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Purpose of review

Pulmonary tumour thrombotic microangiopathy (PTTM) describes tumour cell microemboli with occlusive
fibrointimal remodelling in small pulmonary arteries, veins and lymphatics. Progressive vessel occlusion
ultimately results in pulmonary hypertension, which is often severe and rapid in onset. PTTM is associated
with carcinomas, notably gastric carcinoma, with vascular endothelial growth factor and platelet-derived
growth factor signalling implicated in driving the intimal remodelling. PTTM is a rare cause of pulmonary
hypertension, but given that up to a quarter of autopsy specimens from patients dying of carcinoma show
evidence for PTTM, it is probably underdiagnosed.

Recent findings

Until recently, prognosis in PTTM was universally abysmal from weeks to a few months. Diagnostic utilities
include aspiration of tumour cells at wedged right heart catheterization, HRCT findings and computed
tomography-positron emission tomography (CT-PET), although definitive diagnosis requires histological
analysis. Reports of PTTM treated with a combination of targeted pulmonary vasodilator therapies,
anticoagulation, specific chemotherapy and platelet-derived growth factor inhibition, for example using
imatinib, suggest that these approaches can prolong survival.

Summary

PTTM is increasingly recognized as an important cause of pulmonary hypertension, often in patients
presenting with new-onset pulmonary hypertension and as yet undiagnosed malignancy. Prospects of
survival are improving with targeted combination therapy, and early recognition and diagnosis are likely to
be the key factors to improve outcome.
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INTRODUCTION

Pulmonary tumour thrombotic microangiopathy
(PTTM) is a rare pulmonary manifestation of malig-
nancy, and was first described by von Herbay in
1990 [1]. Prior to the description of PTTM, the
simple occlusion of small pulmonary arteries by
coagulated tumour cells was termed pulmonary
tumour embolism that was first described in 1930
in a patient who died following a hydatidiform mole
[2]. In 1990, von Herbay analysed autopsy speci-
mens from patients with carcinoma. He docu-
mented PTTM as a condition that appeared to
progress from pulmonary tumour embolism, from
microscopic (nonocclusive) tumour cell emboli to
occlusive fibrocellular intimal proliferation, mainly
within small precapillary pulmonary vessels. The
resulting progressive increase in vascular resistance
leads to pulmonary hypertension [1]. PTTM may
present as pulmonary hypertension of unknown
origin. It may be difficult to diagnose, and is difficult
to distinguish from pulmonary tumour embolism
rs Kluwer Health, Inc. All rights rese
except following histological examination of lung
tissue. Until recently, PTTM was universally a post-
mortem finding, with an appalling prognosis [3,4].
Recent advances, however, suggest improvements
in short-term outcomes.

We review the epidemiology, pathophysiology,
clinical presentation, investigations and manage-
ment of PTTM, including recent cases of PTTM in
which ante-mortem diagnosis provide hope for this
devastating condition.
DEFINITION

PTTM is characterized by the presence of nonocclu-
sive pulmonary vascular tumour microembolic
rved. www.co-pulmonarymedicine.com
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KEY POINTS

� PTTM is a rare but probably underdiagnosed cause of
pulmonary hypertension.

� PTTM is associated with carcinoma, usually
gastric carcinoma.

� Characteristic features are tumour microemboli with
occlusive fibrointimal proliferation in small
pulmonary vessels.

� Early diagnosis and use of targeted chemotherapy are
likely to improve outcome.

� Targeting growth factors including PDGF have
marginally improved survival in recent reports, but
formal trials are awaited.

Disorders of the pulmonary circulation
‘nests’ with evidence for activation of coagulation,
obliterative intimal proliferation and ultimately
pulmonary hypertension [5,6]. Pulmonary tumour
embolism is a related condition in which coagulated
tumour cells obstruct the pulmonary microcircula-
tion without changes in pulmonary vessel architec-
ture [7]. By definition, pulmonary metastases and
larger pulmonary emboli are excluded.
INCIDENCE/EPIDEMIOLOGY

