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Bioequivalence study of clindamycin phosphate
for intramuscular administration in healthy

Thai volunteers
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Problem / Background ¢ Since there are many commercial brands of clindamycin
phosphate injection available in Thai market. Bioequivalence
study is necessary in order to assure quality and efficacy
of the products.

Objective ¢ To determine the bioequivalence of two formulations
of clindamycin phosphate injection in human.

Design * A randomized, single dose, two- way crossover study with
a 2-weeks washout period.

Setting * - Department of (Clinical) Pharmacy, Faculty of Pharmaceutical

Sciences, Chulalongkorn University.
- Department of Medicine, Rajavithi Hospital.

Materials and Methods :  Twenty four healthy Thai volunteers were inframuscular
administered with 150 mg/ml, 2 ml clindamycin phosphate of
two brands, serial blood samples were collected over a period
of 24 hours. Serum clindamycin concentrations were
determined by HPLC-UV detector and the pharmacokinetic
parameters were evaluated by WIN NONLIN program.

* Department of (Clinical) Pharmacy , Faculty of Pharmaceutical Sciences, Chulalongkorn University
** Department of Medicine, Rajavithi Hospital, Department of Medical Services, Ministry of Public Heaith
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Results : Ninety percent confidence interval of the mean log-transformed
©-tiasy @9 AUC 5o
were 102.83-120.14 %, 104.88 -119.08 % and 105.82-

ratio (test/reference) of Cmax, AUC

120.51 %, respectively.
Conclusion : The study indicates that clindamycin phosphate injection

150 mg/mi of both preparations are bioequivalent.

Keywords : Clindamycin phosphate, Bioequivalence, Intramuscular

Injection.

Reprint request : Panomvana Na Ayudhaya D. Department of (Clinical) Pharmacy,
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Clindamycin, a lincosamide antibiotic, is
generally used for the treatment of serious infection
caused by susceptible gram-positive bacteria
and anaerobic bacteria. Clindamycin appears to
inhibit protein synthesis by binding to 508 ribosomal
subunits of susceptible organism and shows both
bacteriostatic and bactericidal actions, depending on
the concentration of the drug attained at the site of
infection and the susceptibility of the infecting
organism. " For injection, clindamycin phosphate is
presented and can be administered by intramuscular
injection or by intermittent or continuous intravenous
infusion. ¥ After administering 300 mg of clindamycin
by intramuscular injection, area under the curve
(AUCo.24)' maximum plasma clindamycin concentration
(Cmax), and time to reach Cmax (Tmax) were reported to
be 34.61-50.75 pg.hr/mi, 2.97-5.15 pg/ml and showed
up within 2 hours, respectively. ¥ Clindamycin was
40-90 % binding to plasma protein and the half life
(T%) was approximately 4.5-5.3 hours. Most of
clindamycin (>90 %) is metabolized via liver and its
active metabolites are excreted into urine and feces
10 % and 3.6 %, respectively. Dosage adjustment
may be required in patients who have impaired renal
or hepatic functions. The common adverse drug
reactions (ADRs) of clindamycin are nausea, vomiting,
diarrhea, abdominal pain, pain at site of injection.
The importance ADRs which rarely occur are
pseudomembraneous colitis and reversible elevated
of hepatic enzyme. ®' There are many commercial
brands available in Thai market, bioequivalence
studies are necessary in order to assure quality and

efficacy.

Materials and Methods
Test and reference medications

The test medication was clindamycin
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phosphate injection: Rosil® 150 mg/mi Lot No.936262
manufactured by Siam Bheasach while Dalacin C®
injection Lot KH1223 manufactured by Pharmacia was

used as reference medication.

Subjects

Twenty four healthy male volunteers, aged
between 18-42 years, and average BMI equaled
to 22.6 were enrolied in the study. The sample size,
24 subjects, was sufficient to ensure a power of 80 %
for correctly concluding bioequivalence under the
following assumptions: o = 0.05, H: b / = 1 with
confidence interval of log-transformed data lie
between 0.8 and 1.25 (+ 20 %). All subjects were
healthy according to their medical history, physical
examination, blood pressure, and standard laboratory
test results.

This study has been approved by the Ethics
Committee, Rajavithi Hospital and it was conducted in
accordance under the requirement of Good Clinical
Practice (GCP).

Study design

The randomized, single dose, two-way
crossover with a wash out period of 2 weeks was
described. Each volunteer received a single dose of
300 mg of either the test (T) or reference (R) medication
by injecting into the gluteus maximus during each
treatment. A numberwas assigned to each volunteer,
the researcher closed the eyes and point a finger on
the page of number table to randomly choose the
starting product for each volunteer.

Approximately 5-10 ml blood sample were
collected into heparinized tubes through the cannula
before (0) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12
and 24 hours after intramuscular administration. Blood

samples were immediately centrifuged at 4°C, the
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plasma was separated and kept frozen at -20°C until

the HPLC analysis.

Analysis of plasma samples

Analysis of plasma samples from healthy
volunteers was performed by a Contract Research
Organization (Bioequivalence Study Center, Bureau of
Drug and Narcotic, Nonthaburi 11000) using a validated
high-pressure liquid chromatographic method with UV
detection at 204 nm, Clindamycin and internal
standard, phenacetin, were extracted from plasma
using solid-phase extraction technique. The limit of
quantitation for clindamycin was 250 ng/mi. All
validation parameters complied with the USFDA
Guidance: Bioanalytical Method Validation 2001.

Pharmacokinetics analysis "

The maximum plasma concentration (Cmax) and

Plasma clindamycin concentration (pg/ml)

- LA - L J *
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the corresponding time of peak plasma concentration
(Tma) were determined from individual plasma
concentration-time profile. Non-compartmental

pharmacokinetic characteristics (AUC d

an
(0 - t last)
AUC (O_w)) including the half-life were calculated using
WIN NONLIN program.

