ofgjulLetE A€l
|ZepAE, DejeelE, HElohd, St § g H|
9% of=o] Zelun, this] oFEE52 YideE oA
sojo|, ofejs|za o] o, thitie] AeiTolAE
W9 HALEFE 58 ael Bt spelEo, B4
9] viA YA (randomized controlled trial, RCT)-2 19|
Hsl| F-55}0], o] & tho = 3 weREA] Aito] w=tH &)
T oHAlE 88 ante] ZA7E 2 Hol ofd Ao = i)
L Rtk ey B8 A' AR ) o] 52 At SRt
Hole}. vt &4 Zupsof u= 53] ofgju|ZekE, 2l
#Hlel=, opnldzetol= o] Ayt Fzber: glAne=o] 7
- RCTE &3l &7 7l tist 7 a7} v 1% ql
o}, ofgjujZetE 9 ofn|dzefolt W§8-9] Holl=
2 Yo A4 B 5 T 2 a2 A
O 7 gy

2| A=A AR ofAlo] whE 23

N

X

GREBR

Korean J Schizophr Res 2021;24:1-7



T waeld, SRAut ofelwmebs
ATE Mol oz BuHYrh
7, el2lelE, Aelob 5o §e A=t
e B 220 HE AYLES o wEgon, 4
P%E FAR AR A 7Fet BE FHAYEE A
o] W8-S AN BAT AroE F2AW B X
of vl3) AAUEL Ak FRA T 8A 2
Z3helo] AR Lok e oA Bro] AgE o)
on), AAUKE] F7H4 74T Bol Eakyl -8R A8
2 W89 7jE0.2 A7)t ofelg) el

CRFa Aol SRS ofefuZetE g aue]
7ba APt g SRels ole), SRt ofeluZebE

%LQ._O_ O]:A(S], 2/\61’ 7] =] _Z_/\]—oﬂ 1;Ht‘$}- ;Eq_jq. L:L3 o}qa} 7]—1:1]— n_l

11:1 Iﬂl

a3

[eJR Y] =
B2l FAbo = 54 ATFE Bt B go] FH|9R RALE
oy} geEtg] Z71o] KI1A Aol Ao FE x|

ofRt A FARE A 3] BT
okA wo o1o1x15 5784 A} Qi) o9k e oA
ZA) Z7} 85 9 Yoky Z2lo] B Eojo
ofet Hd% s EL}E‘ ojoiA= AL HeIt) of2ju]z
2t£2] Dy, 5-HTia, 5-HToe 584 5

o2 Hof

2 a8 (partial ago—

nism) 2 % 9 5-HTuS8A0l that 43}t 2hg2 ok o
A, 2 Sl st 71 5S¢ 9_7]&1/\11:,_ x];qzjg

ASS7H % A
7170 2 AotE|al Qlof, E=A1A

F29) SRS f2d
A8 ofelets

o] oJglo] FHE= H]_olul_zosl 39)
SEADY} olgju]ZetE g 27| Ao isf -2t

Sfoll 4 AJaEl 20084 A7 W7} Qi SRAY B8 %
Q1 BolN op4 ZAe) B AR ofajnmelE W ET
3}tz Atolol 2 Hpol7t giglorh, 84 B4 9 )

0{

p

- O

el i;ﬂowh frofgt Afol7t gick rebela} Xy
o] Wt of2luLalE Wil FolshA wokch
o] =

% *a:r% 273t 47 1 27 03_4011*15 K B4 ool
A 2 A EX*OI xl

© 08 10 mg 3.8 §ko] o] Tolgich ol
Subet AR A 2HY BAES Ao o AT 2
2 A] AR A ALgolAe] XS AL S QA

x5t SRR B

AbA 0 2 i 20~30% Z28H SR X B A A olH,

1% oF 60%2] BAp7E SR Aol o3t A7 A} qlrkal

Korean J Schizophr Res 2021;24:1-7

A
o] o 12+18% FAL 22
B ook A4 4 9k ok, Wk 59 3
PholA] F2 10% o9} 2BY B FRAUS r%s}
31 glou}, 1 9] o ae] St 2RAbm AgEo] 4
5] e Holek ) ue) 79 F(stateubet 1 A 3
ol7} Qlort 50% oltol Tow 5% olje] Zg FtolA|
SEgo] AYEi G AoE 2AHGY 224U &
Q) ol W WY G4l ozk Sol wriso] ghort o
Moz SR Ay e H 10012t B 75t
L AR BaE]E SeE? Sgehy, 2EAm A )
2o] 7|0 ool v FEAL, A2 G AHepEe)
%2 59 B4 Sl M= Soluba gleke Holtk T2 &
ZEA 2Kl A4 F7tolE Bk, Aol of
FApolBe] 417} Ak Holc,

