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Effect of Adenine on Clozapine-induced Neutropenia in Patients with
Schizophrenia: A Preliminary Study
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Objective: This study examined the utility of adenine for preventing clozapine—induced neutropenia,

Methods: This retrospective study examined the effect of adenine on clozapine—induced neutropenia in patients with treat—
ment-resistant schizophrenia and was conducted at Okehazama Hospital in Japan from July 2010 to June 2013, Adenine was
available for use from June 2011 onwards, Twenty—one patients started receiving clozapine treatment from July 2010 to April
2011 (the pre—adenine adoption group), and 47 patients started receiving it from May 2011 to June 2013 (the post—adenine adoption
group). The effects of adenine were assessed based on changes in the patients’ leukocyte counts and the frequency of treatment
discontinuation due to clozapine—induced neutropenia,

Results: Sixty—eight patients were treated with clozapine from July 2010 to June 2013, Of the 21 patients in the pre—adenine
adoption group, 4 discontinued treatment due to clozapine—induced neutropenia, whereas only 2 of the 47 patients in the
post—adenine adoption group discontinued treatment, The frequency of treatment discontinuation due to clozapine—induced neu—
tropenia was significantly lower in post—adenine adoption group than in the pre—adenine adoption group (£=0.047).
Conclusion: Adenine decreased the frequency of treatment discontinuation due to clozapine—induced neutropenia, Our data
suggest that combined treatment with clozapine and adenine is a safe and effective strategy against treatment—resistant

schizophrenia,

KEY WORDS: Clozapine; Adenine; Neutropenia; Schizophrenia; Side—effect,

INTRODUCTION

Clozapine is an effective treatment for refractory
schizophrenia." Although it has a favorable adverse ef-
fects profile, 1% to 2% of patients who receive clozapine
discontinue treatment due to agranulocytosis.2’3) In addi-
tion, clozapine can also cause other hematological side ef-
fects including leukopenia, neutropenia, and eosinophilia.*”

Thus, the full benefit of clozapine can only be achieved
if its side effects can be controlled. In Japan, physicians
who administer clozapine must conform to the rules set
out by the Clozaril Patient Monitoring Service (CPMS).

Accordingly, all patients that receive clozapine are reg-
istered with the CPMS and are strictly monitored for re-
ductions in their white blood cell counts every week or
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two weeks.

Agranulocytosis is defined as a granulocyte count of
<500/mm’, neutropenia is defined as a granulocyte count
of <500-1 ,500/mm3, and leukopenia is defined as a white
blood cell count of < 3,500/mm’. In addition, the CPMS
have established strict leukocyte and neutrophil count
standards for patients receiving clozapine; i.e., clozapine
treatment must be discontinued when a leukocyte count of
<3,000/mm’ or a neutrophil count of < 1,500/mm’ is
detected.

Patients with low leukocyte and neutrophil counts are at
risk of agranulocytosis and neutropenia, respectively. It is
also known that the risk of agranulocytosis or neutropenia
is highest in the first 8-12 weeks of treatment.*” However,
if patients are able to continue receiving clozapine, the
risk of agranulocytosis or neutropenia falls over time. For
example, a Korean study found that the risk of agranulo-
cytosis or neutropenia gradually reduced during the first 6
years of clozapine treatment and had completely dis-
appeared after 7 years, and a Finnish study reported that
83.9% of all agranulocytosis cases occurred within the
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first 12 months of clozapine treatment.”'”

Lithium has been suggested as a treatment for cloza-
pine-induced neutropenia.'*’ However, lithium is asso-
ciated with a number of side effects and potentially serious
toxicities.'” Other studies have found that treatment with
granulocyte-colony stimulating factor (G-CSF) can pre-
vent clozapine therapy being discontinued,™'® but
G-CSF is expensive.”)

Therefore, treatments for clozapine-induced neutropenia
that have few side effects and are inexpensive are required.
Adenine has been reported to be effective against
leukocytosis. "1 However, the effect of adenine on cloza-
pine-induced neutropenia has not been examined. This
study was designed to evaluate the efficacy and safety of
using adenine in combination with clozapine as a treat-
ment for agranulocytosis and neutropenia.