(12-13)

Statistical evaluation

Statistical analysis of Cmax. AUC d

© - tlasy N
AUC (0-w)’ after log-transformation, were performed
by analysis of variance (ANOVA) using 2-way crossover
design for sequence, subject, period and formulation
effects. Ninety percent confidence interval (90 %Cl) of
the ratio (test/reference) of log-transformed values

of C ., AUC

. © - t last) and AUCCO_w)were used for

bioequivalence assessment. Bioequivalence of the two
products would be accepted if 90 % CI of the ratio

of all parameters were within the range of 80 -125.

- A Testproduct (Rosil)

—a- Reference product

0 5 10

15 20 25
Time (hrs)

Figure 1. Average clindamycin plasma concentration-time curve of 24 volunteers after administration

of 150 mg, 2 ml clindamycin test and reference intramuscular injections.
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Results and Discussion

All subjects did not show any significant
clinical relevant adverse effect after consumed either
medication except for dizziness and pain at injection
site in few patients. The plasma concentration-time
curves of clindamycin phosphate after administering
the reference and test medications were shown in
figure 1 and the pharmacokinetic parameters including
AUC, Cmax, T o T, were summarized in table 1.
Compare with those previously reported, a little higher
mean Cmax in this study might due to weight of Thai

people which is normally lower than the western

A299R WUNIU @ 8YSET URTANE
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people'”, the AUC was lower which might be

(0 - tlast)
the result of a shorter half life (faster metabolized)."”

Statistical analysis of pharmacokinetic
parameters used to evaluate bioequivalence of the test
and the reference products are presented in table 2.
In AUC(0 - t last)
in AUC andIn C between test and reference

(0—00) max

90 % CI| of the mean ratios of

products were all within the range of 80-125. Analysis
of variance (ANOVA) showed no significant differences
in period, sequence and subject effects in any of
the pharmacokinetic parameters, power of the tests

for all parameters were higher than 0.998.

Table 1. Pharmacokinetic parameters of clindamycin after intramuscular clindamycin

phosphate administrations (150 mg, 2 ml) of test and reference products.

Test Medication (n=24)

Parameters AUC AuUucC, - C T T
(0 - t last) (0-o) max max %
(ug.hriml) {pg.hrimi) (ug /ml) (hr) (hr)
Min 15.84 16.1 2.69 0.33 1.01
Max 41.09 43.88 8.53 2.63 5.13
Armean 26.20 27.87 5.70 1.05 2.34
% CV 27.50 29.84 25.47 57.41 36.7
Reference Medication (n=24)
Parameters AUC © - t last) AUC (0- ) Cmax Tmax T%
(ug.hriml) {tg.hriml) (ug Iml) (hr) (hr)
Min 14.89 26.92 3.15 0.57 1.41
Max 38.00 42.37 7.62 1.68 3.49
Ar mean 23.28 24.47 5.09 1.14 2.16
% CV 26.33 28.74 22.44 329 23.56
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Table 2. Statistical comparisons of clindamycin between test and reference medications, after intramuscular

clindamycin phosphate administrations (150 mg/ml, 2 ml).

Pharmacokinetic Medication (Mean + SD) 90 % Confidence interval of the
parameters mean log- transformed ratio
Test Reference
C_. i kg/mi 570+ 1.45 5.09+1.14 102.83-120.14
AUC(WasO; pg-hr/mi 26.20+7.20 23.28 +6.13 104.88-119.08
AUC(O_w): pg.hr/mi 27.87 +8.31 24.47 +7.03 105.82-120.51

Conclusions
This study indicates that clindamycin
phosphate injection 150 mg/ml of both preparations

are bioequivalent.
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Primary peripheral neuroectodermal tumor of the chest
wall in a boy presenting with massive

pleural effusion : A case report

Suwannee Phumeethum*
Suchada Sritippayawan* Nuanchan Prapphal*

Jitladda Deerojanawong* Rujipat Samransamruajkit*

Phumeethum S, Sritippayawan S, Prapphal N, Deerojanawong J, Samransamruajkit R.
Primary peripheral neuroectodermal tumor of the chest wall in a boy presenting with

massive pleural effusion : A case report. Chula Med J 2005 Dec; 49(12): 709 - 15

We report a case of a 9-year-old boy who had a massive left pleural effusion with
masses on the left pleura and left anterior chest wall. Histopathological and immunocytochemical
studies of the pleural mass were compatible with primary_peripheral neuroectodermal tumor
(PPNET) of the chest wall. The child responded well to chemotherapy and local irradiation,
despite having pleural and distant bone melastases. PPNET of the chest wall should be
considered as another possible cause of massive, non-specific profile, pleural effusion in children.

Early diagnosis and treatment can ensure a good outcome in these patients.

Key words : Pleural effusion, Peripheral primary neuroectodermal tumor of chest wall.

Reprint request: Sritippayawan S. Division of Pulmonology and Critical Care,

Department of Pediatrics, Faculty of Medicine, Chulalongkorn University.

Received for publication. August 25,2005.

*Department of Pediatrics, Faculty of Medicine, Chulalongkorn University
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Tumors of the chest wall are rare in children,
but a high proportion of them are malignant. ’ We
report a case of primary peripheral neuroectodermal
tumor (PPNET) of the chest wall that occurred in a
school-aged boy who presented with massive pleural

effusion.

