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Rationale: Pulmonary arterial hypertension (PAH) is a progressive
condition with a poor prognosis. Platelet-derived growth factor re-
ceptor (PDGFR) signaling plays an important role in its pathobiology.
Objectives: To assess safety, tolerability, and efficacy of the PDGFR
inhibitor imatinib in patients with PAH.
Methods: Patients with PAH in functional classes II–IV were enrolled in
a 24-week randomized, double-blind, placebo-controlled pilot study.
Patients received imatinib (an inhibitor of PDGFR activity) 200 mg
orally once daily (or placebo), which was increased to 400 mg if the
initial dose was well tolerated. The primary endpoints were safety
and change from baseline in the 6-minute-walk distance (6MWD).
Secondary endpoints included hemodynamics and functional classifi-
cation.
Measurements and Main Results: Fifty-nine patients enrolled (imatinib
[n 5 28]; placebo [n 5 31]); 42 completed the study. Dropouts were
equally matched between the two groups. In the intention-to-treat
(ITT) population there was no significant change in the 6MWD
(mean 6 SD) in the imatinib versus placebo group (122 6 63 versus
21.0 6 53 m). There was a significant decrease in pulmonary
vascular resistance (imatinib 2300 6 347 versus placebo –78 6

269 dynes � s � cm25, P , 0.01) and increase in cardiac output (imati-
nib 10.6 6 1.2 versus placebo 20.1 6 0.9 L/min, P 5 0.02). Serious
adverse events occurred in 11 imatinib recipients (39%) and 7 placebo
recipients (23%). Three deaths occurred in each group. Post hoc
subgroup analyses suggest that patients with greater hemodynamic
impairment may respond better than patients with less impairment.
Conclusions: These data from a Phase II study are consistent with
imatinib being well tolerated in patients with PAH, and provide proof
of concept for further studies evaluating its safety, tolerability, and
efficacy in PAH.
Clinical trial registered with www.clinicaltrials.gov (NCT00477269).
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Pulmonary arterial hypertension (PAH) (defined as a mean
pulmonary artery pressure [PAPm] of >25 mm Hg at rest and
mean pulmonary capillary wedge pressure <15 mm Hg) leads to
progressive increases in pulmonary vascular resistance (PVR), right ventricular failure, and death if untreated (1). Estimated

1- and 3-year survival rates in idiopathic PAH without targeted
therapy are 68% and 48%, respectively (2).

Current drug therapy recommendations for PAH vary
depending on the patient’s functional class (FC) (World Health
Organization’s [WHO] Modification for Pulmonary Hyperten-
sion of the New York Heart Association Functional Class) (3).
The oral phosphodiesterase type 5 (PDE5) inhibitors sildenafil
and tadalafil (4), oral endothelin receptor antagonists (ERAs)
bosentan, ambrisentan, and sitaxsentan (not in the United
States), and prostacyclin analogs epoprostenol (intravenous),
iloprost (inhaled), and treprostinil (inhaled, subcutaneous, or
intravenous) are approved for patients in FC II–IV. Patients in
FC III or IV who fail to improve or deteriorate with mono-
therapy can be treated with combination therapy; atrial septos-
tomy; or transplantation (lung or heart-lung). However, to date,
only lung transplantation offers a cure for PAH. PAH remains
a progressive and frequently fatal condition (5). Two recent

AT A GLANCE COMMENTARY

Scientific Knowledge on This Subject

Despite currently available treatments, pulmonary arterial
hypertension (PAH) remains a progressive and frequently
fatal condition. Platelet-derived growth factor (PDGF) and
its receptor (PDGFR) have been implicated in the patho-
biology of pulmonary hypertension in patients with PAH,
and are potential new targets for the treatment of this
disease. Imatinib, a tyrosine kinase inhibitor of PDGFR a

and b kinases, Abl, DDR, and c-KIT may therefore prove
efficacious in the treatment of PAH. This is a double-blind,
placebo-controlled trial to assess the safety, tolerability,
and efficacy of imatinib in patients with PAH on stable
PAH medications.

