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ABSTRACT: Statins have been shown to both prevent and attenuate pulmonary hypertension in
animal models. This study investigates the potential therapeutic benefits of atorvastatin as an
affordable treatment for pulmonary hypertension patients.

220 patients with pulmonary arterial hypertension (PAH) or chronic thromboembolic pulmonary
hypertension (CTEPH) were randomised, double-blind, to receive atrovastatin 10 mg daily or
matching placebo in addition to supportive care.

At 6 months, 6-min walk distance decreased by 16.6 m in the atorvastatin group and 14.1 m in
the placebo group. The mean placebo-corrected treatment effect was -2.5 m (95% CI: -38-33;
p=0.96), based on intention to treat. A small nonsignificant increase in pulmonary vascular
resistance and fall in cardiac output was seen in both treatment groups. There was no significant
difference in the proportion of patients who improved, remained stable or showed a deterioration
in World Health Organization functional class between atorvastatin and placebo treatments. Nine
patients died in the atorvastatin group and 11 in the placebo group. Serum cholesterol levels fell
significantly on atorvastatin treatment. Discontinuation rates were 23.2% and 26.9% on

atorvastatin and placebo, respectively.

Atorvastatin 10 mg daily has no beneficial effect on the natural history of PAH or CTEPH over

6 months.
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tension (PAH) is a continuing challenge,

likewise, the treatment of pulmonary
hypertension secondary to inoperable chronic
thromboembolic disease [1]. Despite advances
in treatment, mortality remains unacceptably
high [2-4]. In addition, the current therapeutic
options, prostenoids, endothelin receptor antago-
nists and phosphodiesterase-type 5 inhibitors, are
expensive and not widely available in developing
countries. In China, only iloprost and bosentan
are licensed for PAH. Sildenafil is only licensed
for erectile dysfunction. Many patients in China
have no access to approved PAH treatments.
There is a need for more effective, affordable
drugs treatments.

T he treatment of pulmonary arterial hyper-

The licensed treatments for pulmonary hyper-
tension are drugs designed primarily to reduce
pulmonary vascular tone [5]. It is widely appre-
ciated that the major pathology contributing to

the chronic increase in pulmonary vascular
resistance is remodelling of pulmonary resistance
vessels. This has focused thoughts on strategies
that target directly the structural changes and the
molecular mechanisms that underlie them.

It is in this context that statins have attracted
interest. This drug class inhibits 3-Hydroxy-3-
methylglutaryl (HMG) Co-A reductase, a key
enzyme in cholesterol synthesis but essential for
the synthesis of isoprenoids (geranylgeranylpyro-
phosphate and farnesylpyrophosphate), required
for the post-translational isoprenylation of Rho
and Ras family GTPases [6]. This confers on
statins pleotrophic properties, that include anti-
proliferative, anti-inflammatory, anti-thrombotic
and anti-oxidant effects. There is now a sub-
stantial body of data from animal models that
show both attenuation in the development of and
regression of established experimental pulmonary
hypertension with statin treatment [7-18]. There is
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evidence that this is achieved through increased apoptosis as well
as reduced proliferation of smooth muscle cells in obstructive
vascular lesions.

Data from human studies are few. A series of case reports of
patients treated with simvastatin suggested this drug was
well-tolerated and may have beneficial effects in licenced doses
[19]. The results of two small randomised clinical studies of
simvastatin in human PAH have been disappointing with no
evidence of an improvement in 6-min walk distance [20, 21]. A
study with rosuvastatin has reported a sustained reduction in
P-selectin levels and a small (15 m) improvement in 6-min
walk distance at 6 months in a small mixed cohort of patients
with pulmonary hypertension of different aetiologies [22].

There are no data on the effect of statins on pulmonary haemo-
dynamics in patients. To understand further the potential
therapeutic benefits of statins as a treatment for pulmonary
hypertension patients, we conducted a randomised, double-
blind, placebo-controlled study of the effects of atorvastatin
10 mg daily for 6 months on exercise capacity and pulmonary
haemodynamics.

