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Insights into etiological factors of pulmonary hypertension
in cancer patients
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Pulmonary hypertension is a rare vascular disease that can affect patients with or surviving malignancy resulting in
significant morbidity and high mortality. Malignant diseases can lead to elevated pulmonary artery pressure through
different mechanisms, either directly by structural obstruction of pulmonary vessels or indirectly through hyperco-
agulable state or treatment toxicity culminating in high pulmonary vascular resistance. The most common causes of
cancer-related pulmonary hypertension are thromboembolic diseases, tumour emboli and treatment toxicity and
less commonly intravascular tumours and malignant extrinsic compression.
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Introduction

In recent years, advances in diagnosis and management
strategies have improved the long-term survival of cancer
patients, and about 60% of patients can now live for five
years or more after diagnosis of malignancy [1]. The growing
population of cancer-survived patients have a substantial
risk of developing cardiovascular diseases due to ageing,
co-morbid CV risk factors and cancer-specific adverse effects
related to the malignancy itself or treatment toxicity [2].
Cardiovascular diseases have a significant impact on the
quality of life and prognosis of cancer-survived patients
and are considered the major non-malignant cause of mor-
tality [3-5]. The incidence of CV complications is difficult
to estimate precisely due to variability in definitions, the
presence of comorbid diseases affecting CV system and data
collection stems mainly from registries and case series. The
main manifestations of CVD are cardiomyopathy, coronary
artery diseases, thromboembolic events, hypertension, ar-
rhythmias, pericardial diseases, valvular heart diseases and
vascular diseases [6-8]. Pulmonary hypertension is a rare
vascular disease that can affect patients with or surviving
malignancy resulting in significant morbidity and high mor-

tality. In this review, we will explore the different etiologies
and risk factors of pulmonary hypertension associated with
malignant diseases in adult patients.

Pathological insights

Pulmonary hypertension (PH) is defined as an increase
in mean pulmonary artery pressure = 25 mm Hg at rest, me-
asured by right heart catheterization. Based on clinical and
hemodynamic characteristics, pulmonary hypertension can be
classified into five groups including pulmonary arterial hyper-
tension (PAH), pulmonary veno-occlusive disease (PVOD) and
drugs and toxins-related (Group 1), left heart disease associated
pulmonary hypertension (Group 2), lung disease associated
pulmonary hypertension (Group 3), thromboembolic and va-
scular obstruction pulmonary hypertension (Group 4) and
pulmonary hypertension due to unclear and/or multifactorial
mechanisms such as pulmonary tumor thrombotic micro-
angiopathy (Group 5) [9]. Interestingly, pathological studies
of primary pulmonary arterial hypertension showed altera-
tions in the cellular regulatory mechanisms controlling the
growth and proliferation of pulmonary vascular endothelial
cells and smooth muscles with subsequent abnormal proli-
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feration, excessive angiogenesis and resistance to apoptosis
which are the hallmarks of malignant diseases pathogenesis
[10-12]. Malignant diseases can lead to elevated pulmonary
artery pressure through different mechanisms, either directly
by structural obstruction of pulmonary vessels or indirectly
through hypercoagulable state or treatment toxicity culmi-
nating in high pulmonary vascular resistance. The incidence
of pulmonary hypertension can be underestimated due to
the shared presentation with more common complications
in cancer patients such as heart failure and pulmonary dise-
ases. The most common causes of pulmonary hypertension
in patients with neoplasia are related to pulmonary vascular
narrowing or obstruction (chronic thromboembolic pulmonary
hypertension, CTEPH, and tumor emboli) (Group 4) followed
by pulmonary arterial hypertension and pulmonary veno-
-occlusive disease due to treatment toxicity (Group 1) and less
common causes include intravascular tumors and malignant
extrinsic compression (Group 4).

Thromboemboli

Malignant diseases are a well-known risk factor for ve-
nous thromboembolic events (VTE) with 4.1 folds increased
risk especially with cancers of pancreas, lung, stomach and
primary of unknown origin. Cancer treatment can enhance
the risk up to 6.5 folds [13]. Thrombosis in cancer is possibly
triggered by the interaction of malignant cells with mono-
cytes or macrophages leading to endothelial dysfunction
and activation of platelets and coagulation factors X and XII.
Moreover, tissue factor and other procoagulants can be
produced by malignant cells. All these prothrombotic factors
end with activation of thrombin to produce fibrin binding
clot [14]. Thromboemboli can obstruct major pulmonary
arteries non-homogenously and persist despite antico-
agulation ensuing pulmonary vascular remodelling and
ultimate chronic thromboembolic pulmonary hypertension
(CTEPH) [15]. The primary cause of CTEPH, in general, is
venous thromboembolic events with a history of pulmo-
nary embolism reported in 74.8% of patients and deep
venous thrombosis in 56.1%. Malignancy is established as
a risk factor for CTEPH with a history of cancer was found
in about 12% of patients [16, 171. A retrospective cohort of
687 patients showed that the odds ratio of CTEPH increased
in patients with a history of cancer (OR 3.76, Cl 1.47-10.43).
Longtime interval to diagnose CTEPH was reported (up to
5-10years) in survivors of cancer. Tumours of the breast, GIT,
melanoma, prostate and seminoma are the most frequently
associated with CTEPH [17]. Patients with CTEPH have poor
prognosis in the presence of cancer even in patients eligible
for surgical treatment with pulmonary endarterectomy [18].

