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Drug-induced (group 1) pulmonary hypertension (PH) is an important subgroup of PH involving dasatinib as a likely related
agent, which is a second-generation tyrosine kinase inhibitor (TKI) used in the treatment of chronic myeloid leukaemia (CML). The
mechanism of dasatinib-induced pulmonary arterial hypertension (PAH) is unclear. However, the occurrence of PAH with late
onset in CML patients suggests a chronic pathological mechanism with an insidious onset rather than an acute inflammatory or
cardiac aetiology. Dasatinib has a broader effect than other TKIs; the major known difference between dasatinib and other TKis is
the additional inhibition of Src family kinases. Therefore, Src inhibition was thought to play a role in the development of dasatinib-
induced PAH. However, recently, it was also speculated that chronic dasatinib therapy may cause pulmonary endothelial damage,
attenuate hypoxic pulmonary vasoconstriction responses and increase susceptibility to PAH independently of the Src family
kinase-induced mechanism. Dasatinib-induced PAH usually seems to be reversible with the cessation of the drug, and sometimes
with PAH-specific treatment strategies. Transthoracic echocardiography can be recommended as a routine screening prior to
dasatinib initiation, and this non-invasive procedure can be utilized in patients having signs and symptoms attributable to PAH

during dasatinib treatment.

Introduction

Pulmonary hypertension (PH) is elevated pulmonary arterial
pressure (PAP), above the normal meal value of 14 %
3 mmHg. It is defined as a mean PAP (mPAP) >25 mmHg
at rest, usually confirmed by right heart catheterization
(RHC), and may lead to an increase in pulmonary vascular
resistance and right heart failure, which can be progressive,
and even fatal if left untreated [1-4]. PH should be consid-
ered in patients with exertional dyspnoea, fatigue, atypical
chest pain and unexplained syncope, and it may be
suspected if the right ventricular systolic pressure, which is
equal to the pulmonary arterial systolic pressure in the
absence of pulmonary outflow obstruction, is high. The
estimation of systolic PAP is based on the peak tricuspid
regurgitation velocity (TRV), taking into account right atrial
pressure (RAP) as described by an equation that is based on
the diameter and respiratory variation in the diameter of
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the inferior vena cava [2, 5]. However, conclusions derived
from an echocardiographic examination should aim to
assign the level of probability of PH as high, intermediate
and low risk in order to guide clinicians as to whether or
not to perform RHC [6, 7].

There is still no specific marker for PH, although a wide
variety of biomarkers have been explored in the field [6]. This
list of biomarkers is constantly growing, but so far brain natri-
uretic peptide (BNP) and N-terminal pro-brain natriuretic
peptide (NT-proBNP) remain the only markers that are widely
used in daily clinical practice. Although they are not specific
for PH, plasma levels of BNP/NT-proBNP should be measured
at initial evaluation as well as during the follow-up [6, 8, 9].
Plasma levels of BNP/NT-proBNP may correlate with
prognosis; low-risk patients have a BNP <50 ng 1I"* and/or
NT-proBNP <300 ng 1!, whereas in high-risk patients BNP
and NT-proBNP are usually found to be >300 ng 1" and
>1400 ng 17!, respectively [6].
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PH can be classified into five groups according to
pathomechanisms and clinical management [10]. Group 1
PH, also called pulmonary arterial hypertension (PAH),
includes precapillary PH [with a normal pulmonary capillary
wedge pressure (PCWP) <15 mmHg and a pulmonary vascular
resistance >3 Wood units in the absence of other causes of
precapillary PH, such as PH due to lung diseases, chronic
thromboembolic PH (CTEPH) or other rare diseases| that
can be idiopathic, heritable or drug induced, or associated
with connective tissue diseases, human immunodeficiency
syndrome, portal hypertension, schistosomiasis or congeni-
tal heart diseases. Group 2 corresponds to postcapillary PH;
group 3 corresponds to PH due to chronic lung disease or
hypoxia; and group 4 corresponds to CTEPH and other causes
of pulmonary artery obstruction. Group 5 consists of several
forms of PH, for which pathogenesis is unclear or multifacto-
rial, including PH related to myeloproliferative neoplasms
(MPN) [1, 4, 10].

