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Abstract

Background: Clozapine is uniquely effective in treatment resistant psychosis. In the United Kingdom (UK), patients must discontinue clozapine indefinitely if placed on the Central Non-Rechallenge Database (CNRD) after their haematological parameters fall below certain thresholds. These patients often suffer severe and enduring deterioration in their mental health as a result of stopping clozapine treatment. In the United States (US) in 2015, the haematological monitoring guidelines were relaxed, allowing greater flexibility for clozapine maintenance and rechallenging after suspected neutropenia. Our objective was to investigate the implications of a similar policy change on clozapine utilisation in the UK.

Methods: This was an observational, retrospective analysis of patients registered on the CNRD in the UK. First, we determined the proportion of patients placed on the CNRD under the UK who would have had to discontinue clozapine treatment under the US Food and Drug Administration (FDA) criteria. Second, we compared the haematological characteristics of patients who did or did not meet FDA criteria for discontinuing clozapine, including the time to CNRD registration from clozapine initiation and the proportion of cases of agranulocytosis. Third, we investigated the success rates of clozapine rechallenge after being placed on the CNRD, again comparing the groups who met or did not meet FDA criteria. 

Results: 3371 patients were placed on CNRD, of whom only 566 (15%) met the equivalent criteria for clozapine discontinuation under the FDA guidelines. Data on 519 rechallenged CNRD patients were examined; 416 (80%) rechallenges were successful. Clozapine rechallenge success rates were broadly similar to those who did not meet and those who did meet the US CNRD registration criteria (81% vs 78%).

Conclusions: These findings suggest that implementing the revised FDA’s monitoring criteria in the UK would significantly reduce clozapine discontinuation for haematological reasons, which would greatly improve the mental health outcomes of these patients, without having a major impact on their physical health. The evidence suggests an urgent need to revise the UK clozapine monitoring guidelines in a way which more evenly balances mental and physical and health risks to improve outcomes in treatment-resistant schizophrenia.
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Introduction 

Agranulocytosis is defined as the absence of granulocytes (i.e. neutrophils, basophils, and eosinophils), but the term is often used clinically to refer to severe neutropenia (i.e., an absolute neutrophil count [ANC] of <0·5x109/L).1 Psychotropic-induced agranulocytosis has been reported in literature as early as the 1950’s, attributed to administering the ‘first-generation’ antipsychotic chlorpromazine.2 Despite such cases preceding clozapine’s development, clozapine is probably most often associated with rare cases of agranulocytosis or neutropenia.3 This stems from unfortunate circumstances in Finland during clozapine’s relatively rigorous pre-marketing development, where fatalities occurred that were ultimately linked to clozapine-induced blood dyscrasias.4 Such events prompted stringent pharmacovigilance monitoring in most countries when the drug was reintroduced in 1989.5 However, of perhaps greater significance is the impact these events have had on clozapine’s reputation as having a perceived higher risk of causing this adverse haematological event. This is especially compared to other antipsychotics, despite accumulating evidence to the contrary.6-10 To date, this has contributed significantly to clozapine’s underutilisation.11 More recently, literature has emerged highlighting that many cases of neutropenia on clozapine are unrelated to clozapine use. Clozapine use is associated solely with the much rarer life-threatening agranulocytosis (LTA), and monitoring schemes have been very successful in reducing the incidence of LTA to almost zero. However, this has come at the cost of a very large number of false positives, whereby patients with neutropenia that is not severe, or not related to clozapine, having to discontinue treatment, often with devastating and lifelong consequences to their mental health.  We therefore sought to explore whether  monitoring schemes could be revised such that true clozapine-induced LTA would still be identified, but with fewer false alarms. 	Comment by Oloyede, Ebenezer: DT paper – awaiting DOI