What This Study Adds to the Field

The primary end points of this study were safety, tolera-
bility, and change from baseline in 6-minute walking
distance. Imatinib was well tolerated. Compared with
placebo, there was no significant change in 6-minute
walking distance; however, there was a significant decrease
in pulmonary vascular resistance and an increase in cardiac
output with imatinib. Post hoc analyses showed that
patients with greater hemodynamic impairment (i.e. with
pulmonary vascular resistance >1,000 dynes) may respond
better than patients with less impairment. The results of
this study suggest that imatinib is well tolerated in patients
with PAH and may be efficacious as add-on therapy in
PAH.
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meta-analyses highlighted the beneficial effects of prostacyclin
analogs, ERAs, and PDE5 inhibitors on exercise capacity and
other clinical end points in patients with PAH, whereas only the
most recent report by Galiè and coworkers (4) provided
evidence of improved survival with the aforementioned treat-
ments (6, 7).

Pathologic changes in the pulmonary arteries of patients with
PAH include the formation of plexiform lesions and smooth
muscle and fibroblast proliferation leading to vascular obstruc-
tion (8). Platelet-derived growth factor (PDGF) is a vascular
smooth muscle cell mitogen activating signal transduction
pathways associated with smooth muscle hyperplasia in pulmo-
nary hypertension (9, 10). PDGF and its receptor (PDGFR)
have been implicated in the pathobiology of pulmonary hyper-
tension in animal studies and in patients with PAH (11–13),
thereby offering a potential new target for treatment. Recent
data suggest that c-Kit may also be involved in the pathobiology
of PAH (14).

Imatinib, a tyrosine kinase inhibitor that inhibits PDGFR a

and b kinases, Abl, DDR, and c-KIT (15, 16), may therefore
prove efficacious in the treatment of PAH. Several case reports
have provided promising results, warranting further study of
imatinib in PAH (17–19).

We compared the effects of imatinib with placebo in a ran-
domized, double-blind, placebo-controlled pilot study in pa-
tients with PAH who had not adequately improved with
prostacyclin analogs, ERAs, PDE5 inhibitors, or combinations
of these therapies (i.e., remained in WHO FC II–IV). Some of
the results from this study have been reported previously in the
form of abstracts (20–22).

METHODS

Study Objectives and Design

The primary objectives were to assess the safety and tolerability of
imatinib compared with placebo in patients with PAH and to evaluate
its efficacy using the 6-minute-walk test (6MW test). Secondary
objectives included changes in hemodynamic variables and FC.

Patients (> 18 yr) in FC II–IV with idiopathic or heritable PAH, or
PAH associated with connective tissue disease or congenital heart
disease (WHO group I), and PVR greater than 300 dynes � s � cm25

were eligible. Patients were on stable PAH medications for more than
3 months before enrolment, but remained symptomatic in the opinion
of the investigator and in FC II–IV (e.g., patients who were able to
carry out activities of daily living but had poor prognosis by other
assessments, such as hemodynamics, right ventricular function by echo,
presence of pericardial effusion, high B-type natriuretic peptide, high
uric acid, or low plasma sodium). Women of child-bearing potential
were required to use double-barrier contraception.

