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ARTICLE INFO ABSTRACT

Keywords: Background: Clozapine has unique effectiveness in treatment-resistant schizophrenia and is known to cause
Treatment resistant schizophrenia immunological side-effects. A transient spike in neutrophils commonly occurs in the first weeks of clozapine
Clozapine

therapy. There is contradictory evidence in the literature as to whether neutrophil changes with clozapine are

i\leutrophﬂs linked to treatment response.
mmune response . . . . . .
Biomarkers P Aims: The current study aims to further examine the neutrophil changes in response to clozapine and explore any

association between neutrophil trajectory and treatment response.

Methods: A retrospective cohort study of patients undergoing their first treatment with clozapine and continuing for
atleast 2 years identified 425 patients (69% male/31% female). Neutrophil counts at baseline, 3 weeks and 1 month
were obtained predominantly by linkage with data from the clozapine monitoring service. Clinical Global
Impression- Severity (CGI-S) was rated from case notes at the time of clozapine initiation and at 2 years. Latent class
growth analysis (LCGA) was performed to define distinct trajectories of neutrophil changes during the first month of
treatment. Logistic regression was then conducted to investigate for association between the trajectory of neutrophil
count changes in month 1 and clinical response at 2 years as well as between baseline neutrophil count and response.
Results: Of the original cohort, 397 (93%) patients had useable neutrophil data during the first 6 weeks of clozapine
treatment. LCGA revealed significant differences in neutrophil trajectories with a three-class model being the most
parsimonious. The classes had similar trajectory profiles but differed primarily on overall neutrophil count: with
low, high-normal and high neutrophil classes, comprising 52%, 40% and 8% of the sample respectively. Mem-
bership of the high-normal group was associated with significantly increased odds of a positive response to clo-
zapine, as compared to the low neutrophil group [Odds ratio (OR) = 2.10, p-value = 0.002; 95% confidence interval
(95% CI) = 1.31-3.36]. Baseline neutrophil count was a predictor of response to clozapine at 2 years, with counts of
>5 x 10%/1 significantly associated with positive response (OR = 1.60, p-value = 0.03; 95% CI = 1.03-2.49).

Conclusions: Our data are consistent with the hypothesis that patients with low-level inflammation, reflected in a
high-normal neutrophil count, are more likely to respond to clozapine, raising the possibility that clozapine

exerts its superior efficacy via immune mechanisms.
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1. Introduction

The pathogenesis of schizophrenia is far from fully understood, but it
has become clearer in recent years that inflammation may play a sig-
nificant role (Miller and Goldsmith, 2019). Until recently neutrophils
have been considered primarily to be short-lived, non-specific cells
which contribute to the innate immune response. However, interest in
the role of neutrophils has intensified and they are now understood to
carry out a wide range of functions in the immune system (Malech et al.,
2014). A recent meta-analysis has shown that neutrophil counts are
elevated in schizophrenia compared to controls (Jackson and Miller,
2020). Higher total white cell counts (of which neutrophils predomi-
nate) have been found to be associated with higher symptom levels in
schizophrenia (Fan et al., 2010) and raised neutrophil counts have also
been seen in first episode psychosis with an improvement of positive
symptoms correlating with declining neutrophil scores (Steiner et al.,
2019). Patients with persistent positive symptoms may show a more
pronounced inflammatory process (Goldsmith et al., 2016). Treatment
resistant schizophrenia (TRS) is defined as a failure to respond
adequately to two adequate trials of antipsychotic medication (Meltzer,
1997). TRS may be categorically distinct from treatment responsive
schizophrenia with abnormalities primarily in glutamate rather than in
dopamine transmission (Gillespie et al., 2017), akin to more well-
characterised neuro-immune disorders (Levite, 2017; Kayser and Dal-
matu, 2016; Sheldon and Robinson, 2007). Clozapine has superior effi-
cacy to conventional antipsychotics in the management of positive
symptoms in TRS (Siskind et al., 2016) and on initiation can result in a
wide range of immunologically mediated effects (Rgge et al., 2012;
Siskind et al., 2020; Regen et al., 2017). Recent studies have shown that
clozapine is associated with acquired immunoglobulin deficiency
(Ponsford and Jolles, 2019; Lozano et al., 2016) which may explain why
patients established on clozapine have higher rates of infections,
particularly pneumonia (Leon et al., 2020; Schoretsanitis et al., 2021;
Nielsen et al., 2009), although pneumonia may also be caused by other
adverse effects such as sedation and sialorrhea (de Leon et al., 2020).
Studies have consistently shown increases in pro-inflammatory cyto-
kines, most notably interleukin (IL)-6, in patients prescribed clozapine
(Loffler et al., 2010; Kluge et al., 2009; Maes et al., 1997; Pollmacher
et al.,, 1996), with limited longitudinal data indicating changes in
cytokine levels related to clozapine response (Lii et al., 2004).

