
Introduction

The association between thrombosis and malig-
nancy has been recognized, for the first time, in 1865,
by professor Trousseau, who drew attention to the
high incidence of deep vein thrombosis of the extrem-
ities in patients with gastric carcinoma.1

Thrombosis represents a major cause of morbidity
and mortality in patients with malignancies. It can af-
fect vessels of any type and size: large or small, ve-
nous or arterial.

The so-called cancer-associated thrombotic

micro-angiopathies are a heterogeneous, less known
group of rare disorders occurring in cancer patients
and characterized by a common microscopic lesion
(micro-vascular thrombosis, thrombocytopenia and
ischemic organ failure),2 but different etiopatho-
genetic mechanisms, clinical features, treatment and
prognosis. They include: thrombotic thrombocy-
topenic purpura (TTP), hemolytic uremic syndrome
(HUS), their subsets such as micro-angiopathic he-
molytic anemia (MAHA) or transplantation-associ-
ated thrombotic micro-angiopathy, and the highly
fatal pulmonary tumor thrombotic micro-angiopathy
(PTTM). Disseminated intravascular coagulation
(DIC), characterized by systemic intravascular acti-
vation of coagulation and subsequent depletion of
clotting factors and platelets, is not universally ac-
cepted among thrombotic microangiopathy (TMA),
even if micro-circulation can be involved.3

Herein, we report a case of sub-acute/acute cor
pulmonale in a patient with advanced gastric cancer,
treated by mitomycin C, as a good model for differ-
ential diagnosis of cancer-related thrombotic micro-
angiopathies.

Case Report

A 61-year-old male presented to the Emergency
Room (ER) with progressive dyspnea started 3 days
before. He was affected by bronchial asthma and sys-
temic arterial hypertension, and two years before, he
was diagnosed with gastric cancer with bone and
lymph node metastases. After chemotherapy, gastric
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mass had been reduced, but bone metastases had not.
So, he had been switched to mitomycin C, some
months before. About two weeks before admission, he
complained of cough and dyspnea, so he went to his
pneumologist who prescribed leukotrienes, steroids,
bronchodilators for asthma exacerbation. The patient
was also on beta-blockers and ACE-inhibitors.

In ER, he was orthopneic and presented slight legs
swelling, reduced lung sounds and bi-basal crepita-
tions, jugular turgescence, fast heart rate without mur-
murs, blood pressure 150/90 mmhg. Hemogasanalysis
showed pH 7.54, pO2 35 mmhg, pCO2 19 mmHg;
chest X-rays, interstitial thickening, small bilateral
opacities and left pleural effusion; electrocardiogram
(EKG), sinus tachycardia, S1Q3 pattern and negative
T V1-4; blood tests, white blood cell count
17,600/mmc, N 83.7%, hemoglobin 15.6 g/dL,
platelets 74,000/mmc, slightly increased troponin I
(0.23 ng/mL), increased natriuretic peptide B (752
pg/mL) and d-dimer (15,449 ng/mL), normal pro-
thrombin and activated partial thromboplastin time,
increased lactate dehydrogenase.

On suspicion of pulmonary embolism (PE), a pul-
monary computed tomography (CT) scan was per-
formed. It excluded perfusion defects in main and
lobar pulmonary arteries, and showed diffuse ground-
glass areas, two linear opacities in the lingula and the
right inferior lobe.

The patient was admitted to our Cardiology Unit
for heart failure. Here, the echocardiogram found pul-
monary hypertension with signs of cor pulmonale; in
details: enlarged and hypokinetic right ventricle (57
mm) with diastolic interventricular septal flattening,
enlarged right atrium; dilated pulmonary arteries;
moderate tricuspid regurgitation with Vmax 3.75 m/s.
Inferior vena cava diameter was 21 mm with reduced
collapsibility; the estimated pulmonary artery pressure
was 75-80 mmHg. The left heart and the pericardium
were normal. Here, he was started on i.v. methyl-pred-
nisolone 40 mg, i.v. furosemide 40 mg, oxygen and
s.c. fondaparinux 7.5 mg/die. Lower limbs venous ul-
trasonography excluded thrombosis and perfusion
lung scintigraphy documented flow dis-homogeneity,
marginal defects and flow anteriorization as for mod-
erate pulmonary hypertension.

A multidisciplinary consultation excluded com-
mon micro-angiopathic thrombosis and suspected a
PTTM. So, prednisone 100 mg/die and acetylsalicylic
acid were added, but he died 2 days after. Family re-
jected autopsy.

