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Background: Little is known about the effect of inhaled corticosteroids (ICS)/long-acting β
2
 agonists (LABA) in combination

on inflammatory markers in asthma. In addition, therapeutic equivalence of generic salmeterol/fluticasone combination
(SFC) and original SFC is as yet unknown.
Objective: To determine the effects of SFC and the effects of generic and original SFC on airway inflammation in patients with
mild-to moderate stable asthma.
Material and Method: A randomized double-blinded, crossover non-inferiority study was conducted to compare the anti-
inflammatory effects of generic SFC and original SFC on sputum eosinophils as a primary outcome and fractional exhaled
nitric oxide (FENO) as a secondary outcome.
Patients: The authors studied 51 mild-to-moderate asthmatic patients who ranged from 18 to 80 years of age and were treated
with ICS or ICS/LABA of any dose, and whose asthma was stable without an exacerbation episode for at least 3 months prior
to study entry.
Results: Both sputum eosinophils percentage and absolute eosinophil counts well correlated with FENO levels at baseline
prior to the initiation of study medications. Significant reduction in sputum eosinophil percentage was observed following
generic SFC and original SFC treatment. The degree of sputum eosinophil suppression by generic SFC was not inferior to
original SFC, and this was not affected by treatments with the sequence of generic SFC first vs. original SFC second or
original SFC first vs. generic SFC. In addition, there was no significant difference between treatments in terms of normalized
gain in asthma control scores, including the number of patients found to have improved asthma control, irrespective of
sequence, as change from baseline. However, this was not the case for the magnitude of FENO reduction that occurred after
generic SFC treatment to a significantly larger extent than original SFC treatment.
Conclusion: This short-term study demonstrated that there was no significant difference between generic SFC and original
SFC in terms of anti-inflammatory activity and the control of asthma symptoms. However, it is completely unknown whether
generic SFC could effectively prevent the development of asthma exacerbations on a long-term basis. Therefore, longer-term
studies are indicated to evaluate generic SFC’s relative efficacy on asthma exacerbations.
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Asthma is characterized by chronic airway
inflammation that primarily involves eosinophils(1-4).

Eosinophilic airway inflammation in mild to moderate
asthmatics is driven by Th2 cytokines(5-8) while
neutrophilic airway inflammation in severe asthmatics
is at least in part driven by Th17 cytokines(9,10). The
important effector cell eosinophils increase and are
activated in asthma(11,12). They play several critical roles
in asthma, which are to induce asthma exacerbation(13,14)

and undermine asthma control(15-17). There are several
studies addressing the fact that eosinophils can be
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used as an inflammatory marker for adjusting asthma
therapy for the individuals to enhance asthma control
and reduce asthma exacerbations(18-21).

Exhaled nitric oxide is a non-invasive marker
for monitoring the inflammatory activity in asthma.
Nitric oxide (NO) in orally exhaled air is mainly derived
from the respiratory epithelium. NO is synthesized by
inducible NO synthase (iNOS), which is regulated by
signal transducer and activator of transcription (STAT)-
1 under the influence of homeostatic interferon-γ(22-24).
In patients with asthma, iNOS expression is upregulated
by interleukin (IL)-4 and IL-13 via the activation of
STAT-6 in the bronchial epithelium(25-28). Therefore,
exhaled NO primarily signals local T-helper cell type 2-
driven inflammation in the bronchial mucosa. With
these characteristics, exhaled NO will be a suitable
marker for predicting the response to inhaled
corticosteroids, and to monitor the anti-inflammatory
effect. Fractional nitric oxide (FENO) measurements
have been shown to correlate with sputum eosinophil
counts in adults with mild asthma(29). Berry et al
examined the relationship between FENO levels and
sputum eosinophils in adults with asthma and found a
significant, but moderate, correlation(30). Another
study demonstrated that there was a significant but
weak correlation between FENO and eosinophil
differential counts in subjects with steroid-naive
asthma(31). FENO levels were significantly lower in the
subjects with asthma taking steroids compared with
those not doing so(31).