Rl PohE e T 4aF ° kYT 2

A1
& ol 6‘1—_-1‘ HXI—_Q_oﬂ tHz‘;l—

fH N

s

r°"

oy B Sjoltt, AW ALE T FFT
T2 oF 27%, T2 oF 0.7~0.8% Hx=2] 2t
A Yebdth Fabg5e] o] = 7 AFYe R o]o]
A 4 9l APl BagolA|ut Rl rEo] WA Hle
o] AL FEAW &3 GAle] 9o Hlg| &S HE ofH
CPMS9| 2g08 FF}2Ql ofifo] o]FEoj7l A E3t AP
ottt ouQl FF fhAE F2 E 19 olujo] Wy
)]

ghe} 1 SR AR AR 1090] AUbA WAshs dolle)
2] o] Aol thgt Abe| Kl v =871 SRR ‘2171% Bl
o}, gh=ollA] 6782789 S=A Fof $ALE
w2 FofghA] eido] A o] o JﬂLE]:rLZOI ‘%EP’} At
gl 3k 20159 Wl FDA= EH AL mUEE 7|2
2 th4 &35}s1e] absolute neutrophil count (ANC) 1,000~
1,499/ulL77F “74%F 3551 74 (mild neutropenia) & &
7r3ta doll AALE t] Apdte] EelshEA S2 A1 F)
BE fABIE Ao 2 kP ygso] 22y At
E(Netherlands Clozapine Collaboration Group)2] 3% 4
Al ZAko g BEA7) ¥R okl AASH ARES Al
s 50| ZEAW ALE A2 618 ol H71He) °

A} AL AR AR B8 588 5 Gl Ao A

o ML o

FlO r

W S _I% of
QL

7|5 Sl 8 TS Hde] ddEHE Af 2
AAFS HE=A] A|3Y5H, Zox 1o 435] Hwo] Hal= 2
a3 Zlo 7 Agsiant” FEAUL] AL Hgo] FH =
A ZAdE o = Fol HAL 7|0 a7t o] Fojx|= Ho R

Holth 28 4714 €9 Aibe =7PEE AE el %
o] HE=A] =3iE|ojof shr, olisha] fakg e 1t

(3}



Rall
Hu
A
o
0%
P
o
0F
=2
x
mu
Hu
il
i
Rl
HU
10
|'0
ol

B o Hep e
Folsts] Rag oof F2Ae| o3t 7

i
-z
22
oo
s flo

Sid
=
A=)
au
N
uic)
2
D
2
p-[o
rE
=
ojr
o
o,
o
a3
uju
hu
D)
e
E jutl

N
N
fa
>
i)
N
lo
!
g
L
=
N
)
T
ue.
ol
o
30,
2
N
olN

oI
olN
=

i)
hay
B
X,
jn)
~
>
o
S~
>
Irt
tlo
|
i
T
s
o,

o

2

oo o
Al

wa ce S
o
e
o
T
)

Z o
gl_g’
tr
2 flo ot
it
oot
>

o
fo
o

4 °

2

o
ofN ot

I

-
[
4
T
o
T
i)
o]
~
il
Tx

-
X
X

e o i[]?‘h

2o ™

Lo To m

L5

_}I_‘

o

o
1o
oY, ©
N
o
o U
Ol
fr
1o
o
=
)

)

i)

3l 7H o] Harg
ashrhi 4zt

B RolAl ARAGA RN S22 A}
22 A W ol Tie AHACHE
Ap) mokk Aol A wb

et ol diside & =l A=A

A

3

g
B
£
M ok oo
o 2 &

n 32
o
he
o
rir

fu
B
re
10
2
i)
<
_2\‘1_'.
ol
2
N
fo
)
-z
s
o
rlﬂi
>
ﬁ
N

rir > o
) o 2
~N oy 3=
= 2
< oo Jn
ﬂlﬂ —{II i",
P i
= o U
= e
J{Qj' e i;:‘
2

it ﬂ N
les ; o
ox % oot
o, B o_;r‘:
TrEak
2 = L
_y o Mo
N e
< 4N oF
f; i gy 1o o
ko e =