Case Report

A 9-year-old Thai boy was admitted to King
Chulalongkorn Memorial Hospital with a history of facial
swelling, mild cough and dyspnea for three days.
Physical examination revealed: body temperature
37.2°C, pulse rate 80 beats/min, respiratory rate 40
breaths/min and blood pressure 115/60 mmHg.
Arterial oxygen saturation recorded by pulse oximetry
(SpOz) in room air was 100 %. He looked dyspneic
and had a swollen face. Chest examination showed
swelling of the left anterior chest wall. The trachea
was deviated to the right. Decreased breath sound/
vocal resonance and percussion dullness were
noted over the left hemithorax. Others findings were

unremarkable.
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Laboratory investigations showed hemoglobin
12.5 gm/dl, hematocrit 38 %, white blood cell count
16,180/mm? (91 % neutrophils, 8 % lymphocytes, 1 %
eosinophils) platelet count 370,000 /mm?. Urinalysis,
serum electrolytes and BUN/Cr were normal. Chest
roentgenogram demonstrated haziness over the left
hemithorax with a right shift of the mediastinum
(Figure 1A). The ultrasonography of the chest revealed
a massive left pleural effusion with multiple left pleural
masses. Thoracentesis revealed straw-colored pleural
fluid with protein 3.2 gm/dL (pleural fluid/serum protein
ratio 0.9), lactic acid dehydrogenase (LDH) 989 U/L
(pleural fluid/serum LDH ratio 2.1), and leukocyte count
5 cells/mm® (100 % mononuclear cells). Cytological
examination showed no malignant cells. Microbiological
studies including bacterial culture and acid-fast bacilli
stain of pleural fluid were negative. Tuberculin test
was 0 mm. Computed tomography (CT) of the chest
revealed a massive left pleural effusion with multiple
masses on the left pleura, adjacent to the left anterior
chestwall. (Figure 1B) Edematous subcutaneous tissue

of the left hemithorax was also

/7

Figure 1A, 1B. Chest roentgenogram (1A) showed a haziness over left hemithorax with mediastinal shift to

the right. Computed tomography of the chest (1B) revealed massive left pleural effusion with

multiple masses over left pleura and adjacent anterior chest wall (Arrow).
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noted. Fine needle, CT-guided, aspiration of the pleural
mass was performed. The histopathologic study
showed small round tumor cells with hyperchromatic
nuclei and scanty cytoplasm (Figure 2). The immuno-
cytochemical study of the cells showed positive
staining for CD99, compatible with PPNET. Bone
marrow aspiration showed no evidence of tumor
metastasis. However, bone scan revealed increased
uptakes at the right scapula and sacroiliac joints,

indicating distant bony metastases.

Chula Med J

The patient was diagnosed with PPNET
of the chest wall. He was treated with combined
chemotherapy (vincristine 1.5 mg/m?, cyclophospha-
mide 1200 mg/m2 and doxorubicin 75 mg/mz) and local
irradiation. Chest roentgenogram performed at one
week after the treatment showed a dramatic decrease
of the left pleural effusion (Figure 3A). CT of the chest
performed three months later revealed disappearance
of pleural effusion but some residual pleural nodules

(Figure 3B). No evidence of recurrent tumor at the 7"

month of treatment.

Figure 2. Histologic study of fine needle aspiration demonstrated uniform small round

tumor cells with scant cytoplasm, round homogenous and uncertain nuclei.

Figure 3A, 3B. Chestroentger-

of I=*

rmed at one week after treatment showed dramatic decrease

omography of the chest (3B) performed at 3 months after

_:ease of left pleural effusion with residual pleural masses (Arrow).
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Discussion

Massive pleural effusion is not common in
children. The major causes reported in adults are
parapneumonic effusion, tuberculous pleurisy and
malignancy.%? Our patient presented with a massive
left pleural effusion. Thoracentesis revealed a non-
specific, exudative profile of pleural fluid without
evidence of malignancy or infection. Microbiological
studies and tuberculin test were not suggestive
for either parapneumonic or tuberculous effusion.
However, CT of the chest showed multiple masses
over the left pleura and adjacent anterior chest
wall. Nevertheless, it could not be determined from
the CT whether these pleural masses were metastatic
tumors from the chest wall or vice versa.

Most of the pleural masses are metastatic
tumors arising from adjacent chest wall, lymph node,
lung and breast.*® Primary tumors of the pleura
are very rare in children. The most common one is
malignant mesothelioma which is related to inhalation
of organic and inorganic materials and rarely reported
in children.“®

Primary tumors of the chest wall are also rare

. The most

in children. Most of them are malignan
frequent tumors are malignant small round cell
tumors (Ewing's sarcoma/PNET family) followed by
rhabdomyosarcoma, osteosarcoma, chondrosarcoma
and other sarcomas.”

In our patient, it was difficult to conclude from
the CT whether the primary site of the tumor was at
the pleura or the chest wall. However, a fine needie
aspiration of the pleural mass revealed small round
tumor éells. The differential diagnosis of small round

tumor cells in childhood include Ewing's sarcoma,

neuroblastoma, lymphoma, rhabdomyosarcoma and
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PPNET. In our case, the immunocytochemical study
of the tumor cells revealed the positive stainings
for CD99, compatible with PPNET or peripheral
neuroepithelioma which is a more differentiated form
of Ewing's sarcoma family of tumors (ESFT) occurring
as a primary tumor of bone and soft tissue.” This
suggested that these pleural masses were metastatic
tumors from PPNET of the adjacent chest wall.
PPNET of the chest wall or Askin tumor is a
highly malignant PNET infrequently reported in children
and young adults.® The reported annual incidence is
2.1 cases per million children.” It is commonly found
during the second decade of life. The tumor can be
primarily located at periphery (such as the extremities)
or the central axis (such as the chest wall) which is

the more common site.”