METHODS

Subjects and Laboratory Data Sources

This study examined the cases of 71 patients who re-
ceived clozapine treatment at Okehazama Hospital from
July 2010 to June 2013. The patients’ medical charts were
reviewed to collect data about the daily dose of clozapine;
the duration of clozapine treatment; the daily dose of ad-
enine (10-60 mg/day); the duration of adenine treatment;
and the patients’ gender, age, leukocyte and neutrophil
counts, kidney function (creatinine and blood urea nitro-
gen levels), and uric acid levels. Adenine was provide by
Ohara Pharmaceutical Co. Ltd. (Tokyo, Japan). Complete
information was available for 68 patients. We started to
use adenine at Okehazama Hospital in June 2011. This
study was approved by the ethics committee at Okehazama
Hospital. We obtained written informed consent from all
patients.

Statistical Analysis

To test the association between the efficacy and safety
of the use of adenine, we firstly tested the relationship be-
tween the frequency of clozapine treatment discontinua-
tion and demographic parameters using the chi-square test
and Student’s #-test. Secondly, we used repeated ANOVA
and the Mann-Whitney test to compare patients receiving
the combination of clozapine and adenine and those ad-
ministered clozapine alone. Thirdly, we studied associa-
tions among the baseline and 24-week kidney function
(creatinine and blood urea nitrogen levels) and uric acid
levels. p-values of <0.05 were considered significant. All
statistical analyses were performed using the IBM SPSS

Statistics software package Windows (version 22; IBM
Co., Armonk, NY, USA).

RESULTS

Of the 68 patients that were treated with clozapine be-
tween July 2010 and June 2013, 54.4% were male and
45.6% were female (mean age, 47.5 years). The mean clo-
zapine dose was 425.7 mg, and the mean duration of clo-
zapine treatment was 607.4 days (Fig. 1, Table 1).

Treatment Discontinuation due to Neutropenia

Clozapine treatment was initiated from July 2010 to
May 2011 in the pre-adenine adoption group and from
June 2011 to June 2013 in the post-adenine adoption
group. In the pre-adenine adoption group, the mean age of
the patients was 52.9 years, and 61.9% were male, where-
as in the post-adenine adoption group the mean age of the
patients was 45.1 years, and 51.1% were male (Table 2). In
the post-adenine adoption group, 4.3% of the patients dis-
continued clozapine therapy due to clozapine-induced
neutropenia (vs. 19% of the patients in the pre-adenine
adoption group; p=0.047).

Effects of Adenine

A total 0f 69.1% of the patients (47 of 68) started receiv-
ing clozapine in June 2011 or later. Of these, 25.5% (12 of
47; group A) were given a combination of clozapine and
adenine with the aim of preventing agranulocytosis and
neutropenia, 36.2% (17 of 47; group B) were treated with
clozapine alone, and 38.3% (18 of 47; group C) were ad-
ministered adenine after the initiation of clozapine
treatment. The latter group was excluded from the
analysis. Table 3 show the patients’ demographics and
treatment characteristics.

Repeated ANOVA showed a non-significant difference
between leukocyte counts of groups A and B (p=0.052).
However, the baseline leukocyte count of group B was
significantly higher than that of group A (Mann-Whitney
test, p=0.000), but no differences in the leukocyte counts
of these two groups were detected in other weeks (1 week:
p=0.128, 2 weeks: p=0.140, 3 weeks: p=0.404, 4 weeks:
p=0.122, 24 weeks: p=0.139). In addition, repeated
ANOVA showed a non-significant difference between
neutrophil counts of groups A and B (p=0.278). However,
the baseline neutrophil count of group B was significantly
higher than that of group A (Mann-Whitney test, p=0.000),
but no differences in the neutrophil counts of these two
groups were detected in other weeks (1 week: p=0.117, 2
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71 Patients enrolled

3 Patients excluded —

Pre-adenine adoption group
(July 2010 to May 2011)
21 patients

Post-adenine adoption group
(June 2011 to June 2013)
47 patients

Adenine administered to
prevent cytopenia
12 patients
(group A)

Clozapine only
17 patients
(group B)

Adenine administered after
the initiation of clozapine
treatment
18 patients
(group C)

Fig. 1. Flow diagram of the study.

Table 1. Demographic and treatment data for the study subjects
(n=68)

Variable Value
Sex
Male 37 (54.4)
Female 31 (45.6)
Age (yn) 47.5%1.7
Race (Japanese) 68 (100)
Clozapine dosage (Mg) 425.7+18.3
Clozapine duration (day) 607.4+45.1

Values are presented as number (%) or meantstandard deviation.

weeks: p=0.180, 3 weeks: p=0.890, 4 weeks: p=0.430, 24
weeks: p=0.867) (Figs. 2, 3).