Patients with other causes of PAH were excluded. Patients were not
allowed to use nonspecific PDE inhibitors, chronic inhaled nitric oxide
therapy, or catecholamines during the study. Additional exclusion
criteria included participation in another clinical trial within 3 months;
donation or loss of blood (.400 ml) within 8 weeks; and a history of
another significant illness within 4 weeks. Patients were also excluded if
they had preexisting lung disease; coagulation disorders; thrombocy-
topenia; major bleeding or intracranial hemorrhage; history of latent
bleeding risk; elevated liver transaminases (.4 times upper limit of
normal), elevated bilirubin (.2 times upper limit of normal); elevated
serum creatinine (.200 mmol/l); history of elevated intracranial pres-
sure; pregnancy; breast feeding; sickle cell anemia; history of clinically
significant drug allergy or atopic allergy; history of immunodeficiency
or hepatitis B or C; or history of drug or alcohol abuse. Patients were
excluded if they had known hypersensitivity to the study drug, any
condition that could alter the study drug pharmacokinetics or put them
at risk, if their underlying disease was likely to result in failure to
survive the study, or if they were unable to perform the 6MW test
because of a condition other than PAH. Eligible patients were enrolled
at seven centers in Germany, the United Kingdom, Austria, and the

United States and randomized 1:1 to treatment with either imatinib or
placebo.

The study was designed, implemented, and reported in accor-
dance with the International Conference on Harmonization Harmo-
nized Tripartite Guidelines for Good Clinical Practice and all
applicable local regulations (including European Directive 2001/83/
EC and US Code of Federal Regulations Title 21) and with the
ethical principles laid down in the Declaration of Helsinki. This study
was approved by institutional review boards at all centers and all
patients signed informed consent before enrolment. All deaths and
safety data were reviewed throughout the study by an external data
safety monitoring board.

Interventions

Treatment with imatinib (or placebo) was initiated at a dose of 200 mg
orally once daily for the first 2 weeks of treatment. If treatment was
well tolerated, the dose was increased to 400 mg/day. If the 400-mg
dose was not well tolerated, down-titration to 200 mg was permitted.
Patients and investigators were blind to the treatment allocation. The
blinding could be broken in an emergency.

Efficacy Assessments

The primary efficacy outcome was the between-group difference in the
6MW distance (6MWD) (23) at baseline and at 6 months. Complete
hemodynamic parameters were assessed with standard techniques. FC
was classified according to the WHO modification of the New York
Heart Association criteria for pulmonary hypertension.

Safety Assessments

Blood cell counts, hepatic and renal function parameters, and echocar-
diography were monitored during the study. Patients were also inter-
viewed by way of regular telephone calls between scheduled study visits.

Statistical Analysis

The planned sample size of 60 subjects was selected to address both
safety and the primary efficacy outcome (6MWD). For the primary
efficacy outcome it was estimated that the study had 80% power to
detect a 55-m increase in the 6MWD with 95% confidence (two-sided
P , 0.05), based on a SD of 75 m.

Analyses were conducted within the intention-to-treat population,
which consisted of all patients who received at least one dose of study
medication. Dropouts were excluded from the analysis. The primary
efficacy analysis (6MWD) was performed using analysis of covariance
with baseline value as a covariate. Analysis of covariance was also used
to assess between-group differences in hemodynamics and blood gases.
Missing data were not imputed; only subjects with assessment both at
baseline and posttreatment were included in the analysis of covariance.
FC was compared using Fisher test.

To generate new hypotheses and to identify patient subgroups that
may respond better than other subgroups to imatinib, additional post
hoc, nonprescribed subgroup analyses were conducted in patients with
PVR values of greater than or equal to 1,000 versus less than 1,000
dynes � s � cm25 (median of the data) at baseline.

RESULTS

Disposition and Baseline Characteristics

Fifty-nine patients (40 female, 19 male) enrolled and 42 (71.2%)
completed the 6-month study (Figure 1). The reasons for
withdrawals in the treatment group included death (n 5 3);
worsening of PAH (n 5 2); worsening of general condition (n 5