The current UK guidelines mandate that if an individual taking clozapine has two consecutive neutrophil counts of < 1.5x109/L or WBC < 3.0x109/L, clozapine must be stopped indefinitely and the patient must be registered in the clozapine non rechallenge database (CNRD), a mandatory database that safeguards patients from being inadvertently re-exposed to clozapine treatment after a suspected haematological reaction.1 Notably, several other countries around the world mandate equivalent haematological thresholds for clozapine discontinuation.12 Many patients, on discontinuing clozapine, suffer a severe relapse of their psychotic disorder, which is not alleviated by other antipsychotics.13  In our view, the monitoring requirements should aim to balance the haematological risks of neutropenia against the mental health risks of discontinuing clozapine in treatment resistant psychosis. However it appears that the haematological monitoring requirements prioritise haematological risk, but have insufficient regard for psychiatric risk. 12There has been considerable interest amongst clinicians and national regulatory bodies in how to address this.14-16 In an important development, the United States (US) Food and Drug Administration (FDA) relaxed ANC cut-offs for clozapine cessation in 2015 compared to the UK and removed white cell count (WCC) monitoring requirements, allowing more patients to be maintained on this uniquely effective treatment.1 

Our previous retrospective study, based in an Inner London mental health trust, suggested that implementing the updated United States (US) Food and Drug Administration (FDA) haematological monitoring criteria in the United Kingdom (UK) could reduce clozapine discontinuation and registration on the Central Non-Rechallenge Database (CNRD). In this study, we attempted to investigate this further at a national level, using data from the UK’s CNRD. While preliminary, this evidence suggests the need to review the UK’s clozapine monitoring guidelines to improve outcomes in Treatment Resistant Schizophrenia (TRS). 


Methods 

To assess the potential impact that implementing the US FDA guidelines would have on clozapine continuation in the UK, we determined the proportion of patients placed on the CNRD under the UK who would have had to discontinue clozapine treatment under the US Food and Drug Administration (FDA) criteria. Second, we compared the haematological characteristics of patients who did or did not meet FDA criteria for discontinuing clozapine, including the time to CNRD registration from clozapine initiation and the proportion of cases of agranulocytosis. Third, we investigated the success rates of clozapine rechallenge after being placed on the CNRD, again comparing the groups who met or did not meet FDA criteria. 

Data Source and Ethical Approval

To accomplish these aims we analysed data from the UK CNRD. Non-identifiable data was provided by the three manufacturers of clozapine and associated haematological monitoring services in the UK; Clozaril® (Mylan) monitored by Clozaril Patient Monitoring Service (CPMS)17, Denzapine® (Britannia Pharmaceuticals Limited) monitored by Denzapine Monitoring System (DMS)18, and Zaponex® (Leyden Delta BV) monitored by Zaponex Treatment Access System (ZTAS).19 Data was provided from 1st January 2013 till 1st March 2021, to exclude patients who met previous CNRD criteria (i.e. a single red result).1  

Definition of Neutropenia, BEN and Clozapine Rechallenge

In the UK, clozapine monitoring is regulated by the MHRA using the criteria set out in Box 1, which includes lower haematological cut-off points for patients with the haematological phenotype benign ethnic neutropenia (BEN) since 2002.20 In this study, haematological events were defined according to the MHRA guidelines for absolute neutrophil counts (ANC) and white cell counts (WCC) values that required clozapine treatment interruption or discontinuation (Box 1). Under current recommendations, two consecutive red results are classified as a ‘confirmed’ red result. In this event, clozapine must be stopped and the relevant clozapine monitoring service submits the patient’s details to the CNRD. After this, the patient is classified as ‘non-rechallengeable’, meaning re-exposure to clozapine is not permitted except off-licence. There are rare cases where patients can be placed on the CNRD for other reasons, such as the absence of follow-up haematological monitoring after an initial red result, fully described elsewhere.1 However, such cases were not included in this study.   

Clozapine manufacturers allow for clozapine re-exposure following CNRD registration under an off-licence agreement.1 The decision for clozapine rechallenge is undertaken individually and must be agreed upon by a multidisciplinary team, often in close liaison with a consultant haematologist. The final decision is driven by a comprehensive assessment, including extensive information gathered from various sources, such as haematological profiling, blood films, and haematinics.
	Current UK MHRA Guidelines
	
	Current US FDA Guidelines

	Status 
	General population
Criteria
	BEN criteria
	Action
	
	Status 
	General population criteria
	BEN criteria
	Action

	Green
	
	
	
	
	Normal range
	
	
	

	WCC 
ANC
	≥ 3·5x109/L
≥ 2·0x109/L
	≥ 3·0x109/L
≥ 1·5x109/L
	Continue clozapine
	
	WCC 
ANC
	Not mandatory
≥ 1·5x109/L
	Not mandatory
≥ 1·0x109/L
	Continue clozapine

	Amber
	
	
	
	
	Mild Neutropenia
	
	
	

	WCC 
ANC
	≥ 3·0 & <3·5x109/L
≥1·5 and <2·0x109/L
	≥2·5 and < 3·0x109/L
≥ 1·0 and < 1·5x109/L
	Continue clozapine with increased monitoring frequency (twice a week) until green result is obtained. 