Three distinct clinical forms of PH have been described
in patients with MPNs: CTEPH, precapillary PH and drug-
induced PAH [11-15]. Precapillary PH is usually diagnosed late
in the course of the haematological disease, while CTEPH is
usually diagnosed earlier and may even be concurrent with
the haematological diagnosis. High haematocrit levels with
hyperviscosity, thrombocytosis and splenectomy, among
other mechanisms, may contribute to the increased rate
of thrombotic events in patients with MPN, especially
polycythaemia vera. PAH-like disease associated with MPN
was found to be related to myeloid metaplasia, suggesting
that pulmonary myeloid infiltration and pulmonary
capillary obstruction by megakaryocytes with stasis and
secondary microthrombosis may contribute to the pulmo-
nary vascular disease. Treatment of MPN-associated PH is
not yet well established, although cytoreductive treatment
should be used in association with symptomatic treatment
of PH, such as oxygen and diuretics. The prognosis of PH
associated with MPN remains poor, and there are no data
on the effectiveness of specific PAH therapies in these pa-
tients [11-135].

Treatment of secondary PH (groups 2-5) includes
oxygen, anticoagulation (usually in group 4 and some of
the subgroups of PAH) and diuretics, together with the
management of the underlying aetiology [5, 16, 17].
Although these supportive therapies and/or calcium
channel blockers after a positive acute vasodilator testing
are used effectively, only a small number of patients with
PAH demonstrate a favourable response with these treat-
ment modalities [6, 18]. As a result, advanced PAH-specific
therapy, including prostanoids (epoprostenol, iloprost,
treprostinil, beraprost and selexipag), endothelin receptor
antagonists (ambrisentan, bosentan, macitentan), phos-
phodiesterase 5 inhibitors (sildenafil, tadalafil, vardenafil,
riociguat), guanylate cyclase stimulants and combination
therapy, is often needed [16, 17, 19-21].

PH is generally a progressive condition, and is some-
times fatal, if left untreated. The prognosis of PH is highly
variable and depends upon the type and severity of PH. In
general, in the absence of therapy, those with group 1 PAH
have worse survival than those with groups 2-5, with the
exception of patients with surgically correctable CTEPH
(group 4). In general, those with severe PH (e.g. mPAP
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>35 mmHg) and/or evidence of right heart failure have a
poorer prognosis [22, 23].

In the present review, we discuss a specific subgroup of
PAH - so called ‘drug-induced PAH’ - and then focus mainly
on the current knowledge on dasatinib-induced PAH.

Chronic myeloid leukaemia (CML) and
tyrosine kinase inhibitors (TKIs)

CML is a haematopoietic stem cell disease characterized by a
translocation between chromosomes 9 and 22, and the Phila-
delphia (Ph) chromosome is formed by the fusion of the
breakpoint cluster region (BCR) and the Abelson murine leu-
kaemia (ABLI) genes. The resulting BCR-ABL1 fusion gene
leads to an ABL protein that forms a constitutively active ty-
rosine kinase protein, with cell-cycle deregulation [24, 25].
The mainstay of CML treatment is currently based on
targeted therapy with TKIs [26, 27]. Imatinib was the first
TKI to be approved for the treatment of CML. Although many
patients have good responses with this drug, some can
become resistant and/or intolerant to it [26, 28]. Second-
generation TKIs (dasatinib and nilotinib) were subsequently
introduced, to provide greater efficacy in patients who were
resistant or intolerant to imatinib, and have also been used
in the frontline setting [26, 29, 30]. Two other TKIs, bosutinib
and ponatinib, have recently been approved by the Food and
Drug Administration (FDA) only for second- or later-line ther-
apies [31].