Inhaled corticosteroids (ICS) are by far the
most effective therapy for controlling airway
inflammation in asthma. The addition of long-acting β

2

agonists (LABAs) is necessary for asthmatic patients
whose symptoms are unable to be controlled with ICS
only. The underlying molecular mechanisms of the
synergistic anti-inflammatory effects of combined ICS/
LABA are partly mediated by enhancing glucocorticoid
receptor nuclear translocation and restoring anti-
inflammatory enzyme indoleamine 2, 3 dioxygenase
(IDO)(32,33). However, in clinical perspective, there
are only few data that demonstrate the effects of ICS/
LABA in combination on eosinophilic airway
inflammation(34-37) although the combination therapy is
widely used in clinical practice. In addition, none of the
above studies demonstrated consistent results. Some
studies demonstrated that there was no significant
difference between salmeterol plus fluticasone
propionate in combination (SFC) and fluticasone (FP)
with montelukast treatment in the control of eosinophilic
airway inflammation in asthma(37). In contrast, other

studies suggested that SFC treatment could initially
reduce sputum eosinophils to a greater extent than FP
treatment alone(35,36); however, this effect was not
sustainable(35). Therefore, overall, during the 1-yr
treatment period there were no significant differences
between FP and SFC in the reduction of the numbers
and percentages of sputum eosinophils(35), which is
consistent with the data of combined budesonide/
formoterol studies(38). In addition to these data, some
studies addressed the point that double dose of FP
alone in comparison with SFC provides superior anti-
inflammatory effects on surrogate inflammatory
markers(39). All the above conflicting data led us to test
direct anti-inflammatory effects of combined FP/
salmeterol (generic SFC and original SFC) and determine
whether there was a difference in the efficacy of generic
and original SFC used as a maintenance therapy on
airway inflammation of stable asthmatic patients.

Material and Method
Subjects

Eligible non-smoker patients were stable and
had experiences of mild to moderate persistent asthma
for at least 3 months prior to study entry (15 men and
36 women; age range, 26 to 79 years; mean [+ SEM]
age, 55.98+1.72 yrs); none had received a course of
therapy with oral corticosteroids prior to study
entry. Asthma was diagnosed using the American
Thoracic Society criteria. All subjects had been treated
with constant daily dose of inhaled corticosteroids (a
minimum of 250 μg/day of fluticasone propionate, 400
μg/day of budesonide, 500 μg/day of beclomethasone
dipropionate) in the presence or the absence of
long-acting β

2
 agonists (LABAs). Subjects had a

baseline FEV
1
 of >70% predicted and demonstrated

a reversibility of FEV
1
 after therapy with inhaled

salbutamol (400 μg) of >12% and a provocative
concentration of a substance (methacholine) causing
a 20% fall in FEV

1
 (PC

20
) of <8 mg/mL. Exclusion criteria

were asthma exacerbation, a respiratory tract infection
within 4 weeks before study initiation or during the
study period. Four patients were withdrawn from study
during the randomized treatment period because of their
asthma exacerbations, accident or study medication-
related rash. Written informed consent was obtained
from each patient, and the study was approved by the
Ethics Review Committees of Siriraj Hospital.

Study design
In this double-blinded, non-inferiority study,

patients received each of 2 treatments in a random
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sequence for 4 weeks in a crossover design (2 puffs of
25/125 μg of generic SFC (SerofloTM; Cipla, India) and
equivalent dose of comparator original SFC (SeretideTM;
GlaxoSmithKline, Brentford, UK) via metered dose
inhaler twice a day), with a 2-week washout phase
between rounds of therapy. Patients entered an initial
2-week run-in period in which all previous asthma
controllers were discontinued and inhaled short-acting
β

2
-agonist, which was administered via metered-dose

inhaler, used as rescue medication during the study
period.  The primary end point was the change in sputum
eosinophil number after generic SFC treatment
compared with the comparator original SFC, with
changes in fractional exhaled nitric oxide (FENO) being
the secondary end point. Measurements for sputum
eosinophil numbers, FENO levels, and asthma control
test (ACT)(47) and Siriraj asthma control questionnaire
(ACQ)(48) scores were made before and after each
randomized treatment. The randomized code was
withheld from the investigators until completion of the
present study. The present study medication was
packed by the central pharmacy according to the
randomization code.