	
	WCC 
ANC
	Not mandatory
≥ 1·0 and < 1·5x109/L
	Not mandatory
≥ 0·5 and < 1·0x109/L
	General criteria: Continue clozapine with increased monitoring frequency (three times a week) until ANC returns to normal range. 
BEN: Continue clozapine 

	Red 
	
	
	
	
	Moderate - Severe Neutropenia
	
	
	

	WCC 
ANC
	<3·0x109/L
<1·5x109/L
	<2·5x109/L
< 1·0x109/L
	Stop clozapine (interruption) and sample blood daily, monitoring for infection. Patient not re-exposed to clozapine until there have been two separate green results on 2 consecutive days. Two consecutive red results are classified as a ‘confirmed’ red result, where a patient is registered on the CNRD.
	
	WCC 
ANC
	Not mandatory
< 1·0x109/L
	Not mandatory
< 0·5x109/L
	Haematology consultation recommended, stop treatment (interruption) for suspected clozapine-induced neutropenia. 

Moderate Neutropenia: Sample blood daily. Resume treatment once ANC normalises to ≥1·0x109/L 

aSevere Neutropenia: Sample blood daily. Do not rechallenge unless prescriber determines` benefits outweigh risks. 

	aThe prescriber must provide a "treatment rationale" in the national monitoring system REMS but there is no mandatory discontinuation or mandatory non-rechallenge category.

[bookmark: _Hlk60724536]ANC: Absolute Neutrophil Count BEN: Benign Ethnic Neutropenia UK: United Kingdom FDA: Food and Drug Administration MHRA: Medicines and Healthcare Products Regulatory Agency US: REMS: Clozapine Risk Evaluation and Mitigation Strategy United States WCC: White Cell Counts


Box 1. Comparison of UK Medicines and Healthcare Products Regulatory Agency (MHRA) guidelines for clozapine monitoring compared to US FDA guidelines

Study Sample 

The study sample included all patients on the 1st March 2021 registered on the CNRD under the current criteria. The initial and confirmatory ANC and WCC values that resulted in CNRD registration were provided by clozapine registries. Available demographic data, including ethnicity, were provided by clozapine registries. The number of patients who developed agranulocytosis was identified. Agranulocytosis was defined as ANC values <0·5x109/L while treated with clozapine.1 The flowchart in Fig.1 shows the sample selection.


Figure 1. Study flowchart   


Proportion of Patients that would have Discontinued Clozapine under US FDA Criteria

The US FDA monitoring parameters (Box 1) were applied to patients ever registered on the CNRD. In cases where BEN had been diagnosed by a haematologist (N=72), the FDA BEN MHRA criteria were applied. 

Haematological Outcomes of Patients Placed on CNRD

The time to CNRD registration from clozapine initiation and the number of agranulocytosis cases in our cohort were identified. The time to CNRD was presented using a Kaplan–Meier plot.

Haematological outcomes of Clozapine Rechallenge 

CPMS provided a dataset of unique patients rechallenged on clozapine after CNRD registration. For patients with more than one rechallenge attempt, only the first event was included in the primary analysis. The number of patients who had a further neutropenia meeting CNRD criteria following rechallenge was also documented. FDA parameters were applied to the haematological results for these patients to determine if clozapine would have been discontinued under FDA guidelines. Successful rechallenge was defined as no recurrence of CNRD registration. Success rates between those who did not meet CNRD criteria under the US FDA monitoring criteria on first exposure and those who did were compared.

Statistical analysis

Statistical analysis was carried out using Stata, version 15. The percentage of patients who would not have met CNRD criteria and clozapine interruption under the revised US guidelines were calculated. Kaplan-Meier survival curves were used to graphically present the time to CNRD registration from the clozapine start date. 

Results

3731 unique patients had been registered on the CNRD and were included in this study (Fig 1). Clinical and demographic characteristics of the study population are shown in Table 1. 