When the primary diagnosis of malignancy is
known, PTTM usually relates to a carcinoma, usually
an adenocarcinoma [4,5]. Autopsy series of carci-
nomas suggest that the reported prevalence is 1–3%
[5,8]. Most reported cases of PTTM have been
described in Japan, which is likely to reflect the high
prevalence of gastric carcinoma. PTTM occurs in
16–27% cases of gastric carcinoma [4,5,9], especially
the mucinous, signet ring and poorly differentiated
subtypes [3,5,9]. PTTM is less commonly associated
with breast [10], bladder [11], ovarian clear cell [12],
hepatocellular [13] and gallbladder carcinoma [14].
A common feature is the presence of metastatic
disease, often with lymphangitic spread [5,12].
PATHOGENESIS

There appears to be an intimate association between
nests of tumour cells and surrounding fibrointimal
proliferation in pulmonary arteries and veins, which
ultimately leads to vessel occlusion (Fig. 1a and b).
The proliferating intimal cells are both endothelial
and nonendothelial cell (i.e. myofibroblastic) in
origin [5]. Cancer cell attachment is postulated to
cause intimal (endothelial cell) damage, activation
of coagulation and initiation of proliferation
through growth factors and cytokine release/
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expression, including tissue factor, vascular endo-
thelial growth factor (VEGF) [4,8,9] and platelet-
derived growth factor (PDGF) [9,15

&

]. PDGF is
known to initiate macrophage recruitment and
upregulate VEGF on cancer cells, which may further
increase endothelial cell proliferation. Interestingly,
PDGF inhibition (using imatinib, see later) has led to
recanalization of previously occluded small pul-
monary arteries in a case of PTTM related to gastric
cancer [15

&

].
Vascular inflammation is also likely to contribute

to the pathogenesis of PTTM. Dense perivascular and
intimal accumulation of macrophages have been
reported [16,17

&

,18] (and Fig. 1b). Putative mediators
include osteopontin, a cytokine and adhesive protein
that is implicated in tumoral thrombosis and neo-
intima formation [17

&

] as well as promotion of pro-
gression and metastasis of cancer [19]. In PTTM,
macrophages stain for osteopontin and CD44 (an
osteopontin receptor) [17

&

], with tumour cells and
proliferating fibrointimal cells also overexpressing
both CD44 and osteopontin, as well as PDGF and
VEGF [16,17

&

]. Therefore, crosstalk between tumour
cells, macrophages and intimal cells may occur
through the osteopontin–CD44 axis to drive both
tumorigenesis and ongoing macrophage recruit-
ment. Macrophage-derived factors, such as interleu-
kin-6 (IL-6), as implicated in PAH [20], may also
contribute to the fibrointimal proliferation in PTTM.
Tumourcell nests arealso evident inpulmonary veins
and lymphatics [9,10,18], with evidence for lym-
phatic tumour invasion (Fig. 1c). Fibrointimal pro-
liferation in pulmonary veins may be analogous to
the remodelling of pulmonary veins seen in patients
with distal CTEPH [21]. Putative interactions
between tumour cells, macrophages and vascular
cells are summarized in Fig. 2.

It should also be emphasized that, although
certain similarities exist, the pathogenesis of pul-
monary vessel remodelling is unlike PAH in several
respects: there are no studies that demonstrate plexi-
form lesions, PASMC or adventitial remodelling, or
evidence for augmented ET-1 or reduced nitric oxide
or prostacyclin signalling characteristic of PAH.
Haematological aspects

Carcinomas promote coagulation by several mech-
anisms [22], such as the release of microvesicles
containing tissue factor [9], and through interaction
(by mucinous carcinomas) with selectin on platelets
[23]. Binding of tissue factor with factor VII and
calcium ultimately leads to fibrin deposition and
platelet activation to form clots. Progressive disse-
minated intravascular coagulation (DIC) consumes
fibrin, with release of fibrinogen breakdown
Volume 22 � Number 00 � Month 2016
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(a) (b)

(c)

FIGURE 1. Lung histology from PTTM case related to severe pulmonary hypertension in a patient without a history of known
malignancy. (a) Post-mortem section with occlusion of medium sized pulmonary arterial lumen by fibrointimal proliferation (of
fibroblasts and collagen) (white arrow) and tumour emboli (black arrow) (H&E, �4.3). (b) Post-mortem section showing a
medium sized pulmonary artery with two elastic layers, with a normal sized smooth muscle layer. There is exaggerated
luminal occlusion by fibrointimal thickening (white arrow) surrounding nests of tumour emboli (black arrow). The adventitia
contains lymphatic tumoral thrombi. Increased alveolar macrophages are seen in surrounding lung (EVG stain, �4.6).
(c) Evidence for fibrointimal proliferation within the lumen of small pulmonary veins (black arrow) and tumour involvement of
accompanying lymphatics (white arrow). Inset: veins close to the centrilobular bronchovascular bundles show eccentric
fibrointimal remodelling (EVG stain, �3.4) (EVG, �28.4). PTTM, pulmonary tumour thrombotic microangiopathy.

