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A Case Report

Abstract: Dasatinib was identified to be associated with pulmonary arterial hypertension,
also called dasatinib-induced pulmonary arterial hypertension. There was still little data on
clinical characteristics of this rare but severe complication during hematological therapy in
China. A 40-year-old female with worsening dyspnoea was diagnosed with severe pulmon-
ary arterial hypertension and progressive right heart failure, and stabilized by standardized
comprehensive management, including replacement of other tyrosine kinase inhibitor,
administration of pulmonary vasodilators according to the right-heart catheterization-based
risk stratification and traditional anti-heart failure drug therapy. Our case suggests that
dasatinib-induced pulmonary arterial hypertension may be partially reversible, with
a relatively good prognosis under formal target therapy of pulmonary arterial hypertension,
providing new insight into its treatment algorithm.

Keywords: dasatinib-induced pulmonary arterial hypertension, right heart failure,
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Background

Dasatinib, a second generation tyrosine kinase inhibitor (TKI), was approved as
a first-line therapy for chronic myelocytic leukemia (CML). Since the introduction
of dasatinib earlier this decade, more than 100 cases of dasatinib-induced pulmon-
ary arterial hypertension (DASA-PAH) have been reported in Europe.! Some of
these reported cases were presented as a reversible course, while others not.>* The
underlying pathogenesis is still unclear, as well as the predisposing factors.” Herein,
we present a case of severe PAH that developed during dasatinib treatment. The
patient was successfully managed with stopping dasatinib (replacement of other
TKI), administration of target combination therapy for PAH and comprehensive

anti-heart failure therapy and management.

Case Presentation

A 40-year-old woman presented to our department with exertional dyspnea,
accompanied by intermittent cough, cough sputum, edema, fatigue, abdominal
distension, poor appetite. She had a 10.5-month history of exertional dyspnea
that had worsened over the previous 20 days. Her shortness of breath was
obvious at rest. She had been diagnosed with CML at the age of 29, for which
a first-generation TKI, imatinib (400mg daily), was prescribed as her first-line
therapy for 5 years. However, since thrombocytopenia was found, it was
replaced by nilotinib (400 mg b.i.d.) for 2 years. And then nilotinib was also
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withdrawn due to thrombocytopenia and hyperbilirubi-
nemia. A second-generation TKI, dasatinib (60 mg
daily), was chosen 4 years before her initial presenta-
tion (Table
thought to have

1). Concomitant pleural effusion was

caused the exertional dyspnea.
Subsequently, her symptoms were partially relieved
by diuretics, repeated pleural puncture and corticoster-
oids in basic-level hospitals. However, probably due to
the lack of understanding of DASA-PAH in primary

hospitals, dasatinib was replaced by nilotinib (300 mg

presentation. She went to the clinic of our center 10
months after the initial presentation. At that time,
transthoracic echocardiography (TTE) showed a very
severe pulmonary hypertension, with estimated pul-
monary arterial systolic pressure (PASP) as high as
116 mmHg and a marked enlargement of right ventri-
cle, accordingly a compression of left ventricle.
Bosentan (125 mg b.i.d.) initiated at the clinic. In the
following 2 weeks, she reduced the drug by herself,
and symptoms did not improve significantly. She was

qds,

150 mg qdl6) 5 months

after the initial admitted 10.5 months after the initial presentation.

Table | Timeline of History of Tyrosine Kinase Inhibitor Application and Pulmonary Arterial Hypertension

I'l years prior to presentation

Chronic myeloid leukaemia (CML) diagnosed at clinic. Imatinib (400 mg o.d.) initiated.

6 years prior to presentation

Imatinib withdrawn due to thrombocytopenia. Nilotinib (400 mg b.i.d.) initiated.

4 years prior to presentation

Nilotinib withdrawn due to thrombocytopenia and hyperbilirubinemia. Dasatinib (60 mg o.d.)

initiated.

Initial presentation

Patient presented with exertional dyspnoea, accompanied by intermittent cough, cough sputum,
edema, fatigue, abdominal distension, poor appetite. Pleural effusion diagnosed at clinic based on
transthoracic ultrasonography. The symptoms were partially relieved by repeated pleural puncture

and corticosteroids in basic-level hospital.

5 months after recognition of pleural

effusion

Dasatinib was replaced by nilotinib (300 mg qd8, 150 mg qd|16).

10 months after recognition of pleural

effusion

Symptoms worsened as chest tightness and shortness of breath are obvious at rest. Transthoracic
echocardiography showed a very severe pulmonary hypertension, with estimated pulmonary arterial
systolic pressure (PASP) as high as |16 mmHg and a marked enlargement of the right ventricle and

a compression of the left ventricle. Bosentan (125 mg b.i.d.) initiated at the clinic in our center.

