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Abstract

Objective: Ambrisentan, a highly selective endothelin receptor antagonist (ERA), has been widely
applied in patients with pulmonary hypertension (PH). It is necessary to evaluate the clinical ef-
fects and adverse reaction of ambrisentan in PH. Methods: After systematic searches of PubMed,
Embase, Cochrane Library and the Clinical Trials.gov website, randomized controlled trials (RCTSs)
with patients receiving ambrisentan in at least 1 treatment group were included. The clinical ad-
verse events (AEs) and the efficiency of ambrisentan were evaluated. Summary relative risks and
95% Cls were calculated using random- or fixed-effects models according to between-study hete-
rogeneity. Results: In total, 5 randomized trials including 493 patients met the inclusion criteria.
At an average follow-up of 24 weeks, the ambrisentan group had increased 37.53 m in 6-min walk
distance (6MWD), decreased clinical worsening, and decreased plasma B-type natriuretic peptide
(BNP) concentration. Meta-analysis showed that the incidence of peripheral edema (18.94% ver-
sus 7.91%; RR 1.58, 95% CI 1.01~2.45, P = 0.04), and nasal congestion (7.34% versus 2.04%; RR
3.25, 95% CI 1.08~9.79, P = 0.04) was significantly higher in the ambrisentan group compared
with placebo. Ambrisentan was not found to increase other reported AEs compared with placebo.
Conclusions: Ambrisentan in PH is well established and still requires clinical trials for an identifi-
cation of its efficiency on PH patients for an optimized period lessening a serious complication and
the common AEs.
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¥ 2 K04 B 1% PubMed, Embase, Cochrane Library, A ClinicalTrials.gov (% 2020 4F 6 H). &
4R S “ambrisentan and pulmonary hypertension” , 3£PA “human. English. randomized-controlled trial”
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252 of records identified through

database searching
Pubmed(N=21)
Embase(N=67)
Cochrane library(N=120)
Clinical Trials(N=44)

Duplicates removed(N=104)

148 of records
screened

B ——

18 of full-text articles
assessed for eligibility

4 of studies included

in quantitative
synthesis
(meta-analysis)

130 of records excluded
Reviews(N=13)
Sub-analyses(N=16)
Comments(N=12)

Not RCTs(N=28)
Irrelevant studies(N=27)
Duplicates(N=27)
Healthy person(N=7)

14 of full-text articles
excluded

Not RCTs(N=7)
Duplicates(N=5)

NO adverse events
data(N=2)

Figure 1. Flow chart of the selection process
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Table 1. The baseline characteristics and Jadad score of six studies included in meta-analysis

=1 ERANARERER

) Duration ) Trial group Control group Jadad
Source Design K Disease I

(weeks) Treatment n Treatment n  SCa€
Galié N et al., 2008 ARIES 1 [20] RCT 12 PAH Ambrisentan 5/10 mg QD 67/67 placebo 67 4
Galié N et al., 2008 ARIES 2 [20] RCT 12 PAH Ambrisentan 2.5/5mg QD  64/63 placebo 65 4
Pilar E-S et al., 2018 [21] RCT 16 CTEPH Ambrisentan 5 mg QD 15 placebo 13 4
ARTEMIS-PH [23] RCT 56 IPF Ambrisentan 10 mg QD 15 placebo 25 4
Zixuan P et al., 2019 [22] RCT 24 SSC Ambrisentan 10 mg QD 17 placebo 15 5

PAH = filizhfiki; CTEPH = 181 itete ZEPEMZNMK & IPAH = Rk tEMizh ks e : SSc = RGVERELIR .

Random sequence generation (selection hias)

« | Blinding of patticipants and personnel (performance hias)

= | Blinding of outcome assessment (detection hias)

® O ®|®|® Incomplete outcome data (attrition bias)

= | Allocation concealment (selection hias)
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ARTEMIS-PH | 2 ® -
Galiz 2008 ARIES1 | @ | @ | 2 | 2 ®| 2
Galiz 2008ARES2 | @ (@ | 2 | 2 ®| 2
Pilar 2018 | @ (@ | 2 | 2 ®| >
Zivuan 2019 | @) | @ (@ | 2 ®| 2

Figure 2. Risk of bias summary
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Et, Z2arA3H 4] 6MWD B80T 37.53 m (95% CI = 20.88~54.18, P < 0.00001). M4k 2 37 4= 3 iy va 7 70 &t
WA, 6MWD 43 9I7E 5 mg ZH3%4 1 T 38.03 m (95% CI = 16.57~59.50, P = 0.0005). 10 mg ZH3%Hn 1
43.68 m (95% CI = 19.31~68.05, P = 0.0004), {H 2.5 mg 415 %@ FH 2 AL it 7%= (5 3).