Pulmonary tumour thrombotic microangiopathy Price et al.AQ1
products (FDPs) or D dimers. Usually DIC is rapid
and associated with bleeding, whereas in malig-
nancy, ‘compensated DIC’ can occur, wherein the
rate of consumption of coagulation factors and
platelets is slow; thrombotic manifestations exceed
bleeding events [24]. Evidence for raised D dimer or
FDPs has been a uniform finding in PTTM [8,24],
with features of microangiopathic haemolytic anae-
mia (MAHA) or DIC in half of cases at presentation
[8,24–26].
Development of pulmonary hypertension

Pulmonary hypertension develops in PTTM as a
consequence of progressive vascular fibrointimal
stenosis and occlusion [3,5]. Autopsy specimens
from patients with pulmonary hypertension show
variable luminal occlusion with a median of 30% of
vessels occluded in symptomatic patients [6] and
widespread severe luminal narrowing a feature in
severe pulmonary hypertension [9].
1070-5287 Copyright � 2016 Wolters Kluwer Health, Inc. All rights rese
CLASSIFICATION OF PULMONARY
TUMOUR THROMBOTIC
MICROANGIOPATHY

Pulmonary tumour embolism was first classified in
2004 within ‘group 4’ of the World Health Organ-
ization (WHO) classification system of pulmonary
hypertension [27], and in the most recent update,
‘other intravascular tumours’ remains within group
4.2.2 (ESC 2015). PTTM, with increasing recognition
and understanding of its multifaceted mechanisms,
now lies within group 5, that is reflecting multi-
factorial and/or unclear mechanisms of pulmonary
hypertension with ‘tumoral obstruction’, being
within the subgroup 5.4 (Galie, ESC 2015).
CLINICAL PRESENTATION

Patients with PTTM usually present with rapidly
progressive exertional breathlessness, hypoxia and
progression right ventricle (RV) dysfunction [8].
Onset is usually 3 weeks to 6 months prior to
rved. www.co-pulmonarymedicine.com 3
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FIGURE 2. Proposed mechanisms for fibrointimal proliferation in PTTMAQ11 . Small nests of carcinomatous cells lodge in pulmonary
vessels, including small precapillary arteries (via haematogenous spread) and to veins and lymphatics (by lymphatic invasion).
Tumour cell and endothelial cell interaction initiate clot formation, for example through expression and release of tissue factor.
Tumour cells release further cytokines including vascular endothelial growth factor (VEGF) and platelet-derived growth factor
(PDGF) that initiate macrophage recruitment and intimal (endothelial cell and nonendothelial cell like, i.e. myofibroblastic)
proliferation. Tissue factor also upregulates VEGF expression on tumour cells, which is angiogenic to intimal cells. PDGF-A and
B are expressed on tumour cells, and antiphospho-PDGFR-alpha on vascular endothelial cell and gastric carcinoma cell
indicates PDGF signalling activation through autocrine and paracrine mechanisms. The cytokine and adhesive protein
osteopontin is expressed on tumour cells in PTTM, within PTTM lesions and on the primary tumour, as well as on proliferating
fibromuscular intimal cells and macrophages with the PTTM lesions, and is likely to be a key driver for intimal cell growth.
Perivascular CD68-positive macrophages are noted and also reside within intimal layers. Macrophages also stain for CD44,
the adhesion molecule, which interacts with OPN to induce chemotaxis of T cells and macrophages, propagation of local
inflammation and intimal proliferation (through other known macrophage-derived proproliferative factors including IL-6). The
resulting fibrointimal proliferation is present in both precapillary and postcapillary small pulmonary vessels, and has occlusive
characteristics, hence the development of pulmonary hypertension and hypoxia in PTTM. Direct contact with tumour nests is
not universal in all vessels where remodelling is present. IL-6, interleukin-6; PTTM, pulmonary tumour thrombotic
microangiopathy.