Presenting symptoms and
signs depend on the sites of the diseases. Pain and
swelling (or both) at the affected sites are common
presenting symptoms.” Our patient presented with
swelling of the face and left anterior chest wall without
local tenderness. The swelling of the face and the
chest wall might be related to the obstruction of the
lymphatic drainage caused by the tumors.
Metastasis of PPNET can occur either by local
invasion or hematogenous spreading. The common
sites of metastases are pleura, lung, bone and bone
marrow. "’ Massive pleural effusion secondary to
pleural metastasis is common in PPNET of the chest

wall.®

The pleural fluid profile is non-specific, as that
found in our patient. However, increased LLDH and
neuron-specific enolase (NSE) in pleural fluid has been
reported.®

Patients who present with metastatic
diseases, especially to bone and bone marrow have

unfavorable prognosis with less than 30 % survival
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despite having surgical treatment combined with
radiation and chemotherapy."® Early diagnosis and
treatment are crucial for improving survival outcome
of the patients.””

The National Cancer Institute (NCI) of the
United States of America reported 17 patients with
PPNET who were treated with intensive VDC regimen
(vincristine, doxorubicin and cyclophosphamide), local
and total body irradiations. One-half of the patients
presented with localized diseases demonstrated
continuous complete remission, whereas more than
90 % of those presented with metastatic diseases
had recurrence."”

In our patient, there were evidences of
pleural and distant bony metastases. However, he
demonstrated a dramatic response to the treatment
with combined intensive VDC regimen and local
irradiation. CT of the chest performed at the 3 month
of treatment showed minimal residuals of pleural
nodules.

- Inconclusion, we report arare case of PPNET
of the chest wall in a school-aged boy who presented
with pleural masses and massive pleural effusion.
The pleural fluid profile was non-specific. However,
immunocytochemical study of the pleural mass
obtained by a fine needle aspiration confirmed the
- diagnosis of PPNET. PPNET of the chest wall should
be considered as another possible cause of massive,
non-specific profile, pleural effusion in children. Early
diagnosis and treatment can provide a good outcome

in these patients.
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Ngamphaiboon J. Fixed combination drug in pediatric asthma. Chula Med J 2005
Dec;49(12): 717 - 27

The incidence of childhood asthma is increasing, and its mortality rate is still high.
It results from chronic inflammation. Therefore, anti-inflammatory drugs are recommended in
the treatment. Inhaled corticosteroid is beneficial regardless of age or disease severity. Regular
usage will also decrease the rate of hospitalization and improve pulmonary function. Some
studies had showed that using an inhaled long acting ﬂz-agonist with corticosteroid had the
same benefit as double dose of inhaled corticosteroid, less side effects, especially on the
growth. The combination in a single inhaler is formoterol and budesonide, and salmeterol and
fluticasone propionate. Evidence-based studies showed a greater or equal benefit when compared
with the two separate inhalers. The advantages of a single inhaler include more convenience,
low cost and practical for long term usage. It is recommended in patients with moderate or
severe persistent asthma. Fluticasone/salmeterol is better regarding its safety, and can be
used in children under 4 years by using the pMDI! with spacer. Budesonide/formoterol is better
interms of more rapid onset of bronchodilating action of formoterol than salmeterol. So it can be
used as a rescue medication and also daily use as controller. Only DPI form is currently available
and can be used in children over 5 years of age. So using fixed combination drugs in the
treatment of asthma, we have to consider about the dosage of ICS according to the severity of
disease as classified in the guideline of asthma management.

Key words : Fixed combination, Asthma, Children, Dry powder inhaler (DP1), Metered-dose
inhaler (MDI).

Reprint request : Ngamphaiboon J. Department of Pediatric, Faculty of Medicine,
Chulalongkorn University, Bangkok 10330, Thailand.
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Taquiusniitaeiulsaveviinfamounintugniu uszsnrmederoudrege naln
naAalsava il chronic inflammation Tumiaidumagla dniumssiansanldenlungnid
qwﬁrtﬂu anti-inflammatory luN125NBURZAIUANGINIT Inhaled corticosteroid (ICS) A< lAkaA
'lumimwgumm?fmz/Zﬁﬂfuﬁuaww?ﬂmwyuu?wmfm msldegnasinaneazyinlisns
nsfiazAeesl i B menuaanae uasmnineyesendty annsAnsmudins e
inhaled long acting J3,- agonist $aNrIL inhaled corticosteroid Al BuaAwnriunIaANTInTes
inhaled corticosteroid T 2 Wi fnamieueeeaussannmdsafiaiu unsenus
fraAtaannisiinguntes corticosteroid lagianizeevdadeniniaiyduln Taqded
msudRenagnguanluaaaiEfuianNaznInuazLlszugianldane Tun formoterol
FaNMU budesonide U salmeterol Fauriy fluticasone propionate Tmﬂﬂnﬁnjﬁuﬁuﬂmﬁ\)
vslemPunnng videdeuwiniuewiassriauadusnuans feaveaniszanenuvasmdeo
Ao lideanueniiaz 2 wasn v bifuaedesailediduiniu smgnng uazummeifiladn
§iheazlisuents 2 1iin iy Fixed combination Aalltnfiiquaiduanti-inflammation g
Azl lungugae moderate persistent asthma 1y Tngiiten fluticasone/ salmeterol axAn
luudvavaantlaaasiees futicasone 1¥Nn91 budesonide uazgiilugl pMDI (pressurized
metered-dose inhalers) a1saldludnidnagdesndr 4 Dlaedaouriunisle spacer dau
budesonide/formoterol 4zAn31 luﬁ'ﬂwm formoterol ﬁﬂﬂnqwﬁr‘ﬂﬂ’?ﬁmaﬂmﬁuzﬁt§0n’iﬂ
salmeterol 34awsnldiiledinsauiiadoumauld Aeldusssmniuiuenaounu uaslau
o 1aidiadinnsduinigin gz [ ldianichudnang 5 9ty insrzidhs DPI (dry powder
inhaler) FafuhemzAaeinwaisoiazgaenld  Anunindenlieneidn fixed combination
Wldmwwinres ICS ﬁmmmmwmwwuwwmTm