Dasatinib is 325 times more potent in vitro against
unmutated BCR-ABL1 than imatinib [32]. It is indicated for
the treatment of CML and Ph + acute lymphoblastic leukae-
mia (ALL) after imatinib failure/intolerance, and this has
recently been expanded to the frontline setting. It is
metabolized mainly in the liver. Although it is usually well
tolerated, it is associated with some adverse events (AEs),
including bone marrow suppression, diarrhoea, skin rash,
pleural/pericardial effusions and, rarely, PAH, QT prolonga-
tion and bleeding tendency [26, 33-35]. In addition to BCR-
ABL1, TKIs may inhibit a large number of other kinases. For
example, dasatinib inhibits many other targets, including
the Src family kinases, which are thought to be associated
with some of the nonhaematological AEs [33, 36].

Dasatinib and pulmonary toxicities

At the previously recommended dose of 70 mg twice per day,
one of the most relevant nonhaematological AEs, the so
called ‘off-target effects’, of dasatinib was exudative pleural
effusion (PE), which has been observed in up to 14-35% of
patients, and has been related to an autoimmune-mediated
mechanism or inhibition of platelet-derived growth factor
receptor (PDGFR) B, as opposed to fluid retention [37-39].
However, the occurrence of grade III-IV PE has decreased to
less than 2% at the presently approved dosage of 100 mg once
per day [31, 37-39]. The current recommended dose of
dasatinib for advanced CML and Ph + ALL is 140 mg per
day, and 100 mg per day for chronic-phase CML (CML-CP).
It has been found that PEs can also occur in imatinib-
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intolerant/resistant CML patients treated with smaller doses
of dasatinib (i.e. 50 mg daily) [40]. However, PE generation
under second-line dasatinib can be associated with superior
outcomes [41]. Other AEs involving the cardiopulmonary
system and the lungs are heart failure, QTc prolongation,
pericardial effusion, pulmonary parenchymal infiltrates and
PAH [2, 34, 42, 43].

Drug-induced PAH

Drug-induced PAH was first introduced to the literature asso-
ciated with intake of an anorectic agent, aminorex, in 1965 in
Switzerland, Germany and Austria [44, 45]. After that, im-
provement in medical awareness and diagnosis of the disease
allowed the identification of additional drugs associated with
an increased risk for the development of PAH. In the
European Respiratory Society/European Society of Cardiol-
ogy guidelines for the diagnosis and treatment of PAH, drugs
and toxins are classified into four categories based on their
risk of inducing PAH (Table 1) [6]. At the beginning of the
21st century, drug-associated PAH is still a clinical problem.
It remains a great challenge to confirm that a drug is respon-
sible for PAH because the latter is always a rare complication,
occurring in only a small proportion of exposed patients
(usually 1%) [46, 47]. Although the mechanism of drug-
induced PH remains unclear, it was thought that serotonin
might play a role in the generation of this phenomenon [46].
The most important aspect of management of drug-induced
PAH is cessation of the associated drug. However, some drugs,
such as anorectic agents, usually cause irreversible PAH, unlike
dasatinib, and PAH related to these agents may be detected
several months or years after cessation of the drug.

Dasatinib and PAH

Dasatinib is considered to be one of the causes of group 1
drug-induced PH [10]. PAH can be observed during the

Table 1

Drugs and toxins that might play a role in the generation of
pulmonary arterial hypertension (adapted from Montani et al. [3])

Definite Likely Possible

Aminorex Amphetamines Cocaine

Fenfluramine L-Tryptophan Phenylpropanolamine

Dexfenfluramine Methamphetamines St John’s wort

Toxic rapeseed oil Dasatinib Chemotherapeutic agents

Benfluorex Amphetamine-like drugs
Selective Interferon o and B
serotonin

reuptake Some chemotherapeutic
inhibitors agents, such as alkylating

agents (mitomycin C,
cyclophosphamide)

Dasatinib-induced PAH
asatinib-induce BICP

course of dasatinib treatment and may be related directly to
use of this drug. However, other causes of PAH, such as con-
genital heart disease, chronic pulmonary embolism and left
heart failure, must be ruled out before ascribing this condi-
tion to use of the drug. Although complete resolution of
PAH does not always occur after discontinuation of dasatinib,
it is reasonable to assume that a diagnosis of dasatinib-
induced PAH is possible whenever any improvement is ob-
served after cessation of the drug. Table 2 presents the
published cases of dasatinib-induced PAH in the English-
language literature.