Clozapine is known to cause a range of blood dyscrasias, most
notably agranulocytosis (Mijovic and MacCabe, 2020). However, a
transient increase in neutrophils is more common than a decrease
(Hummer et al., 1994; Alvir et al., 1995; Deliliers, 2000; Al et al., 2012;
Lee et al., 2015; Fabrazzo et al., 2017), albeit with reported rates of
leucocytosis varying widely. This variation appears to be mainly due to
differences in classification of leucocytosis. The largest study to date
included 2,404 patients (Deliliers, 2000) and reported that 7.7% of
patients had a total white cell count greater than 15 x 10%/1. Other
studies report rates closer to 20%, using a lower threshold of neutrophils
greater than 7 X 10%/1 (Al et al., 2012; Fabrazzo et al., 2017). In most
studies, a spike in neutrophils occurs early in the course of treatment,
typically after two to three weeks, however other evidence suggests this
may occur over six weeks (Blackman et al., 2021; Deliliers, 2000; Al
et al., 2012; Lee et al., 2015). A systematic review of neutrophilia with
clozapine therapy (Paribello et al., 2021) concluded that the finding was
likely an epiphonema and potentially related to smoking. However, it is
also possible that an elevation in neutrophils may be directly related to
treatment response. In a retrospective study (Fabrazzo et al., 2017),
reviewed the weekly blood counts of a sample of 135 patients who had
commenced clozapine and found that the development of neutrophilia
greater than 7 x 10°/1 was significantly associated with response to
clozapine after 18 weeks of treatment (Fabrazzo et al., 2017). Another
retrospective study by Blackman et al. (2021) found no association be-
tween peak neutrophil count and treatment response at 12 weeks in a
sample of 188 patients. These conflicting findings may be explained by
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different outcome measures and response rates in the two studies as well
as by the relatively small sample sizes and differences in patient de-
mographics. Given the clear evidence in support of clozapine causing an
increase in neutrophil count in the early phase of treatment, which co-
incides with its clinical efficacy, further study of the potential role of
neutrophils in clozapine response is warranted. Early neutrophil count
would be a particularly useful biomarker for predicting response to
clozapine, as it is already routinely monitored in clinical practice.

In summary, there is evidence that immune dysfunction may be
relevant in some patients with schizophrenia, including involvement of
innate actors such as neutrophils. The immunomodulatory effects of
clozapine alongside its superior efficacy in TRS may indicate the pres-
ence of a subgroup of patients with immune dysregulation with reduced
responsiveness to conventional antipsychotics. Neutrophil changes have
been shown to occur in the first weeks of clozapine treatment and there
is tentative evidence to suggest an association between its immuno-
modulatory effects and its clinical efficacy. As such, early neutrophil
counts may be an accessible potential marker of clozapine response.

Using clinically representative data, we aimed to explore:

1) the early longitudinal neutrophil response to clozapine exposure.
2) the association between neutrophil trajectory and clinical outcome.

We hypothesised that early elevated neutrophil response would be
associated with greater clinical improvement.

