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Evaluating the Effect of the Changes  
in FDA Guidelines for Clozapine Monitoring
Ryan S. Sultan, MDa,*; Mark Olfson, MD, MPHa; Christoph U. Correll, MDb; and Erica J. Duncan, MDc

ABSTRACT
Background: Concerns exist that clozapine is underutilized in 
the management of treatment-resistant schizophrenia. Although 
a 2015 change in the US Food and Drug Administration (FDA) 
monitoring recommendations lowered the threshold of the 
absolute neutrophil count for treatment interruption from 1,500/
μL to 1,000/μL and removed white blood cell count thresholds 
from the monitoring algorithm, the implications of this policy 
change on clozapine interruptions remain unknown.

Methods: We analyzed outpatient prescribing records for 
antipsychotic medications in the Veterans Integrated Service 
Network 7 (VISN 7) database between 1999 and 2012 to assess 
the potential impact of the recent changes in FDA neutropenia 
monitoring recommendations on clozapine treatment 
discontinuation. We evaluated results of complete blood count 
monitoring to compare percentages of patients who developed or 
would have developed ≥ 1 hematologic event under the previous 
and current FDA guidelines in the first year following initiation of 
clozapine.

Results: From a cohort of 14,620 patients with schizophrenia 
(ICD-9-295.x), 246 patients received clozapine treatment (1.7%). 
No agranulocytosis was observed during the study period. 
Under the former recommendations, 5 patients in the clozapine 
initiation cohort (n = 160, 3.1%; 95% CI, 0.43–5.83) qualified 
for treatment interruption during the first year of clozapine 
treatment, while only 1 patient (0.6%) qualified under the 
current recommendations. Under the former recommendations, 
hematologic events occurred at a similar rate for individuals 
taking and not taking clozapine.

Conclusions: While clozapine remains an underused medication, 
the new FDA monitoring guidelines are likely to substantially 
reduce the percentage of patients who meet criteria for clozapine-
associated hematologic events requiring treatment interruption. 
This decrease may reduce the clinical burden of managing 
patients on clozapine and therefore increase the number of 
individuals treated with this uniquely effective medication. 
However, prospective studies of individuals treated under the new 
guidelines are needed to fully assess safety of the FDA’s change.
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Schizophrenia is a significant mental disorder affecting 
approximately 1% of the adult population and is a major 

cause of disability in the United States and worldwide.1 
Within the Veterans Affairs (VA) population, rates of 
diagnosis are higher than that of the general population.2 
Antipsychotics are the cornerstone of treatment for 
schizophrenia; however, as much as 30% of patients receive 
little benefit from standard antipsychotic medications.3–5 
Patients who do not respond well to multiple trials of 
antipsychotic medications are considered treatment-
resistant cases and have greater disability.6

Clozapine remains the single medication approved 
by the US Food and Drug Administration (FDA) for 
treatment-resistant schizophrenia. Clinical trials have 
demonstrated clozapine’s superior efficacy in reducing 
psychotic symptoms in treatment-resistant schizophrenia; 
it may be the only medication that improves both positive 
and negative symptoms.7,8 Patients treated with clozapine 
have also been shown to have lower rates of suicide attempts, 
psychiatric hospitalizations, antipsychotic nonadherence, 
and use of an additional antipsychotic as compared with 
patients treated with other antipsychotics.9,10 However, a 
recent meta-analysis11 has generated some debate regarding 
clozapine’s superiority over other second-generation 
antipsychotics for treatment-resistant schizophrenia.12

Despite clozapine’s indication for treatment-refractory 
patients with schizophrenia, only a minority of such 
patients receive this medication. Although as much as 
30% of individuals with schizophrenia are considered 
treatment-resistant, clozapine accounts for less than 6% of 
antipsychotics prescribed to people with schizophrenia in 
the United States.3,13 Concerns about tolerability and side-
effect complications are barriers to treatment.14 Specifically, 
treatment with clozapine poses an increased risk of 
agranulocytosis and requires monitoring through regular 
blood draws examining white cell counts.15 The complexity 
of this monitoring system differs across countries and 
health systems16 and can be arduous, presenting further 
barriers to treatment.