ambrisentan placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% CI
1. studies «
ARTEMIS-PH -96 17414 21 -67 153 9 1.8% -29.00[153.65, 95.65] .
Galié 2008 ARIES 1 41 10697 134 0 8185 67 389% 41.00 [14.31,67.69] I —
Galié 2008ARIES2 4538 117.98 127 0 9675 65 28.4% 45.39[14.18, 76.60] - ®
Pilar 2018 283 #1715 68 675 13 155% 21.50[-20.83,63.83) 7
Zixuan 2018 2153 346 17 -1653 7732 15 154% 38.06 [-4.38, 80.50]
-
Total (95% CI) 314 169 100.0%  37.53[20.88, 54.18]
Heterogeneity: Chi"=1.95, df= 4 (P=0.74), F= 0%
Test for overall effect. Z= 4.42 (P < 0.00001)
1.1 ambrisentan 2.5mg
Galié 2008 ARIES 2 32 12009 64 0 96.75 65 100.0% 32.00[5.67,669.67] .
Total (95% ClI) 64 65 100.0% 32.00[-5.67,69.67] S —enti—
Heterogeneity. Not applicable
Test for overall effect: Z=1.67 (P=0.10)
1.2 ambrisentan Smg
Galié 2008 ARIES 1 31 11479 67 0 81.85 67 40.4% 31.00[-2.76,64.76) =
Galié 2008 ARIES 2 59 11515 63 0 96.75 65 33.8% 59.00(22.10,95.90) -_—
Pilar 2018 283 4.7 15 68 675 13 257% 21.50[-20.83,63.83]
Total (95% CI) 145 145 100.0% 38.03 [16.57, 59.50] i
Heterogeneity: Chi*=1.99, df=2 (P=0.37); F=0%
Test for overall effect: Z= 3.47 (P = 0.0005)
1.3 ambrisentan 10mg *
ARTEMIS-PH -96 17414 21 -67 153 9 3.8% -29.00[-153.65,95.65] _ =
Galié 2008 ARIES 1 51 9833 67 0 8185 67 63.2% 51.00 [20.35, 81.65) -
Zixuan 2019 2153 346 17 -1653 7732 15 33.0% 38.06 [-4.38, 80.50)
——

o + u {

Total (95% CI) 105 91 100.0%  43.68[19.31,68.05] 00 80 0 50 100

Heterogeneity. Chi*=1.59, df= 2 (P = 0.45); F= 0%
Test for overall effect. Z= 3.51 (P = 0.0004)

Favours [experimental] Favours [control]

Figure 3. Change from baseline in 6MWD for ambrisentan inhibitors versus placebo
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3.3.2. ImpREHER
I AR ALE SO BE LT 1

B AREAL, BB TR PP = 0.19, 12 = 39%). 2 37 A4 HH AL H I AT AL I 26 SR AR T 22 i

0.39, 95% CI = 0.24~0.66, P = 0.0004) (/4] 4).

i ACERINEE < PRI BN Bk i e AR T A B« A A 8] 3 TR 7T v

4 (RR =

ambrisentan placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI
ARTEMIS-PH 4 25 2 15  6.5% 1.20[0.25,5.78) —
Galieé 2008 ARIES 1 8 134 8 67 278%  050(0.20,1.27) —
Gali@ 2008 ARIES 2 10 127 19 65 65.6% 0.27[0.13,0.55) ——
Total (95% CI) 286 147 100.0% 0.39 [0.24, 0.66]
<o

Total events 22 29
Heterogeneity: Chi*= 3.30, df= 2 (P = 0.19); IF= 39% :u o 011 1=0 100‘
Testfor overall effect: Z= 3.55 (P = 0.0004) Favours [experimental] Favours [control]

Figure 4. Incidence of clinical worsening for ambrisentan inhibitors versus placebo
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3.3.3. M3 BNP JRE

f£ ARISEL1 Jz ARISE2 ff5EH, I BNP WK FEMEEL KAl Zad 12 FIEIT e, =ERAER
113 BNP #3254 11 9% (ARIES-1)F1 13% (ARIES-2). #Eb 2 T, ARISEL (1) 5 mg £H(30%) £ 10 mg
2 (45%) L J2 ARISE2 ff 2.5 mg #H(29%) A1 5 mg £H(30%) 1f1. 3% BNP & B #5555 28 R B (FTf5 P < 0.003). 7£
Pilar FUBT5E R, BNP K MFELAE A 1L —29.4% (5 mg 27 HA1) A 14.1% (2EH4H). TMi7E Zixuan fF)
T, 224 BNP 3 M IELR (451K, g 31.00 + 85.83 (95% CI = —20.87~82.87), 2 i /EIHLAARL N
—15.63 + 207.48 (95% Cl = —126.18~94.93), {HA1Z BTGt 2427 .

