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Abnormal EEG vs Dose



Abnormal EEG vs Plasma Level



Seizures vs Dose







Clozapine - patient perceptions
Taylor et al (2000) Psych Bull, 24: 450-452

N = 570/1284
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%



Kane J, Honigfeld G, Singer J et al. Clozapine for the treatment-
resistant schizophrenic. A double-blind comparison with 
chlorpromazine. Arch Gen Psychiatry. 1988; 45: 789-796



Lieberman JA, Phillips M, Gu H, et al. 
Atypical and conventional antipsychotic drugs in treatment-naive first-episode schizophrenia: a 52-week 

randomized trial of clozapine vs chlorpromazine. Neuropsychopharmacology 2003; 28:995-1003.



Agid O et al, J Clin  Psychiatry 2011, 72: 1439-1444

(n=244)
Risperidone 74.5% Olanzapine
66.3% 82.1%

Risperidone Olanzapine
4.0% 16.6% 25.7%

Clozapine
75%

(n=28)
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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%
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Prior antipsychotic prescribing in patients currently receiving clozapine - a case note review

Taylor D, Young C, Paton C. (2003) Journal of Clinical Psychiatry, 64, 30-38
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Reasons for delaying clozapine
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Making clozapine use easier









HemoScreen



HemoScreen











Patient preference

88 %

12 %

Capillary Venous







Discontinuation after Rx

Discontinuation after discharge
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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_rs106261
3

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



Risk of agranulocytosis

(A – granulocyte – osis)

• 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)



Agranulocytosis

 Four genetic variants are reliably associated with altered risk of (threshold-based) 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%
SnNOUT: a highly Sensitive test if Negative, rules OUT agranulocytosis

Best specificity 99%
SpPIN: a highly Specific test if Positive, rules IN agranulocytosis

Konte B, et al. HLA-DQB1 6672G>C (rs113332494) is associated with clozapine-induced 
neutropenia and agranulocytosis in individuals of European ancestry. Transl Psychiatry. 2021 Apr 
12;11(1):214. doi: 10.1038/s41398-021-01322-w. 



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)

Konte B, et al. Transl Psychiatry. 2021 Apr 
12;11(1):214. 



Clozapine -

What is and what is not clozapine-associated agranulocytosis







We will come 
back to these









Defining agranulocytosis caused by clozapine

• Agranulocytosis
– Below 0.5x109/l
– Two consecutive counts

‘Pattern-based’ or Taylor criteria

• Caused by clozapine
– Neutrophils usually fall to 

zero
– No recovery until GCSF
– No other cause

- Chemo, laboratory error



What difference does it make?

Using pattern-based criteria vs threshold-
based criteria



Oloyede E, Bachmann CJ, Dzahini O, Lopez Alcaraz JM, Singh SD, Vallianatu K, Funk B, Whiskey E, Taylor D. Identifying clinically 
relevant agranulocytosis in people registered on the UK clozapine Central Non-Rechallenge Database: retrospective cohort 
study. Br J Psychiatry. 2024 Aug 16:1-8. 

• Of the 3029 patients registered on the CNRD with 
283 726 blood measurements, 593 (19.6%) had 
threshold-based agranulocytosis and 348 (11.4%) 
pattern-based agranulocytosis. 

• In the total sample (75 533), the prevalence of 
threshold-based agranulocytosis was 0.8% and 
0.5% for pattern-based agranulocytosis

• Prevalence rates for PB agranulocytosis were 
greatest for White (18%) and male individuals (13%), 
and lowest for Black individuals (0.1%).

• The proportion of people with pattern-based 
agranulocytosis without passing through neutropenia 
was 70%.



Pattern-based agranulocytosis

Threshold-based 
agranulocytosis Neutropenia

Oloyede E, Bachmann CJ, Dzahini O, Lopez Alcaraz JM, Singh SD, Vallianatu K, Funk B, Whiskey E, Taylor D. Identifying clinically 
relevant agranulocytosis in people registered on the UK clozapine Central Non-Rechallenge Database: retrospective cohort study. Br J 
Psychiatry. 2024 Aug 16:1-8. 



TLDR – 

The risk of clozapine-induced 
agranulocytosis is about half of that 

previously reported
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Oh, and (as an aside) all the genetic 
linkage studies need to be redone…



TLDR – 

The risk of clozapine-induced 
agranulocytosis is about half of that 

previously reported

Oh, and (as another aside) black people 
are least likely to have agranulocytosis



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





419/519 (81%) successful rechallenge









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

Aziria et al, Br J Psych, In Press

• 108 patients tested at random in clozapine clinic
• 16 previously registered as BEN
• 24 more found to have BEN via genetic test



Aziria et al, Br J Psych, In Press



Aziria et al, Br J Psych, In Press



Reducing adverse effects by tailored 
titration



Speed of titration vs dose needed

Effective speed of titration

150 300 450 600
0
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Titration to 350ng/ml



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





Thank you



Gracias por su atención
correoautoría@gmail.com
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