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ABSTRACT. Background: Sarcoidosis associated pulmonary hypertension (SAPH) is associated with significant
morbidity and mortality. There is a paucity of information concerning therapy for this condition. Methods: We
performed a prospective, open-label, proof of concept trial of ambrisentan for SAPH. 21 subjects with SAPH
received 5 mg/day of ambrisentan for 4 weeks and then 10/mg day for 20 subsequent weeks. Resu/ts: No sig-
nificant change was noted in the 6-minute walk distance over the course of the study (mean change between
week 0 and 24: 9.8 + 54.6 meters, p: NS). There were also no significant differences between weeks 0 and 24
in terms of dyspnea as measured by the modified Borg scale, serum brain naturetic peptide, diffusing capacity,
and quality of life as measured by the Short Form-36. There was a high dropout rate: overall: 11/21, 52%; so-
cial reasons: 3/21, 14%; medical reasons: 8/21, 38% because of dyspnea: 6/21, 29% and/or edema :4/21, 19%.
Of those who completed the 24 week study (10/21, 48%), there was an improvement in their WHO function-
al class and a marked improvement in their health related quality of life as measured by the St. George Respi-
ratory questionnaire (-15.3 + 25.0). However both these improvments did not reach statistical significance pos-
sibly because of the small sample size. Conclusion: Although ambrisentan was not well tolerated by many of
these subjects with SAPH, in those who remained in this 24-week trial, improvements in WHO functional
class and in health related quality of life suggested a possible benefit of this drug in selected patients. (Sarcoidosis
Vasc Diffuse Lung Dis 2011; 28: 139-145)
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INTRODUCTION volved with sarcoidosis (1). Although sarcoidosis

commonly affects the respiratory system through de-

Sarcoidosis is a multi-system granulomatous
disease of unknown cause that may affect any organ
in the body. The lung is the most common organ in-
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position of granulomas within the lung interstitium,
alveoli, and airways, it may also affect the pulmonary
vasculature causing pulmonary hypertension (2).
Sarcoidosis associated pulmonary hypertension
(SAPH) often responds poorly to anti-granuloma-
tous therapy such as corticosteroids (3).

SAPH has been estimated to occur in approxi-
mately 5% of all sarcoidosis patients (4) and with a
much higher frequency in severely ill sarcoidosis pa-
tients such as those awaiting lung transplantation (5,
6). SAPH also has a poor prognosis with a mortali-
ty of over 27 percent in those awaiting lung trans-
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plantation (5, 7, 8). SAPH may be problematic to di-
agnose. The diagnosis should be considered in sar-
coidosis patients whose pulmonary dysfunction and
pulmonary symptoms fail to respond to corticos-
teroid therapy, whose diffusing capacity is discor-
dantly reduced in relation to spirometry, or who have
signs or symptoms of pulmonary hypertension
and/or right heart failure (2).

There are very few reports of pulmonary va-
sodilator therapy for SAPH. In the majority of these
reports, multiple pulmonary vasodilators were used
in different patients, making the assessment of spe-
cific therapy problematic. In particular, there are few
reports describing the effect of endothelin antago-
nists for the treatment of SAPH. In this report, we
describe the results of a prospective, open-label trial
of oral ambrisentan for the treatment of SAPH at
two major American medical centers.

METHODS

This study was approved by the Institutional
Review Boards of the Medical University of South
Carolina and the University of North Carolina at
Chapel Hill.

Entry criteria

Subjects were recruited for enrollment from
outpatient clinics at the Medical University of South
Carolina and the University of North Carolina at
Chapel Hill if they meet all of the following inclu-
sion criteria: a) had biopsy-confirmed sarcoidosis; b)
had undergone right heart catheterization within the
18 months of study enrollment with the following
findings: mean pulmonary artery pressure (MPAP)
of greater than 25 mmHg at rest or 30 mmHg with
exercise, pulmonary capillary wedge pressure of less
than 15 mm Hg, pulmonary vascular resistance
(PVR) of greater than 3 Woods units; ¢) forced vital
capacity of greater than 40% of predicted [the pre-
dicted normals for Caucasian and African American
were published by Hankinson and coworkers (9)]; d)
WHO functional class 2 or 3; e) baseline 6 minute
walk distance (6MWD) greater or equal to 150 me-
ters and less than or equal to 450 meters; f) on sta-
ble anti-sarcoidosis therapy (e.g., corticosteroids) for
at least 3 months prior to study entry. Subjects were