1); respiratory infection (n 5 1); right ventricular failure (n 5

1); and other adverse events (AEs) (n 5 1, loss of appetite and
fatigue). The reasons for withdrawals in the placebo group
included death (n 5 3); worsening of PAH (n 5 2); worsening
of general condition (n 5 1); subject withdrew consent (n 5 1);
and other AEs (n 5 1, back pain, acid reflux, dizziness, heart
flutters, chest wall pain). Baseline characteristics were similar
between the two treatment groups (Table 1). Overall, patients
had a mean age of 44.3 years, mean weight of 68.7 kg, and mean
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body mass index of 24.6 kg/m2. Fifty-five of the 59 patients were
white and 78% had idiopathic PAH (Table 1). Eighteen
patients (32%) were WHO FC II; 36 (63%) were WHO FC
III; and 3 (5%) were WHO FC IV. There was no significant
difference in WHO FC between imatinib and placebo groups
(P 5 0.24). At baseline, 79% of the imatinib- and 81% of the
placebo-group patients were receiving combination targeted
therapy (Table 1).

Efficacy Outcomes

The mean (6 SD) 6MWD did not change significantly in the
imatinib group versus placebo (122 6 63 versus 21 6 53 m;
mean treatment difference 21.7 m; 95% confidence interval
[CI], 213 to 56.5; P 5 0.21) (Table 2, Figure 2). There was,
however, a significant decrease in PVR (mean treatment differ-
ence 2230.7 dynes; 95% CI, 2383.7 to 277.8; P 5 0.004) and
increase in cardiac output (CO) (mean treatment difference
0.68 L/min; 95% CI, 0.10–1.26; P 5 0.02) in imatinib recipients
compared with placebo (Figure 2, Table 3). There was no sig-
nificant difference in PAPm (Figure 2) or change in FC between
imatinib and placebo-treated patients (data not shown).

To investigate the effect of the drop-outs and missing data on
the conclusions, further analysis of 6MWD data was performed.
The first of these analyses used the last observation carried
forward method. The second analysis was a repeated-measures
analysis of 6MWD and used data from all patients. These anal-
yses resulted in a conclusion similar to that from the analysis
already presented (i.e., a nonsignificant difference of approxi-
mately 20 m).

There was an increase in arterial and mixed venous oxygen
saturation (P , 0.05) with imatinib. Systemic arterial oxygen
saturation increased from 88 6 9% to 93 6 5% with imatinib
treatment compared with no change with placebo (92 6 4% at
baseline versus 92 6 3% at end of study; mean treatment
difference 2.4%; 95% CI, 0.5–4.3). Mixed venous oxygen
saturation increased from 58 6 10% to 65 6 7% with imatinib
treatment (consistent with the increase in CO) and decreased
with placebo (61 6 6% at baseline versus 57 6 9% at end of
study; mean treatment difference 7%; 95% CI, 2.1–11.9).

There was no significant change in FC, heart rate, or blood
pressure over time with imatinib or placebo.

Exploratory Post Hoc Subgroup Analyses

In patients with a baseline PVR greater than or equal to 1,000
dynes � s � cm25 (median of the baseline data), there was a greater
improvement between baseline and study end for PAPm, CO,
and PVR in the imatinib group compared with placebo (Figure
3). Compared with the intention-to-treat population, the increase
in 6MWD for the group with PVR greater than or equal to 1,000
dynes � s � cm25 was statistically significant with a mean treatment
difference of 74 m (95% CI, 3–144.1). The differences between
imatinib and placebo in CO and 6MWD for subjects with PVR
greater than or equal to 1,000 dynes � s � cm25 were statistically
significant at P less than 0.05. However, among patients with
a baseline PVR less than 1,000 dynes � s � cm25, no major
differences between baseline and study end for PAPm, CO,
PVR, or 6MWD were observed (Figure 3).