METHODS

Selection of patients

This study included pulmonary hypertension patients 18-65 years
of age with a diagnosis of group 1 PAH (specifically, idiopathic
and hereditable PAH, PAH associated with connective tissue
disease and PAH associated with congenital heart disease) or
inoperable chronic thromboembolic pulmonary hypertension.
Patients with PAH associated with congenital heart disease
were enrolled if they had persistent PAH five years after
surgical or interventional repair, or if they were not eligible for
surgical or interventional treatment. PAH was defined as mean
pulmonary artery pressure more than 25 mmHg, pulmonary
capillary wedge pressure <15 mmHg and pulmonary vascular
resistance >3 Wood units.

The exclusion criteria were as follows. 1) Groups 2, 3 and 5
pulmonary hypertension; 2) a forced expiratory volume in 1 s/
forced vital capacity <50% or a total lung capacity of <60%
predicted value; 3) a 6-min walk distance of <100 m or
>460 m; 4) a positive acute vasodilator response; 5) current
treatment with calcium-channel blockers or PAH-targeted
therapy (endothelin receptor antagonist, phosphodiesterase-5
inhibitor or prostacyclin); 6) inability to perform 6-min walk
test; 7) serum transaminase level three-times above the upper
limit of normal; 8) creatine kinase level five-times above the
upper limit of normal; 9) previously diagnosed heart disease,
such as serious cardiac arrhythmias, unstable angina pectoris,
myocardial infarction; 10) history of transient ischaemia attack
or stroke within 3 months; 11) bleeding disorder; 12) positive
pregnancy test or lactatin;, or 13) history or suspicion of
inability to cooperate.

This study was conducted according to the Declaration of
Helsinki and in adherence to good clinical practice guidelines
and was approved by the Institutional Review Boards of Fu
Wai Hospital. All patients participated in the study on a
voluntary basis after they had been fully informed of the
therapy for PAH available to them. Written informed consent
was obtained from all patients.
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Study design

This was a 24-week, randomised, double-blind and placebo-
controlled trial, conducted in 26 centres in China between May
2007 and March 2010. Using a block randomisation technique
with block sizes of four, 220 patients were assigned to receive
10 mg of atorvastatin or matching placebo once daily for
24 weeks (JiaLin Pharmaceutical Co., Beijing, China). The
randomisation was not stratified for any factors. Randomisa-
tion was performed using a randomisation assignment pro-
gram by SAS 9.1 (SAS Institute Inc., Cary, NC, USA). The dose
was adjusted to 5 mg daily if serum transaminase levels
increased by less than three-times the upper limit of normal or
creatine kinase levels increased to less than five-times the
upper limit of normal. If serum transaminase and creatine
kinase levels remained normal and low-density lipoprotein
level greater than 3.4 mmol-L™ after 4 weeks of therapy, the
dose of atorvastatin was increased to 20 mg once daily.
Blinding continued until all analyses were completed.

Outcome measures

The primary end-point of the study was the placebo-corrected
change from baseline to week 24 in 6-min walk distance. The
6-min walk testing was performed according to the American
Thoracic Society guidelines [23]. Secondary end-points in-
cluded: time from randomisation to clinical worsening (defined
as death, the first occurrence of hospitalisation for PAH or
initiation of PAH targeted therapy decided by an independent
panel of physicians) and change from baseline to week 24
in World Health Organization (WHO) functional class (an
adaptation of the New York Heart Association classification
[24]), Borg dyspnoea score (with 0 representing no dyspnoea
and 10 maximal dyspnoea [23]), and haemodynamic para-
meters (mean pulmonary artery pressure, right atrial pressure,
cardiac output and pulmonary vascular resistance) derived
from right heart catheterisation. Haemodynamic parameters
were measured as described previously [25]. Cardiac output
was determined using the thermodilution technique or cal-
culated according to the Fick method. Pulmonary vascular
resistance was calculated as: (mean pulmonary artery pressure
— pulmonary capillary wedge pressure)/pulmonary blood
flow. 6-min walk test, evaluation of the Borg dyspnoea score
and right heart catheterisation were performed at baseline and
at week 24. Physical examinations, assessment of WHO func-
tional class and laboratory tests including a complete blood
count and routine chemistry tests (creatinine, transaminases,
creatine kinase and lipid profile) were performed at baseline
and regular intervals. Investigators recorded adverse events
throughout the study.