Disorders of the pulmonary circulation
presentation [4,5,28]. Cough may predate dysp-
noea. Haemoptysis, chest and abdominal pain,
which may reflect liver metastases or venous con-
gestion, have also been reported [26]. The pro-
gression of symptoms correlates with HRCT
findings prior to the onset of pulmonary hyperten-
sion, which may be a few weeks to months later [28].
Fatigue is also reported [29].

Depending on the timing of presentation, symp-
toms and signs of pulmonary hypertension may or
not be present. These include a prominent pulmon-
ary second heart sound, raised jugular venous pres-
sure, and further signs of RV decompensation.
4 www.co-pulmonarymedicine.com
However, these signs may often be absent even with
confirmed pulmonary hypertension [30].
INVESTIGATIONS FOR PULMONARY
TUMOUR THROMBOTIC
MICROANGIOPATHY

Diagnosis of PTTM can be challenging and many
findings are nonspecific. ECG may show signs of RV
strain in the presence of pulmonary hypertension.
Chest radiography is often normal. Bloods demon-
strate raised D-dimer or FDPs [8], and MAHA in some
cases. Pulmonary function tests show pulmonary
Volume 22 � Number 00 � Month 2016

lprice
Cross-Out

lprice
Cross-Out

lprice
Sticky Note
I think keep as is. Not repeating that much of text..



CE: Swati; MCP/220514; Total nos of Pages: 10;

MCP 220514

VENTILATION

PERFUSION

(a)

(b)

FIGURE 3. Radiology in PTTM. (a) Ventilation perfusion
demonstrating sub-segmental defects in lung perfusion in a
patient with PTTM. CTPA did not demonstrate these
peripheral lesions (not shown). (b) High-resolution CT
scanning in PTTM showing widespread ground glass
opacification, faint nodules, thickening of the interlobular
septa and small bilateral pleural effusions. CT, computed
tomography; PTTM, pulmonary tumour thrombotic
microangiopathy.

Pulmonary tumour thrombotic microangiopathy Price et al.
vascular limitation, with relative preservation of
lung volumes but low gas transfer values.

Radionucleotide ventilation perfusion scanning
usually shows multiple small peripheral sub-seg-
mental perfusion defects not evident on CTPA, with
normal ventilation (Fig. 3a). Serial ventilation per-
fusion may show resolution of perfusion defects
following treatment [15

&

].
The confirmation of pulmonary hypertension,

once suspected clinically and suggested by a raised
BNP with echocardiographic findings, is by right
heart catheterization (RHC) ideally with pulmon-
ary wedge aspiration cytology (see below). Preca-
pillary pulmonary hypertension is defined by
mPAP less than 25 mmHg and PCWP less than
15 mmHg [31]. The assessment of haemodynamic
severity would be consistent with all other causes of
1070-5287 Copyright � 2016 Wolters Kluwer Health, Inc. All rights rese
pulmonary hypertension with signs of right heart
dysfunction and low cardiac index being key prog-
nostic factors [31].
Radiological findings in pulmonary tumour
thrombotic microangiopathy

Plain chest radiography may be normal or show
diffuse reticulonodular opacities or, less often, Ker-
ley B lines and pleural effusions [32

&

]. Parenchymal
computed tomography (CT) abnormalities (Fig. 3b)
are nonspecific and include centrilobular nodules,
ground glass attenuation, interlobular septal
thickening and consolidation [8].

CT signs of pulmonary hypertension may be
present including enlargement of the central pul-
monary artery, right heart chamber enlargement
and flattening of the intraventricular septum
[18,32

&

]. Other pulmonary manifestations of malig-
nancy may be present such as discrete metastatic
deposits.
Main HRCT findings

Compared with pulmonary tumour embolism,
where HRCT appearances are more often unremark-
able, HRCT may show centrilobular nodularity,
ground glass opacities (GGOs) and interlobular sep-
tal thickening (Fig. 3).