excluded from participation if they had any of the
following: a) use of any agent for treatment of pul-
monary hypertension within one month of study en-
try; b) uncontrolled systemic hypertension; c)
women who were pregnant; d) exercise limitation
from a cause thought other than a cardiopulmonary
cause (e.g., arthritis); e) pulmonary hypertension
thought not to be related to sarcoidosis; f) WHO
functional class IV; g) significant left ventricular
dysfunction; h) hepatic dysfunction thought not to
be related to sarcoidosis; i) the presence of a con-
comitant illness thought to potentially impact the
primary or secondary outcome measures of the

study.
Drug administration

Subjects were screened to evaluate their candi-
dacy for participation within 30 days of enrollment.
Enrolled subjects received 5 mg/day of ambrisentan
orally starting at enrollment (week 0) for 4 weeks.
All subjects were then up-titrated to 10 mg/day of
ambrisentan which was continued to week 24 post-
enrollment. The drug was given in an open-label
fashion without a control group. Ambrisentan dose
reductions were allowed in the study at the discretion
of the investigators.

Study endpoints

The primary study endpoint was the change in
the 6MWD between week 0 and week 24. Sec-
ondary endpoints included the change in the follow-
ing parameters over the 24-week study period: a)
WHO functional class; b) Modified Borg dyspnea
scale (10) during the 6 minute walk test (6MWT);
¢) St. George Respiratory Questionnaire (SGRQ)
score (11); d) diffusing capacity [the predicted nor-
mals were published by Crapo and Morris (12)] ad-
justed for hemoglobin concentration [using the cri-
teria of Dinakara and coworkers (13)]; e) Short
Form 36 (SF-36) scores including subscores; f)
serum brain natriuretic peptide (BNP) level.

Data collection and safety monitoring
Subjects were questioned and examined at study

visits every 4 weeks until study completion (week

24). Subject questioning included their level of dys-
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pnea, the presence of peripheral edema, symptoms of
cardiopulmonary disease, symptoms of liver disease,
and the state of their sarcoidosis. At each visit, the
subjects underwent: a physical examination includ-
ing determination of their vital signs and oximetry
and a formal examination for the degree of peripher-
al edema; serum liver function tests; 6MW'T where
6MWD, heart rate, oximetry, and blood pressure
were monitored; WHO functional class determina-
tion; Modified Borg scale; serum BNP; pregnancy
test for all female subjects with child bearing poten-
tial. Spirometry, diffusing capacity, complete blood
counts, SGRQ scores, and SF-36 scores were mea-
sured at weeks 0, 8, 16, and 24. An assessment of
compliance with study drug and of possible study
drug toxicity was made at the week 4 study visit and
all subsequent visits. Subjects were allowed to receive
diuretics to control peripheral edema as well as treat-
ment of any other complications that occurred dur-
ing this study.

Statistical analysis

This was an open label proof of concept study.
Patient’s demographics were analyzed using data
from either the baseline or screening visit time point.
Normal values for spirometry were calculated using
the equations of Hankinson and colleagues (9).

SF-36 and SGRQ data were analyzed based on
scoring algorithm provided by Hays (14) and SGRQ
calculator (15) respectively.

For the chosen study outcome variables
(6MWD, Borg score, DLCO, BNP, SF-36 global
score, SGRQ total score), the score difference be-
tween baseline and 8, 16, and 24 weeks were calcu-
lated respectively. Student’s t-tests were used to test
the significance between baseline and week 24. For
statistical analysis of the change in WHO function-
al class between week 0 and week 24, the McNe-
mar’s test for 2x2 contingency tables was performed
using SAS v9.2.

REesuLts

21 subjects were enrolled in this study. Table 1
displays the demographics and baseline characteris-
tics of the cohort. The patients were predominantly
African American women. Most had mild to mod-

Table 1. Demographics and Baseline Characteristics® (n=21, if it

is not noted)

Age (years) 51.18 £ 10.71
Gender

male 4 (18%)

female 17 (81%)
Race

white 2 (10%)

black 19 (90%)
Sarcoidosis medication

corticosteroid 19 (90%)

methotrexate 2 (10%)

hydroxychloroquine 2 (10%)

none 2 (10%)
Prednisone daily dose (mg.) 12.02 + 8.79
CXR stage (n=20)

