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We studied the steroid-sparing effect of dapsone in 10 subjects with chronic asthma in a
preliminary open trial. Dapsone was chosen because it inhibits neutrophil function and
possesses anti-inflammatory effects in a variety of disorders. The study group consisted

of 10 subjects with stable, steroid-dependent asthma, aged 23 to 80 years, with normal
glucose-6-phosphate dehydrogenase levels. Average daily baseline prednisone dose ranged from
5 to 60 mg. Dapsone, 100 mg, twice daily, by mouth, was started after a 1-month baseline
period. Baseline steroid dose, symptom scores, and daily peak flow rates were compared to the
latest available 4-week period of dapsone treatment. Average cumulative monthly prednisone
dose was reduced from 428 mg to 82 mg (p < 0.02). Five of 10 patients stopped steroids by
month 6 and two additional patients by month 13. Two additional patients demonstrated a
coincidental 74% reduction in steroid dose, and one patient demonstrated no response. Clinical
parameters remained stable despite steroid reduction. These preliminary data suggest dapsone may
have steroid-sparing effects in chronic asthma. (J ALLERGY CLIN IMMUNOL 1991;87:710-15.)

As current concepts of the pathogenesis of asthma
evolve from a primarily bronchospastic to inflam-
matory model,' research efforts are focusing on drugs
that may inhibit airway inflammation. Several drugs
with putative anti-inflammatory effects, such as gold
salts,?® methotrexate,® and hydroxychloroquine,” have
demonstrated promising results in the treatment of
severe asthma.

Neutrophils may play a role in the inflammatory
component of asthma. There is evidence of neutrophil
recruitment® and increased chemotactic activity® in ex-
perimental asthma, and neutrophil depletion ablates
the late-phase response.'® "'

Dapsone, a sulfone (4,4'-diaminodiphenyl! suifone)
used in the treatment of leprosy and a variety of cu-
taneous and rheumatologic disorders, inhibits neu-
trophil function.' It decreases neutrophil production
of reactive oxygen intermediates,”* '* chemilumines-
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Abbreviation used
PEFR: Peak expiratory flow rate

cence,'® ' !¢ chemotaxis,"” and injury to pulmonary
epithelial cells.'

Because of the possible role of neutrophils in
asthma, inhibitory effects of dapsone on neutrophils,
and its therapeutic effects in a variety of inflammatory
disorders, we studied the steroid-sparing effects of
dapsone in 10 patients in a preliminary open trial.

MATERIAL AND METHODS
Patients

Ten patients, aged 23 to 80 years, with steroid-dependent
asthma meeting American Thoracic Society Diagnostic cri-
teria," completed this study after giving informed consent
(Table I). Each patient required steroids despite an optimal
regimen that included bronchodilators and inhaled steroids.

Duration of continuous steroid therapy ranged from 1.3 to

30 years. All patients demonstrated steroid morbidity and
had failed one or more attempts at steroid weaning within
the previous 12 months. Mean daily steroid dose in pred-
nisone equivalence ranged from 5 to 60 mg. All patients
were clinically stable at the time of entry into the study.
Three patients did not complete the study and are not
included in data analysis. One patient stopped dapsone at
week 2 because of a vague feeling of malaise, one patient
stopped at month 2 for rash and thrombocytopenia, and one
patient stopped at month 7 because of a psychiatric disorder:
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TABLE l. Patient demographics
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Prednisone treatment

Patient Age (yr) Sex igE (1U/ml) Mean dose (mg/day) Duration (yr)
J. B. 43 M 30 7.8 1.3
M. P. 55 F 10 16.4 24
S. C. 80 F 114 10 8
T. G. 30 F 129 10 2.7
C.G. 23 F 332 19.8 5.1
J. M. 51 M 82 7 2
R. S. 54 F 70 9.6 3
L. C. 54 F 20 5 6
M. M. 53 F 55 60 2.8
T. C. 57 M 5 15.4 30

Excluded were patients with concomitant severe medical
illness, such as diabetes, cardiovascular, hepatic, or renal
disease, history of poor compliance or severe psychiatric
disorder, glucose-6-phosphate dehydrogenase deficiency,
history of anemia or hemolysis, nonasthmatic pulmonary
disease, abnormal diffusion capacity for carbon monoxide,
reproductive or lactating female patients, and patients re-
ceiving concomitant treatment with rifampin or probenecid
(which affect dapsone metabolism).