To help address these barriers, the FDA instituted in 
2015 several changes to the guidelines regarding clozapine 
treatment and monitoring. The new recommendations 
seek to increase clozapine treatment continuity without 
endangering patients’ health. Among other changes, the 
FDA reduced the threshold for interruption of clozapine 
treatment for absolute neutrophil counts (ANC) from 
1,500/μL to 1,000/μL and removed total white blood cell 
count (WBC) thresholds from the monitoring algorithm 
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Table 1. Comparison of FDA Changes to CBC Guidelinesa for 
Interruption of Clozapine Treatment
Guidelines WBCs [μL] ANCs [μL]
Previous < 3,000 < 1,500
Current Not monitored < 1,000
aData from: https://www.clozapinerems.com/CpmgClozapineUI/

faqs.u#tabr1.
Abbreviations: ANC = absolute neutrophil count, CBC = complete blood 

count, FDA = US Food and Drug Administration, WBC = white blood cell 
count.

(Table 1).16 These changes substantially reduced the 
complexity of the clozapine monitoring algorithm. The 
intent of the new policy is to reduce barriers to initiation 
and continuity of clozapine treatment.

Little is known about the potential effects of the new FDA 
guidelines on clinical practice. Specifically, it is unknown 
how the new thresholds for defining hematologic events are 
likely to affect the number of patients who will no longer 
meet the hematologic threshold for treatment interruption. 
The VA offers a unique opportunity to examine this question, 
as it generates data on clozapine monitoring for patients 
with schizophrenia from 1999 forward. We examined these 
data to assess the effects the new guidelines would have in 
the VA schizophrenia population and on the detection of 
hematologic events within that population during the first 
year of clozapine treatment.

METHODS

This retrospective cohort study evaluated the effects of 
the 2015 revisions to the FDA complete blood count (CBC) 
monitoring recommendations for clozapine treatment for 
individuals with schizophrenia. Within the VA health care 
system, we compared patients’ qualifying hematologic events 
under the original and revised guidelines. The study was 

approved and exempted from our respective Institutional 
Review Board Committees.

Data Source
The Veterans Integrated Service Network (VISN) 

Southeast Network is VISN 7, encompassing the VA medical 
centers of Alabama, Georgia, and South Carolina. The VISN 
7 Corporate Database consists of computerized clinical and 
administrative data downloaded from each VA medical 
facility within VISN 7. The data are housed on a server in 
a format that permits extraction of data for research and 
management purposes.

Cohort Construction
We analyzed the outpatient prescribing records for 

antipsychotics in VISN 7 between 1999 and 2012. The 
subjects were all patients treated with a diagnosis of 
schizophrenia. For purposes of this study, the diagnosis of 
schizophrenia was defined by at least 2 visits in a VA mental 
health clinic for which a mental health clinician (psychiatrist, 
psychologist, or nurse practitioner) conferred an encounter 
diagnosis of schizophrenia (ICD-9–295.xx).

In our analysis, we included 2 cohorts, a general clozapine 
treatment cohort and a clozapine initiation cohort. The 
general clozapine treatment cohort included all individuals 
with a diagnosis of schizophrenia in the VISN 7 network 
who received a clozapine prescription during the study 
period. The clozapine initiation cohort included those 
individuals who had new treatment episodes of clozapine. 
For the initiation cohort, we monitored events that occurred 
while patients were taking clozapine within the first year 
of clozapine initiation. We focused on new treatment 
episodes and the first year of exposure because this period 
is believed to be the high-risk period for neutropenia and 
agranulocytosis.17

New treatment episodes included only individuals who 
had 5 years of observed service use without clozapine 
before their first clozapine prescription and who provided 
at least 1 year of follow-up from their first prescription. 
The treatment episodes were considered continuous if the 
patients refilled their clozapine prescription within 30 days 
of the termination of their days of supply. Follow-up was 
censored at 1 year after clozapine initiation or loss of VA 
eligibility, whichever occurred first.