ANRIARY : Fixed combination, UaLAR, AN, Dry powder inhaler, Metered-dose inhalers.
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tRaiiu imssauarefi i lunsinwiiRsauninung
AaanAuiinITIuNInIenIeing lnseanizatined
Tulsadiayayndniauaingiiui uazlzanaviin el
unidsuarussanaivananizaia manldludiloe
winlsAnaLitnAa Fixed combination drug (Inhaled

corticosteroid + Long-acting B, — agonist)

Inhaled corticosteroids

Wuenlunguiunissniaufifidssangnm
ARan Sefivanzaiia 3wy Potency TesfannFen
arsuantias lunn Aa Beclomethasone dipropionate
(BDP), Budesonide (BUD) uas Fluticasone propionate
(FP)

BUD fima1na 181704ui L glucocorticoid
receptor WaxH water solubility fimn41 BDP uslaifinng
metabolize ﬁﬂ@mumwn dqummmﬁqn@m%umn
NIUAUBINITALQNNIANEEY first-pass hepatic
biotransformation 1#fe¥asas 90 Tntiaaaeld 2
pathways W11¥HN1T degradation 1#3an41 BDP
2-3 i upziinainanenfiauysnind BOP?  Fain
WH therapeutic index fisnan

FP fianuanunsalunis4uniu glucocorticoid
receptor 10’1'q~1u'm watAgn first-pass hepatic
biotransformation fiflauanysal @ uard half-life
fenauuiia 8 -14 Falue

Inhaled corticosteroids flutnuaniildlu
maineilan astima woludnuazdlugy lanentiaz
ATNNTOAA airway hyperresponsiveness 'luéﬂoﬂ
ifluatned® utlaqiufiuualdufiazld inhaled
corticosteroids lunts¥nmseusilussesGuusnyas
nndulzaiin Tnaidediazarnsallesiuainiia
UnAstin1n1eamaanan (airmay remodeling) 9@
ndnileduldendr® Inhaled corticosteroids ax 141281
Tumsimniihefienmsmsumelusstznaniui

vnguiindrandiuduludisinlsanavia 719

warlina lunisiindse@ninannimmiauaesten
gugn nelussazadudaidounagegalunisan
airway hyperresponsiveness WU azlfrrazinaily
Wau® nrsAnwnld inhaled corticosteroids usees
v
wadszuind 1-2 AUAMAAINITAATIN acute UAY
late allergic response 1o ffaqiiufizluuunisidms
#1 inhaled corticosteroids nateatin Inefinalugy
WU nebulizer solution, pressurized metered-dose
inhalers (pMDI), dry powder inhaler (DPI) 1fulugy
v v I

WUl Turbuhaler uas Accuhaler Wusn Wallina
¥ - L Xl c‘ﬁ' ' 17
guaenFunsenliing azaaniu wazenaunsaddi
duasnanuszianlageqe Tanawrzludnani iy

] <4 - 1 -3 4‘ L o
AnufaniaTunsuivisen atwlafianu Wadiloelaiu
inhaled corticosteroids #8 inhaler devices 1ha’ln
fimn endounilsdszunu¥esay 40-80 @ azanAng
aglunuazluiFon oropharynx Teasgnnauasg
NUAURINIT BndauuaslszunnFenay 7-23°

[ e Lo o

azifrguaansnuszilanierangnifeduaziiiuune

aj _® - 2 Y
trdoungngatuanmiaamrasidignezualaiin
uazldednu first pass hepatic biotransformation
) o P - < ' . . ,
fouiugdaungngadnainlen align inactivation
arane Wiianana systemic effect 161

8145V inhaled corticosteroid TUdIUNINAL
inanlunzacugnems hiduiueiguianamuguus
- -l L 1 7 o Y =

gavlsa AnateAgiidenld v lWdnANdzmqn
uawil cost-effectiveness g4 ® nisldatnaainianeas
Mlansinisidrfunisinm lulsaneunaanas
uaeanninaslfudnednades 15 3 uaznalinag
o dd" ﬂ; b 74 ] -
NNty aunreveldusasatinuanalu

al' 4' dln ' [ -~y °
A3 1 Fadlurwreirndndasadsuasinnsuusin
Wldnnanguusreslsa Muuddbinosldenly
1uaRiAY high dose AlAuuzls annsAnmwu
41 FP Tusuim 200-1000 pg ushiflnasents
Wiyduia’ " dussAninmuailaansiandt BDP uay
BUD"? drufuruimres BUD AlANNManIsAnm
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Types Low dose (}Lg/day) Medium (Lg/day) High (ug/day)
>12yr <12yr >12yr <12 yr >12yr <12 yr
¢ Beclomethasone
MDI (50,250 LLg) 200-500 100-250 500-1000 250-500 | > 1000 >500
DPI(200 ng) 200-600 100-200 600-1000 200-600 | >1000 >600
¢ Budesonide
turbuhaler (100,200 pg) 200-600 100-200 600-1000 200-600 | > 1000  >600
MDI (50,100,200 ug) 200-500 100-250 500-1000 250-500 | >1000 >500
nebulized solution (500,1000 pg) | 500-1000  250-500 1000-2006  500-1000 | >2000 >1000
¢ Fluticasone (MDI 25,125,250 ug) | 100-250 100-200 250-500 200-400 | > 500 >400