Study design

Before entry into the study, all patients were optimized
on a therapeutic regimen including theophylline adjusted to
therapeutic blood levels, inhaled B-agonists, and inhaled
steroids. After a 4-week baseline period receiving their
usual regimen, patients started receiving dapsone, 100 mg,
twice daily, by mouth, and were followed for periods rang-
ing from 7.4 to 20 months. Baseline studies included history
and physical examination, spirometry, diffusion capacity
for carbon monoxide, chest x-ray, sinus x-rays, glucose-6-
phosphate dehydrogenase, complete blood count, urinaly-
sis, IgE, theophylline level, chemistry panel, and thyroid
panel. Patients kept daily records of medications, PEFR
with a mini-PEFR meter, nebulization frequency, and symp-
tom scores. The daily symptom score ranging from 0 to 15
consisted of a rating from O (no symptoms) to 1 (mild),
2 (moderate), and 3 (severe) for each of five parameters,
including cough, wheeze, dyspnea, nocturnal awakening,
and limitation of activity. After the baseline period and dur-
ing the dapsone-treatment phase, patients were observed
and examined weekly for the first 3 months and monthly
thereafter. At each visit, pill counts were performed, and
studies, including spirometry, theophylline level, and com-
plete blood count were obtained. The patients were main-
tained with their prestudy therapeutic regimen, which in-
cluded B-agonists and theophylline, but after stabilization
with dapsone, inhaled steroids were stopped in all patients.
Theophylline doses were adjusted as was necessary to main-
tain a therapeutic blood level. The oral steroid dose was
tapered according to the physician’s clinical assessment.

TABLE Il. Group clinical parameters before
and after dapsone therapy

Dapsone
Mean monthly Before* Witht Significance
Cumulative prednisone  428.2 823 p<0.02
dosage (mg)
Symptom scores 134.8 100.1 NS
Nebulizer usage fre- 2837 271.8 NS
quency
% Predicted home 72.0 76.9 NS
monitored PEFR
% Predicted FEV, 83.4 78.4 NS

*Four-week baseline before starting dapsone.
‘tLatest 4-week period of dapsone therapy.

Data analysis

To minimize day-to-day variability, parameters, includ-
ing steroid dose, number of bronchodilator nebulizations,
and symptom scores, were evaluated during 4-week cu-
mulative periods. Additional parameters included mean
daily PEFR and spirometry at each clinic visit. Each pa-
tient’s 4-week baseline data were compared to the latest
available 4-week interval with Student’s ¢ test. A level of
significance of 5% was considered meaningful.

RESULTS

Mean 4-week cumulative steroid dose was reduced
from 428 mg to 82.3 mg (p < 0.02; Table II). Five
of 10 patients stopped steroids by month 6 of dapsone,
and two additional patients stopped by month 13. Two
other patients followed for shorter periods demon-
strated a coincidental 74% reduction in their steroid
dose, and one patient clearly demonstrated no re-
sponse. Despite reducing or stopping steroids in the
nine responders, we did not observe any clinical wors-
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TABLE Iil. Individual responses to dapsone therapy

1. ALLERGY CLIN. IMBMUNGE,
MARCH 1991

Initial Final Time receiving
prednisone prednisone dapsone to

dose dose Time receiving time steroids Subsequent steroid-free
Patient (mg/day) (mg/day) dapsone (mo) stopped (mo) duration {mo}
J. B. 7.8 0 18.4 6 12.4
M. P. 16.4 0 18.9 5.3 13.6
S. C. 10 0 20 10.8 9.2
T. G. 10 0 18.3 13.3 5
C.G. 19.8 0 16.3 33 13+
J. M. 7 0 15.8 6.3 9.5%
R. S. 9.6 9.8 8.5 N/A N/A
L. C. 5 0 7.4 5.3 2.1
M. M. 60 15.6 6.1 N/A N/A
T. C. 15.4 4 3.5 N/A N/A

N/A, Not applicable.
*Required one to three short courses of prednisone therapy.

ening as demonstrated by unchanged symptom scores,
PEFR, nebulization frequency, and spirometry (Table
II).

Clinically evident steroid reduction became appar-
ent from month 3 to month 10 of dapsone treatment.
The seven patients who stopped steroids have sub-
sequently been maintained with dapsone for periods
of 7.4 to 20 months and continued to do well (Table
HI). One responder has required three short courses
of prednisone during a period of 9.5 months and one
patient, a single course in 13 months of follow-up.
None of the patients has required emergency care or
hospitalization.