Tumor emboli
Tumor emboli are one type of non-thrombotic pulmo-
nary emboli which separate from the primary tumour mass

and reaching the pulmonary vasculature through venous
circulation. These emboli are not a part of metastasis process
as they remain intraluminal with no invasion of vascular wall
tissue. Tumor emboli were found in 2.4-26% of autopsies
of solid malignancy patients [19]. The size of the emboli is
varying from small (microscopic), which is the most com-
mon and associated mainly with cancers of the stomach,
liver, pancreas and choriocarcinoma; to the infrequent large
(macroscopic) emboli that reported with liver, breast and
renal cancers [20]. Clinical consequences depend on the
extent of pulmonary vascular bed affected by a persistent
mechanical obstruction and secondary reaction to the non-
-resolving emboli. Patients either remain asymptomatic
especially with microscopic emboli or develop subacute
dyspnea, cyanosis and features of right ventricular overload
due to raised pulmonary artery pressure [21]. The differen-
tial diagnosis of pulmonary hypertension in patients with
malignancy must include tumour emboli as a potential
aetiology since the clinical spectrum are identical to the
most common thrombotic emboli. However, identification
of tumour emboli is challenging, and diagnosis is probably
made post-mortem since imaging modalities are unable to
specifically differentiate these emboli from other causes of
pulmonary hypertension. Prognosis is poor and no specific
treatment apart from palliative measures and management
of a primary tumour [20, 22].

Pulmonary tumour thrombotic microangiopathy

Pulmonary Tumour Thrombotic Microangiopathy
(PTTM) is a particular presentation of microscopic tumour
emboli that triggered diffuse reaction to the deposition
of migrating malignant cells by inducing fibrocellular and
fibromuscular proliferation in the walls of small pulmonary
arteries and arterioles with the formation of microthrombi
leading to diffuse vascular obliterations with subsequent
pulmonary hypertension [23]. PTTM is rare with an inciden-
ce rate 1.4-3.3% in autopsy series and most cases (> 90%)
associated with adenocarcinoma, most frequently gastric
adenocarcinoma and less commonly lung, oesophagus,
liver, colon, common bile duct, pancreas, breast, urinary
bladder, prostate and parotid gland carcinomas [24, 25].
It is commonly detected in advanced stages of cancer and
can affect patients in younger age (< 40 years). It is possible
for patients to present with clinical features of PTTM prior
to the discovery of underlying malignancy. Patients are
usually presented with dyspnea and cough progressing
to pulmonary hypertension, and right heart failure with
rapid deterioration and fatal outcome are the common
consequence [26]. Most cases are discovered at biopsy sin-
ce there are no radiological features specific to PTTM, CT
scan may be normal or shows dilated pulmonary arteries,
wedge-shaped opacities peripherally, thickened interlo-
bular septa or Tree-in-bud sign (centrilobular nodules with
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linear opacities) [27]. Perfusion studies may demonstrate
defects and pathological studies with cytology and biopsy
percutaneously or surgically may help in some cases [28].
Apart from supportive treatment and chemotherapy for the
underlying malignancy, no specific treatments are available
to withhold this fatal complication with most patients are
dying shortly after diagnosis [29]. Itis important to consider
PTTM as a cause of unexplained dyspnea with malignancy
and on the other side to look for undiagnosed cancer in
patients presenting with pulmonary hypertension possibly
due to PTTM.

Pulmonary artery sarcoma

A rare type of an intravascular tumour originating from
the intimal cells of the pulmonary artery with different hi-
stopathological types such as undifferentiated, leiomyosar-
coma, spindle cell sarcoma and rhabdomyosarcoma [30].
Involvement of pulmonary artery is usually bilateral but
can be unilateral. Patients often present with clinical and
radiological features mimicking pulmonary thromboem-
bolic disease. Misdiagnosis of pulmonary artery sarcoma
for pulmonary chronic thromboembolic hypertension is
possible with delayed diagnosis resulting in increased mor-
tality [31]. The prognosis is poor, but overall survival can
improve with complete surgical resection with a potential
role for post-surgical chemo and radiotherapy. However,
curative surgery is not possible in all patients, and sympto-
matic benefit can be obtained with other surgical options
including pulmonary artery endarterectomy [32].