Hematologic Events
For this analysis, neutropenic and leukopenic events 

were defined according to FDA guidelines for WBC 
values that required clozapine treatment interruption or 
discontinuation. Under former recommendations, ANCs 
less than 1,500/μL or WBCs less than 3,000/μL defined 
a hematologic event. Current recommendations dictate 
interruption or discontinuation of clozapine treatment 
only for events with ANCs less than 1,000/μL (Table 1). If 
an individual qualified on the basis of an ANC and a WBC 
result and those results occurred fewer than 5 days apart, the 
hematologic event was counted only once.
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■■ Despite the high prevalence of treatment-resistant 
schizophrenia, clozapine remains an underutilized 
treatment for patients with treatment-resistant 
schizophrenia. The recent update to US Food and Drug 
Administration (FDA) clozapine blood monitoring 
guidelines attempts to address this gap. However, its 
effect remains unknown.

■■ The FDA’s update to clozapine monitoring guidelines 
substantially reduced the complexity of the clozapine 
monitoring system and reduces the frequency of 
interruption of clozapine treatment for schizophrenic 
patients.

■■ The reduction in complexity and stringency of the 
clozapine monitoring guidelines should help clinicians 
and patients feel more comfortable with initiating and 
continuing this important treatment. However, close 
monitoring should be continued to fully assess the safety 
of these changes.
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Table 2. Comparison of Hematologic Events for Individuals With Schizophrenia Requiring Interruption of Clozapine Treatment 
During First Year of Clozapine Titrationa

Guidelines Identity Age Sex Race
Medically 
Complexb

WBC (ANC) 
Result, μL

Number of Days 
Into Titration

Dose During 
Event, mg

Number 
of Events

Clozapine Restarted 
After Event

Previous A 46 Male White No (1.44) 87 500 1 Yes
B 30 Male Black Yes 2.6 34 300 1 Yes
C 57 Male White No 2.9 144 250 3 Yes
C 2.6 177 200
C 2.9 182 200
D 44 Male White No 2.6 61 350 1 No
E 52 Male Black No 2.81 (0.83) 335 600 1 No

Current E 52 Male Black No (0.83) 335 600 1 No
aItalics highlight the 1 patient who had multiple hematologic events.
bDefined as greater than clinical condition (hypertension, diabetes mellitus, hyperlipidemia).
Abbreviations: ANC = absolute neutrophil count, WBC = white blood cell count.

Monitored Characteristics
We recorded basic clinical and demographic 

characteristics including age, sex, race, and CBC results. 
For those individuals who had hematologic events that 
qualified for treatment interruption or termination, we 
compared current milligrams of clozapine, number of events, 
whether clozapine was restarted, and the number of days 
into titration when the event occurred. We evaluated the 
medical complexity of the patients as determined by greater 
than 1 clinical diagnosis of diabetes mellitus, hypertension, 
or hyperlipidemia.

Analysis Plan
For the general clozapine treatment cohort, we determined 

the proportion of patients with a schizophrenia diagnosis 
per year who received any clozapine treatment during the 
study period, total clozapine treatment exposure, and rate of 
agranulocytosis. All other analyses were conducted with the 
clozapine initiation cohort only.

Using the clozapine initiation cohort, we evaluated results 
of CBC monitoring to determine percentage of the cohort 
that developed ≥ 1 hematologic event under the former 
FDA guidelines as compared with those same individuals 
under the current guidelines. This comparison of the 
number of hematologic events that required treatment 
interruption allowed us to evaluate treatment continuity 
and discontinuation under the different guidelines. We 
calculated percentages of individuals with events and mean 
number of events. We assessed the clinical and demographic 
characteristics of those individuals with events. In a post hoc 
analysis, we examined hematologic events that occurred in 
the 5 years preceding patients’ clozapine treatment episode. 
These hematologic events would have qualified for clozapine 
interruption had they occurred during clozapine treatment.