	Characteristic
	Rechallenged
(n= 519)
	Not Rechallenged
(n= 3212)
	Total
(n= 3731)

	Female gender (%)
	192 (37)
	1228 (38)
	1420 (38)

	Age at CNRD registration (years ± SD)
	38 (13)
	48 (14)
	47 (15)

	BEN diagnosis (%)
	2 (0.4)
	70 (2.2)
	72 (1.9)

	Mean time to BEN diagnosis from first clozapine initiation (years ± SD)a
	MD
	1.2 (1.8)
	1.2 (1.8)

	Median time to BEN diagnosis from first clozapine initiation (years, IQR)a
	MD
	0 (5)
	0 (2)

	Diagnosis (%)
	
	
	

	F20 Paranoid Schizophrenia
	519 (100)
	3026 (94)
	3545 (95)

	F25 Schizoaffective disorder
	0 (0)
	23 (0.7)
	23 (0.6)

	F31 Bipolar disorder
	0 (0)
	11 (0.3)
	11 (0.3)

	Other
	0 (0)
	152 (5)
	152 (4.1)

	Ethnicity (%)
	
	
	

	White
	451 (86)
	2638 (82)
	3089 (83)

	Black
	23 (4)
	337 (10)
	360 (10)

	Asian
	33 (6)
	157 (5)
	190 (5)

	Other
	12 (2)
	80 (2)
	92 (2)

	Cases of agranulocytosis
	19 (4)
	322 (10)
	341 (9)

	Mean time to CNRD registration from clozapine initiation (years ± SD)
	4.1 (4.2)
	3.0 (3.7)
	3.2 (3.8)

	Median time to CNRD registration from clozapine initiation (years, IQR)
	2.6 (5.7)
	1.4 (4.5)
	1.6 (4.6)

	MD; Missing Data


Table 1. Socio-demographic and clinical characteristics of patients registered on the CNRD

Comparison of Patients with Haematological Events during Clozapine Treatment under UK MHRA and US FDA Guidelines

Table 2 outlines and compares the distribution of patients who would have met the criteria for clozapine treatment interruption or discontinuation under current MHRA guidelines and their treatment status if FDA criteria were applied. Of the 3731 patients who had haematological events that qualified for CNRD registration and treatment discontinuation under current MHRA guidelines, 566 (15%) patients would have qualified for CNRD registration and clozapine discontinuation under FDA guidelines; 2096 (56%) patients would have required three times a week haematological monitoring; and 599 (16%) patients would have required clozapine interruption with daily haematological monitoring. 
	Guideline
	Continue clozapine with routine monitoring 
	Twice a week monitoring
	Daily monitoring and clozapine interruption
	Clozapine discontinuation

	FDA (US)
	470 (13)a
	2096 (56)
	599 (16)
	566 (15)

	a438 patients (12%) due to no WCC monitoring under US FDA criteria. 

US: United States FDA: Food and Drug Administration 


Table 2. Clozapine monitoring requirements for patients on the CNRD under US FDA criteria.    
Time to CNRD Registration

Figure 2 shows the Kaplan-Meier curve to CNRD registration from clozapine initiation. The median time to CNRD registration from clozapine initiation was 1.6 (IQR 0.2-4.9) years.
 [image: ]
Figure 2. Kaplan Meier for the time to CNRD registration from clozapine initiation. 
Outcomes of Patients Rechallenged on Clozapine 

Of the 519 patients rechallenged on clozapine after CNRD registration, 100 (19%) were placed back on the CNRD following rechallenge. Only 28 (4%) of these patients would have had to discontinue clozapine under US FDA criteria. BEN was identified in 2 (0.4%) patients. Of these patients, one was black, and one was Caucasian. 
	Characteristic
	CNRD under FDA criteria
(n=46)
	Not CNRD under FDA criteria 
(n=473)
	Total
(n=519)

	Female gender (%)
	18 (39)
	174 (37)
	192 (37)

	Age at CNRD registration (years ± SD)
	39 (12)
	38 (13)
	38 (13)

	BEN diagnosis (%)
	0 (0)
	2 (0.4)
	2 (0.4)

	Diagnosis 
	
	
	

	F20 Paranoid Schizophrenia
	46 (100)
	473 (100)
	519 (100)

