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WHEN TO USE CLOZAPINE?



L I E B E R M A N  J A , P H I L L I P S  M , G U H , E T  A L . 
AT Y P I C A L  A N D  C O N V E N T I O N A L  A N T I P S Y C H OT I C  D RU G S  I N  T R E AT M E N T- N A I V E F I R S T- E P I S O D E  
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Conley RR, Schulz SC, Baker RW, Collins JF, Bell JA. Clozapine efficacy in 
schizophrenic nonresponders. Psychopharmacol Bull. 1988;24(2):269-74.

Olanzapine 

non-responders

Clozapine 41% 

Responders



CHANCE OF RESPONSE IN TRS

•Clozapine 60%

•Olanzapine 7%

•Everything else 0-5%



CHANCE OF RESPONSE IN TRS

•Clozapine 60%

•Olanzapine 7%

•Everything else 0-5%



JUST FYI…..



Hospital admission before and after 

clozapine initiation







WHY?



P R I O R  A N T I P S Y C H OT I C  P R E S C R I B I N G  I N  PAT I E N T S  C U R R E N T LY  R E C E I V I N G  C L O Z A P I N E  
- A  C A S E  N OT E  R E V I E W

Taylor D, Young C, Paton C. (2003) Journal of Clinical Psychiatry, 64, 30-38
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REASONS FOR DELAYING 
CLOZAPINE







Baseline 

bloods

Regular 

bloods



CLOZAPINE - PATIENT PERCEPTIONS
TAYLOR ET AL  (2000)  PSYCH BULL , 24 : 450 -452

N = 570/1284

UK

27 centres

85% on clozapine for >6 months

Yes No

Feel better on clozapine 86.1% 12.5%

Advantages > disadvantages 87.0% 6.5%

Prefer clozapine to previous Tx 88.6% 6.5%



VARIATION IN THE USE OF 
CLOZAPINE
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IS CAPILLARY MONITORING OF 
CLOZAPINE POSSIBLE?









HemoCue



M Atkins, P McGuire, B Balgobin, S Williams, F Ceesay, N Desouza, P Patel, D Taylor In Press

Point-of-care haematological monitoring 
during treatment with clozapine

Figure 2. OLO® Neutrophil (capillary whole blood) versus Advia 2120i (venous whole blood) Neutrophil counts. (N= 215)
 

 

OLO



Figure 6. Bland-Altman plot for the difference between OLO capillary whole blood neutrophil count and Advia 2120i

venous whole blood neutrophil count against the mean of both methods for neutrophil count. (N= 215)

OLO





HemoScreen



HemoScreen







PATIENT PREFERENCE

88%

12%

Capillary Venous



INTRAMUSCULAR CLOZAPINE





Discontinuation after Rx

Discontinuation after discharge
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WHAT TO EXPECT WITH 
CLOZAPINE



ROUGH ESTIMATE 
OF OUTCOME 

WITH CLOZAPINE

clozapine patients

Miracle

Better

No change



N=100
LONG-STAY REFRACTORY PATIENTS
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Wilson & Claussen 1995

40 discharged



AGRANULOCYTOSIS



RISK OF 
AGRANULOCYTOSIS

(A  – G R A N U L O C Y T E  – O S I S )

• Risk of agranulocytosis –

0.4% (1 in 250)

• Risk of fatal agranulocytosis –

0.05% (1 in 2000)

Li X-H et al (2020). The prevalence of agranulocytosis and related death in clozapine-treated patients: a 

comprehensive meta-analysis of observational studies. Psychological Medicine 50, 583–594.



Last count > 2.5 Neutrophil nadir 12 days later

Almaghrebi A et al Current Drug Safety Volume 14 , Issue 1 , 2019

(Time from 2.0 to 0.1 = 7 days)



BEN AND MISDIAGNOSIS OF 
NEUTROPENIA





SUCCESS ON RE-EXPOSURE

• 62 pts re-exposed

• 3 recorded further ‘red’ result and were discontinued

• 59/62 (95%) successfully re-exposed and remained on clozapine

• Mean time to diagnosis of BEN – 10 years













CLOZAPINE GENETIC TESTING



RESPONSE

Three variants have been reliably shown to predict therapeutic outcome with clozapine [Gressier et al, 2016]

HTR2A rs6313C CC carriers less likely to respond than T carriers
CC 146/272 response, CT/TT 366/596 response (54% vs 62%)

HTR2A rs6314 C allele more likely to respond than T allele
C allele response 685/1215, T allele 55/127 (56% vs 43%)

HTR3A rs1062613 C allele less likely to respond than T allele
C allele response 528/841, T allele 134/185 (63% vs 72%)



RESPONSE

Variant Test result

HTR2A_rs6313

CC CT TT

HTR2A_rs6314

CC CT TT

HTR3A_rs1062613

CC CT TT



27 PERMUTATIONS

Estimated chance of response (%)

95% confidence intervals (%)

Eg permutation 4

Chance of response - 20% (8-51%)

NB true value increasingly unlikely as we approach extremes of CIs



AGRANULOCYTOSIS

Four genetic variants are reliably associated with altered risk of agranulocytosis. 