34. R&M

AR, ST A BT R AFIOI S2 0%, 5 W kRl AEs 491 1, ZOEREIPTE. H ML AEs
GARSME KM ZE. SRS, FRATEHEDLE 2 BRI R, IR 22 sr A0 20 KT 4 I 4 xk
FARR AR BEAT 08 LU NIHAAWETT: M BIR(OE) BIERmIRE A S, 5. EM). —
AR ORI e BRZl. S, YA SR EIPIRIERGY). M RGO CLE) . IR
GUETR (VIR A ) . 32 2 FRAIH T ARG R 95% Cls J¢ P . b, 2o i B 5 2@ mdistt, 4
IK A S ZE ) e AR IR BT G 22

Table 2. Relative risk of known adverse events reported for ambrisentan in comparison with placebo

F* 2. RIUSEIHEHMN REHHIEX R

ADR outcome Studies  Participants RR (95% ClI) Incidence rate (%) P Value  Effect Model

Cardiovascular disorders
palpitations 3 433 1.45 (0.49~4.25) 4.2 0.5 Fixed

Gastrointestinal disorders

abdominal discomfort 3 433 1.59 (0.51~4.97) 4.2 0.43 Fixed
diarrhea 2 78 0.39 (0.1~1.54) 4.55 0.18 Fixed
constipation 4 466 2.16 (0.72~6.51) 4.95 0.44 Fixed

General disorders

peripheral edema 5 504 1.58 (1.01~2.45) 18.94 0.04 Fixed
nasal congestion 3 433 3.25(1.08~9.79) 7.34 0.006 Fixed
flushing 3 433 1.75 (0.53~5.79) 3.85 0.36 Fixed
epistaxis 2 71 1.96 (0.38~9.96) 11.11 0.42 Fixed

Infections
sinusitis 3 433 2.64 (0.57~12.15) 3.15 0.21 Fixed
upper respiratory tract infection 4 466 1.39 (0.52~3.71) 4.29 0.5 Fixed

Nervous system disorders
headache 5 504 1.19(0.8~1.79) 18.95 0.39 Fixed
dizziness 3 111 0.22 (0.04~1.12) 1.64 0.07 Fixed
Respiratory disorders

dyspnea 3 433 1.16 (0.56~2.39) 6.64 0.69 Fixed
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3.4.1. ShAKER

s RoR, 52 BGRAHARLG, 22 3r A2 R AR A JE K i ) JXUS: it 3 B 75 (18.94% vs 12.63%; RR = 1.58,
95% CI = 1.01~2.45, P = 0.04) . 4 % 37 AL AN ()36 97 71 E AT W22 40T, 10 mg 44(RR = 2.08, 95% CI
=1.19~3.64, P = 0.01). 5 mg #1(RR = 1.69, 95% CI = 0.95~3.01, P = 0.07). 2.5 mg 41(RR = 0.29, 95% Cl=
0.06~1.34, P = 0.11), R &R, 2344 10 mg HANEKI R 4R 52 BAHE G EER (4 5). #
ANAN A ) A RT R g r AR 3 R B S R AR OG

ambrisentan placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% ClI M.H. Fixed. 95% ClI
1.studies
ARTEMIS-PH 5 25 3 15  8.0% 1.00(0.28, 3.60) I I
Galié 2008 ARIES 2 8 127 7 65 19.6% 0.58(0.22, 1.54) _—*T
Galié 2008 ARIES 1 37 134 7 67 19.8% 2.64[1.24,5.61) e
Ganesh 2013 73 329 14 163 39.7% 2.58[1.51, 4.43] —.—
Pilar 2018 3 17 2 16 4.4% 1.41(0.27, 7.38] E—
Zixuan 2019 8 19 4 19  8.5% 2.00[0.72,5.53] T
Total (95% CI) 651 345 100.0%  1.98[1.40,2.78] <>
Total events 134 37

Heterogeneity: Chi*=8.82, df=5 (P =0.12); I*= 43%
Test for overall effect: Z= 3.90 (P < 0.0001)

1.lambrisentan 2.5mg

Galié 2008 ARIES 2 2 64 7 65 1000%  0.29[0.06,1.34] ——
Total (95% Cl) 64 65 100.0%  0.29 [0.06, 1.34] el
Total events 2 7

Heterogeneity: Not applicable
Testfor overall effect: Z=1.58 (P =0.11)