10.5 months after recognition of pleural

effusion, at admission

The patient reduced bosentan by herself, and the symptoms did not improve significantly. Pulmonary
arterial hypertension (PAH) was clearly diagnosed based on right-heart catheterization (RHC) and
risk stratification was conducted. Tadalafil (10 mg o.d.), ambrisentan (5 mg o.d.), and treprostinil
initiated. Nilotinib was maintained without adjustment (300 mg qd8, 150 mg qd|6). Pleural puncture
was repeated. Comprehensive anti-heart failure therapy including continuous oxygen, diuretics,

digitalis, dopamine, albumin and electrolyte and acidolysis balance maintaining.

| months after discharge

Tadalafil (20 mg o.d.), ambrisentan (5 mg o.d.), treprostinil (I3 ng/kg/min), nilotinib (300 mg qd8,
150 mg qd16).

2 months after discharge

Tadalafil (20 mg o.d.), ambrisentan (10 mg o.d.), treprostinil (17 ng/kg/min), nilotinib (300 mg qd8,
150 mg qd16).

5 months, readmission

There is no obvious restriction on general activities. Risk stratification reduced to low risk based on
RHC. Treprostinil gradually reduced to stop. Tadalafil (20 mg o0.d.) and ambrisentan (10 mg o.d.) was
maintained. Fusion gene quantification suggests major molecular biological remission.

7 months

Activity tolerance increased to seven stories.

I'l months

Nilotinib (300 mg qd8, 150 mg qd16) withdrawn. Flumatinib (600 mg o.d.) initiated.

| year, readmission

Risk stratification maintained low risk based on RHC. Tadalafil (20 mg o.d.) and ambrisentan (10 mg o.
d.) was maintained. Fusion gene quantification suggests major molecular biological remission.
Flumatinib (600 mg o.d.) was maintained.
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Figure | Electrocardiogram findings at the first admission. The arrow on electrocardiogram revealed an incomplete right bundle branch block (an R/S ratio >1 in lead V1).

Electrocardiography (Figure 1) and TTE (Figure 2A, decreased and right lung respiratory sound disappeared. No
Table 2) on admission indicated severe right ventricular  obvious dry or wet rales were heard. Cardiac auscultation
pressure overload. Physical examination showed jugular revealed P2 hyperactivity and a systolic murmur on the left
vein dilatation, yellowing sclera and lip cyanosis. Right sternum 4-5 intercostal, grading 3/6 level. Liver could be
lung percussion dulled. Left lung respiratory sound reached, and severe pitting edema of both lower extremities

A B C

Figure 2 Transthoracic echocardiography. The four cavity heart section views are shown at (A) the first admission, (B) 5 months after discharge (10 months after dasatinib
withdrawal) and (C) 12 months after discharge (17 months after dasatinib withdrawal). The arrows showed that enlargement of right ventricle and atrium was gradually
restored, as well as the left transposition of the septum and compression of the left ventricle.
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Figure 3 X-rays: (A) at the first admission: the arrows showed large pleural effusion on the right chest and small on the left, enlargement of right heart and a protruded
pulmonary artery segment; (B) 5 months after discharge: the arrows showed significantly reduced pleural effusion, right heart enlargement and protruded pulmonary artery

segment all improved.

was found. Laboratory data showed markedly elevated
N-terminal of the prohormone brain natriuretic peptide (NT-
proBNP) (10648.0 pg/mL; normal reference value, <125 pg/
mL), and anti-nuclear and anti-centromere antibody nega-
tive. X-ray and chest computed tomography (CT) scan
showed large pleural effusion on the right chest and small
on the left (Figure 3). No evidence of pulmonary embolism
showed by contrast enhanced CT scan for pulmonary arteries
and perfusion scintigraphy. Abdominal ultrasonography
showed no evidence of portal hypertension.

Right-heart catheterization (RHC) confirmed markedly
increased mean pulmonary artery pressure (MPAP;
61mmHg; normal reference value, <25 mmHg) and pul-
monary vascular resistance [PVR; 6.98 wood units (WU);
normal reference value, <3 WU?], as well as pulmonary

arterial wedge pressure (PAWP; 21 mmHg; normal refer-
ence value, <15 mmHg) (Table 3). The acute pulmonary
vascular dilatation test was negative. Mixed pulmonary
hypertension was diagnosed and risk stratification was
conducted. Tadalafil (10 mg o.d.), ambrisentan (5 mg o.
d.), and treprostinil initiated. She was also received sus-
tained oxygen intake, pleural puncture and traditional
medication including diuretics, digitalis, dopamine, potas-
sium supplement and albumin infusion. Nilotinib was
maintained without adjustment (300 mg qd8, 150 mg
qd16). The patient’s symptoms were significantly relieved
and activity tolerance restored to two stories at discharge.