L4 d‘ 1] - - dld
AdeluGasnasnaniseigidiula douninauiand
e -l - - ,
nsnRAEiuNINAS 800 pg/day HUNTIERUTANLGN
Huaria short term lower leg growth™ uALNTIERY
Aiwudnldfinadeniaaignauin®™ daufuenlug
BUD suspension Hnavinadeldlwisneny 48 T T
1A 0.5 mg-2 mg/day wudlUscAninnauas
Uasadiu®
Inhaled long acting Bz-agonist (LABA) 1u
tlaqiiufieg 2 9finRa saimeterol "' uag formoterol
43 onset 184N17RANLNTI84 formoterol 1Fandn
salmeterol (3 W uar 10 WM Aua1ey) Tuansh
- N 2
Uss@ninmuszanudaesadiaaaia 2 salliwnnsng
Au® fgnoeglduiuie 12 42l uaziignd
lu anti-inflammatory effect LiAviniu inhaled

@9 uEAnd1 Theophylline®?”

beclomethasone
waznisAaseduiiussarioaiuiu  Livinliiia
desensitization of ,-adrenergic receptor response®
Fatilinar il monotherapy Wi unud inhaled
corticosteroid® annnisan ® wudansld inhaled

long acting B,-agonist N1 inhaled corticosteroid

Y a4 e - . . \

nanvinAuniaiinguInTed inhaled corticosteroid
] ol L3 -lz -l

Wi 2 win Bnsinuresdesnduuasinninan
PPN P (25) o - -
FIRNATU 2 AANATINALNAINNITIANINIATDY
corticosteroid 1agianizatnEsan1IaTyHLIA
pauluilaqiuasidudnenaseanguunsonluvasn

'
o’ <l

e arnazanuazlsendasldans Tnelu

L

anATMNIW 1Hun formoterol $aNiU budesonide Uy
salmeterol $anfiu fluticasone propionate laeifi
s Ail -4 rd' ’ i
wanguannsAnfiuaatiallsslamiuanndwize
v
Weauwinduavegesiaudlduanuaan @2 fanuaq
nsranenluvaeadag Ae azmanndninlifeaiuen
] ] v
fiaz 2 vaen WariWifilialfarsedialduni
' o v [ v
7119nn91 uazunngiuladnfilasazlifuann
2 gfia nalniinlieie 2 alimaingnaiulunis
v 4
raunnlzatinAe 11Ms 2 1lineangniAuarym inhaled
corticosteroid aangmalun1rredunirdniguees
naanannlianninzuasnanle luanieh LABA
uananaziignitenanaenanudfaligniannis
fnguatsaulnuiinasienislass mediators 999
mast cells, AANTITFITDINAIANIDANAINNADA
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\aen uastuginienreiudulszaimivaninidnly
uaanan® luscduigadanudnatfsseunasiin
. o Ay ° 2
transcription 9848UNAT9 B -receptor M lannns
\im down regulation 189 B,-receptor A1nn13 4
LABA szaizen TuttusiBaanunisld LABA aziin

v
C-AMP luigad dena'lil PKA (phosphokinaseA) gaiiu
uazn i glucocorticoid receptors #n19 translocate
ANt cytoplasm L‘ihé nucleus (Nuclear translocation
L v X o nva -
of glucocorticoid receptors) tournaunn Iiinaaiiu
gene transcription wazdanaliinisa¥1alysiiu
4‘ ar :l/ o o [ Y Z (30) 2
FadudUfATeraniaunInTun NN faevaug
Aana12v lieve 2 1fiaaTgnaiulunisacugu
Tsatinlénau
whuunageanisinmisafinAa awnsomau
Aulsaldlas bilnadradeeainnisinm atlsfiniu

c'/ g R < 1 e -
arnnatAnsialanwudnfilaiindaulugdanedl

[ a; Ai' | <R [ ] o
anrraslsaludnsige Faiadanisinwlsaiiad
Tdussqiiunafionld nasnwanasldannounu
Tsafinluadndoulunjazlilimjednguszasdliliian

v ' . w - - o o
armupnlsaliiFell wirriunuadniaainisinm
Lﬁmmnmmnndﬁ MY NITNARDLANTIONINLAA
T ilsufiufianaindilsriinlignasuauuda

-:l' ey 3/ . a; o o’ d'
wananiiaunmainreeilieidudandrAtyfignaes
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i TusdandrunagaliinasAnenlafiuenia
dsrlamdzaantrraupulsalilsluszazann daily
e NI NA4ERTed1 Gaining Optimal Asthma
control (GOAL) Whuoan 1T ivewFaumeulszananw
984 inhaled corticosteroid Al FP a&iifan snnay
suI9 FP uas Salmererol (SFC) (LABA) 11enlmay
AruAutsaiin lldR AT NTeLUINIINIT TN
{sAtimaiiy Global Initiative for Asthma (GINA)/
National Institutes of Health (NIH)