An unexpected finding was transiently elevated the-
ophylline levels to a maximum of 33.4 pg/ml at
weeks 2 to 12 in four patients. These elevated levels
were rapidly corrected to between 10 and 20 pg/ml.
The most commonly observed adverse effect of dap-
sone was significant anemia in nine of 10 patients,
with a mean hemoglobin drop of 3.6 gm/dl. In a few
patients, dapsone dose was decreased to 50 mg, twice
daily, because of anemia.

Three additional patients failed to complete the
study, one because of malaise, one because of rash
and thrombocytopenia, and one patient because of a
psychotic episode (Table V).

DISCUSSION

This study demonstrated that nine of 10 steroid-
dependent patients were able to substantially reduce
or stop steroids while they were taking dapsone. Al-
though designed in accordance with American Acad-
emy of Allergy and Immunology guidelines for pilot
studies,” the limitations of an unblinded study in a
small number of patients are obvious, and these find-
ings must be interpreted with caution. If these pre-
liminary findings are confirmed, however, dapsone

may have steroid-sparing effects, and the results may
have implications regarding the role of neutrophils in
asthma.

Although there is incomplete and conflicting evi-
dence regarding the importance of neutrophils in hu-
man asthma, several studies suggest a possible role.
The inflammatory process expends considerable che-
motactic effort to recruit neutrophils to the site of
hypersensitivity reactions via mediators, including
platelet-activating factor,” leukotriene B,,** >’ C5a,>
and neutrophil chemotactic factor, which has been
identified as interleukin-8. Neutrophil chemotactic
factor, for example, is increased in immunologic and
nonimmunologic asthma models, including antigen
challenge, 2 status asthmaticus,” aspirin-induced
asthma,’® nebulized distilled water-induced asthma,*
and toluene diisocyanate-induced asthma.>

A number of studies suggest this chemotactic ac-
tivity results in recruitment of neutrophils in asthma.
Increased numbers of neutrophils are observed in the
sputum of patients with asthma,” autopsies as a re-
sult of fatal asthma,™ in toluene diisocyanate-induced
asthma, * ozone-induced asthma,”” * and allergen
bronchoprovocation.® *> * Furthermore, incréased
neutrophil numbers and activation are found in late-
phase reactions.*" +

Further evidence for the importance of neutrophils
in asthma is found in-depletion studies. Neutrophil
depletion by vinblastine,* antineutrophil antiserum,*
hydroxyurea,'® and nitrogen mustard'' abrogates the
late-phase reaction and in some models decreases
bronchial hyperreactivity.

Neutrophils mediate lung damage, in-part; through
their myeloperoxidase-H,O,-halide system.*> * Al-
though the role of this system in-asthma. is- unclear,
basal production of superoxide by atopic neutrophils
is greater than in control subjects.”” In addition, su-
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TABLE IV. Dapsone therapy in
other diseases
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TABLE V. Encountered complications with
dapsone therapy

Rheumatoid vasculitis
Cutaneous vasculitis
Subcorneal pustular dermatosis
Bullous pemphigoid

Systemic lupus erythematosus
Sweet’s syndrome

Pustular psoriasis

Rheumatoid arthritis

Crohn’s disease

Relapsing polychondritis
Pemphigus

Chronic urticaria (steroid-dependent)
Pyoderma gangrenosum

Oral lichen planus

peroxide generation by N-formyl-methionyl-leucyl-
phenylalanine-stimulated neutrophils from subjects
with asthma is increased*” *® and parallels the degree
of bronchial hyperreactivity.*® Superoxide may also
play an amplifying role in asthma by inducing addi-
tional mast cell degranulation.*®

Dapsone was chosen as a study drug because it has
been demonstrated to affect neutrophil function, in
part by inhibiting the lysosomal myeloperoxidase-
H,0,-halide system.'” ** *' Studies of human neu-
trophils demonstrate that dapsone inhibits produc-
tion of reactive oxygen intermediates," ' decreases
neutrophil chemiluminescence, '*- '* decreases N-
formyl-methionyl-leucyl-phenylalanine-induced neu-
trophil chemiluminescence'® and chemotaxis,'” inhib-
its pulmonary epithelial cell damage by neutrophils,
and also inhibits mast cell prostaglandin D, release in
rats.” In addition, dapsone has been studied in a va-
riety of inflammatory disorders, many associated with
histologic evidence of neutrophil infiltration®* or par-
ticipation of mast cells (Table IV).* There is no cur-
rent evidence, however, regarding the possible mech-
anism of action of dapsone in asthma. If these pre-
liminary clinical effects are confirmed, additional
study into the mechanism of action will be required.

