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Case Report

Introduction

Thromboembolic events such as deep vein thrombosis 
(DVT), pulmonary embolism (PE), arterial thrombosis, non-
bacterial thrombotic endocarditis, and ischemic strokes can 
be the initial event leading to the diagnosis of an underlying 
malignancy; this is due to abnormalities in the coagulation 
cascade that often accompanies many oncologic diseases. 
However, these events are typically recognized later in the 
disease process and rarely present as the first manifestation 
of an occult malignancy. We report a case of a young male 
who was ultimately found to have an aggressive form of lung 
adenocarcinoma after the initial presentation of multiple 
thromboembolic events.

Case Presentation

A 36-year-old male truck driver with a history of tobacco abuse 
initially presented to the emergency department with a chief 
complaint of right lower leg swelling and pain. Lower extrem-
ity ultrasound revealed a DVT of the right popliteal and right 
posterior tibial vein. Initial laboratory examinations showed 
normal complete blood count—hemoglobin 13.1 g/dL, hema-
tocrit 40.7%, white blood cells 7.91 × 103/µL, platelet count 

155 × 103/µL, and normal coagulation studies— activated par-
tial thromboplastin time 29.9 seconds, activated partial throm-
boplastin time ratio 1.09, prothrombin time 14.1 seconds, and 
international normalized ratio 1.1. He was discharged home 
with rivaroxaban, a factor Xa inhibitor.

He returned to the hospital 1 day later complaining of 
facial droop, slurred speech, and right upper extremity weak-
ness. Imaging studies revealed multiple infarctions in the 
bilateral cerebral hemispheres with perfusion defect most 
significant in the left middle cerebral artery (MCA; Figure 1). 
Given the ischemic strokes were suggestive of an embolic 
event, a transesophageal echocardiogram was performed, 
which resulted negative for patent foramen ovale, valvular 
disease, and arrhythmias. Initial hypercoagulable workup 
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showed decreased protein S activity (65% of normal), nor-
mal protein C activity (95% of normal), normal antithrombin 
III levels (97% of normal), negative lupus anticoagulant 
(lupus anticoagulant not detected; dRVVT ≤45 seconds, 
negative hexagonal phase phospholipid neutralization, 
decreased factor VIII (36% of normal), and factor V (Leiden) 
mutation was not detected. Other pertinent diagnostic studies 
included negative ANA, ANCA, and anticardiolipin IgG/
IgM. During the hospital stay the patient was anticoagulated 

with enoxaparin 1 mg/kg and once discharged rivaroxaban 
was resumed.

Two weeks later, the patient returned to the emergency 
department with a sudden episode of headache, chest pain, 
and confusion. Computed tomography (CT) scan of the brain 
revealed a small subarachnoid hemorrhage in the right poste-
rior parietal and left frontal lobe (Figure 2). Emergent cere-
bral angiography revealed a total occlusion of the M2 branch 
of the right MCA. Repeat echocardiogram revealed a mobile 

Figure 1. Computed tomography scan of the head showing multiple infarctions in the bilateral cerebral hemispheres—marked by 
arrows—with perfusion defect most significant in the left middle cerebral artery. Bilateral cerebral infarctions are more often seen as 
the result of thromboembolic events rather than atherosclerotic disease.

Figure 2. Computed tomography scan of the brain revealed a small subarachnoid hemorrhage in the right posterior parietal and left 
frontal lobe—marked by arrows.
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mass attached to the anterior mitral valve leaflet on its atrial 
side, suspicious for a thrombus. During this admission, the 
patient developed multiple thromboembolic strokes in the 
left MCA and bilateral posterior cerebellar arteries. Repeat 
lower extremity ultrasound showed an acute DVT within the 
left deep femoral artery. CT angiogram of the chest revealed 
a PE, multilevel supraclavicular, mediastinal, hilar lymph-
adenopathy, and a bilobed pulmonary nodule opacity at the 
posterior basal segment of the left lower lung (Figure 3).