	F25 Schizoaffective disorder
	0 (0)
	0 (0)
	0 (0)

	F31 Bipolar disorder
	0 (0)
	0 (0)
	0 (0)

	Other
	0 (0)
	0 (0)
	0 (0)

	Ethnicity
	
	
	

	White
	36 (78)
	415 (88)
	451 (86)

	Black
	2 (4)
	21 (4)
	23 (4)

	Asian
	6 (13)
	27 (6)
	33 (6)

	Other
	2 (4)
	9 (2)
	12 (2)

	Cases of agranulocytosis
	17 (37)
	2 (0.4)
	19 (4)

	Mean time to CNRD registration from clozapine initiation (years ± SD)
	5.1 (5)
	4.0 (4.1)
	4.1 (4.2)

	Median time to CNRD registration from clozapine initiation (years, IQR)
	3.8 (7.6)
	2.6 (5.3)
	2.6 (5.7)

	Mean rechallenge duration (years ± SD)
	3.9 (3.6)
	4.8 (4.7)
	3.8 (4.6)

	Median rechallenge duration (years, IQR)
	3.3 (4.8)
	2.6 (6.6)
	1.8 (6.1)

	Number of patients placed back on CNRD after rechallenge (%)
	10 (22)
	90 (19)
	100 (19)

	Number of patients who would have been placed back on CNRD after rechallenge under FDA criteria (%)
	4 (9)
	24 (5)
	28 (4)


Table 3. Socio-demographic and clinical characteristics of patients rechallenged on clozapine

Discussion

Our findings

To the best of our knowledge, this is the largest study evaluating the potential impact of changes to the clozapine monitoring guidelines of the UK MHRA on treatment access and maintenance. In this national sample of patients registered on the UK CNRD, we found that only 566 (15%) would have had to discontinue clozapine immediately under US FDA criteria. A further 16% would have been required to suspend clozapine treatment with increased monitoring, and resume treatment when their neutrophil count was above 1.0x109/L.  2096 (56%) patients would have been allowed to continue clozapine with increased monitoring under FDA criteria, and the remaining 470 (13%) would have been able to continue clozapine under standard monitoring. Among patients who were rechallenged on clozapine after being placed on the CNRD, only 100 (19%) suffered a further neutropenia and were placed back on the database. 

Comparison with other studies

A retrospective US cohort study reported that five (3%) of 246 patients with TRS would have qualified for treatment interruption during the first year of clozapine treatment under the previous US guidelines (equivalent to the current UK and European guidelines) but only one patient (0.7%) qualified under the revised FDA recommendations.21. To date, it remains unclear whether these changes have contributed to an increase in clozapine prescriptions in the US or, as important, compromised patient safety.14,22-24 Nevertheless, the current evidence underscores the potential impact revisions of clozapine haematological regulations can have on improving treatment access.25 

Neutropenia Timescale, Agranulocytosis Episodes and BEN

In our study, CNRD registration was recorded at a median of 1.6 years of treatment. This situation contrasts with widely accepted reports of the risk of clozapine-induced agranulocytosis being highest between weeks 6 and 18 of the first six months of clozapine treatment.26,27 While there are rare cases of late-onset agranulocytosis reported in the literature, it is highly likely that many cases of CNRD registration in our cohort were unrelated to clozapine use.28-30 Such findings are consistent with our previous study where CNRD registration was recorded at a median of 2 years of treatment.1  

From a clinical standpoint, identifying true LTA and differentiating this from cases of transient neutropenia, is imperative, since the risk of severe infection is elevated only in LTA.31 A recent case series showed that true clozapine-induced LTA, while rare, is characterised by an acute and precipitous drop in neutrophil counts that presents an immediate threat to life. However, the intensity of monitoring inevitably also identifies clinically insignificant, non-pathological episodes of neutropenia that occur coincidentally to the use of clozapine, and these often result in clozapine cessation.32 Consistent with this view, a study from Iceland, which then had no monitoring system, identified several patients who recorded ANC results that in other countries would have required clozapine cessation, but almost all continued with no sequelae.33 From our data, only 341 (9%) of patients on the CNRD had an episode of agranulocytosis during clozapine treatment. This occurred after a median of 3 months from clozapine initiation (results not shown) compared to 22 months for mild neutropenia, supporting the view that the two are clinically distinct.34 	Comment by Oloyede, Ebenezer: DT paper – awaiting DOI 