Our study population was clinically stable at the
time of entry into the study. The relatively high base-
line spirometry of our patients indicated mild airway
obstruction, and the possibility that their baseline
prednisone dose was higher than necessary cannot be
excluded. However, all patients had experienced sig-
nificant exacerbations on attempted steroid reduction
in the past. In contrast to prior efforts with these
patients, there was no evidence of clinical deteriora-
tion with steroid reduction in this study.

Although dapsone can produce a variety of adverse
reactions such as (1) neurologic reactions, including
neuropathy and psychosis, (2) gastrointestinal reac-
tions, including hepatitis, (3) hematogic reactions, in-

Anemia

Rash and thrombocytopenia*
Elevated theophylline levels
Tachyarrhythmia

Malaise*

Psychosis*

—_—— A = O

*Withdrew from the study.

cluding methemoglobinemia, hemolysis, leukopenia,
agranulocytosis, and (4) cutaneous reactions, it has a
generally acceptable safety profile,> having been used
to treat millions of patients since its introduction
in the 1940s. The most common reaction is dose-
dependent hemolytic anemia secondary to methemo-
globinemia, with expected hemoglobin drops of 2
gm/dl. In this study, nine of 10 patients developed
significant anemia, averaging hemoglobin drops of 3.6
gm/dl, probably caused by the relatively high dose
of dapsone. However, there was no obvious clinical
impact. One subject developed a tachyarrhythmia that
responded to digitalization. The relationship of this
occurrence to dapsone in this elderly individual is
uncertain.

An unexpected finding was transient elevation of
theophylline levels to as high as 33.4 pg/ml in four
patients. This finding suggests either an effect of dap-
sone on theophylline clearance or better patient com-
pliance. Although dapsone has never been reported to
decrease theophylline clearance, this phenomenon
cannot be excluded. Theophylline levels in the four
patients demonstrating increases were rapidly cor-
rected; therefore, it is unlikely any apparent thera-
peutic effect resulted from impaired theophylline
clearance.

Three additional patients did not complete the
study. One patient withdrew at week 2 because of a
vague sense of malaise and weakness. Another patient
was withdrawn because of rash and thrombocytopenia
at month 2, and a third patient was withdrawn at month
7 because of onset of an acute psychosis, a compli-
cation reported with dapsone on rare occasions.> This
individual had a history of psychologic problems in
the past, and the relationship of this occurrence to
dapsone is uncertain.

It is unlikely that any confounding variables af-
fected our observations. Patients were enrolled in the
study at different time periods, and any seasonal effect
is unlikely. Since no concomitant medications were
added to the regimen, any observed effects are pre-
sumed attributable to dapsone alone. In fact, acrosol
steroids were stopped in all patients; therefore, the
clinical stability with dapsone has persisted in the
absence of steroid therapy.

In summary, because of the putative role of neu-
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trophils in asthma and the late-phase reaction, and the
known anti-inflammatory and neutrophil-inhibiting
properties of dapsone, we hypothesized that dapsone
may be effective in diminishing steroid requirements
in severe asthma. Since preliminary findings in this
open pilot study support the hypothesis, controlled
clinical trials are warranted.
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Synthesis of platelet-activating factor by
human monocytes stimulated by
platelet-activating factor

Frank H. Valone, MD San Francisco, Calif.

The capacity of platelet-activating factor (PAF) to stimulate its own synthesis by human
monocytes was examined. Adherent human monocytes of >85% purity were incubated with 100
JM to 10 nM of PAF in the presence of 20 uCi of [’H]acetic acid to radiolabel newly
synthesized PAF. After incubation for 15 minutes to 15 hours, PAF was purified by
high-performance liquid chromatography, and newly synthesized PAF was quantified by its
radioactivity. PAF stimulated its own synthesis in a dose-related manner with a maximal twofold
to threefold increase in synthesis at 10 pM to 100 pM of PAF. Maximal PAF synthesis occurred
dafter incubation for 6 to 8 hours. There was a good correlation (r = 0.95) between PAF
quantified by [’H]acetic acid incorporation and by rabbit platelet aggregation bioassay,
indicating that the radioactive material is PAF. The protein synthesis inhibitor, cycloheximide,
did not inhibit delayed PAF synthesis, indicating that delayed PAF synthesis does not require
protein synthesis. PAF is metabolized rapidly in vivo. The capacity of PAF to stimulate its own
synthesis would result in a prolonged effective half-life in vivo. This prolonged half-life could
contribute to the capacity of PAF to induce prolonged inflammatory reactions in vivo.

(J ALLERGY CLIN IMMUNOL 1991.:87:715-20.)
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