2. Methods
2.1. Participants

This study is based on a retrospective cohort study using data from
the South London and Maudsley NHS Foundation Trust (subsequently
referred to as ‘The Maudsley’) case register, which comprises complete
anonymized patient electronic records from 1st January 2007 onwards.
Data was accessed using the Clinical Records Interactive Search (CRIS)
system, for which methodology has been published previously (Fer-
nandes et al., 2013; Perera et al., 2016). The Maudsley is the largest
mental health trust in the UK, serving a predominantly inner-city pop-
ulation of approximately 1.3 million people. Use of CRIS as an anony-
mised resource for secondary analysis has been approved by the
Oxfordshire Research Ethics Committee (08/H0606/71). The current
study was approved by the NIHR BRC CRIS oversight committee
(application number 21-073).

Participants in this study came from a previously identified retro-
spective cohort of n = 661 patients who commenced clozapine over a
10-year period between 1st January 2007 and 31st December 2016. A
full description of how the cohort was identified can be found elsewhere
(2022). From the original cohort a sub-sample of patients were identi-
fied (n = 425) who were still taking clozapine 2 years later. Clinical
Global Impression — severity (CGI-S) scores (Busner and Targum, 2007)
were recorded at baseline and at 2 year follow up for this group. CGI-S
scores were rated retrospectively by reviewing patient records. Ratings
were carried out by an experienced consultant psychiatrist (RJ). Base-
line and 2-year scores were rated separately, with records for outcome
scores restricted to the period 6 months pre and 6 months post the 2-year
end point.

The final cohort consisted of all patients who were still taking clo-
zapine at 2 years, had sufficient clinical data available to reliably com-
plete CGI scores pre clozapine and at two years, and who had useable
neutrophil data available during the first 6 weeks of clozapine treatment
(see flowchart Fig. 1).

2.2. Measures

Neutrophil counts for the cohort were primarily extracted using
linkage with Zaponex Treatment Access System (ZTAS) data, ZTAS
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being the clozapine monitoring service used by the Maudsley
throughout the time period of the cohort (ZAPONEX; Teva UK, Harlow,
United Kingdom). For patients for whom ZTAS data was not available,
neutrophil counts were extracted from CRIS data using structured lab
results data. As this was only available for patients from 2013 onwards, a
manual review of free text data was conducted to extract neutrophil
counts if data from ZTAS and structured lab results were unavailable.
Neutrophil counts were collected at three time points: at baseline
(before clozapine was commenced), 3 weeks, and at 1 month post clo-
zapine initiation, with tolerance of +1 week. These time points were
chosen in accordance with the literature available on the timing of the
peak neutrophil count following clozapine (Blackman et al., 2021).
The main outcome measure used for the study was response to clo-
zapine at 2 years, defined as a reduction in CGI-S score by at least 2
points from the start of the study period. CGI-S uses a Likert scale from 1
to 7 to assess overall illness severity, with lower scores indicating lower
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levels of symptoms.

Outcome data was collected as part of the earlier study, which took
place prior to the linkage with ZTAS, therefore CGI-S ratings were
conducted blind to neutrophil scores.

2.3. Covariates

Data for significant covariates, which could affect both neutrophil
count and outcome scores, were also collected. Covariates included 1)
age, 2) sex, 3) ethnicity (UK census categories collapsed into four groups
- white, black Caribbean, black other, mixed/other — to reflect the de-
mographics of the study catchment area) and 4) medical illness (number
of medical admissions during the two-year study period; O, 1 or more
than 1).

Excluded n = 341344
0 or 1 instances of clozapine

Excluded n = 1589
First prescription of clozapine outside this time
period

Excluded n =931
Inadequate trial of clozapine or clozapine
commenced outside of study period

Excluded n = 236

4 died during study period

3 moved abroad

25 transfer of care to a different trust
204 discontinued clozapine within 2 years

Excluded n = 28
No neutrophil counts available in first 6 weeks
of clozapine treatment

Fig. 1. Cohort identification.
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2.4. Statistical analysis