RESULTS

General Clozapine Treatment Cohort
From a sample of 14,620 individuals with schizophrenia 

(ICD-9–295.x), 246 (1.7%) patients received any clozapine 
treatment between 1999 and 2012. Over the 13-year period, 
those 246 individuals contributed 509,562 days (1,396 

years) of clozapine treatment exposure. The annualized 
rate of clozapine treatment trended downward during the 
study period from a rate of 2.3% (1999) to 1.1% (2012) with 
a mean of 1.3%. None of these individuals had reported 
agranulocytosis (ANC < 500 μL) while treated with clozapine.

Clozapine Initiation Cohort
From the original population of 246 individuals, 160 

individuals were eligible for the clozapine initiation cohort. 
These 160 patients represented only new clozapine treatment 
episodes. Under previous guidelines, 5 individuals (3.1%; 95% 
CI, 0.43–5.83) contributed 7 events within the first year of 
clozapine treatment that qualified for treatment interruption 
or termination. Under current guidelines, 1 person (0.6%) 
would have contributed 1 event that qualified as treatment 
interruption or discontinuation during the follow-up year. 
Mean number of events per person was 0.04 (95% CI, 0.00–
0.08). Among those who had an event, the mean number of 
events per person was 1.4 (95% CI, 0.12–1.68).

Characteristics of patients with hematologic events. Table 
2 characterizes the 5 patients who met criteria for clozapine 
treatment interruption or discontinuation under previous 

Figure 1. Comparison of Annual Rates of Hematologic 
Eventsa  for Individuals With Schizophrenia Requiring 
Treatment Interruption Before and During Clozapine 
Exposure
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Figure 2. Comparison of Numbers of Individuals With Schizophrenia Requiring Clozapine 
Treatment Interruption Due to Hematologic Events Under Former and Current Guidelines 
From the US Food and Drug Administration

Individuals With 
Schizophrenia

14,620 

General Clozapine
Treatment Cohort

246/14,620

Clozapine Initiation 
Cohort 

160

Former Guidelines

Event Requiring 
Interruption

14/160 (9%)

Before Clozapine 
Exposure

9/14 (64%)

During Clozapine 
Exposure

5/14 (36%)

Restarted Clozapine 

3/5 (60%)

No Further 
Clozapine

2/5 (40%)

No Event Requiring 
Interruption

146/160 (91%)

Current Guidelines

Event Requiring 
Interruption

1/160 (1%)

Before Clozapine 
Exposure

0 (0%)

During Clozapine 
Exposure

1 (100%)

No Further Clozapine

1 (100%)

No Event Requiring 
Interruption

159/160  (99%)

 

or current guidelines. All patients were male. The mean age 
was 45.8 years for patients who met criteria for a hematologic 
event under the previous guidelines. Three of the individuals 
were identified as white and 2 as black. One of the individuals 
was defined as medically complex. For individual patients, 
mean doses of clozapine during events ranged from 200 mg 
to 600 mg (overall mean = 375 mg). Maximum number of 
events for 1 individual was 3 (all others had only 1 event). 
Mean number of days into clozapine treatment before an 
event occurred was 146 (range, 34–335) days. Three (60.0%) 
of the patients were restarted on clozapine after their event. 
Under current guidelines, 1 patient would have met criteria 
for interruption of treatment. He was 52 years old, black, 
not medically complex, and receiving 600 mg of clozapine 
per day.

Hematologic events before and during clozapine 
treatment. Figure 1 compares the rate of hematologic events 
before and during clozapine treatment for the previous and 
current guidelines. In the 5 years before clozapine initiation, 
there were 35 events that would have qualified for clozapine 
termination or interruption under the previous guidelines 
had the patients been taking clozapine during those events. 
Conversely, using current guidelines, no hematologic events 

occurred that would have required treatment interruption or 
termination during the preceding 5 years. Under previous 
guidelines, rate of hematologic events during and predating 
clozapine treatment was 0.6 events/100 persons/year.