Fractional exhaled nitric oxide (FENO)
FENO was measured simultaneously by a

chemiluminescence analyzer (model LR2000; Logan
Research; Rochester, UK). The analyzer is sensitive to
nitric oxide (NO) concentrations from 1 to 500 parts per
billion (ppb) by volume, with a resolution of 0.3 ppb.
The analyzer was calibrated using certified NO mixtures
(i.e, 90 and 436 ppb) in nitrogen (BOC Special Gases;
Guildford, UK). Measurement was made by slow
exhalation (5 to 6 L/min) from total lung capacity for 15
to 20 s against a low resistance (5 cm H

2
O) to exclude

nasal contamination.

Sputum induction and processing
Sputum was induced by the inhalation for 15

min of a 3.5% saline solution via an ultrasonic nebulizer
(model 2000; DeVilbiss Co; Heston, UK), as previously
described. Briefly, the whole sputum sample was
processed with dithiothreitol (Sigma Chemicals; Poole,
UK). The homogenized sputum was centrifuged at 300
g for 10 min. The supernatant was separated and frozen
at -70°C until further analysis. Total cell counts were
made on a hemocytometer slide, using Kimura stain,
and slides were prepared with a cytospin device
(Shandon; Runcorn, UK) and were stained with May-
Grunwald-Giemsa stain. Differential cell counts were
made by a blinded observer. A minimum of three hundred

non-squamous cells were counted on two slides for
each sample. Differential cell counts are expressed as
the percentages of non-squamous cells.

Statistical analysis
The analysis was performed for testing non-

inferiority of 50/250 μg twice daily of generic SFC
versus 50/250 μg twice daily of original SFC for the
primary end point (15% non-inferiority margin, 3%
sputum eosinophils). The secondary end point were
the changes in exhaled nitric oxide levels. The within-
patient treatment differences were calculated and then
analyzed by Mann-Whitney U test. An ANOVA mixed
model was fitted for all end points, with the factors
sequence, period, and treatment fitted as fixed effects
and subject within the sequence fitted as a random
effect. If the assumptions of the model were satisfied,
adjusted means, differences versus comparator (original
SFC), standard error of the mean (SEM), 95% CIs, and
p-values based on a 1-sided test were presented. The
test The Z-test for non-inferiority margin was the pre-
specified analysis, and the power was based on testing
whether generic SFC was non-inferior to comparator.
Statistical analysis was performed with PASW statistics
18 (SPSS, IBM, Somers, NY).

Assuming a success rate of 90% in reducing
at least 3% sputum eosinophil at the end of inhaled
therapy for both generic SFC and original SFC, the
number of patients required to establish 15% non-
inferiority margin with 80% power was 50 in each study
group.

Because of the ceiling and floor effects,
normalized gain in ACT and ACQ scores calculated
according to Hake et al(40) were used to evaluate the
efficacy of generic SFC and original SFC in controlling
asthma symptoms using Wilcoxon signed ranks test.

Results
Patient characteristics

The majority of asthmatic patients was female.
All patients had severe airway hyperresponsiveness.
About half of the participant patient had other comorbid
illnesses. Most patients were treated with ICS and LABA
in combination at the medium dose of ICS (Table 1).
The authors also analyzed patients’ compliance to the
study medications using the differences of canister
weight before use and after return. We found that there
was no significant difference in their compliance to
generic SFC and original SFC (mean + SEM, 8.26+0.35
g vs. 8.54+0.46 g, respectively, p = 0.7).

There was no significant difference in anti-
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n = 51

Mean age (year) (SD) 55.9+12.3
Male sex, n (%) 29.4
Median equivalent beclomethasone daily dose (μg) (IQR) 640.0 (400.0-1,000)
LABA use (%) 70.5
Other asthma controllers (%) 29.4
Geometric mean PC

20
 (mg/ml) (CV) 1.7 (103.9)

Comorbid illness (%) 52.9

LABA = long-acting β
2
 agonist

Table 1. Characteristics of study asthmatic patients

Fig. 1 The effect of generic and original salmeterol/
fluticasone combination (SFC) on sputum
eosinophil %, absolute eosinophil count and
fractional exhaled nitric oxide (FENO). Reduction
in sputum eosinophil % after treatment with
generic SFC (A) and original SFC (B). Comparison
in Δ sputum eosinophil % (C) and Δ absolute
sputum eosinophils (D) between generic and
original SFC treatment. (E) Comparison in Δ FENO
between generic and  original SFC treatment.

inflammatory effects of generic SFC and original SFC
treatment.