First, Latent Class Growth Analyses (LCGA) (Jung and Wickrama,
2008) was conducted using M plus v8 (Muthén and Muthén, 1998), to
detect trajectories of neutrophil response to clozapine across the time
points (baseline, 3 weeks post clozapine and 1 month post clozapine).
Five models were fitted, testing performance of two to six classes. The
best fitting classification model was chosen according to fit indices (i.e.,
Bayesian Information Criteria [BIC] (Schwarz, 1978) and Vuong-Lo-
Mendell-Rubin [VLMR] test) (Lo et al., 20011). Lower BIC values sug-
gest a better model fit. A significant VLMR value (p < 0.05) suggests that
a K-class model fits the data better than a (K-1) class model. Entropy, a
measure of the degree of separation between classes (Ramaswamy et al.,
1993), was also used to select the best model fit; entropy with values
approaching 1 indicates clear delineation of classes. Finally, to decide
the optimal class solution, an emphasis was placed on large enough
group sizes (i.e., >2% of the sample) and clinically relevant and infor-
mative interpretation. Missing values due to attrition were handled by
the Full Information Maximum Likelihood estimation method (Arbuckle
et al., 1996).

Secondly, logistic regression was performed using STATA version 15
(StataCorp. StataCorp., 2017), to investigate the associations between
neutrophil classes (obtained with LCGA-as the exposure) and treatment
response (as the outcome), controlling for age, sex, ethnicity and med-
ical comorbidity. Class 1 was used as the reference group to which the
other two classes were compared.

Finally, logistic regression was performed to investigate for associ-
ation between baseline neutrophil count (prior to clozapine initiation)
and treatment response, adjusted for age, sex, ethnicity and medical
comorbidity. Baseline neutrophil count was recorded as a dichotomous
variable with higher or lower neutrophil groups, using a neutrophil
count >5 x 10%/1 as the cut-off, to include patients with high-normal
counts in the higher group.

3. Results
Summary statistics for the sample are shown in Table 1.
3.1. Latent classes of neutrophils across time points

There was minimal missing data in the study (0.4%).

Table 2 shows VLMR, BIC, and entropy for all models assessed (2-6
classes), tested for neutrophil counts at baseline, 3 weeks and 1 month.
The 3-class model was selected based on goodness of fit indices. The 2-
class and 3-class models were the only models reporting significant
VLMR p-values, which is one of the requirements for the selection of the
model. In this case, a significant VLMR p-value for 3-class model indi-
cated that the three-class model gives significant improvement in model
fit over the 2-class model. Furthermore, the BIC value for the 3-class
model was lower than the 2-class. Finally, all the classes from the 3-
class model included a sample size greater than 2%. The selection of
the 3-class model was reviewed by a clinical immunologist (AS), who
corroborated its clinical validity.

The 3 derived classes of neutrophil counts from the 3-class model,
and the sample size for each class are shown in Fig. 2. Briefly, Class 1
(blue) represented low to normal neutrophil counts and included 207
patients (52.1%), Class 2 (green) represented high-normal neutrophil
counts of around 6x10°/L. and included 158 patients (39.8%) and Class
3 (red) represented high neutrophil counts and included 32 patients
(8.1%).

The demographics of the three classes are shown in Table 3. There
were significant differences between the three classes in relation to age,
ethnicity, medical co-morbidity and baseline CGI-S scores.
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Table 1
Characteristics of the sample (n = 397).

Characteristic Descriptor Number (percent)
Sex Male 273 (68.8)124
Female (31.2)
Ethnicity White 153 (38.5)34
Black (8.6)144
Caribbean (36.3)66
Black other (16.6)
Mixed/other
CGI-S score start 1-4 42 (10.6)170
5 (42.8)
6 168 (42.3)17
7 4.3)
CGI-S score end 1 12 (3.0)40
2 (10.1)141
3 (35.5)141
4 (35.5)55
5 (13.9)8
6-7 (2.0)
Medical admissions during 0 278 (70.0)75
study 1 (18.9)44
>1 (11.1)
Baseline neutrophil count >5 139 (35.0)258
(x10°/D) <5 (65.0)
Characteristic Descriptor Mean (standard deviation/
range)
Age Years 35.3(10.8)
Neutrophil count Pre-clozapine 4.6 (2.0/1.4-14.9)5.1
3 weeks (2.3/1.1-14.4))4.9
1 month (2.2/1.5-12.2)

CGI-S. Clinical Global Impression — Severity scale. 1 = normal, not at all ill; 2 =
borderline mentally ill; 3 = mildly ill; 4 = moderately ill; 5 = markedly ill; 6 =
severely ill; 7 = among the most extremely ill patients.