Figure 2 outlines and compares the distribution of 
individuals who required or would have required termination 
or interruption of the clozapine treatment under former 
and current guidelines based on their CBC values. Under 
previous guidelines, 9 individuals had hematologic events 
that would have qualified for termination or interruption 
of treatment had the individuals been on clozapine during 
the event. Under current guidelines, no individual had 
hematologic events predating clozapine that would have 
generated an interruption or termination of treatment or that 
would possibly have deterred a clinician from considering or 
starting clozapine.

DISCUSSION

Consistent with prior research,17 we report that 
clozapine-induced agranulocytosis is a rare event. Further, 
clozapine-induced hematologic episodes that warrant 
discontinuation or interruption of treatment, though 
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uncommon, were considerably more prevalent under the 
previous guidelines than they would be using the current 
FDA monitoring recommendations. These findings are 
consistent with the intent of the new FDA guidelines and 
have practical implications for the continuity of clozapine 
treatment in community practice.

Our understanding of the mechanism of clozapine-
induced agranulocytosis remains unclear, though some 
research suggests a genetic vulnerability.18–20 However, the 
FDA’s decision to change the criteria for interruption and 
termination of clozapine treatment is consistent with the 
known clinical and basic science knowledge of immunology. 
The neutrophil’s role in phagocytic defense of the host is 
generally sufficient at counts above 1,000/μL. Lower counts 
are associated with increased susceptibility to infection, and 
counts below 500/μL place the host at risk for opportunistic 
infections. A neutrophil count of less than 200/μL provides 
no inflammatory defense.21

None of the individuals in our study population had an 
episode of agranulocytosis while taking clozapine. Previous 
research17 indicates that approximately 0.8% develop 
agranulocytosis in the first year of treatment. Our lower rate 
of agranulocytosis (0%) may be due to sample size or clinical 
characteristics, such as the rate of clozapine dose titration. 
While agranulocytosis in clozapine has never been linked 
to dose titration, dose–titration-related adverse events are 
seen in other medications,22 and the current recommended 
clozapine titrations are less aggressive than those used in 
older studies.7,23

Clozapine is associated with mild to moderate neutropenia, 
which is far more common and typically transient and 
benign.15 However, due to concerns that neutropenia could 
develop into agranulocytosis, occurrence of these events 
may lead to clozapine discontinuation.24 Approximately 
3% of patients may develop severe neutropenia in the first 
year of clozapine treatment.22 Under the former guidelines, 
3.1% of this study cohort had an event requiring treatment 
interruption or discontinuation. Given that some of these 
individuals were restarted on clozapine, their clozapine-
induced hematologic events may have been transient.25 If 
this assumption is accurate, it would mean that the FDA’s 
new guidelines will reduce the frequency of unnecessary 
clozapine discontinuations.

In the clozapine treatment cohort, 14 individuals had a 
total of 42 events that would have qualified for clozapine 
termination under previous guidelines. However, most of 
these events (35 or 83.3%) occurred in the 5 years preceding 
any clozapine exposure. Under current guidelines, no events 
occurred outside of a clozapine treatment episode that 
would have generated an interruption or discontinuation 
or that could have deterred clinicians from even considering 
or starting clozapine treatment. This finding suggests that 
current guidelines are more specific in identifying clozapine-
induced neutropenia and may allow more patients to start 
and continue clozapine as clinically appropriate.

When comparing the rate of hematologic events per 
year, individuals currently receiving clozapine treatment 

had similar rates of events before clozapine treatment (0.6 
events/100 persons/year) as they had during treatment 
(0.6 events/100 persons/year). This result is supported 
by findings in the literature.24 Before clozapine initiation, 
these individuals were most likely treated with another 
antipsychotic. A recent article comparing individuals on 
clozapine to other second-generation antipsychotics found 
no statistical difference in the rate of neutropenia.24

Clozapine has a unique and highly regulated 
monitoring system developed out of concerns for its risk of 
agranulocytosis.16 A review26 of medications associated with 
agranulocytosis revealed 125 drugs with definite or probable 
causality to agranulocytosis. While some of these drugs 
have recommended blood monitoring, none have required 
monitoring systems similar to clozapine’s. The FDA’s change 
to the clozapine monitoring system places clozapine closer 
in line with other pharmacologic agents that have been 
associated with agranulocytosis.