Malignant compression of pulmonary artery

Extrinsic compression of pulmonary arteries by a mali-
gnant mass can resultin acquired pulmonary artery stenosis
with clinical features of pulmonary hypertension and right
heart pressure overload. Malignant pulmonary artery ste-
nosis is caused by primary or secondary thoracic cancers
especially lung cancer, lymphoma, mediastinal tumours
and secondary metastases. Malignant compression can in-
volve one or both major pulmonary arteries. The incidence
is not common with few reported cases with a history of
malignancy, but it is possible to be the first presentation of
cancer. In addition to treatment of underlying malignan-
cy, palliative endovascular stenting can help in promoting
symptomatic improvement through relief of pulmonary
artery stenosis [33-36].

Treatment-related toxicity

Cardiovascular toxicity is a major complication of speci-
fic cancer treatments affecting the quality of life and progno-
sis. Cardiovascular risk factors, genetic and environmental
elements and concomitant use of therapies with negative
impact on the CV system can augment the risk of toxicity
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related to cancer treatment [37]. The damage can be perma-
nent related to cell loss (irreversible damage) or temporary
caused by alterations in cellular proteins and mitochondrial
structure (reversible dysfunction) [38]. Pulmonary hyperten-
sion is a rare but serious side effect of chemotherapy, and it
is known to be associated with certain chemotherapeutic
agents including dasatinib, cyclophosphamide, bortezomib,
carfilzomib and interferon-a [39]. Attention is increasingly
focused on the prevention, early detection and treatment
of CV complications in patients with malignancy. Recent
recommendations from the European society of cardio-
logy emphasized the importance of monitoring patients
receiving drugs known for risk of inducing pulmonary hy-
pertension. The surveillance aims for early detection by
using clinical assessment and echocardiography before
starting treatment as a baseline and at regular intervals
thereafter [40].

Dasatinib

A potent tyrosine kinase inhibitor used in the treatment of
chronic myelogenous leukaemia by blocking BCR/ABL kinase 1
and in addition inhibiting the SRC family kinases, c-Kit and
platelet-derived growth factor-receptor (PDGFR). Dasatinib is
associated with a range of significant non-haematological side
effects including pleural and pericardial effusion and arrhyth-
mias. Pulmonary artery hypertension is reported in patients
using dasatinib but not with other TKI excluding the class-
-effect possibility. However, the underlying pathophysiological
mechanism is unknown, and some suggest a secondary immu-
ne reaction or possibly uncontrolled proliferation of vascular
endothelium and smooth muscles caused by inhibition of the
regulatory SCR kinase [41]. The incidence of PH in patients re-
ceiving dasatinib varied from (0.45%to 12%) [42-44] and it can
be detected early up to 2 months or late about 48 months after
initiation of dasatinib [42, 43]. Follow-up of patients showed
reversibility of PH with discontinuation or reducing the dose
of dasatinib. However, complete recovery may not be possible
in every affected patient after all [44].

Alkylating agents

Development of PVO disease which is an uncommon
cause of PH has been reported in 37 patients with different
solid organ and haematological malignancies. Prior use of
alkylating agents has been identified as the main risk factor
in 83.8% of patients. The implicated alkylating agents with
later development of PVO disease are cyclophosphamide
which is the most common (43.2%), mitomycin (24.3%) and
cisplatin (21.6%). A study of animal models demonstrated
adirect relationship between exposure to alkylating agents
especially cyclophosphamide and development of pulmo-
nary venous remodelling leading to PYOD and PH.The study
also showed a beneficial role for the cytoprotective agents



mesna and amifostine to protect pulmonary vasculature
from the harmful effects of chemotherapy [45].

In the French registry, patients with squamous anal
cancer receiving mitomycin had a higher incidence of PYOD
than in the general population with rapid progression and
poor outcomes. An experimental study on rats confirmed
the role of mitomycin in inducing vascular changes iden-
tical to that of PVOD in humans. The study also showed
a protective role for amifostine that helped in improving
outcomes [46].

Proteasome inhibitors

The ubiquitin-proteasome pathway maintains cellu-
lar integrity through degradation of proteins involved in
awide range of processes such as apoptosis, DNA repair and
antigen presentation. Dysfunctions in the ubiquitin-prote-
asome pathway can lead to unbalanced protein synthesis
and development of various diseases including malignant
diseases [47]. Bortezomib, the first generation of proteaso-
me inhibitors used for the treatment of multiple myeloma
and mantle cell lymphoma, has an infrequent incidence of
cardiovascular side effects with PH rarely reported [48, 49].
The manufacturer advises stopping bortezomib temporarily
in case of diagnosing PH and referring patients for specialist
advice. On the contrary, research on animals showed a po-
tential benefit of bortezomib in reversing vascular smooth
muscle proliferation and endothelial dysfunction in patients
with PAH [50, 51].