In our study, 438 patients (12%) were registered onto the CNRD solely because of low WCC, even when ANC values were above the threshold to continue treatment. Under revised FDA guidelines, these patients would not have discontinued because WCC is not assessed based on clinical and scientific knowledge of immunology.21  In our study, 3% of patients were placed on the CNRD after recording at least one baseline red result. By definition, a red result at baseline cannot have been caused by clozapine treatment. One possible cause is benign ethnic neutropenia (BEN).26 Our previous study exploring BEN shows that early identification of BEN is essential to prevent premature discontinuation of clozapine.20 Notwithstanding, this has proven challenging in clinical practice because of lack of formal guidance on its identification in those receiving clozapine treatment - better pathways should therefore be implemented to ensure all such patients are assessed for differentials such as BEN. 

Clozapine Rechallenge 

Clinicians undoubtedly face a difficult task when deciding patient suitability for clozapine rechallenge after a neutropenia, compounded by considerable discordance between success rates in the literature.35-42 In parallel to our previous study, we attempted to investigate whether a change in clozapine blood monitoring parameters would compromise patient safety by investigating those who were rechallenged. We identified 519 patients who were rechallenged on clozapine following CNRD registration. Notably, 473 patients (91%) did not meet the US FDA monitoring criteria. Of course, an unknown proportion of these patients may have gone on to meet FDA criteria, had they continued on clozapine. Of the 519 patients rechallenged, 100 patients (19%) had to stop clozapine treatment due to a recurrence of neutropenia, and  success rates were broadly similar in patients who did not versus those who did meet the US FDA monitoring criteria (81% vs 78%).  If we assume that patients with true clozapine-induced LTA will progress to more severe agranulocytosis and thus meet FDA criteria, then these results suggest that discontinuing clozapine treatment at an earlier stage (where only the CNRD criteria are met) would not have a significant impact on the success rates of rechallenge, but would have led to more patients discontinuing clozapine. The mean time on treatment was four years, which is comparable to data from population studies and is believed to be beyond the highest risk period for LTA.43

An important challenge ahead is characterising which patients would benefit most from clozapine rechallenge. While beyond the scope of this study, one may speculate that patient selection for clozapine rechallenge was somewhat influenced by clinical and demographic factors, as shown in table 1. Interestingly, in our cohort, patients who were rechallenged on clozapine were younger, less likely to be black and experienced CNRD registration later. Previous studies have demonstrated age and agranulocytosis as risk factors for clozapine-induced dyscrasia.35,36 In addition, successful rechallenge has been associated with a shorter duration of first exposure to clozapine – possibly due to intrinsically low neutrophils as opposed to clozapine-induced dyscrasia.35 Consistently, undiagnosed BEN and more stringent thresholds for clozapine discontinuation in those with BEN in the UK may contribute to fewer rechallenges in those of black ethnicity.20 

Clinical Implications and Future Research 

Recent literature has highlighted the weak evidence base and the rather arbitrary haematological cut-off points for clozapine cessation on an international scale.14 This is reflected by the substantial variability in international clozapine use and haematological monitoring regulations.44 For example, countries with less stringent monitoring requirements, such as Iceland and Finland, have demonstrated higher clozapine use than other countries with similar agranulocytosis prevalence rates.12 Furthermore, two recent meta-analyses have challenged the view that clozapine-exposed groups are at an increased risk of neutropenia and agranulocytosis compared with those who take other antipsychotics6,7. These studies also questioned the need for regular monitoring beyond one year of treatment.45 