Lo (0 ore o @ o Al = o mu

1o
»
i)
oo
([ ol
et
2
N
Z
ol
o
2
Ul
u
by
rE
1o
M
Bl
o
o,
o
B
2

ORCID iD

Se Hyun Kim https://orcid.org/0000-0001-7078-2835

REFERENCES

1) LeeJS, YunJY, Kang SH, Lee SJ, Choi JH, Nam B, et al. Korean
Medication Algorithm for Schizophrenia 2019, Second Revision:
Treatment of Psychotic Symptoms. Clin Psychopharmacol Neuro-
sci 2020;18:386-394.

2) Taylor DM. Clozapine for Treatment-Resistant Schizophrenia: Still
the Gold Standard? CNS Drugs 2017;31:177-180.

3) Ban TA. Fifty years chlorpromazine: a historical perspective. Neu-
ropsychiatr Dis Treat 2007;3:495-500.

4) Kuhn R. The treatment of depressive states with G 22355 (imipra-
mine hydrochloride). Am J Psychiatry 1958;115:459-464.

5) Crilly J. The history of clozapine and its emergence in the US mar-
ket: a review and analysis. Hist Psychiatry 2007;18:39-60.

6) Hippius H. A historical perspective of clozapine. J Clin Psychiatry
1999;60 Suppl 12:22-23.

7) Lee K. Treatment-Resistant Schizophrenia: Terminology and Clini-

cal Features. Korean J Schizophr Res 2020;23:45-50.

8) Kane J, Honigfeld G, Singer J, Meltzer H. Clozapine for the treat-

ment-resistant schizophrenic. A double-blind comparison with

chlorpromazine. Arch Gen Psychiatry 1988;45:789-796.

Wahlbeck K, Cheine M, Essali A, Adams C. Evidence of clozap-

ine’s effectiveness in schizophrenia: a systematic review and meta-

analysis of randomized trials. Am J Psychiatry 1999;156:990-999.

10) Lewis S, Lieberman J. CATIE and CUtLASS: can we handle the
truth? Br J Psychiatry 2008;192:161-163.

11) McEvoy JP, Lieberman JA, Stroup TS, Davis SM, Meltzer HY,
Rosenheck RA, et al. Effectiveness of clozapine versus olanzap-
ine, quetiapine, and risperidone in patients with chronic schizo-
phrenia who did not respond to prior atypical antipsychotic treat-
ment. Am J Psychiatry 2006;163:600-610.

12) Samara MT, Dold M, Gianatsi M, Nikolakopoulou A, Helfer B,
Salanti G, et al. Efficacy, acceptability, and tolerability of antipsy-
chotics in treatment-resistant schizophrenia: a network meta-anal-
ysis. JAMA Psychiatry 2016;73:199-210.

13) Siskind D, McCartney L, Goldschlager R, Kisely S. Clozapine v.
first- and second-generation antipsychotics in treatment-refractory
schizophrenia: systematic review and meta-analysis. Br J Psychia-
try 2016;209:385-392.

14) Huhn M, Nikolakopoulou A, Schneider-Thoma J, Krause M, Sa-
mara M, Peter N, et al. Comparative efficacy and tolerability of 32
oral antipsychotics for the acute treatment of adults with multi-epi-
sode schizophrenia: a systematic review and network meta-analy-
sis. Lancet 2019;394:939-951.

15) Moller HJ, van Praag HM, Aufdembrinke B, Bailey P, Barnes TR,
Beck J, et al. Negative symptoms in schizophrenia: considerations
for clinical trials. Psychopharmacology 1994;115:221-228

16) Bilder RM, Goldman RS, Volavka J, Czobor P, Hoptman M, Sheit-
man B, ez al. Neurocognitive effects of clozapine, olanzapine, ris-
peridone, and haloperidol in patients with chronic schizophrenia
or schizoaffective disorder. Am J Psychiatry 2002;159:1018-1028.