The authors determined anti-inflammatory
effects of generic SFC and original SFC treatment on
sputum inflammatory cells in asthmatic patients.
Both generic SFC and original SFC exerted their anti-
inflammatory action on eosinophils by significantly
reducing the percentage of eosinophils in the sputum
after 4 weeks of treatment (means + SEM, 7.6%+1.5%
vs. 3.6%+0.8%, p = 0.036; 6.6%+1.6% vs. 3.6%+0.9%, p
= 0.047, respectively) (Fig. 1A and 1B). This was
consistent with FENO data in that after treatment, both
generic SFC and original SFC could significantly
suppress FENO levels (means + SEM, 55.8 ppb+6.2
ppb vs. 31.2 ppb+2.9 ppb, p = 0.002; 50.4 ppb+5.2 ppb
vs. 33.7 ppb+4.6 ppb, p = 0.01). On the other hand,
there was no significant difference in the magnitude
of reduction in the percentage and absolute
number of sputum eosinophils (means + SEM [95%
CI], -4.7%+1.3% [-7.3 to -2.1] vs. -3.0%+1.5% [-6.0
to -0.04], p = 0.37 and -0.05+0.01 [-0.07 to -0.02]
vs. -0.03+0.02 [-0.1 to 0.01], p = 0.26), neutrophils
(3.9%+2.7% [-1.5 to 9.1] vs. 1.5%+3.0% [-4.5 to 7.5], p =
0.54 and -0.01+0.04 [-0.1 to 0.1] vs. -0.01+0.07 [-0.1 to
0.1], p = 0.98) and macrophages (0.1%+2.7% [-5.3 to
5.5] vs. 2.2%+3.1% [-4.0 to 8.5], p = 0.47 and -0.04+
0.03 [-0.1 to 0.02] vs. -0.05+0.03 [-0.1 to 0.01], p = 0.87,
respectively) including total cell count (-0.1+0.1 [-0.2
to 0.01] vs. -0.1+0.1 [-0.2 to 0.1], p = 0.66) between
generic and original SFC treatment (Fig. 1C and 1D)
(Table 2). Moreover, there was no difference between
treatments for the sequence of generic SFC first vs.
original SFC second or original SFC first vs. generic
SFC second (Table 2). However, the magnitude of the
reduction in FENO levels was significantly greater
in generic SFC group than that in original SFC group (p
= 0.036) irrespective of the treatment sequence (Fig.

1E). There was non-inferiority in the percentages of
asthmatic patients who were treated with generic and
original SFC and whose sputum eosinophils was
reduced by at least 3% (39.2% vs. 29.4%, p = 0.004 for
15% non-inferiority margin, respectively).
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Sputum cells Generic SFC Original SFC p-value 95% CI Effects by
treatment treatment for mean order

difference p-value

Δ Total cells (x106) -0.1+0.1 -0.1+0.1 0.66 -0.1 to 0.2 0.39
[-0.2 to 0.01] [-0.2 to 0.1]

Δ Neutrophil number (x106) -0.01+0.04 -0.01+0.07 0.98 -0.16 to 0.2 0.59
[-0.1 to 0.1] [-0.1 to 0.1]

Δ Neutrophils (%) 3.9+2.7 1.5+3.0 0.54 -9.9 to 5.3 0.8
[-1.5 to 9.1] [-4.5 to 7.5]

Δ Eosinophil number (x106) -0.05+0.01 -0.03+0.02 0.26 -0.02 to 0.1 0.32
[-0.07 to -0.02] [-0.1 to 0.01]

Δ Eosinophils (%) -4.7+1.3 -3.0+1.5 0.37 -2.1 to 5.4 0.27
[-7.3 to -2.1] [-6.0 to -0.04]