Statistical analysis

104 patients in each of the two treatment groups (atorvastatin
and placebo) were required to reject the null hypothesis if the
means of the distributions, with equal standard deviations of
70 m, differed by at least 35 m, with a type 1 error of 0.05 (two-
sided) and 95% power.

Analysis of efficacy end-points was performed by intention-to-
treat. Patients were excluded from the relevant efficacy analy-
sis if they had a missing baseline value. Missing variables at
24-week for 6-min walk distance, WHO functional class, Borg
dyspnoea score and haemodynamic parameters were replaced
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with the last available value carried forward unless clinical
worsening or death occurred.

In the case of death, the value for 6-min walk distance was
recorded as “0 m”, while in the case of clinical worsening, the
value was replaced with “worst value”. The worst value for a
patient was defined as his or her baseline value adjusted for the
worst percentage change from baseline observed during the study.
If a patient discontinued the study due to clinical worsening or
death and did not have an assessment at the time of premature
discontinuation, WHO functional class and Borg dyspnoea score
were replaced by the worst value observed in the present study.

Patients who had no haemodynamic parameters (mean right
atrial pressure, mean pulmonary artery pressure, cardiac index,
pulmonary vascular resistance and mixed venous oxygen
saturation) at the time of discontinuation due to clinical
worsening or death were replaced using worst value defined
as his or her baseline value corrected for the highest percentage
of deterioration from baseline at the week 24 time point.

For low-density lipoprotein, missing values were replaced
with expected variables calculated on the average percentage
change between baseline and 24 weeks observed in the whole
group. No imputation rule was applied to laboratory variables
in patients who died during study period.

Comparison of the atorvastatin and placebo-treated groups for
change in 6-min walk distance, Borg dyspnoea score, low-
density lipoprotein level and haemodynamics parameters
(mean right atrial pressure, mean pulmonary arterial pressure,
cardiac index, pulmonary vascular resistance and mixed
venous oxygen saturation) was made using the Wilcoxon rank
sum test. The change in 6-min walk distance was analysed in
subgroups defined by demographic, cause of disease and
prognostic variables. Change from baseline in WHO functional
class at week 24 was analysed categorically with a 3-point
scale: <0 (improved), 0 (no change), >0 (worsened). The
proportions of patients with no clinical worsening were
calculated using the Kaplan-Meier method. Time from
randomisation to the first occurrence of clinical worsening
was compared with log-rank test. Subjects who completed the
study or discontinued early without clinical worsening were
considered censored at the time of study completion. Safety
data were summarised descriptively. Analysis of PAH sub-
groups was retrospective. Data are expressed as mean +SD or
mean (95% confidence interval) or number of patients. Mean
change with 95% confidence interval in haemodynamic varia-
bles were estimated by mean of differences of these variables
from baseline to week 24 in treatment group minus that in
placebo group. All reported p-values are two-sided. All data
analyses were performed using SAS 9.1 (SAS Institute Inc.).

RESULTS

Baseline patient characteristics

A total of 220 patients were randomised to atorvastatin or placebo
groups (fig. 1). Patient demographics and baseline characteristics
were well matched between treatment groups, except for a higher
proportion of PAH associated with congenital heart disease in the
atorvastatin group (table 1). The majority (44%) of patients had
PAH associated with congenital heart disease. During the 24-
week study period, 14 patients (11 patients in the atorvastatin
group and three patients in the placebo group) reduced their dose
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of study medication from 10 mg to 5 mg daily. 16 patients (five
patients in the atorvastatin group and 11 patients in the placebo
group) up-titrated their dose of study medication from 10 mg to
20 mg daily after the initial 4 weeks of therapy.