Barnes NC.“" lgvinnsAnmaiiautieang

1

wWisudsuuuugn newiediloendudy 4 (stratum)
Tugiloniin 3,421 Au a1t 12-80 T Mhignunsanauan
T2aiialsl (Wafusn FP uTeu NaNTENIN FP usy

singuindrentintuludiednlsanaviia 721

Salmeterol (SFC) lnafidmnnulszasAnazigaidngion
<A vt - al' } 4 [} 4
azamnsoruAulsalin bineriinfinounyldetindu
34 (total control) uazaHinAuANTsAlHR (well control)
Y . = - o X
Touzali Tasazinnsiinnisfinwuinauainuuy
:I/ o i & b 4 1 Y = ) ¥
duiulaaundnazauauisaiinldatwiuds (Wiels
#1 inhaled corticosteroid 111Ag44AT 500 ug Fuax
2 A% wudrgiheildamanlidazegluiule (1
P | - , y °
waldadurendunnay, naliaFeresnluauinnn
v ]
usriuiing liaFasass luauinhunang) aza1unsn
va v =Y v = Ve
pruanlsalaandnguanilafuen FP 1RutetGg
Tnedsaruandiaeitanme “narraunulsalding
Aude Weadugarsasiiinauinmuuuduiule
lunqu SFC: FP Wil 520 (Feuar 30): 326 (Faaz 19)
] v H
(p < 0.001) uazdiaduganisdnuin 1 T windu 690
(Feuaz4a1) : 468 (Fauar 28) mNAAL Tuunzii
[ LT alld « . Val dll >
[augthentanme “n1satuanisalén” Wedugn
srsminawaemuuuuduwiule lungu SFC : FP
Wit 1,071 Gasas 63) : 846 (Faaas 50) (p < 0.001)
) v H

uaziliaAuganiaAnmi 1 T vinfy 1,204 Feuar71):
988 (Fatar 59) MINAINL NGUARLATL SFC @
AruAulsalATamTandt uasfituineess inhaled
corticosteroid RANd1lunguilafu FP atraifeg
fiffaeiaunnalungu SFC ¥auazes uazlungu FP
Yasar 76 Naeldfuanluauingaluszasiinaes
nsAn Wasanndilifanmgt “nrsaaupulsaite

1 3
laateAude” dnsninaGuiReundu (0.07-0.27

¥
afvAuAl) uazAnuNIWEIRYBINGH SFC Andingw FP
v

atnilfaddty nsAnmiifiududinisinisaiin
pnaravinbiglasdoulugjamisofathwinoees
neinn 1o

wuanunirinslzavaviintuilaqiiu giloy
Al Funtsaeu WlFfuenmnanuquusteslse Tng
unndaziflugaunulifuasarnisodfuelsdon
Auled atwlainn filaeinasldenmuanlunnad
A uarlduiusnmienis amnenIg
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Aalbers R et al®® 1aAnwanavaan1sle
budesonide/formoterol (160/4.5 ug) fannsonsu
a1 u.a:v‘h'lﬁm?muQummimu@uﬁmﬁ%u
Tnunsdfunneenisenndaaiuniuguusieesise
WhsueuiunisWemnadied ludihelsaveyiia
41U 658 T8 ﬁ'\mﬁ'ﬂwwmn'ﬁ'ﬂﬁ 15, Anade
wazn13 14 ICS = 735 ug/iu AAE FEV1 84 % 1949A
predicted argnguFatAenay 2 llaw Vivihzjl
svezmmaaes Tnauteadldiflu 3 ngu sl

1. 14 budesonide/formoterol (Adjustable
Maintenance Dosing =AMD)

2. 14 budesonide/formotero! (Fixed Dose= FD)

3. 14 Salmeterolffluticasone (50/250) (FD)

luszezioan 4 filaviusn ngu budesonide/
formoterol (AMD) Wa¥ budesonide/formoterol
(FD) acldfuenlunuin 2 ga Fuaz 2 afa uaTnNgN
Salmeterol/fluticasone (50/250) (FD) azl#Fuanlu
MUA 1 §A AL 2 Afa mn&uﬁmmuﬁﬂqmﬂuszﬂ:
aselUEn 6 Weu frlaeflAnunmenasd (ngu 2 uay
3) fisapslinnsineufiawdn ilaefieglungu AMD
wazALANeINTLAR avannsldenaniu 1 ga duas
2 pfs upzfinfieanisindu adlimuneeniy 4 an
Fuaz 2 A%t Uszan 7-14 Sy doungud 2,3 #lden
FD a4 salbutamol w38 terbutaline lun1ss:iuenig
fBuiduafanma nelszdiudn odds ratio uazAn
NS 19v@a1n Well-Controlled Asthma Week (WCAW)
wudnlugaq 1 Lﬁfﬂuuinﬁﬂfm;ﬁ 3 nguRldFuen gl
faanuansiailusendnangs ludoe 6 Reusienn
wu3n5 e budesonide/formoterol (AMD) Azl
odds ratio Lﬁluu'}n"f”luv'i'flﬁuﬁﬁq Well-Controlled
Asthma Week IdAndniiedieuiunis\i budesonide/
formoterol (FD) uazaani1sldunaalsta Yauaz1s
n13ldien budesonide/formoterol (AMD) azfinisAnEu
fndinaenszaziaansAne feuazdo Weuluy

Weuny salmeterol/fluticasone WATATATNGN Fanay
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32 \flewisuiy budesonidefformoterol (FD) ng
c:{ﬂ'lﬂﬁ‘lﬁi"u budesonide/formoterol RUFumNAEE
azlensziuennisanas Tnnednsedu winfu 0.58
lunqu budesonide/formoterol (AMD) 0.92 lungx
budesonide/formoterol (FD) WAy salmeterol/fluticasone
(FD) winriu 0.58, 0.92 Uax 0.80 ANNAAL

agUn914 budesonide/formoterol (AMD)
yinlWnsaaugalsananiialduaiiands Tasaunsa
a3y wazaansldensziuanniealininndn
wisudisurunsldaunmeed % 2 nga

Heuck C et al® 'ldvinnnsAnmfanasie
short term growth WAz collagen tumnover tugilaeidin
Tsavrauita 47u0m 27 Au ang 6-13 11 A1 formoterol
budesonide (12/100 pug) Wiaufauiu budesonide
200 pgidu Wi 6 Alaf wudrludnild formoterol
budesonide axfigasN1n3yAulagandn s
collagen turnover 8NN INGN budesonide atinaiiit
AVAYNATH