A study by Quintas-Cardama and coworkers [37] in 138
dasatinib-treated patients, found increased right ventricular
systolic pressure in 18 of them [who underwent transthoracic
echocardiography (TTE) at the onset of pleural effusion],
from a median of 29 (range 21-44) mmHg at baseline to a me-
dian of 42 (range 25-75) mmHg, with a return to baseline
levels after discontinuation of the drug. Thus, the authors
suggested, for the first time, that there might be an associa-
tion between dasatinib and PAH [37]. Then, in October
2011, the FDA issued a drug safety communication
concerning dasatinib, warning about the risk of PAH [48, 49].
Then, in 2012, Montani et al. [4] published a case series
consisted of eight CML and one Ph + ALL patient with
dasatinib-induced PAH from the French Registry Network.
The median delay between initiation of dasatinib and PAH
diagnosis was 34 months (range, 8-48 months), suggesting
that PAH may be a late complication of dasatinib. Clinical
and functional improvements were usually observed after
cessation of dasatinib; however, some patients also required
specific PAH treatment. Our group reported a case series
consisting of five patients with dasatinib-related PAH [50].
We noted that PAH was almost completely reversible in all
cases, following a reduction in the dasatinib dose in two
patients and drug cessation in three, and none of them
needed PAH-specific therapies. However, unlike the case
reports suggesting almost complete recovery with drug
cessation together with specific PAH treatment strategies
(such as bosentan or sildenafil), the majority of patients have
failed to demonstrate complete haemodynamic recovery, and
two patients have died during follow-up (3, 4, 51, 52].
Moreover, recently, Morishita and colleagues [53] published
a paper which described the first death directly related to
dasatinib-induced PAH. A 36-year-old woman with CML
received dasatinib for 34 months and died of cardiac arrest
4 days after presenting with severe PAH and right heart
failure, despite the use of catecholamines and phosphodies-
terase inhibitors. Montani et al. [4] estimated that the lowest
incidence of PAH in patients exposed to dasatinib was
0.45%. Although PAH is thought to be a delayed complica-
tion of dasatinib in CML patients, in the Ph + ALL patient
from the French registryy, PAH developed earlier (after
8 months of dasatinib) [4]. In addition, two other case
reports have observed earlier PAH development related to
dasatinib, with a dose of 140 mg per day, in two Ph + ALL
patients [52, 54]. Although the mechanism for earlier devel-
opment of this condition is unclear, Kim and colleagues
[52] suggested that it may be associated with the combined
effects of cytotoxic chemotherapy and dasatinib in Ph +
ALL patients. Dasatinib was used as second-line or later ther-
apy in almost all CML and Ph + ALL cases in the literature
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(Table 2). Whether the possibility of PAH changes with the
choice of dasatinib as the first- or late-line treatment strategy
is not clear, and remains to be investigated.

The clear association of dasatinib use with PAH, and its
resolution on discontinuation of the drug suggest a causal
role for this agent in the development of the condition. The
occurrence of late-onset PAH in CML patients suggests a
chronic pathological mechanism with an insidious onset,
rather than an acute inflammatory or cardiac aetiology, but
the pathogenesis remains to be elucidated. Moreover, unlike
the defined risk factors in PE related to dasatinib use (e.g.
older age, high dose of the drug, use of the drug twice per
day, long-term use, comorbidities), no risk factors or predic-
tive factors have been identified yet. Shah et al. [55] searched
the Bristol-Myers Squibb database for cases of dasatinib-
induced PAH occurring between 28 June 2006 (the date of
the first regulatory approval of dasatinib) and 31 October
2013. The authors identified the largest series reported to
date, comprising 41 cases of RHC-confirmed PAH, including
22 unpublished and 19 previously reported cases. In their
study, 68% of the cases had concomitant PE, whereas 82%
of those with medical history available had cardiovascular
or pulmonary risk factors/symptoms in their medical history
at the time of presentation with PAH. However, the authors
could not identify any specific attributes as being associated
with a greater risk of developing PAH while receiving
dasatinib (including concomitant PE); however, because of
the limited number of reported events, formal statistical
analyses could not be performed [55].