Exercise capacity

After 24 weeks of treatment, 6-min walk distance decreased by
16.6 m in the atorvastatin group and 14.1 m in the placebo
group. The mean placebo-corrected treatment effect at week 24
was -2.5 m (95% CI -38-33; p=0.96) (fig. 2).

Borg dyspnoea score

There was no significant change in Borg index from baseline in
either the atorvastatin 3 (2—4) to 3 (2-5) or placebo 3 (2—4) to 3
(2-5) treated groups.

Haemodynamic parameters

Changes in haemodynamic parameters are shown in table 2.
The patients treated with atorvastatin showed an increase in
right atrial pressure, mean pulmonary arterial pressure,
pulmonary vascular resistance from baseline, and a decrease
in the cardiac index and mixed venous oxygen saturation.
These changes did not differ significantly from those patients
treated with placebo.

Assessed for eligibility (n=255)

Excluded (n=35)
Not meeting inclusion
criteria (n=18)
Declined to
participate (n=11)
Other reasons (n=6)

A4
Randomised (n=220)

4 4

Allocated to atorvastatin and
received allocated intervention
(n=112)

Allocated to placebo and
received allocated intervention
(n=108)

v

A

Lost to follow-up (n=2)
Poor compliance (n=3)
Adverse events (n=4)
PAH deterioration (n=8)
Died (n=9)

Lost to follow-up (n=1)
Poor compliance (n=9)
Adverse events (n=3)
PAH deterioration (n=5)
Died (n=11)

4

4

86 patients completed
24-week study

112 patients included in the
analysis of primary outcome

79 patients completed
24-week study

108 patients included in the
analysis of primary outcome

FIGURE 1. Numbers of patients enrolled in the 24-week study. PAH:

pulmonary arterial hypertension.
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17:\:18=5 8 Baseline clinical, functional, laboratory, and
haemodynamic characteristics of the patients
Characteristics Atorvastatin Placebo
Subjects 112 108
Age yrs 35+13 37+13
Sex
Female 79 (71) 65 (60)
Male 33 (29) 43(40)
Weight kg 54+12 57+11
Systolic blood pressure mmHg 112+15 113+15
Diastolic blood pressure mmHg 75412 73+12
Heart rate beats:-min™ 80+11.8 81+10.6
Cause of pulmonary hypertension
Idiopathic 30 (27) 34 (32)
Congenital heart disease 59 (53) 38 (35)
Atrialseptal defect 18 5
Ventricular septal defect 22 22
Patent ductus arteriosus 12 5
Other 7 6
Connective-tissue disease 8 (7) 13 (12
CTEPH 15 (13) 23 (21)
WHO functional class
I 70 (63) 71 (66)
Il 42 (37) 37 (34)
Six-min walk distance m 355+ 74 346+ 84
Borg dyspnoea index 3 (2-4) 3 (2-4)
Mixed venous oxygen saturation % 65+8 66+8
Total cholesterol mmol-L™’ 4.0+0.9 42410
Low-density lipoprotein mmol-L™ 23407 23408
Haemodynamic parameters
Right atrial pressure mmHg 9+6 10+6
Mean pulmonary arterial pressure mmHg 69+19 66 +20
Pulmonary capillary wedge pressure mmHg 9+4 10+4
Cardiac output L-min™ 38+1.4 41+1.7
Cardiac index L-min™"-m 24408 2641
Pulmonary vascular resistance dyn-s-cm™® 1633+ 745 1456 + 699
Concomitant medication
Digoxin 67 (60) 58 (54)
Diuretics 87 (78) 84 (78)
Warfarin 64 (57) 60 (56)

Data are presented as n, mean+ sb, n (%) or median (interquartile range).
CTEPH: chronic thromboembolic pulmonary hypertension; WHO: World Health
Organization.