Centrilobular nodularity (i.e. small nodules in
the centre of secondary pulmonary lobules) is often
present in PTTM [18,28,29]. The nodularity is usually
of an ultrafine granular appearance, and is likely to
represent the peripheral pulmonary arterial lesions.
These opacities are usually well defined as they reflect
abnormalities in peripheral blood vessels; in bron-
chiolar disorders such as respiratory bronchiolitis,
the nodule border is usually more blurred. Centrilob-
ular nodularity on HRCT is an early sign in PTTM, and
may disappear following chemotherapy [28], in keep-
ing with resolution of the small vessel lesions. Quite
frequently, the centrilobular nodules exhibit a tree in
bud nodular pattern, a feature usually associated with
plugging of respiratory bronchioles rather than vas-
cular disease [33].

GGOs are reported in PTTM (often patchy or
wedged shaped) [18,29,34], for which the radiologi-
cal differential diagnosis remains broad. In the set-
ting of PTTM and pulmonary hypertension,
especially with postcapillary involvement, GGO
may be consistent with interstitial and airspace
oedema [18], or interstitial inflammation, as
suggested by resolution 1 month following high-
dose steroids [17

&

].
Interlobular septal thickening on HRCT (the

corollary to septal lines on chest radiography) is
rved. www.co-pulmonarymedicine.com 5



CE: Swati; MCP/220514; Total nos of Pages: 10;

MCP 220514

AQ7

Disorders of the pulmonary circulation
described in PTTM, and is again a nonspecific find-
ing. It simply indicates disease of the connective
tissue, lymphatics and/or pulmonary veins. The
nature and distribution of septal thickening may
provide clues to causes. In PTTM, it appears smooth
and peripheral in distribution [18,29,35], usually
without pleural effusions. Lymphangitis carcinoma-
tosa tends to cause more irregular, nodular inter-
lobular septal thickening, resulting in prominence
of the secondary pulmonary nodules, as well as
thickening of the bronchovascular interstitium,
subpleural nodules, pleural effusions, and often
hilar or mediastinal node enlargement. Distinguish-
ing PTTM from lymphangitis carcinomatosa may be
difficult and the two conditions may coexist.
Further assessment for malignancy

Investigations in a patient with new-onset pulmon-
ary hypertension and suspected PTTM should
include a screen for undiagnosed malignancy. This
may involve a full clinical assessment similar to the
assessment of unprovoked PE [36]: mammography,
possibly CT abdomen/pelvis and consideration of
further targeted tests [15

&

]. This has formed part of
our usual practice given the increased awareness of
PTTM, although it is not specified in current pul-
monary hypertension guidelines [31]. Tumour
markers guide chemotherapeutic response [28]
rather than diagnosis.
Pulmonary wedge aspiration cytology and
lung biopsy

The diagnosis of PTTM can be made by the cyto-
logical examination of the aspirate from a wedged
pulmonary artery catheter. This technique has a
reported sensitivity of 80–88% and a specificity of
82–94% [5,6]. It is reported in both PTTM and
pulmonary tumour embolism [37], but would not
be able to distinguish between these. Of note, if the
sample is not wedged, malignant cells from
‘upstream’ (i.e. the liver) may contaminate the
sample [7]. The sample should be heparinized, cen-
trifuged and the buffy coat examined for malignant
cells. Lung biopsy has been used to diagnose PTTM
ante-mortem, either guided by CT, bronchoscopi-
cally or using video-assisted thoracoscopic surgery
(VATS) [26,28,34]. However, we would advise cau-
tion in the presence of pulmonary hypertension.
Positron emission tomography IN pulmonary
tumour thrombotic microangiopathy

The use of 2-(F-18)-fluoro-2-deoxy-D-glucose posi-
tron emission tomography (FDG-PET) has been
6 www.co-pulmonarymedicine.com
reported in PTTM [8,25,35], and for example
showed uptake in areas of primary lung cancer
and consolidation pathologically proven to be
PTTM [8]. PTTM may be PET negative however
[28], which may relate to size of lesions or that
certain histological subtypes of gastric carcinoma
are less FDG-PET-avid [38].
MANAGEMENT

Until recently, all case reports reported death soon
after diagnosis. Anecdotal reports of therapeutic
thrombolysis, unsurprisingly, have shown no
benefit [39]. Ante-mortem diagnosis has enabled
more aggressive treatment of the underlying cancer
(using chemotherapy) and, potentially, the PTTM
(using antiproliferative approaches). In some cases,
a combined approach has been used for periods up
to 14 months, alongside basic therapies including
anticoagulation and oxygen therapy [34]. The role
for conventional pulmonary vasodilators is uncer-
tain. Current evidence is based purely on reported
cases.
Conventional pulmonary vasodilators