Discussion

Malignancy-associated thrombosis covers the
whole clinical spectrum of venous thromboembolic
disease from asymptomatic deep vein thrombosis to

fatal PE, including thrombosis in atypical sites and
thrombotic micro-angiopathies,4 still largely unknown
because of their rarity and diagnosis difficulties.
Etiopathogenetically, they can be a manifestation of
cancer itself, a consequence of chemotherapy or ther-
apy with immunotoxins and antibodies, anti-vascular
endothelial growth factor (anti-VEGF) or bone mar-
row transplantation. The diagnosis is based on the
presence of micro-vascular thrombosis, red blood cell
destruction, and platelet consumption in patients with
active or previous cancer, but no guidelines are avail-
able. Recently, a grading of TMA has been proposed
by Blake-Haskins et al.5 and some authors suggested
bone marrow biopsy in patients with apparently pri-
mary TMA.6

TTP and HUS are the main types, but PTTM is in-
creasingly recognized as a result of a rising cancer in-
cidence and improved diagnostic accuracy.

It was firstly described in 1937 as subacute cor
pulmonale,7 and re-named PTTM by Von Hervay in
1990.8 Pathogenesis is still unclear. It has been hy-
pothesized that embolization of tumoral cells into pul-
monary vessels induces endothelial damage and
promotes local activation of coagulation and fibrocel-
lular intimal proliferation, causing thrombosis and
stenosis of vessels, development of pulmonary hyper-
tension and sometimes micro-angiopathic hemolytic
anemia (Figure 1).8 Recently, it has been supposed
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Figure 1. Patho-physiology of pulmonary tumor throm-
botic micro-angiopathy. VEGF, vascular endothelial
growth factor; PDGF, proliferative agents; TNF, tumor
necrosis factor.

Non
-co

mmerc
ial

 us
e o

nly



also a role of vascular endothelial growth factor, tis-
sue factor, activated alveolar macrophages and osteo-
pontin.9,10

It is difficult to diagnose and quickly fatal. Only
a few cases were diagnosed ante-mortem.11,12 Differ-
ent neoplasms have been described in association
with PTTM13 but adenocarcinomas prevail. Gastric
carcinoma is the most common (up to 60% of the
cases described in the literature), followed by breast,
prostate, lung carcinoma, carcinoma of unknown
site and hematologic malignancies. It is not known
why gastric carcinoma is more frequently associated
with PTTM than other cancers and why patients
with gastric carcinoma and PTTM are usually
younger. Typically, the patient with PTTM com-
plains of acute and progressive dyspnea. Clinical
course is much rapid with death occurring within
hours or days. Anyway, non-specific symptoms can
start from 3 weeks to 6 months before and correlate
with high-resolution CT (HRCT) findings.14 Chest
radiography is normal, or shows diffuse reticulon-
odular opacities or, less often, Kerley B lines and
pleural effusions. Blood tests show raised D-dimer
or fibrin degradation products,15 and MAHA in some
cases. At a later stage, EKG can display RV strains
and echocardiography reveals pulmonary hyperten-
sion,16 but CT pulmonary angiography is usually
negative for acute pulmonary embolism.15 On HRCT
there are diffuse centrilobular nodular opacities
(well defined as a result of vascular disease vs
blurred ones in bronchiolar disorders) but sometimes
they exhibit a tree-in-bud pattern throughout the
lung fields like in bronchiolar disease. Other find-
ings are ground-glass opacities due to interstitial or
airways edema or inflammation, inter-lobular septal
thickening expressing connective tissue, lymphatics
and/or pulmonary veins involvement and other signs
of acute cor pulmonale.16,17 In PTTM, inter-lobular
septal thickening is smooth and peripheral in distri-
bution16-18 usually without pleural effusions, while
in lymphangitis carcinomatosa is more irregular,
nodular associated with pleural effusions, and often
hilar or mediastinal node enlargement. The distinc-
tion between PTTM and lymphangitis carcino-
matosa may be difficult and they may coexist.16

Diagnosis is really challenging as the clinical dete-
rioration is very rapid: in the literature there are only 11
cases where the diagnosis of PTTM was made whilst
the patient was still alive by transbronchial lung biopsy
or video-assisted thoracoscopic surgery, CT-guided
biopsy, and the finding of tumor cells from wedged pul-
monary artery catheter aspiration. This latter has a re-
ported sensitivity of 80-88% and a specificity of
82-94%.14,16 The use of 2-(F-18)-fluoro-2-deoxy-D-glu-
cose positron emission tomography has been reported
in PTTM.15,19-21 Anyway, it can be negative because of

the small size of lesions or of the histological subtypes
of gastric carcinoma.16