WHO functional class

In atorvastatin-treated patients, 14% improved WHO func-
tional class and 19% deteriorated. In placebo-treated patients,
8% improved and 18% deteriorated. There was no significant
difference between the two treatment groups in the proportion
of patients who improved, remained stable or deteriorated in
WHO functional class (p=0.34) (fig. 3).

Clinical worsening

There was no significant difference between the atorvastatin
and placebo groups in time to clinical worsening (fig. 4). The
proportion of each component of clinical worsening (death
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-25 4

-30 4

6MWD change from baseline m

Atorvastatin (n=112) Placebo (n=108)

-35 4

FIGURE 2. Changes from baseline of 6-min walk distance (6MWD) in
atorvastatin and placebo groups. Data are presented as mean+Se. TE: treatment
effect.

(p=0.6), hospitalisations for worsening of pulmonary hyper-
tension (p=0.3) or initiation of PAH targeted therapy (p=1.0)) was
similar between the atorvastatin group and the placebo group.

Laboratory variables

Baseline low-density lipoprotein levels were 2.3+ 0.7 mmol-L!
in the atorvastatin group and 2.3+0.8 mmol-L7 in the placebo
group, respectively (p=0.7). At week 24 these were 1.8+0.6
and 2.240.8 mmol-L7?, respectively. The mean placebo-cor-
rected treatment effects at week 24 were -0.4 mmol-L™ (95% CI
-0.6--0.2; p<<0.0001), indicating good compliance with ator-
vastatin treatment.

Response in patient subgroups

The primary efficacy measure and other variables were
evaluated retrospectively in different subgroups of patients
(fig. 5, tables 3 and 4). With the exception of a reduction in
plasma low-density lipoprotein levels, atorvastatin was not
associated with any significant effect in any subgroup examined.

Safety

The most frequent adverse events in both groups are shown in
table 5. The total number of adverse events was similar in the
atorvastatin group and the placebo group. 51 patients reported
79 adverse events. The common adverse events included
indigestion, liver function abnormalities, irregular menstrual
cycles, abdominal distention, abdominal pain, paresthesia,
dizziness, myalgia and insomnia. Discontinuation rates were
23.2% and 26.9% in the two treatment groups: 26 patients
receiving atorvastatin and 29 patients receiving placebo. Of the
patients treated with atorvastatin, 17 discontinued because of
clinical worsening (nine patients died during follow-up), nine
patients discontinued for other reasons (lost follow-up (n=2),
poor compliance (n=3), adverse events (n=4)). Of the patients
treated with placebo, 16 discontinued because of clinical
worsening (11 patients died during follow-up), 13 patients
discontinued for other reasons (lost follow-up (n=1), poor
compliance (n=9), adverse events (n=3)). The adverse events
leading to withdrawal included abnormal liver function (two
in atorvastatin group and one in placebo group), indigestion
(one in atorvastatin group and one in placebo group) and
dizziness (one in atorvastatin group and one in placebo group).

EUROPEAN RESPIRATORY JOURNAL
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17-\:1E=3P 3 Mean change in haemodynamic variables from baseline to week 24

Variables Atorvastatin® Placebo" Treatment effect p-value*
Right atrial pressure mmHg 3 (2-5) 3 (2-5) 0 (-2-3) 0.78
Pulmonary artery pressure mmHg 4 (0-7) 3 (-1-6) 1 (-4-6) 0.94
Cardiac index L-min™"-m?2 -0.1 (-0.2-0) -0.2 (-0.3-0) 0.1 (-0.1-0.3) 0.19
Pulmonary vascular resistance, dyn-s-cm™ 203 (42-364) 287 (132-442) -84 (-306-138) 0.15
Mixed venous oxygen saturation % -3 (-5--2) -5 (-7--4) 2 (0-4) 0.06

Data are presented as mean (95% confidence interval). #: n=112; : n=108; *: Wilcoxon test. The number of patients per treatment group varied slightly for each

parameter because of missing assessments.