Safety and Tolerability

The most common AEs observed in this clinical study were as
expected for this population and this drug. The most common
AEs reported in the imatinib group were nausea (n 5 14; 50%);
headache (n 5 10; 36%); and peripheral edema (n 5 7; 25%).
These AEs did not lead to discontinuation of study drug.
Nausea was controlled by taking the medication with food. A
total of 21 (75%) patients in the imatinib group and 24 (77%)
patients in the placebo group reported AEs of mild intensity; 20
(71%) in the imatinib group and 19 (61%) in the placebo group
patients reported AEs of moderate intensity; and 9 (32%)
patients in the imatinib group and 5 (16%) patients in the
placebo group reported AEs of severe intensity. Serious AEs
were reported for 11 imatinib recipients (39%) and 7 placebo

Figure 1. Patient disposition in the intention-to-treat population.

TABLE 1. BASELINE CHARACTERISTICS OF
THE INTENTION-TO-TREAT POPULATION

Imatinib (n 5 28) Placebo (n 5 31)

Age, y, mean (SD) 44.4 (15.3) 44.2 (15.7)

Sex, male/female, n (%) 10 (36)/8 (64) 9 (29)/22 (71)

Ethnicity, n (%)

White 26 (92) 29 (94)

Asian 0 1 (3)

Black 1 (4) 0

Pacific Islander 0 1 (3)

Hispanic 1 (4) 0

Weight, kg, mean (SD) 70 (15) 67 (23)

Height, cm, mean (SD) 169 (9) 164 (9)

Diagnosis, n (%)

Idiopathic PAH 21 (75) 25 (81)

Heritable PAH 2 (7) 0

PAH associated with systemic sclerosis 1 (4) 5 (16)

Other 4 (14) 1 (3)

WHO classification, n (%)*

Class II 11 (41) 7 (23)

Class III 14 (52) 22 (73)

Class IV 2 (7) 1 (3)

PAH specific treatments, n (%)

ERA alone 2 (7) 4 (13)

Sildenafil alone 2 (7) 0 (0)

Prostacylin analog† alone 2 (7) 1 (3)

ERA 1 prostacylin analog† 1 (4) 3 (10)

ERA 1 sildenafil 12 (43) 9 (29)

Sildenafil 1 prostacyclin analog† 5 (18) 3 (10)

ERA 1 sildenafil 1 prostacyclin 4 (14) 10 (32)

Calcium channel blocker for PAH 0 1 (3)

Definition of abbreviations: ERA 5 endothelin receptor antagonists (bosentan

and ambrisentan); PAH 5 pulmonary arterial hypertension; WHO 5 World Health

Organization.

* WHO assessment was not available for one patient receiving imatinib.
† Iloprost, epoprostenol, trepostinil, or beraprost.
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recipients (23%). Serious AEs in the imatinib group included
cardiac arrest (n 5 2); vertigo (n 5 1); pancreatitis (n 5 1);
catheter-related complication (n 5 1); liver dysfunction (n 5 2);
dizziness (n 5 1); presyncope (n 5 1); syncope (n 5 1);
hemoptysis (n 5 1); worsening pulmonary hypertension (n 5

3); and pulmonary arterial rupture (n 5 1). Serious AEs in the
placebo group included atrial flutter (n 5 1); cardiac arrest (n 5

1); right ventricular failure (n 5 2); general physical health
deterioration (n 5 1); fluid retention (n 5 1); dizziness (n 5 1);
cardiac tamponade secondary to pulmonary arterial rupture
(n51); and worsening pulmonary hypertension (n 5 3).

Skin rash or pruritis without rash has been found in more
than 10% of patients treated with imatinib for oncology in-
dications. In this study, skin rash was reported in three patients
(two mild and one moderate intensity) and pruritis in five
patients (four mild and one moderate intensity).

Overall there was a fall in mean (SD) hemoglobin levels with
imatinib (151 6 14 to 128 6 16 g/L) and a rise in hemoglobin
levels with placebo (143 6 25 to 152 6 25 g/L). The cause of this
fall in hemoglobin is not understood; however, in 16 subjects
who have received imatinib for over 1 year there has been no
further decline in hemoglobin.