17) Han M, Zhang XY, Chen DC, Tan YL, Song CS, Yu YH, et al. Cog-
nitive differences in schizophrenia on long-term treatments with
clozapine, risperidone and typical antipsychotics. Int Clin Psycho-
pharmacol 2015;30:89-95.

18) Campana M, Falkai P, Siskind D, Hasan A, Wagner E. Character-
istics and definitions of ultra-treatment-resistant schizophrenia—
a systematic review and meta-analysis. Schizophr Res 2021;228:
218-226.

19) Mouaffak F, Tranulis C, Gourevitch R, Poirier MF, Douki S, Olie
JP, et al. Augmentation strategies of clozapine with antipsychotics
in the treatment of ultraresistant schizophrenia. Clin Neurophar-
macol 2006;29:28-33.

20) Hasan A, Falkai P, Wobrock T, Lieberman J, Glenthoj B, Gattaz
WEF, et al. World Federation of Societies of Biological Psychiatry
(WFSBP) Guidelines for Biological Treatment of Schizophrenia,
part 1: update 2012 on the acute treatment of schizophrenia and
the management of treatment resistance. World J Biol Psychiatry
2012;13:318-378.

21) Howes OD, McCutcheon R, Agid O, de Bartolomeis A, van Bev-
eren NJ, Birnbaum ML, ef al. Treatment-Resistant Schizophrenia:
Treatment Response and Resistance in Psychosis (TRRIP) Work-
ing Group Consensus Guidelines on Diagnosis and Terminology.
Am J Psychiatry 2017;174:216-229.

22) Kreyenbuhl J, Buchanan RW, Dickerson FB, Dixon LB, Schizo-
phrenia Patient Outcomes Research T. The Schizophrenia Patient
Outcomes Research Team (PORT): updated treatment recommen-
dations 2009. Schizophr Bull 2010;36:94-103.

23) Remington G, Addington D, Honer W, Ismail Z, Raedler T, Teehan
M. Guidelines for the pharmacotherapy of schizophrenia in adults.
Can J Psychiatry 2017;62:604-616.

24) Sherwood M, Thornton AE, Honer WG. A quantitative review of

9

=

Korean J Schizophr Res 2021;24:1-7



the profile and time course of symptom change in schizophrenia
treated with clozapine. J Psychopharmacol 2012;26:1175-1184.

25) Subramaniam M, Ng C, Chong SA, Mahendran R, Lambert T, Pek
E, et al. Metabolic differences between Asian and Caucasian pa-
tients on clozapine treatment. Hum Psychopharmacol 2007;22:217-
222.

26) Kim CE, Lee YH, Lee KH, Kang MH. Clozapine dosage and blood
concentrations of Korean adult schizophrenic patients. J Korean
Neuropsychiatr Assoc 2001;40:109-117.

27) Lee ST, Ryu S, Nam HJ, Lee SY, Hong KS. Determination of phar-
macokinetic properties of clozapine and norclozapine in Korean
schizophrenia patients. Int Clin Psychopharmacol 2009;24:139-144.

28) Kontaxakis VP, Ferentinos PP, Havaki-Kontaxaki BJ, Roukas DK.
Randomized controlled augmentation trials in clozapine-resistant
schizophrenic patients: a critical review. Eur Psychiatry 2005;20:
409-415.

29) Berk M, Fitzsimons J, Lambert T, Pantelis C, Kulkarni J, Castle D,
et al. Monitoring the safe use of clozapine: a consensus view from
Victoria, Australia. CNS Drugs 2007;21:117-127.

30) Bartoli F, Crocamo C, Di Brita C, Esposito G, Tabacchi TI, Ver-
rengia E, et al. Adjunctive second-generation antipsychotics for
specific symptom domains of schizophrenia resistant to clozapine:
a meta-analysis. J Psychiatr Res 2019;108:24-33.

31) Siskind DJ, Lee M, Ravindran A, Zhang Q, Ma E, Motamarri B,
et al. Augmentation strategies for clozapine refractory schizophre-
nia: A systematic review and meta-analysis. Aust N Z J Psychiatry
2018;52:751-767.

32) Taylor DM, Smith L, Gee SH, Nielsen J. Augmentation of clozap-
ine with a second antipsychotic a meta-analysis. Acta Psychiatr
Scand 2012;125:15-24.