PAH has a multifactorial pathophysiology, including
vasoconstriction, remodelling of the pulmonary vessel wall
(resulting from vascular smooth muscle and endothelial cell
proliferation) and thrombosis, which all contribute to
increased pulmonary vascular resistance. PDGFR signalling-
related cellular proliferation has been suggested as an impor-
tant contributor to the development and progression of PAH
[2-4, 34, 49, 52, 54, 56]. The ability to inhibit PDGFR
signalling suggests similar effects of imatinib and dasatinib
on pulmonary vascular remodelling. However, while ima-
tinib was thought to be effective in the treatment of PAH in
several cases and in a study, it appears that, surprisingly,
dasatinib is associated with the onset of PAH [55-62]. These
different behaviours of the two TKIs seem to be caused by
the fact that dasatinib displays broader target tyrosine kinase
profiles than imatinib and nilotinib [36]. The main known
difference between dasatinib and other TKIs seems to be the
additional inhibition of Src family kinases. These kinases are
thought to be involved in the development of reversible exu-
dative PE related to dasatinib use [37, 38]. In addition, it is
speculated that Src inhibition may also play a role in the de-
velopment of dasatinib-induced PAH, by means of a similar
mechanism [55]. Src tyrosine kinase is expressed abundantly
in vascular tissue, and activation of Src appears to play a cru-
cial role in smooth muscle cell proliferation and vasoconstric-
tion. The inhibition of Src family kinases, which degrade
activated PDGFR, can increase signalling by PDGF and other
growth factors. An additional explanation may be related to
off-target kinase inhibition [2, 4, 52, 57, 63-66]. Recently,
Guignabert and coworkers [67] published an article in which
the possible mechanisms of dasatinib-induced PAH was
discussed. The authors demonstrated that chronic dasatinib
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therapy may cause pulmonary endothelial damage in
humans and rodents, and they suggested that treatment with
this drug attenuates hypoxic pulmonary vasoconstriction
responses and increases susceptibility to experimental PAH
in rats, unlike in rats treated with imatinib [67]. In contrast
to other studies, the authors suggested that dasatinib
mediated endothelial cell dysfunction via increased produc-
tion of reactive oxidants that was independent of Src family
kinases. Although these findings may help us to understand
the pathophysiology of this condition, further studies are
still needed to reveal the precise mechanism of dasatinib-
induced PAH.

PAH seems to be reversible with cessation of the drug,
although complete resolution may not be detected, and
PAH-specific therapy may need to be started. Together with
discontinuation of dasatinib and PAH-specific treatment
strategies, clinical and biochemical improvements have been
observed in most of the cases in the literature [2, 4, 34, 42, 43,
49-52, 54, 55,57, 68-71]. However, very recently Weatherald
et al. [72] discussed the long-term outcomes of dasatinib-
induced PH in 21 incident, RHC-confirmed cases from the
French Pulmonary Hypertension Registry, and revealed that
patients treated with PAH medications had worse baseline
haemodynamics but similar long-term outcomes to un-
treated ones. In this study, they also found that dasatinib-
induced PAH frequently improved after discontinuation but
persisted in over one-third of patients [72]. Moreover,
especially in these persisting patients, PAH-specific treatment
modalities could be beneficial.

