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Significant improvement of right
ventricular function by imatinib
mesylate in scleroderma-associated

pulmonary arterial hypertension

Sirs: Pulmonary arterial hypertension (PAH) is a
devastating disease that harbours a poor prognosis,
particularly in patients with scleroderma-associated
PAH. Although modern therapies such as endothelin
receptor antagonists (ERA), phosphodiesterase type-5
inhibitors (PDE5i) and prostanoids have improved
the clinical situation and outcome of affected patients
[5], the current medical treatment of PAH is not
satisfactory. Recent experimental data suggest that
platelet-derived growth factor (PDGF) plays a pivotal
role in the pathobiology of PAH by initiating and
maintaining the wunderlying pulmonary vascular
remodelling [9]. Consistently, inhibition of PDGF
receptor (PDGFR) signalling by the tyrosine kinase
inhibitor imatinib mesylate was recently shown to
reverse PAH in animal models and to improve the
clinical situation in selected patients [3, 7, 9, 10].
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However, imatinib was also shown to exert significant
cardiotoxicity in animals and humans through its
inhibitory effect on the non-receptor Abelson tyrosine
kinase (c-Abl) [4]. Further analyses of clinical studies
revealed that congestive heart failure is a rare event in
patients receiving imatinib therapy, but occurs more
frequently in patients with pre-existing cardiac con-
ditions [1]. The latter fact may be of particular sig-
nificance in patients with PAH and impaired right
ventricular function since the right ventricle responds
particularly sensitive to hemodynamic and/or car-
diotoxic impairment. In addition, patients with
scleroderma-associated PAH harbour a lower right
ventricular contractility as compared to those with
idiopathic PAH [6].

Case report

We report the case of a 58-year-old female with severe
scleroderma-associated PAH (functional class III) in
whom right ventricular function was severely com-
promised as a consequence of chronically elevated
afterload. While inhaled iloprost was not tolerated
due to significant side effects (headache, dizziness), a
sequential combination therapy with the ERA bos-
entan (125 mg bid) and the PDE5i sildenafil (50 mg
tid) was initiated. Despite this therapeutic regimen,
the patient rapidly deteriorated to functional class IV,
but refused intravenous prostanoid treatment. In this
situation, imatinib mesylate (400 mg/day) was added
to the therapeutic regimen and maintained for a
period of 2 years. The patient was closely monitored
for right ventricular function, clinical parameters, and
physical performance. NTproBNP serum levels which
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Fig. 1 Effects of chronic imatinib mesylate
treatment on a right ventricular function as
assessed by cardiac magnetic resonance imaging
(MRI); and b 6-min walk distance (6MWD) and
NTproBNP serum levels in a patient with severe
scleroderma-associated PAH. RVEF right
ventricular ejection fraction
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indicate the extent of right heart overload/dysfunction
in PAH patients were measured in monthly intervals.
Furthermore, right heart catheterization (RHC) and
magnetic resonance imaging (MRI) were performed
before (baseline) and after 2 years of imatinib treat-
ment. Repeat RHC showed a significant improvement
of hemodynamic parameters: the systolic/mean pul-
monary artery pressure declined from 97/56 to 75/
44 mmHg, and pulmonary vascular resistance (PVR)
decreased from 816 (10.2) to 552 (6.9) dyn X s/cm’®
(wood units). At the same time, MRI measurements
revealed a dramatic improvement of right ventricular
function, as RVEF increased from 36% to 50%
(Fig. 1a). Consistent with these hemodynamic
improvements, there was a continuous increase of
physical performance (as assessed by the 6-min walk
distance), and a constant decline of NTproBNP levels
(Fig. 1b). These findings collectively indicate that
chronic treatment with imatinib mesylate was asso-
ciated with a significant improvement of functional

Time (Months)

class, exercise tolerance, hemodynamic parameters,
and right ventricular function in a patient with PAH
and severe right heart failure.