There is increasing evidence that stopping clozapine abruptly, as required when a patient enters the CNRD, often leads to severe psychotic relapse, reduced responsiveness and discontinuation symptoms.46-49 Relaxing the CNRD criteria in line with the US FDA monitoring criteria in the UK may reduce the proportion of patients who would have to suffer these outcomes. Collectively, this complements a growing body of evidence that suggests that the stringency of the monitoring for clozapine-induced blood dyscrasias, including agranulocytosis, may be disproportionate, and that an optimal balance between the risks and benefits may be achieved by relaxing the monitoring requirements.1,25,45 Moreover, while the UK and Ireland are the only countries in Europe required to have a CNRD and monitoring system by the marketing authorization holder, the haematological cut-off values for white blood cell and neutrophil counts requiring clozapine discontinuation are similar for many countries around the world. Therefore, our study may suggest that the urgent need to evaluate clozapine monitoring requirements may extend internationally and, more specifically, lower neutrophil cut-off points to improve access to this uniquely effective treatment. While the changes made by the US FDA are a positive step towards improving access to clozapine treatment, both threshold-based systems give way to a significant proportion of false positives for LTA. Thus, future work should seek to establish monitoring strategy and thresholds for treatment discontinuation, based on ANC patterns, in collaboration with haematologists. The time to decide whether the current haematological monitoring guidelines should be on public health agendas in the UK has passed. Now is the time for action.

Limitations

The findings in this report are subject to at least five limitations. First, from the data derived from this study, it is unknown what would have happened to the 2096 patients (56%) who had to discontinue clozapine under UK guidelines but would have registered with an amber result under the US FDA thresholds had they continued to take clozapine. An amber result in the US does not warrant treatment discontinuation, but it does dictate repeated haematological monitoring (three times a week) until resolved. As clozapine was discontinued in our patients under the monitoring criteria in the UK, it is unknown what proportion of them would have developed more LTA with continued clozapine use. However, clinical studies have shown that most cases of mild neutropenia do not portend a serious haematological reaction to clozapine (i.e., agranulocytosis). There are suggestions that neutropenia versus agranulocytosis in clozapine treated patients may have different aetiologies.24,33,34. This statement is further supported by a recent case series suggesting that clozapine's erroneous association with neutropenia opposed to solely LTA may inadvertently impede efforts towards establishing genetic determinants for this adverse reaction. Second, due to limited data, whether clozapine-induced agranulocytosis caused any fatalities in our cohort is unknown. But recent meta-analytic data has emphasised previous findings that death associated with clozapine-induced agranulocytosis remains a rare event, even without strict monitoring regulations.50 The third limitation relates to the cohort of patients who were rechallenged on clozapine. Patients are typically only rechallenged after a comprehensive risk-benefit assessment in close liaison with a haematologist in an inpatient setting, where any potential deterioration in physical health can be promptly detected.35 This could limit the generalisability of our rechallenge results because patients are thoroughly investigated with haematology input before rechallenge. Thus, patients deemed at high risk of developing neutropenia and potential agranulocytosis are not rechallenged. However, in contrast to our previous study, where rechallenge attempts were performed in a single specialist service, our study includes a broader range of patients across the UK, suggesting greater generalisability. Fourth, it was not possible to distinguish between discontinuation and switching to a different brand and hence clozapine monitoring service, although this is an unusual event.51,52 Finally, in clinical practice, the accurate recognition and diagnosis of clozapine-induced agranulocytosis may be complicated by other causative factors for neutropenia such as concomitant medication or notably viral infections.53 Due to the lack of detail in our population-level data, it is unknown whether patients had pre-existing conditions increasing neutropenia likelihood, including patients who were rechallenged.54  Our data did not include information on the concomitant medication used during rechallenge, so the effects of concomitant treatments cannot be determined. However, along with previous literature, our smaller study highlighted the importance of concomitant medication as a differential for suspected clozapine-induced blood dyscrasias.51,55 Although the knowledge of interventions for clozapine rechallenge has improved over time, a comprehensive assessment of how this has affected success rates is still lacking.


Conclusion

The current regulations surrounding the clozapine non-rechallenge database have severe unintended consequences on mental health through the discontinuation of clozapine in patients whose treatment could safely be continued. Clozapine-associated blood toxicity is vastly over-diagnosed by threshold-based identification systems. It is our view that the regulations should take a more balanced approach in which mental, as well as physical health outcomes are considered. The results suggest that implementing the US FDA’s clozapine monitoring guidelines in the UK could be achieved with little or no change in the risk of agranulocytosis. This evidence suggests the urgent need to revise the UK’s clozapine monitoring guidelines to improve clinical outcomes in TRS. It also highlights a need for greater awareness and earlier diagnosis of BEN. Future efforts should focus on establishing pattern-based identification of clozapine-induced agranulocytosis opposed to threshold-based identification systems.
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