20 patients died during follow-up. Of these, 12 had idiopathic
PAH, four had PAH associated with congenital heart disease
(CHD)-PAH, two had PAH associated with connective tissue
disorder (CTD)-PAH and two had CTEPH. 14 (70%) patients
were in WHO functional class III. Of the nine non-survivors in
the atorvastatin group, five patients died of right-sided heart
failure, three patients died suddenly and one patient com-
mitted suicide. Of the 11 non-survivors in the placebo group,
10 patients died of right-sided heart failure, one patient who
had PAH associated with connective tissue disease died of
diffuse intravascular clotting. No death was considered to be
related to the study treatment.

DISCUSSION

This is the largest study to date evaluating the effect of statin
treatment in patients with pulmonary hypertension and the
only study with haemodynamic data. The underlying ratio-
nale, based on animal studies, was that atorvastatin would
reduce pulmonary vascular resistance and so improve exercise
capacity. Atorvastatin 10 mg daily was safe and reasonably
well tolerated in this study population and significantly
reduced circulating cholesterol levels but had no significant
impact on 6-min walk distance, cardio-pulmonary haemo-
dynamics or survival at 6 months.

100
90
80
70
60
50
40
30
20
10

0 T T T

= 5 WHO FC |

5 = WHO FC I

E o WHO FC III
= WHO FC IV

Baseline 24 weeks Baseline 24 weeks
Atorvastatin (n=112)  Placebo (n=108)

FIGURE 3. Change in World Health Organization (WHO) functional class (FC)
from baseline to week 24 in the atorvastatin and placebo groups. The treatment
effect of atorvastatin on WHO FC was not statistically significant.
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The findings are at variance with the conclusions of a number
of studies using animal models. Treatment with statins, mostly
simvastatin has, with few exceptions, resulted in the preven-
tion and reversal of pulmonary hypertension secondary to
hypoxia and monocrotaline [8-14, 16]. One study showed that
atorvastatin did not decrease pulmonary hypertension sig-
nificantly in the monocrotaline model [13]. Our findings are
consistent with two recent studies with simvastatin in patients
with PAH, which reported no effect on 6-min walk distance at
6 months [20, 21].

While statin treatment may enhance the effect of local and
circulating vasorelaxant factors, for example by increasing the
expression of endothelial nitric oxide synthase [9, 17], the main
mechanism of action in animal models is thought to be through
inhibiting cell proliferation and promoting apoptosis. Unlike
changes in vasomotor tone, structural changes may take time
to effect a measurable change in pulmonary haemodynamics
and exercise capacity. The predominant subgroup of patients
included in this study (>40%) had co-existing congenital heart
disease. The natural history in this subgroup is one of gradual
decline, compared with idiopathic PAH [26]. Against a slow
deterioration, a drug that acts to arrest rather than reverse pul-
monary vascular modelling may need longer than 6 months to
demonstrate any efficacy. But no benefit was detected in the

<
2 2 0.754
8e
8%
© O
S 2 0.501
5§
S
‘g ©
o
o< 0259 atorvastatin
o
“““ Placebo
0.00 T T T T T T
0 1 2 3 4 5 6

Time months

FIGURE 4. Kaplan-Meier estimates of the proportion of patients without
clinical worsening. p=0.98 for the comparison of atorvastatin with placebo.
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Atorvastatin Placebo

Age (patients n) i
<Median 58 48 —e+—
>Median 54 60 —lo—
Sex !
Female 79 65 ——
Male 33 43 ——
Cause of PAH |
Idiopathic 30 34 ——
CHD 59 38 —eo—i
CTD 8 13 [ |
CTEPH 15 23 ——
Dosage |
5mg 1" 3t 2 T i
10 mg 9 94 [
20 mg 5 1" —e—1
Wﬁ!o functional class 7 7 '_L_|
1 42 37 e
LDL |
<Median 52 47 —e—
=Median 50 53 ——
Baseline walking distance |
<350 m 48 48 |
2350 m 64 60 —lo—
Mee':/ln EAP 48 61 |—|0—|:
<Median
>Median 64 46 —o—
Cardiac index |
<Median 58 48 —e—
=Median 52 58 I—JI—I
MMT T T T T T T T T T T T T T T T TTTTT]1
o O o o o O O o o o o O o
o 0 o wn o 0 v o n o v o
(VI) C\Il ‘T FI ' -~ -~ N N ™