Tal A et al® Tavinn1sAnmuFaudounns
4formoterol/budesonide (single inhaler) 4.5/80 pg
2 A% U budesonide 100 ng 2 a¥e ludnuey
286 AU 81 4-17 T w12 §dai wuda single
inhaler "W PEFR (peak expiratory flow rate) uaz
FEV1 (force expiratory volumn in 1 second) tﬁu%u
§andngu budesonide aswiituddty Tned il
RSy RNGEN

AmFurlinuargUuuueeasn Fixed combi-
nations filulsemalng fiseine

1. formoterol/budesonide Hlugtuuy DPI
(Turbuhaler) wimiu 3aflauna 4.5/80 Hg WAL 4.5/
160 pg A8l budesonide 2 IUA (80 uax 160 pg)

2. salmeterol/fluticasone Hluguuuu DPI
(Accuhaler) $afiaunn 50/100 pg uaz 50/250 pg

& -l

Aadl fluticasone 2 AWM (100 UAY 250 pg) WAL

-

#luzluuy pMDIs (Evohaler) a@nunsalddoniu
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spacer Wludnidn Seflaunn 25/50 pg, 25/100 g
ua 25/125 ug Aad fluticasone 3 2U1A ( 50,100 UaL
125 pg)

fatun1n@denidunaiia Fixed combinations
WidenldlaeRarronauauinees 1CS Rivanzan
AMNANTULTTaslsA

g1 FURUWNENYT wazany © Tdvianng
Anwluianineeny 3-7 T auau 468 au lumnu
ansalunisldgunsaiuuy DPI (Turbuhaler) wudn
Einfiansoldgunsaiiidasfiengdoud 5 Tty
wiefidougedous 113 iouRwms viaihimindaus
20 Atanfauly

W 3 4’ .
wuIameansinrtlielussaisasa (Chronic
therapy for childhood asthma) ©®

o L/ « - d.’ o % [
msFndihelsalingiinGaic arliniesinm
ANTEAUAINTUUIITRTIA Tenasdaniraundalan
2 ] ar -‘
Tiudsmanuguusseenidlu 4 sedy (Leunwi 1)
Tuseifienn1sueumaunaamy (nocturnal
asthma) @19Wa1s0un i oral long acting B, agonist
(Procaterol) eaglugdanuiuazilia usliaosld
palieszaven s lilignisunisdniay
Wasanntsavaviadlulsaniinislasuutas
Wnaamaan atatein1sunaulsiialdfusisne
QAU vialinsiimide loFaluntaduuialadouuu
o “a v - o - o
N1 N 195 89NN PUF LA B UTUIA LA LA UIUEN
ANAINTULINTasTTA
lumanienisarunadldiunisine uay
awnrorduanan T iRasefwunan 1-3 1hau
UANEAITRAITUIAATUIA UATIIWIULIAY 1At
s P s v ' P v
farrauaneiiuaunsndaulavesnauwine Il
grtipafigalunisacuguainisuasilasiunisinGy
ae4l3A

singuiindnondiutulugineidinlsavaudia 723

vangwn ludnangsiind 5 1

1. nMsutszAuAN UUNTedlsAnLinay
T¥ernmnadiindiumin fesandslianunsonsa
aussannlenls

2. mslientlasiuszazandlunguiidu mid
persistent lutﬁmﬁnmqﬁﬁnfh 2 1 anaRarsun e
montelukast Faifhuenfunlszng sinldAnANazaan
Useade Huse@ninm lLﬁ?ﬂﬂﬂﬁ:QQﬂdﬁﬂﬁﬁﬁﬂ%u 1
wiaanaariansanld low dose inhaled steroid 7t
Uaansiy nadnapeatiesdn Fluticasone

3. 'luﬂduﬁ'l.ﬂu moderate WAY severe
persistent Fasdesaiddsat1naniznie e
ﬁuﬁum?"‘zﬁq‘f‘fﬂuazmmwmwmq’é"umm persistent
wheezing huinnguentil S4814'kils allergic asthma

a7U Fixed combination ﬁmﬁﬁqwﬁﬂuanti—
inflammatory agents %ﬁ@: uazsE@nsniwasd LABA
YuRAeudienmi Ics (fluticasone Way budesonides)
154 Fixed combination A5 14 lungquéilae moderate
persistent asthma 3wl Tmefinn fluticasone/
salmeterol a¥An41 budesonide/ Formoterol Tuudaas
ANUaaAiEYeY fluticasone NINN91 budesonide
uazdiafilugLl pMDIinla s 1 ludnidnitenyies
n41 4 Ylaasouunnsl4 spacer 1# 42w budesonide/
formoterol ax#ndn fluticasone/salmeterol Milkaq
199 formoterol ﬁ‘ﬂ'ﬂﬂt]'/lé‘ﬂﬂ’]ﬂuﬁ’ﬂﬂau‘lﬁtg"m'h
salmeterol 311 budesonide/formeterol @190
dafnsduiia@sunadulddon Fafuinsesn
AefiGanin adjustable maintainance dosing (AMD)
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leukotriene receptor antagonists
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inhaled medium dose steroid
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leukotriene receptor antagonists
inhaled high dose steroid
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(Severe persistent)
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- sustained release theophylline

- inhaled long acting B, agonist

- leukotriene receptor antagonist
- oral steroid
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{Moderate persistent)

inhaled low to medium dose steroid
#9uii inhaled long acting B, agonist
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inhaled long acting B2 agonist Win
leukotriene receptor antagonists
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(Severe persistent)
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- sustained release theophylline

- leukotriene receptor antagonist

- oral steroid
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