Treatment is based on reported cases of ante-
mortem diagnosis. A combined approach including
chemotherapy, steroids and anti-proliferative agents
(anti-PDGF and anti-VEGF) has been used for periods
up to 14 months. Anticoagulation and oxygen therapy
were also associated.22 Dexamethasone (0.05 mg/kg
daily, in combination with anticoagulants and
chemotherapy) resulted in permanent resolution in one
case of gastric cancer-associated PTTM, and to rapid
improvement in CT changes and clinical symptoms in
another with recurrent breast cancer.16 Anti-PDGF,
imatinib, is a tyrosine-kinase inhibitor and its role in
PTTM is supported by immunohistochemical studies.
Several reports16,23,24 suggested it may prolong sur-
vival. Anyway, another anti-PDGF, dasatinib, has been
reported to cause pulmonary arterial hypertension.25

Anti-VEGF, bevacizumab, has been used alone or in
association with imatinib, and it was able to reduce
pulmonary hypertension.16 Pulmonary vasodilators
such as bosentan or ambrisentan have been used in
PTTM with conflicting results.23,24 Therapeutic throm-
bolysis has shown no benefit.26

In our patient, clinical history (metastatic gastric
cancer), clinical presentation (progressive dyspnea) and
course (death within 2 days), instrumental examinations
(echocardiography, CT pulmonary angiogram and
scintigraphy) leave little doubt about the diagnosis of
pulmonary tumor thrombotic micro-angiopathy, even if
the absence of a histologic confirmation represents a
significant limit. Other cancer-related micro-an-
giopathies, such as TTP, atypical HUS (aHUS) and also
DIC, potential differential diagnoses, can be excluded
in the absence of hemolytic anemia, neurologic and
renal manifestations (TTP and aHUS) and alteration of
coagulation tests (DIC). Thrombocytopenia is not a suf-
ficient criterion for diagnosing TTP or DIC. Clues for
differential diagnosis and other relevant differences be-
tween TMAs are displayed in Tables 1 and 2.