Discussion

This is the first case that demonstrates an improve-
ment of PAH and right ventricular function by i-
matinib in PAH associated with scleroderma. Given
that scleroderma-associated PAH is a chronic pro-
gressive disease, the current treatments mainly aim to
slow the disease process and delay the time to clinical
worsening. Hence, the dramatic improvement of
clinical and hemodynamic parameters over a period
of 2 years as shown in the present case is rather
impressive and demonstrates the therapeutic poten-
tial of tyrosine kinase inhibitors in PAH, representing
an anti-proliferative rather than a vasodilative ap-
proach. The therapeutic effect may be attributable to
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inhibition of PDGFR signalling and reversal of vas-
cular remodelling in the pulmonary vasculature [9],
and/or to interference with stimulatory autoantibod-
ies to the PDGFR that have recently been described in
scleroderma patients [2]. A concern with imatinib is,
however, cardiotoxicity, particularly in patients with
pre-existing heart failure [1, 4]. While the beneficial
effects of imatinib mesylate in PAH are due to PDGFR
inhibition [9], the cardiotoxic effects that are attrib-
uted to inhibition of c-Abl were shown to be dose-
dependent [1]. Here, long-term imatinib mesylate at a
dose of 400 mg/day—through reduction of PVR—did
not compromise but actually improve right ventric-
ular function, as shown by cardiac MRI and a decline
in NTproBNP levels. This is of particular importance
as the degree of right ventricular dysfunction deter-

References

1. Atallah E, Durand ]B, Kantarijan H,

mines the prognosis in patients with PAH [8], and
right ventricular function is particularly impaired in
scleroderma-associated PAH [6]. Although these
findings are based on a single case, they indicate that
imatinib mesylate may be beneficial in scleroderma-
associated PAH, even when right ventricular function
is severely compromised. Nevertheless, cardiac func-
tion must be monitored closely, and the safety and
efficacy of tyrosine kinase inhibitors in PAH should
exclusively be investigated in clinical trials that are
currently under way.

Conflict of interest All authors report that no significant conflicts
of interest exist.

5. Olschewski H, Hoper MM, Borst MM 7. Patterson KC, Weissmann A, Ahmadi

Cortes ] (2007) Congestive heart failure
is a rare event in patients receiving i-
matinib therapy. Blood 110:1233-1237

2. Baroni SS, Santillo M, Bevilacqua F,
Luchetti M, Spadoni T, Mancini M,
Fraticelli P, Sambo P, Funaro A, Kazl-
auskas A, Avvedimento EV, Gabrielli A
(2006) Stimulatory autoantibodies to
the PDGF receptor in systemic sclero-
sis. N Engl ] Med 354:2667-2676

3. Ghofrani HA, Seeger W, Grimminger F
(2005) Imatinib for the treatment of
pulmonary arterial hypertension. N
Engl ] Med 353:1412-1413

4. Kerkeld R, Grazette L, Yacobi R et al
(2006) Cardiotoxicity of the cancer
therapeutic agent imatinib mesylate.
Nat Med 12:908-916

et al (2007) Diagnostik und Therapie
der chronischen pulmonalen Hyperto-
nie. Leitlinien der Deutschen Gesell-
schaft fiir Pneumologie, der Deutschen
Gesellschaft fiir Kardiologie und der
Deutschen Gesellschaft fiir Padiatrische
Kardiologie. Clin Res Cardiol 96:301-
330

. Overbeek JM, Lankhaar JW, Westerhof

N et al (2008) Right ventricular con-
tractility in systemic sclerosis-associ-
ated and idiopathic pulmonary arterial
hypertension. Eur Respir ] 31:1160-
1166

10.

. Rosenkranz S

T, Farber HW (2006) Imatinib mesylate
in the treatment of refractory idio-
pathic pulmonary arterial hyperten-
sion. Ann Intern Med 145:152-153

(2007)  Pulmonary
hypertension: current diagnosis and
treatment. Clin Res Cardiol 96:527-541

. Schermuly RT, Dony E, Ghofrani HA,

Grimminger F et al (2005) Reversal of
experimental pulmonary hypertension
by PDGF inhibition. J Clin Invest
115:2811-2821

Souza R, Sitbon O, Parent G, Simon-
neau G, Humbert M (2006) Long term
imatinib treatment in pulmonary arte-
rial hypertension. Chest 61:736



	Sec1
	Sec2
	Fig1
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