Note Some cells have been collapsed due to CRIS rules which state that no cells
<5 can be reported without special permission to avoid identification.

Table 2

Model section.
Model BIC VLMR-P Entropy
2 classes 4899.712 <0.001 0.810
3 classes 4804.528 0.005 0.793
4 classes 4766.063 0.264 0.846
5 classes 4751.748 0.731 0.861
6 classes 4732.532 0.064 0.838

Bold print indicates preferred model.
BIC - Bayesian Information Criteria. VLMR-P — Vuong-Lo-Mendell-Rubin test.

3.2. Regression model of neutrophil classes and clozapine response

Logistic regression found that the odds of a positive response to
clozapine was significantly increased in patients in class 2 (medium
neutrophil group) compared to class 1 (low neutrophil group) [Odds
ratio (OR) = 2.10, p-value = 0.002; 95% confidence interval (95% CI) =
1.31-3.36]. The odds of a positive response also increased for class 3
(high neutrophil group) compared to class 1, but the results were not
significant (Table 4).

3.3. Regression model of baseline neutrophil count and clozapine response

Using baseline neutrophil count as a dichotomous variable (higher
versus lower neutrophil count) with a cut off value of >5 x 10%/, logistic
regression analysis showed that a higher neutrophil count prior to clo-
zapine initiation was associated with greater clozapine response,
adjusted for age, sex, ethnicity and medical admissions [Odds ratio (OR)
=1.68, p-value = 0.03; 95% confidence interval (95% CI) = 1.06-2.06].
Overall, 68% of the higher neutrophil group responded to clozapine
compared to 56% in the lower neutrophil group.
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Fig. 2. Class sizes and mean neutrophil counts for each class for the three-class model, across time points.

Table 3

Characteristics of the three classes derived by LCGA (Latent Class Growth
Analysis) Class 1 = low neutrophils. Class 2 = high-normal neutrophils Class 3 =
high neutrophils.

Class 1n = Class 2n = Class 3n = F P
207 158 32
Mean age 33.3 36.8 40.5 9.10  0.00
Male Sex 71% 66% 69% 0.56 0.57
White ethnicity ~ 27.5% 51.3% 46.9% 11.74  0.00
1 or more 25.1% 33.5% 43.7% 3.11  0.05
medical
admissions
Baseline CGI-S 5.30 5.51 5.4 3.28 0.04
score (5.20-5.41) (5.40-5.62) (5.22-5.65)

Table 4
Logistic regression of neutrophil class on clozapine response (n = 397). Adjusted
values are adjusted for age, sex, ethnicity and medical admissions.

Unadjusted OR p- Adjusted OR (95% CI) p-
(95% CI) value value
Class 1
2 versus 1 2.04 (1.32-3.16) 0 2.10 (1.31-3.36) 0
3 versus 1 1.11 (0.53-2.35) 0.78 1.42 (0.63-3.18) 0.4
Age 0.98 (0.96-1.00) 0.05 0.97 (0.95-0.99) 0.01
Sex 0.69 (0.43-1.04) 0.08 0.57 (0.35-0.91) 0.02
Ethnicity White
Black 1 (0.46-2.17) 1 1.02 (0.45-2.30)0.67 0.97
Caribbean (0.40-1.11)
Black other 0.66 (0.42-1.06) 0.08 0.88 (0.47-1.63) 0.12
Mixed other  0.46 (0.46-1.52) 0.56 0.68
Medical admissions 0
1 1.03 (0.61-1.75) 0.9 0.95 (0.55-1.64)0.60 0.86
(0.30-1.19)
>1 0.56 (0.30-1.07) 0.08 0.14