Placebo-corrected change in 6 MWD m

FIGURE 5. Effects of treatment on the 6-min walk distance (6MWD) from
baseline to week 24 in patient subgroups. Bars represent 95% confidence interval.
PAH: pulmonary arterial hypertension; CHD: congenital heart disease; CTD:
connective tissue disease; CTEPH: chronic thromboembolic pulmonary hyperten-
sion; WHO: World Health Organization; LDL: low-density lipoprotein; PAP:
pulmonary artery pressure.

combined subgroup of patients with idiopathic PAH and PAH
associated with connective tissue disease, a subgroup that
typically exhibits a more rapid decline with time.

A strength of this study is that patients were receiving
supportive medication, in the form of diuretics, digoxin and
warfarin, but no PAH-targeted therapy, allowing atorvastatin
to be evaluated without the confounding effects of concomitant
medication. Modern targeted therapy is expensive and silde-
nafil is not licensed for use in pulmonary hypertension in

W-J. ZENG ET AL.

China. Accurate figures are difficult to obtain but it is esti-
mated that only 20% of patients in China have access to
modern therapies. Unfortunately, this study does not support
the use of atorvastatin as a low-cost option for treating pul-
monary hypertension.

There are several limitations to this study. One is the dose of
atorvastatin used, which at 10 mg per day is at the lower
end of the licensed dose for hypercholesterolaemia. The dose
of atorvastatin selected was effective at reducing plasma
cholesterol levels, a marker of the effect of the drug on
isoprenoid synthesis. There was concern that higher doses
would produce unacceptably low cholesterol levels in this
ethnic group and produce side-effects, such as elevated liver
transaminase levels [27] and gastrointestinal discomfort,
which would limit the translation of any benefit into clinical
practice. Statins may influence pulmonary vascular biology by
mechanisms other than inhibition of HMG CoA reductase [28]
and a higher dose of atorvastatin may have shown greater
efficacy but the present signal from atorvastatin 10 mg is not
encouraging.

Another limitation is that the study population comprised
a mixture of idiopathic PAH, CHD-PAH, CTD-PAH and
CTEPH. Nonetheless, while each may have a different patho-
biology and natural history, histopathologic studies suggest a
number of similarities in the vascular changes in CTEPH and
CHD-PAH to those seen in idiopathic PAH [29, 30]. As in
PAH, recent work also suggests a role for inflammation in the
genesis of CTEPH [31].

It is also recognised that the majority of patients recruited to
the study were in WHO functional class II. Approved
treatments, such as bosentan, which have benefits in advanced
stage PAH, have not demonstrated an improvement in 6-min
walk distance in early stage disease [32].

The study also suffered from a relatively large dropout rate,
equal in both arms, requiring imputation to address missing
values. However, the results and conclusions were similar after
per-protocol analysis (data not shown).

ap:\:1B <3 Change in 6-min walk distance, Borg dyspnoea index, World Health Organization (WHO) functional class and
haemodynamic variables from baseline to week 24 in patients with idiopathic pulmonary arterial hypertension and
pulmonary arterial hypertension associated with connective tissue disorder

Atorvastatin®

Placebo’

Variables Treatment effect p-value
6-min walking distance m -52 (-103- -1) -79 (-126- -33) 27 (-41-96) 0.34
Improved WHO functional class 5 (13) 2 (4) 0.26
Right atrial pressure mmHg 6 (2-9) 5 (3-7) 1 (-4-5) 0.50
Pulmonary artery pressure mmHg 11 (4-19) 10 (4-16) 1 (-9-9) 0.63
Cardiac index L-min™'-m? -0.3 (-0.5-0) -0.4 (-0.6--0.2) 0.1 (-0.2-0.4) 0.44
Pulmonary vascular resistance 440 (119-762) 605 (313-897) -165 (-592-262) 0.28
dyn-s-cm™
Mixed venous oxygen saturation % -5.0 (-9--1) -8 (-11--5) 3 (-2-7) 0.16
Low-density lipoprotein mmol-L™ -0.5 (-0.7- -0.3) -0.3 (-0.5- -0.1) -0.2 (-0.5-0) 0.05

Data are presented as mean (95% confidence interval) or n (%), unless otherwise stated. The number of patients per treatment group varied slightly for each parameter

because of missing assessments. *: n=38; ¥: n=47.