Safety of Adenine

Thirty-five patients received adenine treatment between
June 2011 and June 2013 (Fig. 4). One patient exhibited
significantly increased uric acid levels at 24 weeks.
However, the kidney function (creatinine and blood urea
nitrogen levels) and uric acid levels of the 12 patients in
group A did not change significantly between the baseline
and 24 weeks (p=0.949, 0.854, and 0.368, respectively).

DISCUSSION

Clozapine was first introduced as a treatment for schiz-
ophrenia in Austria in 1969, but it stopped being used in

1975 after a report from Finland found that it caused
agranulocytosis. However, in 1988 further studies demon-
strated that clozapine is effective against refractory
schizophrenia.

As a result, clozapine was approved for use as a treat-
ment for refractory schizophrenia in 1989 after the estab-
lishment of the CPMS by the United States Food and Drug
Administration. The CPMS developed strict leukocyte and
neutrophil count standards for patients receiving clozapine,
which resulted in reductions in the frequencies of agranulo-
cytosis and mortality. In Japan, adenine is considered to be
effective against neutropenia. Regarding the pharmaco-
logical function of adenine it is considered to be taken up by
DNA of bone-marrow cells and RNA, and then used in nu-
cleic acid biosynthesiszo). However, there is no evidence re-
garding its effectiveness and safety when combined with
clozapine. Therefore, we analyzed the effectiveness and
safety of adenine in this setting.

We evaluated the efficacy of adenine based on the fre-
quency of clozapine treatment discontinuation due to neu-
tropenia and the changes in the patients’ leukocyte and
neutrophil counts during treatment. The study subjects
were separated into two groups (the pre-adenine adoption
and post-adenine adoption groups) according to the date
on which their clozapine treatment was initiated. The clo-
zapine treatment discontinuation rate was higher in the
pre-adenine adoption group than in the post-adenine
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Table 2. Frequency of clozapine treatment discontinuation in each group (nN=68)

Variable Pre-adenine adoption group (n=21) Post-adenine adopftion group (n=47)  p-value*®

Sex 0.415

Male 13 (61.9) 24 (51.1)

Female 8 (38.1) 23 (48.9)
Age (yn 52.9+3.4 45.1+1.9 0.033
Clozapine dosage (Mg) 423.8+38.2 426.2+20.5 0.944
Clozapine duration (day) 777.9+108.4 531.2+39.8 0.042
Discontinuation due to neutropenia 4 (19) 2 (4.3) 0.047

Agranulocytosis 1 4.8 0 (0.0)

Neutropenia 3 (14.3) 2 (4.3)

Values are presented as number (%) or meantstandard deviation.

*By Student’s f-test or chi-square test.

Table 3. Post-adenine adoption group (n=47)

Group C (n=18)

Variable Group A (n=12) Group B (n=17)
Sex
Male 5 41.7) 11 (64.7) 8 (44.4)
Female 7 (58.3) 6 (35.3) 10 (65.6)
Age (yn 50.3+3.9 41.8+35 448424
Clozapine dosage (Mmg) 423.8+29.4 417.6+£39.7 404.2+32.7
Clozapine duration (day) 777.9+59.9 517.2+65.8 432.3+64.2
Adenine dosage (Mg) 36.7+3.3 48.3t3.6
Discontinuation due fo neutropenia 0 (0.0) 0 (0.0) 2 0.1
Agranulocytosis 0 (0.0) 0 (0.0) 0 (0.00)
Neutropenia 0 (0.0) 0 (0.0) 2 0.1
Values are presented as number (%) or meantstandard deviation.
Adenine was administered to prevent cytopenia in group A.
Clozapine alone was administered in group B.
Adenine was administered after the initiation of clozapine in group C.
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Fig. 2. Changes in the patfients’ leukocyte counts.
p<0.05 vs. group B (Mann-Whitney-U fest).

Adenine was administered tfo prevent cytopenia in group A;
clozapine alone was administered in group B.

adoption group. However, the patients in the pre-adenine
adoption group were significantly older than those in the
post-adenine adoption group (mean age: 52.9+3.4 years
vs. 45.1+1.9 years; p=0.033; Table 2), and agranulocy-
tosis is linked with older age.S’m) Thus, our results might
have been affected by the age difference between the two

Fig. 3. Changes in the patients” neutrophil counts.
p<0.05 vs. group B (Mann-Whitney-U fest).