NT-proBNP reduced to 1993.0 pg/mL a month after
discharge, 696.2 pg/mL on the 5th month after dis-
charge. The amount of tadalafil, ambrisentan, and tre-
prostinil was gradually increased during follow-up

Table 2 Transthoracic Echocardiography Indexes During the Course of Disease

First Admission 2 Month 5 Month 12 Month
RVSP (mmHg) 112 105 72 51
LVDd (mm) 31 38 39 45
RVDs (mm) 34 41 27 23
S’ wave of tricuspid annulus (cm/s) 4.9 4.7 39 32
TAPSE (cm) 1.2 1.6 NA NA

Abbreviations: RVSP, right ventricular systolic pressure; LVDd, left ventricular end diastolic dimension; RVD, right ventricular diameter; TAPSE, tricuspid annular plane

systolic excursion.

https:

36

Dove!

Research Reports in Clinical Cardiology 2021:12


https://www.dovepress.com
https://www.dovepress.com

Dove

Liu et al

Table 3 Haemodynamical Indexes Measured by Right-Heart Catheter During the Course of Disease

First Admission 5th Month After 12th Month After
Discharge Discharge
Baseline After Inhaling Baseline Baseline
lloprost
SPAP/DPAP (mmHg) 94/38 84/34 66/33 4124
MPAP (mmHg) 6l 50 45 31
PAWP (mmHg) 21 12 14 14
SAP/DAP (mmHg) 123/70 93/62 110/66 109/62
MRAP (mmHg) 12 9 12 10
PVR (WU) 6.98 6.16 4.12 2.79
CO (L/min) 5.73 6.17 6.8 6.1
Cl (Umin/m?) 3.37 3.63 4.12 3.6l
Sa02 (%) 88 96 93.5 94.6
SvO2 (%) 593 67.6 59.6 88.9

Abbreviations: SPAP, systolic pulmonary artery pressure; DPAP, diastolic pulmonary artery pressure; MPAP, mean pulmonary artery pressure; PAWP, pulmonary artery
wedge pressure; SAP, systolic arterial pressure; DAP, diastolic arterial pressure; MRAP, mean right atrium pressure; PVR, pulmonary vascular resistance; CO, cardiac output;
Cl, cardiac index; SaO2, saturation of arterial blood oxygen; SvO2, saturation of venous blood oxygen.

(Table 1). Her risk stratification reduced to low risk
based on RHC on the 5th month after discharge. The
diagnosis altered capillary anterior pulmonary hyperten-
sion. Her pulmonary circulation pressure and resistance
were markedly reduced (Tables 2 and 3, Figure 2B).
Then, treprostinil gradually reduced to stop, while tada-
lafil (20 mg o.d.) and ambrisentan (10 mg o.d.) were
unchanged. Nilotinib (300 mg qd8, 150 mg qd16) was
maintained after discharge. Fusion gene quantification
Sth month after discharge suggests major molecular
biological remission (MMR). The patient’s activity tol-
erance gradually restored and increased to seven stories
during follow-up. On the 11th month after discharge,
nilotinib was replaced by flumatinib (600 mg o.d.). Her
risk stratification maintained low risk at 1 year after
discharge. Her pulmonary circulation pressure and resis-
tance were further reduced (Tables 2 and 3, Figure 2C).
Fusion gene quantification showed sustained MMR at
1 year after discharge. The patient was followed up
every three months in our Pulmonary Vascular
Outpatient Department, and rechecked for RHC about

half a year if necessary.

Discussion and Conclusion

Differences in the pharmacological mechanisms between
dasatinib and other TKIs still do not explain the differ-
ences in pulmonary angiotoxicity between dasatinib and
other TKIs. And researchers believe that the pathophy-
siology of DASA-PAH in human may reveal the role of

tyrosine kinase pathway in pulmonary artery proliferative
lesions.” Guignabert et al found that exposing rats with
dasatinib, before the administration of monocrotaline or
exposure to hypoxia, resulted in markedly higher pul-
monary artery pressure (PAP) and increased pulmonary
vascular remodeling, compared with rats that were not
pre-treated with dasatinib before monocrotaline or
hypoxia exposure. Meanwhile, rats treated with dasatinib
alone demonstrated no such increase in PAPs, supporting
a two-hit theory of the pathophysiology of DASA-PAH in
human.® Takumi Toya et al experienced a case of DASA-
PAH complicated with scleroderma that provides novel
support for the two-hit hypothesis of DASA-PAH
pathophysiology.” Furthermore, in a report of 41 patients
with RHC confirmed DASA-PAH, 94% showed improve-
ment, but only 58% achieved complete resolution. These
data indicate the underlying predisposing factors for
DASA-PAH other than dasatinib drug toxicity, supporting
the two-hit theory.” However, the underlying predisposing
factors remain unknown till now. Because of the limited
number of reported events, formal statistical analyses
could not be performed."’