OR - odds ratio.
4. Discussion
The study examined neutrophil trajectories with clozapine exposure

across the first month of treatment and their association with outcome.
Our hypothesis was that neutrophil changes in response to clozapine
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may be driving clinical outcome, however this was not upheld. Rather,
using latent class growth analysis, we identified three stable classes of
neutrophil counts detected across the time points. Neutrophil trajectory
was divided into low, medium or high values, with differences present
from baseline. Using class 1 (low neutrophils) as the reference group, the
likelihood of a positive long-term response to clozapine, as measured by
CGI-S score at 2 years, was significantly increased by membership of
class 2 (high-normal neutrophils). A smaller effect was seen with class 3
(high neutrophils), and this effect was not significant. The effect size for
class 2 was clinically significant with the odds of a positive response to
clozapine more than doubled by membership of the high-normal group.
Furthermore, baseline neutrophil counts alone were significantly asso-
ciated with response to clozapine, with higher counts more likely to be
associated with a positive response. However, response to clozapine was
not limited to patients with higher baseline neutrophil counts, and
therefore neutrophil count alone would not be sufficient to usefully
predict outcome.

The improved response to clozapine in the high-normal compared to
the low neutrophil group did not appear to be explained by a specific
early spike in neutrophil count, as the rise in neutrophils in classes 2 was
modest. This is in keeping with the study by Blackman et al. (2021),
which found no association between early increases in neutrophil and
subsequent treatment response. It should be noted that the sample in
Blackman et al was a subsample of that reported in the present study,
although Blackman et al studied baseline and peak neutrophil counts as
opposed to trajectories as in this study. In our study the differences in
neutrophil count between the classes appear to be set prior to clozapine
initiation, consistent with the hypothesis that a proportion of TRS pa-
tients have a low-grade inflammation, reflected in high-normal
neutrophil counts, and that these patients are especially responsive to
clozapine. The lesser effect seen in the high neutrophil group, as
compared to the high-normal group, may be due to the reduced preci-
sion of the estimate in this smaller group. Also, patients in this group
were more likely to have co-morbid medical illnesses, and were older,
both of which may have affected their response to clozapine. The early
transient increase in neutrophils seen across all groups may represent
mobilisation of neutrophils from the bone marrow as part of the
immunological response to clozapine. The short half-life of neutrophils
(hours to days) may explain the transient nature of this increase.

The precise role neutrophils may be playing in inflammation in TRS
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is unclear, but there are a number of potential candidate mechanisms.
For example, neutrophils are known to interact closely with the com-
plement system, which is activated as part of the initial immune
response. Complement activation triggers chemotaxis of neutrophils to
the site of injury and promotes direct cell lysis. Stimulated neutrophils
themselves release complement factors which further activate the
cascade via the alternative and lectin pathways (Lubbers et al., 2017).
The complement system has been shown to be activated in psychosis
(Heurich et al., 2022), and Susai et al. (2023), have shown that levels of
complement factors are associated with response to antipsychotic
treatment in first episode psychosis. Stimulated neutrophils also release
pro and anti- inflammatory cytokines, including TNFaq, IL-1, IL-1ra, IL-6
(Tamassia et al., 2018), several of which have been found to be elevated
in psychosis (Miller and Goldsmith, 2019). In addition, there appears to
be a complex interplay between neutrophils and T-cells and recent work
has indicated that regulatory T-cells (Tregs), which are key to main-
taining immune homeostasis, may be hypofunctional in psychosis
(Corsi-Zuelli et al., 2022). Neutrophils also produce traps called NETs
(neutrophil extra-cellular traps) which ensnare pathogens and activate
antigen presenting cells, which promote the differentiation of T-helper
cells (Malech et al., 2014). Recent animal models and clinical studies
have implicated neutrophils in the pathophysiology of a number of
neuro-immune conditions including multiple sclerosis (MS) (Woodberry
et al., 2018), immune anti-NMDAR encephalitis (Zeng et al., 2019) and
amyotrophic lateral sclerosis (ALS) (McGill et al., 2020; Murdock et al.,
2016); all conditions with known glutaminergic dysfunction. Glutamate
is the main excitatory neurotransmitter in the CNS and is also an
important immunomodulator (Hansen and Caspi, 2010). The hypothesis
that TRS is categorically distinct from treatment responsive illness and is
driven by glutaminergic, rather than dopaminergic dysfunction (Gil-
lespie et al., 2017), may indicate similarities between TRS and these
illnesses and shed light on the neutrophil changes seen in TRS. For
example, it has been suggested that neutrophils may play a role in the
development of neuroinflammation in MS as a direct result of NETosis
negatively impacting on the ability of the blood brain barrier to control
the influx of immune cells into the brain (Woodberry et al., 2018). NETs
have been directly shown to be present in a number of auto-immune
conditions (Lee et al., 2017) and they have also recently been found in
the plasma of patients with early schizophrenia (Corsi-Zuelli et al.,
2022).