0 2

1 0

2 8

3 2

4 8
Spirometry

FVC (percent predicted®) 61.5 £ 16.5

FEV, (percent predicted®) 59.2 = 20.8
DLCOf (percent predictedtt) 33.0+11.1
SF-36 global score (n=20) 33 +£10.2
SGRQ total score (n=19) 58.4 + 16.6
Cardiac catheterization data

days prior to screening 128 + 157

MPAP (mm Hg) 32.73 +7.28

CO, Fick (Liters/min) 4.45 + 0.94

PVR (Woods units) 5.86  2.28
Requiring supplemental O, 17 (81%)
Supplemental O2 during 6MWT (n=20)

None (room air) 4

2 liters/min via nasal canula 7

3 liters/min via nasal canula 1

4 liters/min via nasal canula 4

5 liters/min via nasal canula 1

6 liters/min via nasal canula 3
6 min walk distance (meters) (n=20) 303.8 + 75.3
02 desaturation during 6MWT 82% =+ 77
Modified Borg score (0-10) during 6MWT 5.21 £ 2.68
WHO functional class

0 0

1 0

2 3 (14%)

3 18 (86%)

4 0

Serum brain naturetic peptide (pg/ml) (n=19) 160.20 + 354.10

CXR: chest radiograph; FVC: forced vital capacity; FEV:: forced
expiratory volume in 1 second; DLCO: single breath diffusing ca-
pacity for carbon monoxide; SF-36: Short Form 36; SGRQ: Saint
George Respiratory Questionnaire; MPAP: mean pulmonary
artery pressure; CO: cardiac output; PVR: pulmonary vascular re-
sistance; 6MWT: 6-minute walk test; WHO: World Health Or-
ganization; * all mean values include + SD; * predicted values from
reference 9; 1 adjusted for hemoglobin from reference 13; t+ pre-
dicted values from reference 12
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Table 2. Disposition of the study subjects

N. %

Completed the trial 10 48
Dropped out for medical reasons® 8 38
Dyspnea 6 29
Edema 4 19
Dropped out for social reasons 3 14

* Some subjects dropped out because of dyspnea and edema. On-
ly one subject dropped out for a medical reason other than dysp-
nea or edema: hemoptysis from a mycetoma

erate pulmonary hypertension (mean MPAP = 32.7
+ 7.3 mmHg) which is consistent with previous re-
ports of SAPH (16). Most (18/21, 86%) had WHO
functional class 3 status at the time of enrollment.
Table 2 shows the disposition of the subjects.
Only 48% (10/21) of subjects completed this 24-
week trial. Of the 11 subjects who discontinued this
study, 8/11 (73%) discontinued for medical reasons
(edema or dyspnea except for one subject) while 3/11
(27%) discontinued for social reasons. In terms of
timing of study discontinuation, 2/8 (25%) of those
who discontinued for medical reasons did so within 8
weeks of enrollment and 6/8 (75%) discontinued af-
ter week 8. Subjects who discontinued ambrisentan
because of medical reasons could not be predicted by
development of edema, 6MWD, Borg scale, baseline
supplemental oxygen requirement, WHO functional
class, SF-36 score or SGRQ score (data not shown).
No patient developed clinical or serologic evidence
hepatic toxicity during this trial. Only one subject

Table 3. Study Outcomes*

changed the dose of anti-sarcoidosis medications
during the trial (reduction of prednisone from 15
mg/day to 7.5 mg/day, data not shown).

The study’s primary endpoint, a significant
change in 6MWD between week 0 and week 24, was
not achieved by the study cohort (Table 3).

However, a change was seen in two of the sec-
ondary endpoints in those who completed this 24
week trial: improvement in WHO functional class
and improved quality of life as measured by the
SGRQ score (Table 3). The mean change in the
SGRQ score (-15.3 + 25.0) was far above the mini-
mal important difference of the test in terms of im-
provement of quality of life (< - 4 points) (Table 3).
However, this change did not reach statistical signif-
icance. The distribution of WHO functional class
also improved, as at week 0, 86 percent (18/21) of
the subjects were in WHO class 3 and the remain-
der (14%, 3/21) were in WHO class 2, whereas only
at week 24 only 40 percent (6/10) were in WHO
class 3 and the remainder were in class 2 (60%,
4/10). However, when only the patients who were
followed for the 24 weeks were analyzed, the
changes in WHO functional class failed to reach sta-
tistical significance.

The following secondary endpoints also did not
significantly change after 24 weeks of ambrisentan
therapy: Modified Borg dyspnea scale during the
6MWT, diffusing capacity adjusted for hemoglobin
concentration; SF-36 scores including subscores, and

serum BNP level (Table 3).