This case provided no further support for the 2-hits
hypothesis of DASA-PAH pathophysiology. However, this
case has typical clinical manifestations of the disease. The
diagnosis of DASA-PAH depends on dasatinib use history
and hemodynamic diagnostic criteria for PAH, the first
major category of pulmonary hypertension (according to
the 6th World Symposium on Pulmonary Hypertension),
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as well as exclusion of all kinds of factors that could lead
to PAH.® Perhaps because the patient did not stop dasatinib
and receive target treatment in time after the initial onset
of PAH, the condition was further aggravated, and the
cardiac function gradually deteriorated to New York
Heart Association (NYHA) functional class (FC) IV. We
suggest that the discontinuation of dasatinib, RHC-based
hazard stratification, regular pulmonary vasodilators, com-
bined with traditional anti-heart failure therapy, should
become the routine treatment algorithm of DASA-PAH.
And the preferred targeted drugs are still chosen based on
current recommendations. Other scholars have also
reported that many cases with severe symptoms (NYHA
FC III or IV) or those with severe haemodynamic com-
promise [eg, cardiac index (CI) <3 L/min/m?] have been
successfully treated by the similar treatment algorithm.
Symptoms were controlled, hemodynamics improved,
and PAP
However, it is still controversial on duration of pulmonary

returned completely or near normal.>’
vasodilators. Some researchers think that if normal hemo-
dynamics persists one year, de-escalation of pulmonary
vasodilators can be considered.” It is speculated that pul-
monary vasodilator withdrawal is probably safe in rever-
sible cases, while more clinical experience is needed to
confirm whether pulmonary vasodilator maintenance is
required for partially reversible cases.

Repeated massive pleural effusion is also characteristic
of DASA-PAH. As reported in the literature, pleural effu-
sion was the most common non-hematologic adverse reac-
tion caused by dasatinib. The incidence of pleural effusion
ranges from 14% to 60%, with 90% occurring within
1 year after dasatinib treatment, and 79% are
bilateral.'®!'" Tt had been reported that pleural effusion
and pericardial effusion in most patients could disappear
after dasatinib withdrawal and short-term symptomatic
treatment, while PAH still existed, suggesting that pleural
effusion might be not caused by right heart failure due to
PAH, but the direct adverse reaction of dasatinib.'? The
mechanism of pleural effusion associated with PAH may
be similar to that directly caused by dasatinib, but the
exact mechanism is still unclear.’

With regard to the management of dasatinib, DASA-
PAH, a rare adverse reaction, should not negate the advan-
tage of this drug in hematological field. However, as
awareness of DASA-PAH increases, it is necessary to
take some steps that may reduce its occurrence. Before
use, it is suggested to evaluate for existing comorbidities
that may lead to pulmonary hypertension to avoid “a

possible second hit”. And, cardiopulmonary function
should be routinely assessed before and during dasatinib
treatment. Electrocardiography and TTE are the preferred
non-invasive tests for screening PAH. If a hint of PAH
occurs, dasatinib should be stopped immediately and for
life, and target treatment for PAH should be considered
according to the individualized situation.

There were some limitations associated with this case
report. Due to the limitations of the overall level of spe-
cialized diagnosis and treatment of pulmonary vascular
diseases in Yunnan Province, an economically backward
mountainous province in the southwest of China, the diag-
nosis of this case was firstly made 10 months after the
initial typical presentation. The delay of formal target
therapy may influence the prognosis to some extent.
Even so, the patient’s disease was reversed, confirming
the conclusion that the disease had a relatively favorable
prognosis. In addition, the measurement of echocardiogra-
phy after each admission was performed by different doc-
tors, and the measurement indexes were not identical each
time.

In conclusion, we experienced a case of DASA-PAH
with typical clinical characteristics and a partially reversi-
ble course, which was well controlled by a comprehensive
strategy with combination targeted therapy guided by risk
stratification as a core. However, further research is neces-
sary to identify its predisposing factors, as well as the role
of the tyrosine kinase pathway within the pulmonary vas-
culature, helping its early detection and future therapy.

Abbreviations

CML, chronic myeloid leukaemia; CI, cardiac index;
DASA-PAH, dasatinib-induced pulmonary arterial hyper-
tension; ECG, electrocardiogram; MMR, molecular biolo-
NT-proBNP, N-terminal of the
NYHA FC,
New York Heart Association functional class; TKI, tyro-

gical remission;

prohormone brain natriuretic peptide;

sine kinase inhibitor; PAP, pulmonary artery pressure;
PAH, pulmonary arterial hypertension; PASP, pulmonary
arterial systolic pressure; PAWP, pulmonary arterial wedge
pressure; RHC, right-heart catheterization; TTE, transthor-
acic echocardiography.
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