There were no relevant changes in white blood cell count,
platelet count albumin, alkaline phosphatase, total bilirubin,
calcium, cholesterol, creatinine, g-GT, glucose, lactate dehydro-
genase, inorganic phosphorus, lipase, amylase, potassium, total
protein, C-reactive protein, glutamate oxalacetate transami-
nase, glutamate pyruvate transaminase, sodium, triglycerides,
urea, or uric acid. There was also no evidence of left ventricular
dysfunction on echocardiography. There was no change in mean
pulmonary capillary wedge pressure in patients treated with
imatinib (9 6 3 mm Hg at baseline versus 8 6 3 mm Hg at end

TABLE 2. SIX-MINUTE-WALK DISTANCE AND PULMONARY HEMODYNAMICS AT BASELINE
AND END OF STUDY AFTER IMATINIB AND PLACEBO THERAPY IN PATIENTS WITH
PULMONARY ARTERIAL HYPERTENSION

Imatinib Placebo

Patients (n) Absolute Value Patients (n) Absolute Value

6MWD, m (SD)

Baseline 28 392 (89) 29* 369 (118)

Study end 21 419 (85) 22 399 (86)

PAPm, mm Hg (SD)

Baseline 27 62 (16) 28 59 (12)

Study end 20 53 (11) 22 56 (12)

CO, L/min (SD)

Baseline 27 4.2 (1.3) 28 4.1 (1.4)

Study end 20 4.9 (1.2) 22 4.4 (1.6)

PVR, dynes � s � cm25 (SD)

Baseline 27 1,124 (460) 27 1,118 (487)

Study end 19 730 (230) 21 1,017 (369)

Definition of abbreviations: 6MWD 5 6-minute-walk distance; CO 5 cardiac output; PAPm 5 mean pulmonary artery pressure;

PVR 5 pulmonary vascular resistance.

* Baseline data were missing for two patients.

Figure 2. Mean change from baseline in pulmonary
hemodynamics after 6 months of treatment with imatinib

or placebo. (A) Mean pulmonary artery pressure (PAPm).

(B) Cardiac output (CO). (C ) Pulmonary vascular resis-

tance (PVR). (D) 6-minute walking distance (6MWD).
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of study) or placebo (8 6 2 mm Hg at baseline versus 9 6 3 mm Hg
at end of study).

There were three deaths in each group. One patient in the
imatinib group and one patient in the placebo group had

spontaneous rupture of the pulmonary artery (fatal in both
cases), not related to study treatment and confirmed on autopsy.
An autopsy was also performed on one other patient who
received placebo treatment. Right heart failure was found

TABLE 3. SIX-MINUTE-WALK DISTANCE AND PULMONARY HEMODYNAMICS AT BASELINE AND END
OF STUDY AFTER IMATINIB AND PLACEBO THERAPY IN PATIENTS WITH PAH (STRATIFIED POST HOC
BY MEDIAN BASELINE PVR >1,000 DYNES � S � CM25 OR <1,000 DYNES � S � CM25)*

Imatinib Placebo

Patients (n) Absolute Value Patients (n) Absolute Value

PVR >1,000 dynes � s � cm25

6MWD, m (SD)

Baseline 14 352 (74) 15 352 (138)

Study end 9 400 (103) 10 386 (100)

PAPm, mm Hg (SD)

Baseline 14 68 (16) 16 63 (9)

Study end 8 55 (10) 12 59 (11)

CO, L/min (SD)

Baseline 14 3.3 (0.9) 16 3.7 (1.1)

Study end 8 4.3 (0.8) 12 4.1 (1.8)

PVR, dynes � s � cm25 (SD)

Baseline 14 1,493 (322) 16 1,404 (407)

Study end 8 855 (214) 12 1,215 (354)

PVR ,1,000 dynes � s � cm25

6MWD, m (SD)

Baseline 13 440 (86) 11 385 (91)

Study end 12 433 (69) 9 416 (80)

PAPm, mm Hg (SD)