A proposed algorithm for the management of
dasatinib-induced PAH is summarized in Figure 1. When
dasatinib-related PAH is suspected on the basis of symp-
toms, non-invasive tests, including chest X-ray and TTE,
should be performed. If the suspicion still persists, then
RHC can be carried out to obtain a precise diagnosis. As
soon as dasatinib-related PAH is diagnosed, dasatinib treat-
ment should be stopped, and whenever the subsequent
improvement is thought to be inadequate, it would be
reasonable to add a PAH-specific agent.

As pulmonary vascular toxicity related to dasatinib is
thought to be molecule- rather than class related, it seems rea-
sonable to switch to another TKI after cessation of dasatinib
for the treatment of CML and Ph + ALL [3, 4, 35, 52, 73]. For
example, in most of the cases with CML/ALL in the literature,
nilotinib treatment was initiated after stopping dasatinib,
and PAH did not reoccur [2, 4, 34, 49, 51, 57, 68-71]. Minami
and colleagues [8] published a case series describing patients
with PAH in relation to their use of TKIs. These authors
screened 105 patients with CML-CP who had been exposed
to imatinib, dasatinib or nilotinib for PAH with TTE, and
found that five of the 38 patients receiving dasatinib had an
elevated mean tricuspid regurgitation peak gradient (mTRPG)
suggestive of PAH, of whom only one had symptoms of dys-
pnoea [8]. Interestingly, in their study, besides dasatinib,
three patients receiving nilotinib and one patient taking ima-
tinib were also found to have an elevated mTRPG on TTE
screening. However, it should be noted that in the study by
Minami and coworkers, the diagnosis of PAH was not
confirmed with RHC (although it is not always necessary to
do so) [8]. High right ventricular systolic pressure detected
on TTE can also be secondary to anaemia, high cardiac output
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Suspect PAH

e  Patients should be assessed for symptoms of underlying cardiopulmonary disease before
starting DAS.

e Suspect PAH if a patient with CML/Ph + ALL receiving DAS develops signs/symptoms
of PAH and right heart failure during the follow-up.

Investigations

e Chest X-ray*, ECG, TTE [if peak tricuspid regurgitation velocity (m s™') is between 2.9 and 3.4 and have the
other echo signs or >3.4], 6MWT, blood gas analysis, blood works (including BNP and NT-proBNP),
enhanced CT, pulmonary scintigram

No suspicion

Suspicion of PAH e Consider more common causes, which may
mimic signs/symptoms of PAH
e Reassess with TTE in 3 months

Right heart catheterization e Search for and treat
alternative diagnosis
e  mPAP >25 mmHg, PVR >3 WU, PAWP < 15 mmHg and other causes of >
precapillary PHT excluded No
Yes

Initial management

e If PAH is confirmed, DAS should be permanently discontinued (if the patient is under DMR for >2 years,
he/she can be monitored closely by blood RT-PCR BCR-4ABLI testing without starting any TKI).

e Start an alternative TKI treatment if the patient did not achieve CCyR/MMR under DAS.

e  Consider PAH -specific treatment if necessary.

Reevaluation
e  Re-evaluate the patient after a period of time (i.e. after 3 months) with TTE, 6MWT and BNP/NT-proBNP.

e IfPAH does not resolve after quitting DAS, PAH -specific treatment can be started if previously not done so.

Figure 1

Management of dasatinib-induced pulmonary arterial hypertension. 6MWT, 6-min walking test; BCR-ABLT, fusion of the breakpoint cluster region
(BCR) and the Abelson murine leukaemia (ABLT) genes; BNP, brain natriuretic peptide; CCyR, complete cytogenetic response; CML, chronic
myeloid leukaemia; CT, computed tomography; DAS, dasatinib; DMR, deep molecular response; ECG, electrocardiography; MMR, major
molecular response; mPAP, mean pulmonary artery pressure; NT-proBNP, N-terminal pro-brain natriuretic peptide; Ph + ALL, Philadelphia-
positive acute lymphoblastic leukaemia; PAH, pulmonary arterial hypertension; PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascu-
lar resistance; RHC, right heart catheterization; RT-PCR, real-time polymerase chain reaction; TKI, tyrosine kinase inhibitor; TTE, transthoracic
echocardiography; WU, Wood units