Study week compared to week 0 8 16 24 p’
A 6MWD (meters) 247 + 51.4 (16) 3.4+ 646 (9) 9.8 + 54.6 (9) 0.35
A Modified Borg score during 6MWT -0.5+2.5(15) -1.3+3.8(8) -1.6 + 4.0 (8) 0.55
A O, desat during 6MWT (%) 0.3 + 6.9 (16) 23163 (9) 08+7.2(8) 0.84
A DLCO (% predicted®) -0.6 £ 7.0 (17) -6.4 £ 16.2 (10) 1.2 + 4.2 (10) 0.22
A BNP -70.6 + 279.4 (15) 7.25 +59.7 (8) 3.68 + 37 (8) 0.05
A SF-36, global score 2.9+ 10.2 (16) 6.7 +12.9 (9) 5.8+6.1(9) 0.63
A SGRQ, total score -0.7 £ 16.5 (14) -17.3 £ 24.2.(8) -153£25.0(9) 0.12
WHO functional class 0.13

0 0 0 0

1 0 0 0

2 2 4 6

3 15 6 4

4 0 0 0

change from week 0; * all mean values include + SD, the numbers in parentheses are the n used for the calculations; * p value calculated for
change between week 24 and baseline; O, desat: oxygen desaturation; f: only 1 subject had a change in supplemental oxygen over the course
of this study, and this patient dropped out before week 24; DLCO: single breath diffusing capacity for carbon monoxide, adjusted for he-
moglobin; ° predicted values from reference 12; SF-36: Short Form 36; SGRQ: Saint George Respiratory Questionnaire; WHO: World

Health Organization
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DiscussionN

Our open label prospective study of ambrisen-
tan administered to 21 subjects with SAPH did not
demonstrate a significant change in the study’s pri-
mary endpoint, the 6MWD. In addition, there was
an extremely high (52%) dropout rate mainly as a re-
sult of medical issues. Peripheral edema is a known
common side effect of ambrisentan and this was ob-
served in our patients. Dyspnea also developed in a
significant number of subjects. It is unclear whether
worsening dyspnea represented a worsening of the
subjects’ SAPH irrespective of ambrisentan therapy
or was a complication of ambrisentan therapy. It is
possible that subjects who developed dyspnea expe-
rienced pulmonary arterial dilatation from am-
brisentan without concomitant dilatation of the pul-
monary venous system, resulting in the development
of pulmonary venous hypertension and resultant
pulmonary edema. Involvement of the pulmonary
venous system has been demonstrated pathological-
ly to be prominent with SAPH (2) so that this
mechanism is plausible. Since repeat hemodynamic
measurements were not performed, this hypothesis
remains conjectural. We could not demonstrate any
particular sign, symptom, or physiologic parameter
that could predict which subjects were destined to
tolerate ambrisentan as opposed to drop out of this
study.

Of the patients who did tolerate ambrisentan
for the 24 week duration of this study, our data did
show a trend toward improvements in secondary
endpoints that may be clinically relevant. First, the
WHO functional class improved when all the week
0 assessments were compared to those at week 24.
However, this improvement failed to reach statistical
significance when the small number of patients who
were followed for the duration of the 24-week trial
were analyzed. Furthermore, the mean change in
health related quality of life over the 24 week study
as measured by a decline in SGRQ score far exceed-
ed the minimally important difference established
for this quality of life measure. However, this change
did not reach statistical significance, possibly be-
cause of the small number of measurements (N = 9).
We believe that the results of these secondary end-
points are important because in those subjects who
tolerated ambrisentan, clinicians assessed that sub-
jects were functionally improved and subjects as-

sessed that they had an improved quality of life in
terms of their respiratory status.

In addition, this study was a pilot proof of con-
cept trial. It was not powered in terms of the prima-
ry endpoint so that a negative result may be the re-
sult of an inadequate sample size. Although the drug
was not tolerated by many subjects, it is encouraging
that those who continued ambrisentan for the 24
weeks of this trial had an improved functional status
as well as improved quality of life as measured by
SGRQ,

SAPH may develop as a result of numerous
mechanisms. Firstly, sarcoidosis may be associated
with pulmonary venous hypertension. This may be
caused from cardiac sarcoidosis (17), but is usually
unrelated to cardiac involvement (16) and may result
from the development of ischemic heart disease from
diabetes mellitus and/or hypertension that are often
associated with chronic corticosteroid therapy. Sec-
ondly, SAPH may occur from parenchymal sar-
coidosis causing hypoxic pulmonary vasoconstric-
tion. Thirdly, direct involvement of the pulmonary
vasculature with granulomatous inflammation may
lead to SAPH (18, 19). Fourthly, SAPH may be
caused from pulmonary fibrosis causing distortion of
the pulmonary vasculature. This is probably the most
common mechanism leading to the development of
SAPH (3, 4). Lastly, SAPH may develop from ex-
trinsic compression of the pulmonary vasculature
from mediastinal adenopathy. This is probably a very
rare mechanism by which SAPH develops (20).