Carfilzomib, second generation and more potent prote-
asome inhibitor effectively used in the treatment of relap-
sing and refractory multiple myeloma, has been associated
with significant cardiac and vascular toxicities including
pulmonary hypertension. Phase Il studies reported an inci-
dence reaching 2% of PH in patients receiving carfilzomib
[52]. The underlying mechanism for vascular adverse effects
is not defined yet but could be related to endothelial injury
causing impaired vascular relaxation and vasospasm [53].
Reports indicate that PH occurred infrequently especially
in patients having cardiovascular risk factors such as atrial
fibrillation and arterial hypertension or patients with history
of cardiovascular diseases which necessitate close clinical
monitoring of those patients in case they develop dyspnea
or other signs and symptoms suggestive of PH [54, 55].
Pulmonary hypertension usually occurs early in the course
of carfilzomib treatment and it is reversible with discontinu-
ation of treatment and supportive treatment [53].

Interferon a

An immunoregulatory cytokine with antineoplastic fe-
atures used in the treatment of chronic myeloid leukaemia,
hairy cell leukaemia, lymphoma, renal cell cancer, melanoma
and Kaposi sarcoma [56]. Interferon a has been reported for
a rare but significant risk of pulmonary hypertension [57].

Interferon has been linked to an increased level of Endothe-
lin-1 which is animportant modulator in the pathogenesis of
PH [58]. Pulmonary hypertension diagnosis may be delayed
long, up to 3 years, after initiation of interferon treatment.
Discontinuation of interferon is helpful to halt the progres-
sion of PH, but in some patients, use of vasodilator therapies
was needed [59].

Bleomycin

A cytotoxic antibiotic used mainly in the treatment of
Hodgkin lymphoma and germ-cell tumours. Bleomycin is
well known for pulmonary toxicity mainly presents as inter-
stitial pneumonitis that can progress to pulmonary fibrosis
leading to a high mortality rate 3% [60]. The mechanism
of pulmonary toxicity is thought to be related to sever in-
flammatory reaction releasing cytokines and free radicals
leading to endothelial injury and subsequent fibrosis [61].
Pulmonary hypertension rarely develops in patients re-
ceiving bleomycin with histological evidence of capillary
endothelial oedema and pulmonary veno-occlusive disease
has been demonstrated [62]. Bleomycin has been suggested
as the main factor in causing pulmonary veno-occlusive
disease in a reported series of patients [63, 64]. Bleomycin
has long track of being used in experimental studies to
induce idiopathic pulmonary fibrosis and pulmonary hy-
pertension [65-68]. Management usually directed toward
supportive treatment, steroids and azathioprine with a po-
ssible role for imatinib and bosentan [69-71].

Gemcitabine

A cytosine arabinoside analogue used for the treatment
of different solid organ tumours either as a single agent
for metastatic pancreatic cancer or in combination with
other agents for the treatment of lung, breast, and bladder
cancers. Gemcitabine is known for myelosuppression and
pulmonary side effects but two cases reported for the de-
velopment of PH after receiving gemcitabine. Clinical and
radiological features indicated PVOD as the cause of pa-
tients’symptoms that developed secondary to gemcitabine
exposure. Itis possible that discontinuation of gemcitabine
may help in reversing the progression of PVOD and stabili-
zation affected patients [72, 73].

Radiotherapy

There is an increased incidence of cardiovascular com-
plications in patients who received radiotherapy, mainly
those with Hodgkin's lymphoma, breast cancer and lung
cancer. However, with advances in radiotherapy protocols and
technology, the incidence has been dropped significantly.
Pulmonary hypertension is a rare complication of radiothe-
rapy. Pulmonary hypertension has been suggested to be
secondary to inflammatory vascular injury provoked by chest
radiotherapy leading to arterial remodelling and lumen obli-
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teration [74] that could be similar to vasculopathy triggered
by head and neckirradiation that evolve into stenosis of major
supra-aortic arteries [75]. Mediastinal fibrosis also implicated
as a possible cause of external compression of pulmonary
arteries [76]. Sporadic cases of pulmonary artery stenosis
have been reported several years after receiving radiotherapy
presenting with dyspnea and features of raised pulmonary
pressure similar to other more common presentations such as
chronic thromboembolic disease [76-78]. Pulmonary artery
stenosis needs to be considered in the differential diagnosis
of patients with a history of irradiation and dyspnea as the
management can be successful with rapid improvement of
pulmonary artery pressure using endovascular stenting the-
rapy [77]. Radiotherapy was rarely pointed as a possible cause
of pulmonary veno-occlusive disease leading to pulmonary
hypertension [79].