There may also be functional and/or phenotypic differences in
neutrophils associated with disease severity or treatment responsive-
ness. This has been shown to be the case in both MS and ALS (Woodberry
et al., 2018; McGill et al., 2020). Phenotypic studies in MS have shown
that activated neutrophils (with enhanced ROS production compared to
normal neutrophils) may be involved in MS immunopathology and that
granulocytic myeloid derived suppressor cells, which are neutrophils
with an immunosuppressive function, may participate in the recovery
phase (Woodberry et al., 2018). In addition, current MS treatments have
effects on neutrophils either by reducing their numbers or altering their
functioning (Woodberry et al., 2018). Studies in ALS have shown that
CD16 expression on neutrophils was increased in patients with more
severe disease (McGill et al., 2020). Studies of neutrophil phenotypes as
possible markers of disease activity and treatment responsiveness in TRS
could help further understanding of the role of neutrophils in TRS pa-
thology and treatment response.

The finding that neutrophil count is associated with treatment
response may not be specific to clozapine, nor to TRS, as raised counts
have been linked with symptom severity and treatment response in non-
treatment resistant illness (Fan et al., 2010; Steiner et al., 2019). Whilst
the unique efficacy of clozapine and its clear immunomodulatory
properties, alongside the specific characteristics of TRS, suggest that
clozapine may work differently to other antipsychotics in this patient
group, studies looking at neutrophil counts and treatment response to
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alternative antipsychotics would be helpful.

Our study has several strengths. It is the largest study to our
knowledge to demonstrate a significant relationship between neutrophil
count and response to clozapine. The methodology used (LCGA) fits well
with a heterogenous condition such as TRS. Another strength is the
generalisability of the study, being representative of a large epidemio-
logical population. The use of CGI-S as an outcome measure has good
validity and ratings were carried out by an experienced consultant
psychiatrist. The main limitations of the study are its retrospective
design and that patients who discontinued clozapine before two years
were excluded. Another limitation is the lack of information regarding
serum clozapine levels in the cohort; it is plausible that patients with
lower neutrophils achieved lower clozapine doses, with sub-therapeutic
clozapine levels, as clinicians were hesitant about more rapid increases,
leading to reduced or delayed treatment effectiveness. The lower
neutrophil group also had lower illness severity scores at baseline, which
could mean that the effect size with clozapine was reduced in this group.
It is also noteworthy that patients of black ethnicities were over-
represented in the low neutrophil group, although we controlled for
ethnicity in the analysis. This may indicate that the group included
patients with benign ethnic neutropaenia (BEN) (Atallah-Yunes et al.,
2019), which occurs in people of African, Middle Eastern and West In-
dian ethnicities; the significance of which for the hypothesis being
studied is unknown.

To conclude, our results are consistent with the hypothesis that pa-
tients with low-level inflammation, reflected in a high-normal neutro-
phil count, are more likely to respond to clozapine, raising the
possibility that clozapine exerts its superior efficacy via immune
mechanisms.
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