Baseline 13 55 (12) 11 55 (13)

Study end 12 51 (12) 9 52 (12)

CO, L/min (SD)

Baseline 13 5.1 (1.1) 11 4.6 (1.8)

Study end 12 5.3 (1.3) 9 4.7 (1.4)

PVR, dynes � s � cm25 (SD)

Baseline 13 728 (133) 11 703 (218)

Study end 11 639 (204) 8 748 (190)

Definition of abbreviations: 6MWD 5 6-minute-walk distance; CO 5 cardiac output; PAPm 5 mean pulmonary artery pressure;

PVR 5 pulmonary vascular resistance.

* Discrepancies in number of patients between Table 2 and Table 3 are caused by patients in whom an accurate pulmonary

capillary wedge pressure was not obtained.

Figure 3. Mean change from baseline to study end in

pulmonary hemodynamics in patients randomized to

imatinib or placebo, stratified by baseline pulmonary
vascular resistance (PVR) greater than or equal to 1,000

dynes � s � cm25 (imatinib n 5 8; placebo n 5 12) or less

than 1,000 dynes � s � cm25 (imatinib n 5 12; placebo n 5

9). (A) Mean pulmonary artery pressure (PAPm). (B)
Cardiac output (CO). (C ) PVR. (D) 6-minute walking

distance (6MWD).
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without evidence of pulmonary artery rupture. No autopsy was
performed on the other three patients who died. Two additional
patients died in the placebo group within 2 months of complet-
ing the study.

DISCUSSION

This is the first randomized, double-blind, placebo-controlled
trial to assess the safety, tolerability, and efficacy of the tyrosine
kinase inhibitor imatinib in patients with PAH. Although
imatinib seemed safe and well tolerated over a 6-month period,
the primary efficacy parameter (6MWD) did not improve in
patients randomized to imatinib compared with placebo, de-
spite significant improvement in secondary end points.

Overall, 59 patients were enrolled. As per the study protocol,
only patients on background treatment with at least one PAH-
specific drug (i.e., prostacyclin analogs, ERAs, PDE5 inhibitors)
who had not adequately improved were enrolled (56% of
patients were receiving two drugs and 24% were receiving
three drugs at baseline). This may have contributed to the
reduced improvement in 6MWD observed in this study com-
pared with previous studies in which only treatment-naive
patients were included (24–26). In clinical trials in which
background-specific medications have been allowed, the overall
improvement in 6MWD has been less than in the treatment-
naive trials (27, 28).

It has been suggested that inhibition of the ABL tyrosine
kinase pathway may infrequently induce myocardial damage in
patients receiving long-term treatment with imatinib for chronic
myeloid leukemia (CML) (29, 30). However, a long-term,
multicenter study in a large population of patients with CML
showed an acceptable safety profile for imatinib (31). A review
of all patients receiving imatinib showed that 0.5% of patients
per year developed incident congestive cardiac failure (no risk
factors present). In patients with CML receiving imatinib, 0.4%
of patients per year develop congestive cardiac failure com-
pared with 0.75% per year for patients receiving interferon-g
plus Ara-C (32). Considering the potential for cardiotoxicity
(which could be particularly problematic for patients with
PAH), regular assessments of cardiac function by echocardiog-
raphy and measurements of serum cardiac troponin levels were
performed in this trial. Overall, there were no signals indicating
a potential detrimental effect of imatinib on myocardial func-
tion when compared with the overall safety profile of the
placebo group. In contrast, some of the beneficial effect of
imatinib on PVR reduction seemed to be caused by improve-
ments in CO. Nonetheless, cardiac safety remains a key concern
with kinase inhibitors.