Hemopoietic stem cell transplantation

Pulmonary hypertension is one of dreadful complica-
tions that can arise following HSCT both in adult and pe-
diatric populations. Although the incidence is rare but it is
associated with a considerable morbidity and high mortality
(up to 55% of affected patients). Both pulmonary arterial and
venous circulations can be involved and patients usually
presented early in the first year after transplantation [80].
The underlying mechanism is not clearly defined but the
evidence from pathological studies showed an inflamma-
tory process resulting in intimal thickening and vascular
wall hypertrophy ending with lumen narrowing and raised
vascular resistance [81]. However, it is possible that pre-
-transplant chemotherapeutic regimes and radiotherapy
may have a contributing role in pulmonary vascular dama-
ge [82]. Most reported patients have pulmonary arterial hy-
pertension, about 70% of transplanted patients with pulmo-
nary hypertension, mainly involving the arteriolar tree [80].
Pulmonary veno-occlusive disease is a less common cause
of pulmonary hypertension after HSCT with endothelial
injury, intimal fibrosis and lumen obliteration of venules
and small veins result in post-capillary hypertension [83].
Clinical presentation is non-specific similar to other causes
of PH and diagnosis can be difficult with lung biopsy may
be needed to prove the diagnosis [84].

Conclusion

Cardiovascular diseases are the main health challengein
patients with or surviving malignancy. Although pulmonary
hypertension is rare, it carries significant morbidity and
mortality and needs to be considered in the differential
diagnosis of unexplained cardiopulmonary symptoms. Also,
monitoring is necessary for patients receiving treatment
with the known risk of pulmonary hypertension.

Conflicts of interest: none declared

240

Loma Al-Mansouri, MD

Faculty of Medicine and Health Sciences

Macquarie University

2 Technology Place, Macquarie University, Sydney

NSW Australia, 2109

e-mail: loma-ahmed-abdullah.al-mans@students.mq.edu.au

Received: 16 Oct 2017
Accepted: 1 Dec 2017

References

1. CarverJR,Shapiro CL,Ng A, Jacobs L et al. American Society of Clinical On-
cology clinical evidence review on the ongoing care of adult cancer survi-
vors: cardiac and pulmonary late effects. J Clin Oncol 2007; 25: 3991-4008.

2. Aleman BM, Moser EC, Nuver J et al. Cardiovascular disease after cancer
therapy. EJC Suppl 2014; 12: 18-28.

3. Daher IN, Daigle TR, Bhatia N et al. The prevention of cardiovascular
disease in cancer survivors. Tex Heart Inst J 2012; 39: 190-198.

4, Bradshaw PT, Stevens J, Khankari N et al. Cardiovascular disease mor-
tality among breast cancer survivors. Epidemiology 2016; 27: 6-13.

5. Castellino SM, Geiger AM, Mertens AC et al. Morbidity and mortality in
long-term survivors of Hodgkin lymphoma: a report from the Childhood
Cancer Survivor Study. Blood 2011; 117: 1806-1816.

6.  Yeh ET, Bickford CL. Cardiovascular complications of cancer therapy.
JAm Coll Cardiol 2009; 53: 2231-2247.

7.  SteingartRM,Yadav N, Manrique C et al. Cancer survivorship: cardiotoxic
therapy in the adult cancer patient; cardiac outcomes with recom-
mendations for patient management. Semin Oncol 2013; 40: 690-708.

8.  Shahab N, Haider S, Doll DC. Vascular toxicity of antineoplastic agents.
Semin Oncol 2006; 33: 121-138.

9. Galie N, Humbert M, Vachiery JL et al. 2015 ESC/ERS Guidelines for the
diagnosis and treatment of pulmonary hypertension: The joint task
force for the diagnosis and treatment of pulmonary hypertension of
the European Society of Cardiology (ESC) and the European Respiratory
Society (ERS): Endorsed by: Association for European Paediatric and
Congenital Cardiology (AEPC), International Society for Heartand Lung
Transplantation (ISHLT). Eur Heart J 2016; 37: 67-119.

10. Adnot S, Eddahibi S. Lessons from oncology to understand and treat
pulmonary hypertension. Int J Clin Pract Suppl 2007 Dec (158): 19-25.

11.  Courboulin A, Ranchoux B, Cohen-Kaminsky S et al. MicroRNA networks
in pulmonary arterial hypertension: share mechanisms with cancer?
Curr Opin Oncol 2016; 28: 72-82.

12.  Sakao S, TatsumiK.Vascularremodeling in pulmonary arterial hyperten-
sion: multiple cancer-like pathways and possible treatment modalities.
Int J Cardiol 2011; 147: 4-12.

13.  Lee AY, Levine MN. Venous thromboembolism and cancer: risks and
outcomes. Circulation 2003; 107(23 Suppl 1): 17-21.

14.  Bick RL. Cancer-associated thrombosis. N EnglJ Med 2003; 349: 109-111.

15. Lang IM, Madani M. Update on chronic thromboembolic pulmonary
hypertension. Circulation 2014; 130: 508-518.

16. Pepke-Zaba J, Delcroix M, Lang | et al. Chronic thromboembolic pulmo-
nary hypertension (CTEPH): results from an international prospective
registry. Circulation 2011; 124: 1973-1981.