33) Galling B, Roldan A, Hagi K, Rietschel L, Walyzada F, Zheng W,
et al. Antipsychotic augmentation vs. monotherapy in schizophre-
nia: systematic review, meta-analysis and meta-regression analy-
sis. World Psychiatry 2017;16:77-89.

34) Wenthur CJ, Lindsley CW. Classics in chemical neuroscience: clo-
zapine. ACS Chem Neurosci 2013;4:1018-1025.

35) Cipriani A, Accordini S, Nose M, Purgato M, Girlanda F, Tansella
M, et al. Aripiprazole versus haloperidol in combination with clo-
zapine for treatment-resistant schizophrenia: a 12-month, random-
ized, naturalistic trial. J Clin Psychopharmacol 2013;33:533-537.

36) Shiloh R, Zemishlany Z, Aizenberg D, Radwan M, Schwartz B,
Dorfman-Etrog P, et al. Sulpiride augmentation in people with
schizophrenia partially responsive to clozapine. A double-blind,
placebo-controlled study. Br J Psychiatry 1997;171:569-573.

37) Tiihonen J, Taipale H, Mehtala J, Vattulainen P, Correll CU, Tan-

Korean J Schizophr Res 2021;24:1-7

A

skanen A. Association of antipsychotic polypharmacy vs mono-
therapy with psychiatric rehospitalization among adults with schizo-
phrenia. JAMA Psychiatry 2019;76:499-507.

38) Mossaheb N, Spindelegger C, Asenbaum S, Fischer P, Barnas C.
Favourable results in treatment-resistant schizophrenic patients
under combination of aripiprazole with clozapine. World J Biol
Psychiatry 2010;11:502-505.

39) Chang JS, Ahn YM, Park HJ, Lee KY, Kim SH, Kang UG, et al.
Aripiprazole augmentation in clozapine-treated patients with re-
fractory schizophrenia: an 8-week, randomized, double-blind, pla-
cebo-controlled trial. J Clin Psychiatry 2008;69:720-731.

40) Chang JS, Lee NY, Ahn YM, Kim YS. The sustained effects of ar-
ipiprazole-augmented clozapine treatment on the psychotic symp-
toms and metabolic profiles of patients with refractory schizophre-
nia. J Clin Psychopharmacol 2012;32:282-284.

41) Bogers JP, Schulte PF, Van Dijk D, Bakker B, Cohen D. Clozapine
underutilization in the treatment of schizophrenia: how can clo-
zapine prescription rates be improved? J Clin Psychopharmacol
2016;36:109-111.

42) Stroup TS, Gerhard T, Crystal S, Huang C, Olfson M. Geographic
and clinical variation in clozapine use in the United States. Psychi-
atr Serv 2014;65:186-192.

43) Bachmann CJ, Aagaard L, Bernardo M, Brandt L, Cartabia M,
Clavenna A, et al. International trends in clozapine use: a study in
17 countries. Acta Psychiatr Scand 2017;136:37-51.

44) Alvir JM, Lieberman JA, Safferman AZ, Schwimmer JL, Schaaf
JA. Clozapine-induced agranulocytosis. Incidence and risk factors
in the United States. N Engl J Med 1993;329:162-167.

45) Bastiampillai T, Gupta A, Chan SK, Allison S. Changes for clozap-
ine monitoring in the United States. Mol Psychiatry 2016;21:858-
860.

46) Kang BJ, Cho MJ, Oh JT, Lee Y, Chae BJ, Ko J. Long-term patient
monitoring for clozapine-induced agranulocytosis and neutrope-
nia in Korea: when is it safe to discontinue CPMS? Hum Psycho-
pharmacol 2006;21:387-391.

47) Schulte PE, Cohen D, Bogers JP, van Dijk D, Bakker B. A Dutch
guideline for the use of clozapine. Aust N Z J Psychiatry 2010;44:
1055-1056.

48) Chandrasekaran PK. Agranulocytosis monitoring with clozapine
patients: to follow guidelines or to attempt therapeutic controver-
sies? Singapore Med J 2008;49:96-99.

49) Nielsen J, Young C, Ifteni P, Kishimoto T, Xiang YT, Schulte PF,
et al. Worldwide differences in regulations of clozapine use. CNS
Drugs 2016;30:149-161.