Conclusions

PTTM is a rare but fatal cancer complication, likely
under-diagnosed. It is a micro-angiopathic disorder,
characterized by thrombotic occlusion and proliferative
stenosis of small pulmonary vessels leading to rapidly
progressive pulmonary hypertension, right heart failure
and sudden death. Non-invasive, but mainly invasive
investigations can help to diagnose disease ante-
mortem. At present, high index of suspicion, early di-
agnosis and combined therapeutic approach represent
the only strategy to improve the outcome. Deep under-
standing of molecular pathogenesis is needed to identify
efficacious targeted therapies. Disease registries and
formal trials are desirable to this aim.
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Table 1. Differential diagnosis among cancer-related thrombotic micro-angiopathies.
                                       DIC                               TTP                                HUS                               TA-TMA                 PTTM
Clinical presentation       Ischemia of any organ   Neurological and            Renal manifestations;     Renal, central           Cough, progressive
                                       or tissue and/or              (less) renal                      Bleedings;                      nervous system,       dyspnea, subacute
                                       bleeding                         manifestations;               Diarrhea                         gastrointestinal,        respiratory failure
                                                                              Bleedings                                                               pulmonary, cardiac,  with pulmonary
                                                                                                                                                            endocrine, and          hypertension,
                                                                                                                                                            ophthalmic               progressive right sided
                                                                                                                                                            dysfunction              heart failure, sudden
                                                                                                                                                                                             death
Coagulation tests            Altered PT and aPTT;   Normal PT and aPTT;      Normal PT and aPTT;     Normal PT and         Normal PT and
                                       Hypofibrinogenemia;    Normal/Increased           Normal/Increased           aPTT;                       aPTT;
                                       Increased D-dimer         fibrinogen and                d fibrinogen and             Normal/Increased     Normal fibrinogen;
                                                                              d-dimer                           d-dimer                           fibrinogen and          Increased d-dimer
                                                                                                                                                            d-dimer
Blood count                    Hemolytic anemia;        Hemolytic anemia;         Hemolytic anemia;         Hemolytic anemia;   Normal or altered
                                       Schistocytes;                 Schistocytes;                  Schistocytes;                  Schistocytes;            (thrombocytopenia,
                                       Decreased PLT              Decreased PLT               Decreased PLT               Decreased PLT         hemolytic anemia)
Other                               Increased LDH;             Increased LDH;              Increased LDH;              Increased LDH;        Normal or increased
                                       Reduced haptoglobin;   Reduced haptoglobin;    Reduced haptoglobin;    Reduced                   LDH, reduced
                                       Negative Coombs test   Negative Coombs test;   Negative Coombs test;   haptoglobin;             haptoglobin;
                                                                              Increased creatinine       Increased creatinine       Negative Coombs     Negative Coombs test
                                                                              and/or liver enzymes                                             test
Instrumental                    Signs of ischemia          Signs of ischemia           Renal ischemia               Signs of ischemia     Echocardiogram:
examination                    and/or bleeding in         and/or bleeding in                                                  and/or bleeding in    pulmonary
                                       involved organs             involved organs                                                     involved organs        hypertension and right
                                                                                                                                                                                             heart strain;
                                                                                                                                                                                             Pulmonary CT:
                                                                                                                                                                                             negative for acute
                                                                                                                                                                                             pulmonary embolism;
                                                                                                                                                                                             nodular or ground glass
                                                                                                                                                                                             lung opacities, signs of
                                                                                                                                                                                             cor pulmonale;
                                                                                                                                                                                             Pulmonary
                                                                                                                                                                                             scintigraphy:
                                                                                                                                                                                             perfusion defects
Histology                    Fibrin-rich (red) clots,       White clots                     White clots                     Fibrinoid necrosis    Diffuse intimal
                                   ischemia and necrosis        (rich-platelet),                 (rich-platelet), in            of vessel wall,          myofibroblast
                                   in various organs               ischemia, necrosis          microvasculature and     arteriolar thrombi     proliferation in
                                                                                                                     renal arterioles               (similar to aHUS)     pulmonary blood
                                                                                                                     (typical HUS);                                                 vessels and multiple
                                                                                                                     Fibrin-rich (red) clots                                      microthrombi
                                                                                                                     with an inflammatory     
                                                                                                                     component and               
                                                                                                                     C5b-9 deposition            
                                                                                                                     (aHUS)
DIC, disseminated intravascular coagulation; TTP, thrombotic thrombocytopenic purpura; HUS, hemolytic uremic syndrome; TA-TMA, transplant-associated thrombotic microan-
giopathy; PTTM, pulmonary tumor thrombotic micro-angiopathy; PT, prothrombin time; aPTT, activated partial thromboplastin time; PLT, platelets; LDH, lactate dehydrogenase;
CT, computed tomography; aHUS, atypical HUS.

Table 2. Other relevant differences.
                                   DIC                                   TTP                                HUS                               TA-TMA                 PTTM
Pathogenesis               Hyper-coagulation and      ADAMTS 13                  Endothelial damage       Multifactorial           Embolization of
                                   hyper-fibrinolysis              deficiency                       by verotoxin                   etiology of                tumoral cells into the
                                                                                                                     (typical HUS)                 endothelial                pulmonary vessels
                                                                                                                     Complement                   damage                     > endothelial damage
                                                                                                                     regulation                                                        > local activation of
                                                                                                                     deficiency                                                        coagulation and
                                                                                                                     (atypical HUS)                                                fibrocellular intimal
                                                                                                                                                                                             proliferation
Treatment                   Treatment of underlying    Plasma exchange;           Plasma exchange;           Withdrawal of          Steroids, ASA,
                                   disease;                              poorly effective;             poorly effective;             calcineurin               anticoagulants,
                                   Platelets, fresh frozen        Treatment of                   Treatment of                   inhibitors;                 antineoplastic drugs;
                                   plasma, if bleeding;           underlying disease          underlying disease;        Plasma exchange;    Imatinib;
                                   Heparin, if extensive                                                 Supportive therapy         Rituximab;               Sildenafil
                                   fibrin deposition                                                                                               Defibrotide;              
                                                                                                                                                            Vincristine;               
                                                                                                                                                            Eculizumab;             
                                                                                                                                                            Pravastatin
Prognosis                    Increases mortality of        90% mortality                 90% mortality                60-90% mortality     >95% mortality
                                   underlying condition         
                                   by a factor of 1.5-2
DIC, disseminated intravascular coagulation; TTP, thrombotic thrombocytopenic purpura; HUS, hemolytic uremic syndrome; TA-TMA, transplant-associated thrombotic microan-
giopathy; PTTM, pulmonary tumor thrombotic micro-angiopathy; ASA, acetylsalicylic acid.
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