1.2 ambrisentan Smg

Galie 2008 ARIES 2 6 63 7 65 432% 0.88(0.31,2.49 —

Galie 2008 ARIES 1 18 67 7 67 439% 2.57(1.15,5.79) —&—
Pilar 2018 3 17 2 16 129% 1.41(0.27,7.39) - 1
Total (95% CI) 147 148 100.0% 1.69[0.95, 3.01] ‘
Total events 27 16

Heterogeneity: Chi*= 2.60, df=2 (P =0.27), F=23%
Test for overall effect. Z=1.79 (P = 0.07)

1.3 ambrisentan 10mg

ARTEMIS-PH 5 25 3 15 11.2% 1.00[0.28, 3.60] —_——

Galié 2008 ARIES 1 19 67 7 67 20.9% 2.71[1.22,6.03] =

Ganesh 2013 73 329 14 163 55.9% 2.58[1.51,4.43) -

Zixuan 2019 8 19 4 19 11.9% 2.00([0.72,5.53)

Total (95% CI) 440 264 100.0% 2.36 [1.60, 3.49] >

Total events 105 28 ! } } 1
Heterogeneily. Chi*= 2.06, df= 3 (P = 0.56); F=0% 0.01 0.1 10 100
Test for overall efiect: Z= 4.31 (P < 0.0001) Favours [experimental] Favours [control]

Figure 5. Incidence of peripheral edema for ambrisentan inhibitors versus placebo
[El 5. R AHIBHEKMEE R SXTRAE LI

342 BE

2237 A HH A B BE R AR R I T IR 4H.(7.34% vs 2.04%; RR 3.25, 95% CI = 1.08~9.79, P = 0.04). 7£
WA HTH, 223 423H 10 mg 41(RR = 3.54, 95% CI = 1.04~12.02, P = 0.04), 5mg Z1(RR = 3.03, 95% CI =
0.74~12.38, P = 0.12), £ 2.5 mg 41(RR = 3.05, 95% CI = 0.13~73.41, P = 0.49), ./ 10 mg 41 &% K £
EHZEAARGR R, RSN R A5 AT R % 57 B2 2 E AR (K 6).
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ambrisentan placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-.H, Fixed, 95% CI M-H, Fixed, 95% CI
2. studies
ARTEMIS-PH 6 25 1 15 9.9% 3.60(0.48, 27.08)
Galié 2008 ARIES 2 4 127 0 65 5.2% 4.64 [0.25,84.90)
Galie 2008 ARIES 1 1 134 2 67 21.2% 2.75(0.63,12.05) I
Ganesh 2013 27 329 6 163 63.7% 2.23(0.94,5.29) ——
Total (95% Cl) 615 310 100.0%  2.60[1.32,5.13] -
Total events 48 e]
Heterogeneity: Chi*= 0.38, df= 3 (P = 0.94); I*= 0%
Test for overall effect: Z= 2.76 (P = 0.006)
2.1 ambrisentan 2.5mg
Galieé 2008 ARIES 2 1 64 0 65 100.0% 3.05([0.13,73.41) -
Total (95% Cl) 64 65 100.0% 3.05[0.13,73.41] e —
Total events 1 0
Heterogeneity. Not applicable
Test for overall effect: Z= 0.69 (P = 0.49)
2.2 ambrisentan Smg
Galié 2008 ARIES 2 3 63 0 65 19.8% 7.22(0.38,136.99) >
Galieé 2008 ARIES 1 4 67 2 67 80.2% 2.00(0.38,10.55) __.—
Total (95% CI) 130 132 100.0% 3.03 [0.74, 12.38] e
Total events 7 2
Heterogeneity: Chi*= 0.57, df=1 (P = 0.45); F= 0%
Test for overall effect: Z=1.54 (P=0.12)
2.3 ambrisentan 10mg
ARTEMIS-PH 6 25 1 15 11.1% 3.60(0.48, 27.08]
Galieé 2008 ARIES 1 7 67 2 67 17.7% 3.50(0.75,16.24) I
Ganesh 2013 27 329 6 163 71.2%  2.23(0.94,5.29] —il—
Total (95% CI) 421 245 100.0%  2.61[1.29,5.26] N
Total events 40 9
Heterogeneity: Chi*= 0.37, df = 2 (P = 0.83); I*= 0% f t t i
Lo B 0.01 0.1 1 10 100
Test for overall effect: Z= 2.68 (P = 0.007) Favours [experimental] Favours [control]
Figure 6. Incidence of nasal congestion for ambrisentan inhibitors versus placebo
F 6. R EIHEBELERSITBALLE
35. RRRE
LA 2 S B A A Sl BE XS AR, LT R R R R R A (A 7).
0§E(|08[RR])
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