Δ Macrophage -0.04+0.03 -0.05+0.03 0.87 -0.01 to 0.1 0.84
number (x106) [-0.1 to 0.02] [-0.1 to 0.01]
Δ Macrophages (%) 0.1+2.7 2.2+3.1 0.47 -5.6 to 9.7 0.59

[-5.3 to 5.5] [-4.0 to 8.5]
Δ Lymphocyte 0.0004+0.0003 0.01+0.01 0.33 -0.01 to 0.02 0.37
number (x106) [-0.0002 to 0.001] [-0.006 to 0.02]
Δ Lymphocytes (%) 0.09+0.06 0.06+0.03 0.5 -0.16 to 0.1 0.24

[-0.02 to 0.2] [-0.01 to 0.1]
Δ Airway epithelial 0.01+0.005 0.003+0.002 0.36 -0.02 to 0.01 0.62
cell number (x106) [-0.003 to 0.02] [-0.003 to 0.01]
Δ Airway epithelial 0.6+0.05 -0.2+0.4 0.19 -2.0 to 0.4 0.36
cells (%) [-0.3 to 1.6] [-0.9 to 0.6]
Δ FENO (ppb) -24.6+4.9 -16.6+4.8 0.036 0.5 to 15.3 0.87

[-34.5 to -14.6] [-26.3 to -7.0]

Table 2. Anti-inflammatory effect of generic SFC and original SFC treatment

All data are expressed as mean + SEM [95% CI]
FENO = fractional exhaled nitric oxide; PC

20
 = concentration of methacholine that reduces the FEV

1
 by 20%

There was a significantly positive correlation
between FENO levels and sputum eosinophil
numbers. The authors determined whether FENO levels
correlated with sputum eosinophil percentage and the
absolute number of sputum eosinophils prior to the
treatment with generic and original SFC. The authors
demonstrated that there was a significant association
between FENO levels and sputum eosinophil % (r =
0.57, p<0.001 and r = 0.42, p = 0.002, respectively) (Fig.
2A and 2B) as well as absolute eosinophil counts (r =
0.53, p<0.001 and r = 0.45, p = 0.0007, respectively) in
generic SFC and original SFC groups (Fig. 2C and
2D), suggesting that FENO can be used as an
inflammatory marker in the present study. After
treatment, the reduction in FENO levels significantly
and positively, albeit weakly, correlated with the
reduction of sputum eosinophil percentage in original
SFC but not with generic SFC treatment groups (r =
0.35, p = 0.01 and r = 0.24, p = 0.08, respectively) (Fig. 2E
and 2F).

There was no significant difference in asthma symp-
toms using ACT and ACQ scores following treatment
with generic SFC and original SFC

The authors evaluated the effects of generic
SFC and original SFC on asthma symptom control.
Because of ceiling and floor effects, the authors used
normalized gain in ACT and ACQ scores to demonstrate
the therapeutic efficacy of generic SFC and original
SFC. The authors found no significant differences of
the gains in ACT and ACQ scores between generic
SFC and original SFC treatment groups (median
[IQR], 50 [0, 87.5] and 50 [0, 75], p = 0.62 for ACT;
100 [66.6, 100] and 100 [25, 100], p = 0.11 for ACQ,
respectively). The authors also found no significant
differences in the number of patients who were at either
well controlled or uncontrolled status according to both
ACT and ACQ scores before and after treatment with
generic SFC and original SFC (p = 0.38 and p = 0.75 for
pre- and post-treatment ACT scores; p = 0.57 and p =
1.0 for pre- and post-treatment ACQ scores). In addition,
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Fig. 2 Correlation between sputum eosinophil % and
FENO prior to generic (A) and original SFC treat-
ment (B). Relationship between absolute sputum
eosinophils and FENO prior to generic (C) and
original SFC treatment (D). Correlation between Δ
sputum eosinophil % and Δ FENO after treatment
with generic (E) and original SFC treatment (F).

there was no significant difference of the number of
patients with transition of asthma control from
uncontrolled to well controlled state according to ACT
scores between generic SFC and original SFC treatment
groups (61.1% vs. 63.6%, respectively).