17.  Bonderman D, Wilkens H, Wakounig S et al. Risk factors for chronic
thromboembolic pulmonary hypertension. Eur Respir J 2009; 33:
325-331.

18. Delcroix M, Lang |, Pepke-Zaba J et al. Long-term outcome of patients
with chronic thromboembolic pulmonary hypertension (CTEPH):
results from an international prospective registry. Circulation 2016;
133:859-871.

19. Rossi SE, Goodman PC, Franquet T. Nonthrombotic pulmonary emboli.
AJR Am J Roentgenol 2000; 174: 1499-508.

20. Jorens P, Van Marck E, Snoeckx A et al. Nonthrombotic pulmonary
embolism. Eur Respir J 2009; 34: 452-474.

21. Soares FA, Landell GA, de Oliveira JA. Clinical aspects of tumour
involvement of the pulmonary vessels. Acta Oncol 1992; 31: 519-523.

22.  Khashper A, Discepola F, Kosiuk J et al. Nonthrombotic pulmonary
embolism. AJR Am J Roentgenol 2012; 198: W152-W159.

23.  Pinckard JK, Wick MR. Tumor-related thrombotic pulmonary micro-
angiopathy: review of pathologic findings and pathophysiologic
mechanisms. Ann Diagn Pathol 2000; 4: 154-157.

24.  Uruga H, Fujii T, Kurosaki A et al. Pulmonary tumor thrombotic micro-
angiopathy: a clinical analysis of 30 autopsy cases. Intern Med 2013;
52:1317-1323.



25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

von Herbay A, llles A, Waldherr R et al. Pulmonary tumor thrombotic
microangiopathy with pulmonary hypertension. Cancer 1990; 66:
587-592.

Chinen K, Tokuda, Fujiwara M et al. Pulmonary tumor thrombotic micro-
angiopathy in patients with gastric carcinoma: an analysis of 6 autopsy
cases and review of the literature. Pathol Res Pract 2010; 206: 682-689.
Franquet T, Giménez A, Prats R et al. Thrombotic microangiopathy of
pulmonary tumors: a vascular cause of tree-in-bud pattern on CT. AJR
Am J Roentgenol 2002; 179: 897-899.

Toyonaga H, Tsuchiya M, Sakaguchi C et al. Pulmonary tumor throm-
botic microangiopathy caused by a parotid tumor: early antemortem
diagnosis and long-term survival. Intern Med 2017; 56: 67-71.
Vincent F, Lamblin N, Classe M et al. Subacute right heart failure
revealing three simultaneous causes of post-embolic pulmonary
hypertension in metastatic dissemination of breast cancer. ESC Heart
Fail 2017; 4:75-77.

Blackmon SH, Rice DC, Correa AM et al. Management of primary pul-
monary artery sarcomas. Ann Thorac Surg 2009; 87: 977-984.
Bandyopadhyay D, Panchabhai TS, Bajaj NS et al. Primary pulmonary
artery sarcoma: a close associate of pulmonary embolism — 20-year
observational analysis. J Thorac Dis 2016; 8: 2592-2061.

Wong HH, Gounaris I, McCormack A et al. Presentation and manage-
ment of pulmonary artery sarcoma. Clin Sarcoma Res 2015; 5: 3.
Muller-Hulsbeck S, Bewig B, Schwarzenberg H et al. Percutaneous
placement of a self-expandable stent for treatment of a malignant
pulmonary artery stenosis. BrJ Radiol 1998; 71: 785-787.

Hirota S, Matsumoto S, Yoshikawa T et al. Stent placement for mali-
gnant pulmonary artery stricture. Cardiovasc Interventi Radiol 2000;
23:242-244.

Gutzeit A, Koch S, Meier UR et al. Stent implantation for malignant
pulmonary artery stenosis in a metastasizing non-small cell bronchial
carcinoma. Cardiovasc Intervent Radiol 2008; 31 Suppl 2: S149-152.
RobinsonT, Lynch J, Grech E. Non-Hodgkin's lymphoma causing extrin-
sic pulmonary artery compression. Eur J Echocardiogr 2008; 9: 577-578.
Berardi R, Caramanti M, Savini A et al. State of the art for cardiotoxicity
due to chemotherapy and to targeted therapies: a literature review.
Crit Rev Oncol Hematol 2013; 88: 75-86.

Curigliano G, Cardinale D, Suter T et al. Cardiovascular toxicity induced
by chemotherapy, targeted agents and radiotherapy: ESMO Clinical
Practice Guidelines. Ann Oncol 2012; 23 (Suppl 7): vii155-166.
Herrmann J, Yang EH, lliescu CA et al. Vascular toxicities of cancer
therapies: the old and the new - an evolving avenue. Circulation 2016;
133:1272-1289.