72 VOLUME 40 NUMBER 1

EUROPEAN RESPIRATORY JOURNAL



W-J. ZENG ET AL.

PULMONARY VASCULAR DISEASE

1\ 8278 Change in 6-min walking distance, Borg dyspnoea index, World Health Organization (WHO) functional class and
haemodynamic variables from baseline to week 24 in patients with pulmonary arterial hypertension associated with

congenital heart disease

Variables Atorvastatin® Placebo” Treatment effect p-value
6-min walking distance m 10 (-19-39) 50 (31-69) -40 (-79- -1) 0.19
Improved WHO functional class 10 (16.9) 2 (5.3) 0.16
Right atrial pressure mmHg 3 (1-5) 0 (-2-2) 3 (-1-6) 0.15
Pulmonary artery pressure mmHg 0 (-5-4) -5 (-10-0) 5 (-2-12) 0.12
Cardiac index L-min™'-m2 0 (-0.1-0.2) 0 (-0.3-0.3) 0 (-0.3-0.4) 0.28
Pulmonary vascular resistance 46 (-151-243) 8 (-150-165) 39 (-210-287) 0.39
dyn-s-cm™
Mixed venous oxygen saturation % -2 (-4-0) -3 (-5--1) 1 (-2-4) 0.19
Low-density lipoprotein mmol-L™ -0.6 (-0.8--0.4) 0.05 (-0.2-0.3) -0.6 (-0.9--0.3) <0.001

Data are presented as mean (95% confidence interval) or n (%), unless otherwise stated. The number of patients per treatment group varied slightly for each parameter
because of missing assessments. WHO: World Health Organization. *: n=59; 1: n=38.

Rosuvastatin has been shown to reduce cardiovascular events
in patients with normal cholesterol but elevated C-reactive
protein (CRP) levels [33]. CRP levels have been reported to
predict outcome in PAH and QUARCK et al. [34] have reported
that PAH patients normalising their CRP levels on treatment
(assigned as responders) showed a concomitant decrease in
New York Heart Association functional class and increase in
cardiac index. It might be anticipated that the effects of statins
might be more pronounced in patients with higher CRP levels
but this was not tested in our study.

17:\:18 558 Incidence of clinical worsening and adverse
events

Event Atorvastatin*  Placebo!

Clinical worsening
Death 9 (8) 11 (10)
Hospitalisation or discontinuation 7 (6) 3)
Initiation of PAH targeted therapy 33 22

Adverse event
Liver function abnormalities 6 (5) 4 (4)
Myalgia 22 3 ()
Cramp 1(1) 1(1)
Constipation 22 2 (2)
Indigestion 8 (7) 10 (9)
Abdominal pain 3 (3) 1(1)
Insomnia 22 1(1)
Headache 1(1) 22
Dizziness 22 4 (4)
Rash 0 (0) 5 (5)
ltching 0(0) 5 (5)
Paresthesia 2 (2) 0 (0)
Abdominal distention 1(1) 3 (3)
Irregular menstrual cycles 3@ 0 (0)

Data are presented as n (%). PAH: pulmonary arterial hypertension. #: n=112;
T ne
:n=108.

EUROPEAN RESPIRATORY JOURNAL

In summary, there is no evidence that 6 months of treatment
with atorvastatin 10 mg daily targets directly pulmonary
vascular disease in humans. It may be used safely in this
patient population when clinically indicated to reduce choles-
terol levels but should not be prescribed as a specific treatment
for pulmonary hypertension.
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