*As pleural effusion is much more common than PAH, a chest X-ray should be performed initially
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and postcapillary PH. Although imatinib has been considered
effective in the treatment of PAH in some studies, as
mentioned above [55-62], the Imatinib in Pulmonary Arte-
rial Hypertension, a Randomized, Efficacy Study (IMPRES)
study [74] and the recently published long-term data of Frost
et al. [75] suggested that imatinib may not be useful in the
treatment of PAH, showing an unacceptably high rate of
AEs. In addition to this, Zakrzewski et al. [76] presented the
first case report of PAH confirmed only with TTE in a patient
treated with nilotinib for CML, and found that pulmonary
pressure decreased after discontinuation of the drug. More-
over, Ustun and colleagues [77] recently presented a case of
recurrent PE after the use of both dasatinib and nilotinib.
These authors discuss the dilemma about whether the PE
was related to the delayed recurrence of the dasatinib-in-
duced effect, even though, the drug was discontinued, or to
a rare AE of nilotinib that started after dasatinib cessation.
More recently, Quilot et al. [78] published a study describing
a CML patient who developed PAH under ponatinib therapy
which improved with cessation of the drug and PAH-targeted
therapy. In addition, Riou et al. [79] presented two cases in
which bosutinib was used following dasatinib therapy. These
patients had a history of dasatinib-induced PAH, and follow-
ing the initiation of bosutinib treatment the PAH deterio-
rated. However, the authors pointed out that potentiation
or a facilitation effect of dasatinib in these cases could not
be excluded. As dasatinib, ponatinib and bosutinib all inhibit
Src tyrosine kinase, this case also supports the hypothesis
that the Src tyrosine kinase pathway may be implicated in
dasatinib-induced PAH. Combining these studies, it is clear
that the possible class effect of other TKIs in the generation
of PAH should also be studied further.

Current status and future directions

At present, therapy with TKIs is generally considered life-
long, and information on long-term AEs is worthwhile.
Therefore, it is reasonable to screen routinely for PAH by
TTE before commencing dasatinib treatment, especially in
patients with underlying cardiopulmonary disease. In
addition, it is advisable to perform additional diagnostic
testing in patients who are to receive this therapy who
develop dyspnoea or other symptoms suggestive of PAH,
independently both of the dosing regimen of the drug and
of the concomitant occurrence of PE. When these investiga-
tions indicate possible PAH, an RHC is essential, to confirm
the diagnosis.

Although it is an efficacious drug, dasatinib can be
associated with some AEs, including PAH, especially when
administered for longer periods. The incidence and the
underlying molecular mechanisms of dasatinib-induced
PAH should be elucidated in future studies.

Although most of the reported cases with dasatinib-
induced PAH have had some degree of clinical and biochem-
ical improvements after cessation of drug treatment, in some
patients PAH-specific therapies can be needed. Following
cessation of the causative agent, patients should be moni-
tored closely, and if progression of PAH is observed, PAH-
specific treatment strategies should be started promptly. It
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may also be reasonable to recommend starting dasatinib-
induced PAH therapy at the same time as cessation of the
drug in some cases. Dasatinib should not be rechallenged in
patients with dasatinib-induced PAH, and alternative TKIs
should be chosen. Alternatively, in CML patients who
develop PAH during dasatinib therapy with a deep molecular
response (MR* or MR*®) for >2 years, TKI therapy can be
discontinued, with close monitoring of BCR-ABL1 blood
levels by real-time polymerase chain reaction testing, with-
out starting on a TKI.

Nomenclature of taigets and ligands

Key protein targets and ligands in this article are hyperlinked
to corresponding entries in http://www.guidetopharma-
cology.org, the common portal for data from the IUPHAR/
BPS Guide to PHARMACOLOGY [80], and are permanently
archived in the Concise Guide to PHARMACOLOGY
2015/16 [81].
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