Adenine was administered to prevent cytopenia in group A;
clozapine alone was administered in group B.

groups. On the other hand, the clozapine treatment dis-
continuation rate of the post-adenine adoption group was
significantly better than that of the pre-adenine adoption
group despite the former group containing more than dou-
ble the number of patients than the latter group. This sug-
gested that adenine is effective to reduce the rate of treat-
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35 Patients received adenine
treatment

Adenine administered to
prevent cytopenia
12 patients

Pre-adenine adoption group
(July 2010 to May 2011)
5 patients

Adenine administered after
the initiation of clozapine
treatment
18 patients

Fig. 4. Flow diagram of the pa-
tients that received adenine treat-
ment.

ment discontinuation in schizophrenia patients receiving
clozapine.

The baseline leukocyte and neutrophil counts of group
A were significantly lower than those of group B (both
p=0.000). However, repeated ANOVA showed a non-sig-
nificant difference between leukocyte and neutrophil
counts of groups A and B (p=0.052, 0.278, respectively)
and no such differences were detected in other weeks.
There were no cases of treatment discontinuation due to
neutropenia in groups A or B; however, two cases were
seen in group C. However, the mechanism by which ad-
enine prevents agranulocytosis could not be elucidated
due to the low number of cases. In addition, the causative
mechanism of agranulocytosis differs from that of
neutropenia.” Whilst adenine was demonstrated to be ef-
fective at preventing agranulocytosis/neutropenia in
group A, no such effect was seen in group C. Therefore, it
might be necessary to administer adenine before cloza-
pine treatment. Whilst the finding that the patients’ leuko-
cyte and neutrophil counts were markedly reduced by clo-
zapine treatment is an issue, the fact that some patients ex-
hibited low baseline leukocyte and neutrophil counts is
not, as leukocyte and neutrophil counts vary between
individuals.”"” Whilst it has been suggested that transient
neutropenia is harmless,” clozapine treatment is subject to
strict regulation by the CPMS, including with regard to the
minimum neutrophil count, to ensure patient safety.

At the very least, it can be said that adenine helps to pre-
vent neutropenia when administered before the start of
clozapine treatment. This is supported by the low baseline
leukocyte and neutrophil counts of the patients in group A,
who will not develop agranulocytosis or neutropenia.
However, clinicians should take patients’ age and sex as
well as the dosing period into account when administering
adenine in combination with clozapine. Lithium is com-
monly used to treat clozapine-induced agranulocytosis
and neutropenia; however, it is a mood stabilizing drug
and can have side effects, including tremors, excessive

thirst, nausea, diarrhea, epigastric pain, muscle weakness,
and fatigue. Therefore, physicians should closely monitor
patients who take lithium. In this study, one patient’s uric
acid levels appeared to be increased by the administration
of adenine. However, none of the other patients suffered
side effects. The patient with elevated uric acid levels was
treated with febuxostat, and their uric acid levels
normalized. Overall, our findings suggest that adenine has
a high potential as adjunct therapy with clozapine.

This study has several limitations: (1) It is reported that
the frequency of clozapine-induced agranulocytosis is
about 1% to 2% and that of clozapine-induced neu-
tropenia is about 10.28%; therefore, the small number of
patients enrolled in our study is an issue. (2) Our study was
a cohort study; however, to examine the effects of adenine
in detail a randomized double-blind trial involving ad-
enine and a placebo must be performed. (3) This study did
not examine the effects of concomitant medications or dif-
ferent adenine doses.

Among patients with refractory schizophrenia who
were treated with clozapine, adenine administration re-
sulted in a significantly lower frequency of treatment dis-
continuation due to neutropenia as well as increases in the
patients’ leukocyte and neutrophil counts. Combination
treatment with clozapine and adenine will benefit patients
who were previously unable to start clozapine treatment
due to a low leukocyte or neutrophil count and those who
find it difficult to continue with clozapine treatment due to
marked reductions in their leukocyte and/or neutrophil
counts. We therefore suggest that adenine can be used
safely, providing that patients’ leukocyte and neutrophil
counts are monitored closely.

The efficacy and safety of combination treatment in-
volving clozapine and adenine were demonstrated in this
trial. Further data are needed to confirm our findings, with
well-designed randomized controlled trials being ideal.
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