Zamorano JL, Lancellotti P, Rodriguez Muioz D et al. 2016 ESC Position
Paper on cancer treatments and cardiovascular toxicity developed
under the auspices of the ESC Committee for Practice Guidelines: The
Task Force for cancer treatments and cardiovascular toxicity of the
European Society of Cardiology (ESC). Eur Heart J 2016; 37: 2768-2801.
Keskin D, Sadri S, Eskazan AE. Dasatinib for the treatment of chronic
myeloid leukemia: patient selection and special considerations. Drug
Des Devel Ther 2016; 10: 3355-3361.

Montani D, Bergot E, Gunther S et al. Pulmonary arterial hypertension
in patients treated by dasatinib. Circulation 2012; 125:2128-2137.
OzgurYurttas N, Sadri S, Keskin D et al. Real-life data and a single center
experience on dasatinib-induced pulmonary arterial hypertension in
patients with Philadelphia chromosome-positive leukemias. Blood
2015; 126:4037.

Shah NP, Wallis N, Farber HW et al. Clinical features of pulmonary
arterial hypertension in patients receiving dasatinib. Am J Hematol
2015; 90: 1060-1064.

Ranchoux B, Guinther S, Quarck R et al. Chemotherapy-induced pul-
monary hypertension: role of alkylating agents. Am J Pathol 2015;
185:356-371.

Perros F, Gunther S, Ranchoux B et al. Mitomycin-induced pulmonary
veno-occlusive disease: evidence from human disease and animal
models. Circulation 2015; 132: 834-847.

Crawford LJ, Walker B, Irvine AE. Proteasome inhibitors in cancer the-
rapy. J Cell Commun Signal 2011; 5: 101-110.

Akosman C, Ordu C, Eroglu E et al. Development of acute pulmonary
hypertension after bortezomib treatment in a patient with multiple
myeloma: a case report and the review of the literature. Am J Ther
2015; 22: e88-92.

Mateos MV, Hernandez JM, Hernandez MT et al. Bortezomib plus
melphalan and prednisone in elderly untreated patients with multiple
myeloma: results of a multicenter phase 1/2 study. Blood 2006; 108:
2165-2172.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Kim SY, Lee JH, Huh JW et al. Bortezomib alleviates experimental pulmo-
nary arterial hypertension. AmJ Respir Cell Mol Biol 2012; 47: 698-708.
Zhang J,LuW, ChenY et al. Bortezomib alleviates experimental pulmo-
nary hypertension by regulating intracellular calcium homeostasis in
PASMCs. Am J Physiol Cell Physiol 2016; 311: C482-497.

Siegel D, MartinT, Nooka A et al. Integrated safety profile of single-agent
carfilzomib: experience from 526 patients enrolled in 4 phase Il clinical
studies. Haematologica 2013; 98: 1753-1761.

Li W, Garcia D, Cornell R et al. Cardiovascular and thrombotic compli-
cations of novel multiple myeloma therapies: A review. JAMA Oncol
2017; 3: 980-988.

DanhofS, Schreder M, Rasche L et al.'Real-life’experience of preappro-
val carfilzomib-based therapy in myeloma — analysis of cardiac toxicity
and predisposing factors. Eur J Haematol 2016; 97: 25-32.

Chari A, Hajje D. Case series discussion of cardiac and vascular events
following carfilzomib treatment: possible mechanism, screening, and
monitoring. BMIC Cancer 2014; 14: 915.

Parker BS, Rautela J, Hertzog PJ. Antitumour actions of interferons:
implications for cancer therapy. Nat Rev Cancer 2016; 16: 131-144.
Papani R, Duarte AG, Lin YL et al. Pulmonary arterial hypertension as-
sociated with interferon therapy: a population-based study. Multidiscip
Respir Med 2017;12: 1.

George PM, Oliver E, Dorfmuller P et al. Evidence for the involvement
of type | interferon in pulmonary arterial hypertension. Cir Res 2014;
114:677-688.

Savale L, Sattler C, Glinther S et al. Pulmonary arterial hypertension
in patients treated with interferon. Eur Respir J 2014; 44: 1627-1634.
Sleijfer S. Bleomycin-induced pneumonitis. Chest 2001; 120: 617-624.
Froudarakis M, Hatzimichael E, Kyriazopoulou L et al. Revisiting
bleomycin from pathophysiology to safe clinical use. Crit Rev Oncol
Hematol 2013; 87: 90-100.

Hay J, Shahzeidi S, Laurent G. Mechanisms of bleomycin-induced lung
damage. Arch Toxicol 1991; 65: 81-94.