Although no evidence suggests that the usual vaso-
active mediators implicated in PAH are antiremod-
elling targets in PTTM, there is rationale for their use
in abating pulmonary vasoconstriction. Endothelin
receptor antagonists including bosentan [29] and
ambrisentan [15

&

,18] have been used. In some cases,
PTTM progressed despite their use [17

&

,18,29]. In
other cases, PTTM improved when pulmonary vaso-
dilators were used in combination with imatinib
[15

&

,29].
Chemotherapy

The reduction in number of malignant cells by
chemotherapy might lessen the stimulus to fibroin-
timal proliferation. Reports suggest that early use is
effective in that it may resolve cough and centri-
lobular nodules on HRCT [28]. A combination
approach for example with dexamethasone, war-
farin and aspirin [26] may be more beneficial, with
therapeutic response seen with falling D-dimer,
serum VEGF and tumour markers [28,34,40]. Effi-
cacy is likely to depend on chemosensitivity [41].
Anti-inflammatory/antiproliferative
approaches

These include broad ‘anti-inflammatory’ inhibition
using glucocorticoids or specific blockade of
relevant growth factors. The use of dexamethasone
Volume 22 � Number 00 � Month 2016
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(0.05 mg/kg daily, in combination with anticoagu-
lation and chemotherapy) resulted in permanent
resolution in one case of gastric cancer-associated
PTTM [26], and to very short-term improvement in
HRCT changes, cough, hypoxia and haemodynam-
ics in a patient with recurrent breast carcinoma-
associated PTTM [17

&

].
The tyrosine kinase inhibitor, imatinib, blocks

phosphorylation of the PDGF receptor, and inhibits
downstream cell growth. It is approved as an anti-
cancerdrug. Immunohistochemical studies support a
basis for blockade of PDGF in PTTM [4,8,9]. PDGF
signalling is also implicated in PAH [42], although
clinical studies of imatinib in PAH have been com-
plicated by adverse events including subdural hae-
matomas in patients receiving anticoagulation [43].
Several reports suggest that imatinib may extend
survival in PTTM [15

&

,29], whereas imatinib led to
reduced serum PDGF-BB and BNP levels alongside
perfusion defects on ventilation perfusion, with per-
sistent normalization of invasive pulmonary haemo-
dynamics. Although pulmonary hypertension did
not recur, both patients died of nonpulmonary hy-
pertension systemic metastatic complications at 10–
12 months [15

&

,29]. Further to PDGF inhibition,
VEGF inhibition using bevacizumab alone then in
combination with imatinib was effective in treating
pulmonary hypertension with an associated fall in
serum VEGF levels. Again, the patient died of a non-
pulmonary hypertension cause at 12 months [44].
These cases targeting specific growth factors are
encouraging and require systematic assessment.
AQ9
Cancer and cancer treatment-related
pulmonary hypertension

Several treatment-related mechanisms may
promote the development of pulmonary hyperten-
sion in patients with cancer. Chemotherapeutic
agents including gemcitabine [45] and mitomy-
cin-C may cause pulmonary veno-occlusive disease
[46,47], and the PDGF inhibitor dasatinib may
actually cause PAH [48]. In addition, chemotherapy
and radiation-induced left heart dysfunction may
cause group 2 pulmonary hypertension [49]. Finally,
cancer is an important risk factor for CTEPH [50].
AQ10
CONCLUSION

PTTM should be considered in the differential diag-
nosis of a patient presenting with pulmonary hy-
pertension of unknown origin, especially if they
have a known underlying carcinoma. Autopsy stud-
ies indicate that PTTM is not exceedingly rare, and is
likely to be underdiagnosed. Diagnosis can be diffi-
cult ante-mortem and depends upon a high index of
1070-5287 Copyright � 2016 Wolters Kluwer Health, Inc. All rights rese
suspicion when the clinical features are suggestive.
Although the prognosis remains very poor, tempor-
ary responses to chemotherapeutic agents and pul-
monary vasodilators may improve patient
symptoms. Further understanding of this malignant
cause of pulmonary hypertension is clearly needed.
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