HLA-DQB1 Sequence variant 6672G>C (REC 21G) confers 1,175% higher risk of agranulocytosis than general population. Sensitivity 
21.5%, specificity 98.4% (Athanasiou et al, 2011).
Positive predictive value 5.1%, negative predictive value 99.7%

HLA-DQB1 DQB1*0502 allele associated with agranulocytosis in 5/7 studies (eg. Dettling et al, Yunis et al). Effect size variable.

HLA-B*59:01 Presence of allele highly predictive of agranulocytosis but is rare in East Asian populations and almost absent in Caucasians. 
Sensitivity 31.8%, specificity 95.3% (Saito et al, 2015). PPV 6.4%, NPV 99.3%

HLA DBQ1/HLA-B Single amino acid changes HLA DBQ1 126Q and HLA-B 158 associated with increased risk of 
agranulocytosis. Overall 39 of 95 cases had one or both alleles; 175 of 206 controls had neither allele. 
Sensitivity 41.0%, specificity 85.0% (Girardin et al, 2019; Goldstein et al 2015) (36% and 89% figures given by Legge
and Walters). 

The HLA-DQB1 variants and the HLA-B variants are in linkage disequilibrium [Legge et al] and are likely to convey the same association 
signal. Variants in LD are inherited together



AGRANULOCYTOSIS

High risk variant 6-20%

No high risk variant 0.4/0.3%



AGRANULOCYTOSIS

Best sensitivity 54%

Best specificity 99%



AGRANULOCYTOSIS – HLA VARIANTS

Best sensitivity 54% (only half of cases have the variant)

Best specificity 99% (a high proportion of the people with 

the variant get agranulocytosis)

Explanations:

There is more than one genetic cause of agranulocytosis

The defined phenotype is polluted (not everybody with ‘clozapine-induced agranulocytosis’ has 

clozapine-induced agranulocytosis)









BENIGN ETHNIC NEUTROPENIA

• The absence of the red blood cell Duffy antigen, Fy (a- b-) (‘Duffy Null’ - SNP 
rs2814778 at chromosome 1q23.2) is thought to be responsible for BEN. 

• “We confirmed that rs2814778 in DARC was associated with BEN (p = 
4.09×10−53).”  (Charles et al, 2018). 

• The CC variant of this SNP codes for BEN

• As the Duffy antigen is utilized by the parasite Plasmodium vivax to enter the RBC, it 
has been hypothesized that in West Africa, positive selection for the null allele 
enabled individuals to be protected against infection and have a survival advantage. 
(Chang et al Blood (2018)). 

• SNP rs2814778 at chromosome 1q23.2 may also be responsible for BEN in 
Yemenite Jews, Bedouin and those of Middle Eastern origin (Reich et al (2009)).



BENIGN ETHNIC NEUTROPENIA

MAUDSLEY STUDY

• 70 patients tested at random in clozapine clinic

• 10 previously registered as BEN

• 14 more found to have BEN via genetic test
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BEN

No BEN



METABOLISM

Cytochrome p4501A2 PM/IM/EM status as normally defined by analysis of CYP1A2*1F/1C/1A/1K

Cytochrome p4503A4 PM/IM/EM status. CYP3A4 is a minor route of clozapine metabolism but 
metaboliser status affects blood concentration. (Toth et al, 2017)

Cytochrome p4503A5 PM/IM/EM status. CYP3A5 PM status associated with elevated clozapine 
blood levels (John et al, 2020)

Other non-CYP genetic associations have also been demonstrated.

NFIB rs28379954 T>C CT carriers have much lower blood concentrations than TT carriers in both 
smokers and non-smokers (Smith et al, 2020)

Also the rs2472297 (?CYP1A1) genotype independently predicts clozapine plasm levels. (Pardinas et al, 2019).
Levels are highest in C/C carriers and lowest in T/T carriers (C/T somewhere in between).



Predicting dose to give 350mg/L (n=18);

Based on activity of CYP1A2, CYP3A4, CYP3A5 genes, NFIK rs28379954

Mean 

difference 

between 

predicted 

dose and 

actual dose 

= 31mg/day



Okon-Rocha, Ramudo-Cela, Taylor





PANSS SCORES

BEFORE CIMETIDINE

111 47

AFTER CIMETIDINE





STUFF WE SHOULD BE DOING…

• Capillary TDM

• Capillary neutrophils

• Genetic testing

• Using clozapine more







THANK YOU
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