There were eight withdrawals (including three deaths) in the
placebo group and nine withdrawals (including three deaths) in
the imatinib group. This withdrawal rate may be higher than in
previous PAH clinical trials. The usual drop out rate for studies
in treatment-naive patients is approximately 5–10%; however,
these data are from pure placebo-controlled trials or add on to
only one background therapy with most such patients (if not all)
considered not to need additional therapy for the duration of
the trial. However, in our point-of care study, 80% were on two
or more PAH-specific therapies, thus the death and drop out
rate would be expected to be higher in patients on multiple
therapies who remain symptomatic.

The drop in hemoglobin seen in this trial was less than that
observed in studies of newly diagnosed CML. With newly
diagnosed CML, Grade 3/4 anemia (hemoglobin ,80 g/L) was
reported in 4% of the subjects. For patients with CML in blast
crisis, Grade 3/4 anemia was reported in 50% of patients. In our
PAH study no Grade 3/4 anemia was observed. The lowest

hemoglobin level was 111 g/L. Patients entered in our 24-week
point-of-care study were eligible for inclusion in an extension
study. There are 16 patients in the extension study who have
been treated with imatinib for 1 to 3 years. The mean
hemoglobin (g/L 6 SD) for this group is 134 (6 20) and the
lowest value is 109 g/L.

Because of the relatively small sample size there are limita-
tions to the study. Some of the trends favoring imatinib were not
statistically significant. There was no statistical difference in
WHO FC between imatinib and placebo at baseline, but despite
randomization there was a trend toward more WHO FC III
patients and more patients on three specific PAH therapies in the
placebo group. This indicates that the placebo patients may have
had more severe disease, and this may contribute to the difference
seen in pulmonary hemodynamics between the two groups.

Although no significant increases in 6MWD were observed
with imatinib compared with placebo, significant improvements
in CO and PVR were observed. These observations led us to
undertake a post hoc analysis stratifying patients by baseline
median PVR. In patients with baseline PVR greater than or
equal to 1,000 dynes � s � cm25, there were improvements from
baseline to study end for 6MWD, PVR, and CO in the imatinib
group, compared with placebo (Figure 3). This was not ob-
served in the patients with baseline PVR levels less than 1,000
dynes � s � cm25. The post hoc derived analyses were at an
apparently statistically significant level, but because of the
difficulty in interpreting ‘‘significance’’ from unplanned post hoc
analyses these values should be viewed with caution. In addition,
tyrosine kinase inhibitors are not recognized to have any
significant vasodilator or inotropic effects (33), with their effects
considered antiproliferative and proapoptotic. One hypothesis
that could explain the current study results is that, for treatment
with imatinib to be effective, a certain degree of disease severity
(i.e., vascular proliferation) may be needed. However, because
these data are hypothesis generating, it cannot be excluded that
patients with less severe PAH may also benefit from long-term
imatinib therapy by a preventive mechanism.

The results of this pilot study suggest that imatinib is well
tolerated in patients with PAH and may be efficacious as add-on
therapy in patients with PAH with inadequate improvement (in the
judgment of the investigator) on at least one other PAH-targeted
treatment. The study failed to show significant improvement in the
primary end point (i.e., 6MWD). However, the hemodynamic
improvements suggest that imatinib may be efficacious as add-on
therapy. Based on this, a Phase III trial is in progress.
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4. Galiè N, Brundage BH, Ghofrani HA, Oudiz RJ, Simonneau G, Safdar
Z, Shapiro S, White RJ, Chan M, Beardsworth A, et al. Tadalafil
therapy for pulmonary arterial hypertension. Circulation 2009;119:
2894–2903.

5. Ghofrani HA, Wilkins MW, Rich S. Uncertainties in the diagnosis and
treatment of pulmonary arterial hypertension. Circulation 2008;118:
1195–1201.

6. Macchia A, Marchioli R, Marfisi R, Scarano M, Levantesi G, Tavazzi L,
Tognoni G. A meta-analysis of trials of pulmonary hypertension:
a clinical condition looking for drugs and research methodology. Am
Heart J 2007;153:1037–1047.
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