CT-guided biopsy of a right supraclavicular lymph node 
showed metastatic carcinoma. Immunohistochemical stains 
for CK7 and napsin A were positive; CK20 and TTF were 
focally positive, while CD45, S-100, and SOX-10 were neg-
ative, suggesting a lung primary malignancy. Follow-up 
stains showed PDL-1 expression by immunohistochemistry 
(high expression at 50%) and ALK/ROS1 gene rearrange-
ment by fluorescence in situ hybridization was positive for 
ROS1 gene rearrangement. EGFR mutation was also nega-
tive. Given his aggressive hypercoagulable state, he was 
restarted on rivaroxaban. Treatment with crizotonib was ini-
tiated as he was a poor candidate for platinum-based chemo-
therapy. Repeat CT of chest showed improvement in the size 
of the pulmonary nodule and lymphadenopathy 6 weeks later 
(Figure 3). The patient remained ventilator dependent with 
poor neurological status and required bilateral below the 
knee amputations due to lower extremity gangrene. Given 
the lack of neurological responsiveness and poor prognosis, 
hospice was offered; however, his family insisted the patient 
continue chemotherapy. The patient remained in the hospital 
for a total of 6 months and ultimately died of cardiac arrest.

Discussion

Provoked Versus Unprovoked DVT

The association between thromboembolic events and 
underlying malignancies has been known for many years. 
The most common thromboembolic events seen in these 
patients include DVT and PE; other less frequently seen 

complications include arterial events, such as vascular 
cerebral events or strokes, and myocardial infarctions. 
These complications have been linked to an increased mor-
tality in cancer patients. In a study by Khorana,1 cancer 
patients were noted to have a 47-fold elevation of death 
secondary to venous thromboembolism (VTE; both arterial 
and venous), being the most common cause of non–cancer-
related death, along with infections. Similarly, in their 
study, cancer patients had a 2.7-fold elevation on the annu-
alized death rate for arterial thrombosis. However, these 
complications are often seen later in the course of cancer 
and seldom lead to the initial diagnosis as it was the case 
with the patient described here.

Moreover, VTEs are often classified into provoked versus 
unprovoked according to the underlying risk factors present 
on the patient under study. Risk factors can be transient, such 
as immobilization after a surgical procedure or persistent 
such as active cancer. When no transient or persistent pro-
voking risk factors are found in the patient’s history, the VTE 
is determined to be unprovoked.2 Inherited thrombophilia, a 
genetic tendency to thrombotic complications in the setting 
of an imbalance in hemostasis of the coagulation cascade, 
such as antithrombin deficiency, antithrombin resistance, 
protein C deficiency, protein S deficiency, and factor V 
Leiden mutation are commonly associated with the develop-
ment of VTE.3 These conditions should be investigated in 
patients to assess the likelihood of recurrence. The popula-
tion that often benefits from testing are young patients, those 
with family history of thrombotic events, pregnant females, 
patients with VTE in unusual sites, and young patients  
presenting with arterial ischemia and right-to-left shunt. 
However, the timing of testing is of crucial importance; test-
ing should be performed at least 1 month after the finalizing 
anticoagulation treatment or 3 months after the initial throm-
botic event. On the contrary, common acquired causes of 
thrombophilia include age more than 65 years, body mass 
index more than 30 kg/m2, and the presence of antiphospho-
lipid antibodies and lupus anticoagulant.3 Our patient satis-
fied at least 2 conditions which indicated testing, including 

Figure 3. Computed tomography angiogram of the chest revealed a pulmonary embolism (PE), multilevel supraclavicular, mediastinal, 
hilar lymphadenopathy, and a bilobed pulmonary nodule opacity at the posterior basal segment of the left lower lung.
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age less than 50 years and an arterial event (ischemic stroke 
of the left MCA). However, the patient’s initial workup was 
done while inpatient, 2 days after presentation and after 2 
doses of rivaroxaban. The above-mentioned caveats could 
explain why the patient’s protein S activity was below the 
normal range as active thrombosis can lower the levels of 
free protein S and therefore lead to an erroneous diagnosis.4

Initial Treatment of Provoked Versus  
Unprovoked DVTs

The mainstream treatment for VTE consists of anticoagula-
tion. The available choices of anticoagulation consists of vita-
min K antagonists (VKAs) such as a warfarin, unfractionated 
heparin (UFH), low-molecular-weight heparin (LMWH), the 
indirect factor Xa inhibitor fondaparinux, and direct oral 
anticoagulants Xa inhibitors, and direct thrombin inhibitors 
(DOACs) such as apixaban, endoxaban, dabigatran, and riva-
roxaban.5,6 Additionally, the use of DOACs for VTE has 
many advantages, including its availability in oral form, the 
lack of prothrombin time/international normalized ratio mon-
itoring, rapid onset of action, short half-life, and the lack of 
prior bridging (with the exception of dabigatran and endoxa-
ban, which require treatment overlap with a parenteral antico-
agulant).5 Because of the above-mentioned characteristics, 
DOACs are not only the gold standard for the treatment of 
VTE in noncancer patients but are also among the first options 
for cancer patients who are determined to have a low risk of 
bleeding.7 Our patient was appropriately treated with a 
DOAC, rivaroxaban, however, presented shortly after with an 
arterial thrombosis, an event that should immediately lead to 
the initiation of a thrombophilia screening.