While comparing clozapine with other drugs was not the 
primary goal of this study, these results further illustrate 
the very low prescribing of clozapine as a treatment for 
schizophrenia. The mean annual rate of 1.3% in a VA 
sample of schizophrenia is surprisingly low given expected 
rates of treatment-resistance of around 30%.3,13 Low rates 
of clozapine prescribing have been described previously in 
the VA, public, and private sectors.13,27–30 One international 
comparison suggests that lower rates in the United States 
may in part be due to more stringent monitoring guidelines 
in this country.30

Previous work demonstrating lower rates of clozapine in 
the VA system, as compared with private insurance, has been 
accounted for by prescriber reluctance to start clozapine 
in a population with high levels of disability and social 
isolation, which could increase nonadherence with blood 
monitoring.27 Developing “Clozapine Clinics,” similar to 
Warfarin Clinics, which would include support staff, such 
as phlebotomy, in addition to psychiatrists, could alleviate 
some of the administrative burden of clozapine treatment 
and potentially improve compliance.31 The VA system, as 
an integrated medical center, represents an opportunity to 
pioneer such a solution.

This study has several limitations. First, data are limited 
to individuals in the VA and to the period between 1999 and 
2012; therefore, the population is middle-aged and largely 
male. Because the risks of clozapine-associated neutropenia 
and agranulocytosis may increase with age32 and may be 
higher in women than men,17 results might vary across 
patient populations. While we have no reason to believe that 
the rate of neutropenia or agranulocytosis would be different 
after 2012, further study of this phenomenon is warranted, 
and caution should be exercised in extending our findings 
outside of VA populations. Second, the uncommonness 
of hematologic, especially agranulocytic, events limits the 
precision of our analysis. Third, we did not account for the 
occurrence of benign ethnic neutropenia (BEN),33 but we 
expect that this makes our analysis more conservative, since 
the new guidelines allow for lower thresholds for patients 
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with BEN.16 Fourth, individuals currently on clozapine 
treatment have regularly scheduled CBC monitoring. This 
monitoring creates a bias favoring detection of hematologic 
events during clozapine treatment episodes. Therefore, 
our comparisons with non-clozapine treatment periods 
should be viewed as exploratory. Finally, given that this 
study simulates the new guidelines for individuals who 
actually received treatment under the previous guidelines, 
our study was unable to assess the potential hematologic 
and other medical outcomes had clozapine treatment been 
continued, as the new guidelines would dictate. Therefore, 
we recommend prospective studies of the safety of the new 
monitoring system to help address this point.

The goal of the FDA’s changes to the clozapine monitoring 
system was to reduce complexity and improve access 
to a potentially life-altering treatment for patients with 
schizophrenia. Our findings demonstrate that clozapine-
induced hematologic events are rare using either current 
or former guidelines. Clinicians should find these results 
reassuring. Moreover, the new monitoring guidelines are 
likely to substantially reduce the percentage of patients who 
meet criteria for clozapine-associated hematologic events 

requiring clinical intervention. This decrease may reduce 
the clinical burden of managing patients on this uniquely 
effective medication and increase its use in practice. It is 
important to note that along with the changing of the WBC 
criteria, the FDA also created a single monitoring system. 
This implementation has posed substantial administrative 
disruptions and obstacles for patients, providers, and health 
care systems. However, we expect that in the long term, these 
changes will reduce administrative barriers to clozapine 
treatment for patients and providers and may increase the 
use of clozapine in this population.

Finally, our analyses demonstrate the hypothetical 
implications of the FDA’s new monitoring guidelines on 
the frequency of clozapine treatment interruptions and that 
the new guidelines most likely promote longer periods of 
treatment continuity. This change by the FDA is consistent 
with basic science literature and moves clozapine treatment 
guidelines more in line with medications with similar 
hematologic concerns. However, our analysis is unable 
to assess the safety of these changes. Further, prospective 
studies with individuals treated under the new guidelines 
are necessary.
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