Given the myriad of mechanisms that may
cause SAPH, it is unlikely that one specific agent
will be efficacious of all SAPH patients. Several
drug trials for SAPH have been reported. All have
involved a small number of patients (N < 22), most
have not used one specific drug regimen (regimens
included calcium channel blockers, epoprostenol,
phosphodiesterase inhibitors, endothelin antago-
nists, inhaled iloprost), have been retrospective, and
have not contained a control group (6, 21-24). In
general, these trials have not shown major benefit of
pulmonary vasodilator drugs. One exception was the
trial by Barnett and colleagues (24) who demon-
strated a relatively good survival of 22 SAPH pa-
tients treated with pulmonary anti-hypertensive
therapy. However, different medications were used
in different patients without guidance as to method
of selection of individual drugs. In the largest previ-
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ous report of a single agent used for the treatment of
SAPH, Baughman and associates reported their
open label prospective experience inhaled iloprost in
22 subjects (25). Fifteen of the 22 completed the 16-
week trial and 8 of these 15 (53%) were determined
to be “responders.” In one study of 22 SAPH pa-
tients, corticosteroids were generally ineffective (3).
This may be because pulmonary fibrosis causing vas-
culature distortion is the most common mechanism
of development of SAPH (3, 4) rather than a mech-
anism that involves granulomatous inflammation.

Our study had several potential limitations.
First, this was an open label trial without a control
group. It is possible that the natural course of SAPH
is such that ambrisentan did not significantly affect
the outcome of our cohort. We believe that this is
unlikely as SAPH patients rarely spontaneously ex-
perience a significant improvement in quality of life
or who functional class. Second, ambrisentan did not
demonstrate a significant physiologic benefit in the
cohort, and therefore, the benefit of ambrisentan in
quality of life in those that tolerated the drug for this
24-week study could be called into question. This
may have been because our study endpoints related
to exercise such as 6 MWD are dependent upon mul-
tiple factors, many of which are not directly related
to SAPH. In addition, an improvement in hemody-
namics may not directly affect improvement in gas
exchange measurements. Most importantly, this
study was a proof of concept open label trial which
was not adequately powered to detect obvious differ-
ences in these parameters. Third, the exact cause of
the high rate of dropout of subjects from the study
for medical reasons was not clearly identified. Thir-
ty-eight percent of subjects dropped out for medical
reasons because of increasing dyspnea and/or pe-
ripheral edema. The cause of dyspnea could not be
determined. It is unclear if this was related to a drug
effect or to the natural course of their disease. The
peripheral edema in those who dropped out was not
different from those who remained in the study. It
would be ideal to identify cohorts of SAPH subjects
destined to improve or worsen with ambrisentan
therapy. However, we could not identify any parame-
ters to distinguish such subgroups.

A different dosing schedule of ambrisentan may
have improved our results. Ambrisentan is known to

have a significant hemodynamic effect at 5 mg/day
and even 2.5 mg/day (26). In addition, although di-

uretic therapy was permitted for peripheral edema in
this cohort, this approach was not standardized in
the study protocol. It is possible that rigorous use of
appropriate diuretic therapy may have positively af-
fected the outcome of this study.

In conclusion, this open label drug trial of am-
brisentan for SAPH was not tolerated by a large per-
centage of the subjects. No objective significant
physiologic parameter improved in the subjects who
did tolerate the drug for the study duration. Howev-
er, in those who tolerated the drug, physician assess-
ment of function and patient reported outcome of
respiratory-related quality of life improved, although
these outcomes failed to reach statistical signifi-
cance. It remains conjectural if any modification in
the dosing schedule used in this trial or more ag-
gressive treatment diuretic therapy would have af-
fected the outcome of this study. In addition, no
baseline symptom, historical information, or physio-
logic parameter predicted which subjects would tol-
erate ambrisentan for the treatment of SAPH. These
are areas for potential future investigation.
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