Discussion
The present randomized double-blinded

crossover study demonstrates that the combined ICS/
LABA inhaler, either generic SFC or original SFC, could
effectively reduce sputum eosinophils and FENO in a
comparable manner irrespective of the sequence of
treatment. Our initial assessment showed that there
was a significantly positive correlation between the
percentage and absolute number of sputum eosinophils
and the levels of FENO prior to treatment with generic
SFC and original SFC, indicating the appropriateness
of the use of these inflammatory markers for our efficacy
evaluation of the present study medications. With
regard to the primary endpoint, the authors found that
there was no significant difference in the degree of the
reduction in sputum eosinophils in either percentage

or absolute number of asthmatic patients who had been
treated with generic SFC and original SFC for 4 weeks
on separate occasions. This was in agreement with the
FENO data. In clinical asthma control, there was also
no significant difference in normalized gain in ACT and
ACQ scores, including the number of patients who
achieved full asthma control status after treatment with
generic SFC and original SFC.

Eosinophils and their mediators are
consistently identified in asthmatic but not healthy
lungs, and suppression of eosinophilic airway
inflammation in asthma by glucocorticoids is usually
associated with an amelioration of symptoms and
disordered airway function(41). The authors chose 3%
of sputum eosinophil count for the non-inferiority
margin because this count identifies individuals with
corticosteroid-responsive asthma(42). Consistent with
previous studies(34,43,44) their results indicated that 4
weeks’ duration was appropriate for the detection of
the anti-inflammatory effects of low dose fluticasone
or low dose fluticasone/salmeterol combination on
sputum eosinophilia. In addition, such a duration and
double-blinded cross-over randomized trial as used for
the present study can be appropriate for comparing
similar treatments to determine non-inferiority. In this
context, it is of interest to note that although the primary
analysis of sputum eosinophil reduction difference at
endpoint showed non-inferiority, the secondary
analysis of the magnitude of exhaled nitric oxide
reduction difference at the end of each treatment period
favored generic SFC.

Although this trial was only of 4 weeks’
duration and, as such, does not provide insight into
the long-term clinical efficacy of generic SFC, such
duration was adequate for assessing airway inflam-
mation and asthma symptom control(45). Our results
showed the short-term clinical relevance of anti-
inflammatory effects of generic SFC and original SFC
in comparably improving asthma control scores (ACT
and ACQ) because there were no significant differences
in normalized gain in asthma symptom improvement
and the numbers of patients with achievable well
control status between the two treatment groups. This
correlation is consistent with a recent study addressing
the point that fractional exhaled nitric oxide has an
inverse correlation with ACT scores(46); this might
suggest that FENO is more sensitive than sputum
eosinophils for short-term monitoring anti-inflammatory
activity of inhaled corticosteroids. However, the
authors could not explain exactly why there was no
significant correlation of the magnitude of the changes
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in sputum eosinophils % with FENO levels after
treatment with generic SFC although the weak but
significant correlation was present in original SFC. The
authors postulated that it may be the fact that not so
very intense was eosinophilic airway inflammation in
stable asthmatics, therefore there was the little room
for both SFC’s suppression, and the fact that FENO
was more sensitive marker than sputum eosinophils
for the short-term evaluation of anti-inflammatory
therapy in asthma. It should be noted that the correlation
between the magnitude of changes in ACT and FENO
in response to generic SFC and original SFC was rather
weak, possibly due to the fact that most patients in the
present study were stable asthmatics.

Despite non-inferiority of the generic and
original SFC in terms of anti-inflammatory activity, the
present study has certain limitations. First, this short-
term study could not evaluate their relative efficacy on
asthma exacerbations, which is similar to any other
short-term studies(45), and therefore long-term studies
are further required for this evaluation. Second, all
patients in the present study were stable asthma,
therefore it is unknown whether generic SFC would
provide the comparable efficacy to original SFC, when
it is administered to uncontrolled asthmatics.

The present study addressed a 4-week
treatment with SFC, which provided anti-inflammatory
effects in mild-to-moderate stable asthmatics. In
addition, the efficacy of generic or original SFC was
comparable in terms of the reduction in eosinophilic
airway inflammation at least in short-term duration.
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