Lombard CM, Churg A, Winokur S. Pulmonary veno-oclusive disease
following therapy for malignant neoplasms. Chest 1987; 92: 871-876.
Knight BK, Rose AG. Pulmonary veno-occlusive disease after chemo-
therapy. Thorax 1985; 40: 874-875.

BeiY, Hua-Huy T, Duong-Quy S et al. Long-term treatment with fasudil
improves bleomycin-induced pulmonary fibrosis and pulmonary hy-
pertension via inhibition of Smad2/3 phosphorylation. Pulm Pharmacol
Ther 2013; 26: 635-643.

Tourneux P, Markham N, Seedorf G et al. Inhaled nitric oxide improves
lung structure and pulmonary hypertension in a model of bleomycin-
-induced bronchopulmonary dysplasia in neonatal rats. Am J Physiol
Lung Cell Mol Physiol 2009; 297: L1103-L111.

Gong F, Tang H, LinY et al. Gene transfer of vascular endothelial growth
factor reduces bleomycin-induced pulmonary hypertension in imma-
ture rabbits. Pediatr Int 2005; 47: 242-247.

Hemnes AR, Zaiman A, Champion HC. PDE5A inhibition attenuates
bleomycin-induced pulmonary fibrosis and pulmonary hypertension
through inhibition of ROS generation and RhoA/Rho kinase activation.
Am J Physiol Lung Cell Mol Physiol 2008; 294: L24-133.

Maher J, Daly PA. Severe bleomycin lung toxicity: reversal with high
dose corticosteroids. Thorax 1993; 48: 92-94.

Carnevale-Schianca F, Gallo S, Rota-Scalabrini D et al. Complete
resolution of life-threatening bleomycin-induced pneumonitis after
treatment with imatinib mesylate in a patient with Hodgkin's lym-
phoma: hope for severe chemotherapy-induced toxicity? J Clin Oncol
2011; 29: e691-e693.

King TE, Behr J, Brown KK et al. BUILD-1: A randomized placebo-con-
trolled trial of bosentan in idiopathic pulmonary fibrosis. Am J Respir
Critt Care Med 2008; 177: 75-81.

Vansteenkiste JF, Bomans P, Verbeken EK et al. Fatal pulmonary veno-occlu-
sive disease possibly related to gemcitabine. Lung Cancer 2001;31:83-85.
Turco C, Jary M, Kim S et al. Gemcitabine-induced pulmonary toxicity:
A case report of pulmonary veno-occlusive disease. Clin Med Insights
Oncol 2015; 9: 75-79.

Ghobadi G, Bartelds B, van der Veen SJ et al. Lung irradiation induces
pulmonary vascular remodelling resembling pulmonary arterial hy-
pertension. Thorax 2012; 67: 334-341.

Groarke JD, Nguyen PL, Nohria A et al. Cardiovascular complications of
radiation therapy for thoracic malignancies: the role for non-invasive
imaging for detection of cardiovascular disease. Eur Heart J 2014; 35:
612-623.

Seferian A, Steriade A, Jais X et al. Pulmonary hypertension complicating
fibrosing mediastinitis. Medicine 2015; 94: e1800.

241



77.

78.

79.

80.

242

Bruhl SR, Sheikh M, Adlakha S et al. Endovascular therapy for radiation-
-induced pulmonary artery stenosis: a case report and review of the
literature. Heart Lung 2012; 41: 87-89.

Rudrappa K, Trivedi K, Marri SRK et al. Radiation induced pulmonary
artery stenosis. Use of SPECT CT perfusion scan for accurate diagno-
sis. p.A2280. In: ATS International Conference, May 13-18, 2016 San
Francisco, California.

Kramer MR, Estenne M, Berkman N et al. Radiation-induced pulmonary
veno-occlusive disease. Chest 1993; 104: 1282-1284.

Dandoy CE, Hirsch R, Chima R et al. Pulmonary hypertension after
hematopoietic stem cell transplantation. Biol Blood Marrow Transplant
2013; 19: 1546-1556.

81.

82.

83.

84.

Grigg A, Buchanan M, Whitford H. Late-onset pulmonary arterial hyper-
tension in association with graft-versus-host disease after allogeneic
stem-cell transplantation. Am J Hematol 2005; 80: 38-42.

Kotloff RM, Ahya VN, Crawford SW. Pulmonary complications of solid
organ and hematopoietic Ssem cell transplantation. Am J Respir Crit
Care Med 2004; 170: 22-48.

Bunte MC, Patnaik MM, Pritzker MR et al. Pulmonary veno-occlusive
disease following hematopoietic stem cell transplantation: a rare model
of endothelial dysfunction. Bone Marrow Transplant 2008; 41: 677-686.
Yomota M, Okamura T, Ohkuma Y et al. Pulmonary veno-occlusive
disease after hematopoietic stem cell transplantation. Eur Respir J2015;
46 (Suppl 59): PA 183.