Hypercoagulable States Workup After DVT/PEs

The most common causes of thrombophilia that are typi-
cally tested include genetic conditions such as deficiency of 
protein C, protein S, antithrombin, or the genetic mutation 
of factor V Leiden. Other inherited causes of thrombophilia 
include hyperhomocysteinemia, dysfibrinogenemia, and 
certain blood groups such as non–O blood groups, mostly 
blood group B.8,9 Moreover, those patients younger than 50 
years with no obvious identified risk factors for the develop-
ment of a thromboembolic event should be considered for 
screening of occult cancer, paroxysmal nocturnal hemoly-
sis, and autoimmune conditions as the underlying cause of 
their hypercoagulable state.8

The current data indicate that patients who are diagnosed 
with a first nonprovoked VTE in whom cancer screening is 
determined to be appropriate, a limited screening strategy 
that includes a complete history, physical examination, basic 
blood testing, chest radiograph, and age-/sex-specific cancer 
screening are appropriate. The addition of further imaging 
studies such as CT scan of the abdomen and pelvis do not 
lead to a clinical significant increase in the detection rate of 

underlying malignancy in patients.10,11 However, the detec-
tion rate of occult cancer after 1 year of the diagnosis of an 
unprovoked VTE is 1 in 20 patients.10 In those patients in 
whom cancer was diagnosed during screening following an 
unprovoked VTE, colon cancer was the most common malig-
nancy, found in 17% of the patients, followed by lung cancer 
and pancreatic cancer with 15% and 11%, respectively.10

Malignancy as a Hypercoagulable State

Malignancies are associated with a 4% to 20% increase in VTE 
and 2% to 5% increase in arterial thrombosis.12 Many pathways 
have been implicated in the development of venous thrombosis 
in cancer patients. In a review article by Hisada and Mackman,12 
the authors describe the main pathways and biomarkers associ-
ated with venous thrombosis in cancer patients. Leukocytosis is 
present in approximately 30% of cancer patients and the cancer 
subtypes in which the most frequently seen include colon and 
lung cancer.12 Neutrophils and monocytes are the cell lines with 
the greatest contribution to the development of thrombosis. 
Neutrophils increase the likelihood of thrombotic events by 
generating neutrophils extracellular traps, which have pro-
thrombotic quality,13 while monocytes have been shown to be 
procoagulant by the expression of tissue factor.12,14 Similarly, 
thrombocytosis is often found in laboratory examination of can-
cer patients. Thrombocytosis is present in approximately 21.6% 
of patients with lung cancer, and it is most often seen in patients 
with advance cancer stages.15 Additionally, platelets are of 
extreme importance in the development of arterial thrombosis 
and also play a significant role the development of VTE in can-
cer patients.12

Lung Cancer and VTE

Lung cancer is associated with an increased prevalence of 
VTE. In patients with newly diagnosed lung cancer, Zhang 
and colleagues16 described that 13.2% of patients with 
recently diagnosed lung cancer developed a VTE either 
within 1 week from admission or 3 months prior to admis-
sion. In this study, 6.2% of the patients developed DVT only, 
4.9% developed PE only, and 2.1% of patients were found to 
have both DVT and PE.16 Similarly, Ruiz-Artacho and col-
leagues17 described that the development of VTE in lung 
cancer patients typically occurs earlier in the disease course. 
Fifty percent of the patients in their cohort of lung cancer 
patients with diagnosed VTE developed the thromboembolic 
complication within less than 3 months after diagnosis and 
32% within the first 30 days.17 Interestingly, elevated CEA 
levels has been associated with an increased risk for the 
development of PE.16,18 Of the histologic variants, lung ade-
nocarcinoma is the lung cancer histopathology most associ-
ated with the later development of VTE.16 Other important 
risk factors that were associated with increased prevalence of 
VTE in patients with lung cancer were the presence of dis-
tant metastasis, leukocytosis, and younger age.16
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ROS-1 Rearranged Non–Small Cell Lung Cancer 
(NSCLC) and Thromboembolic Events

The incidence of venous thromboembolic events in patients 
with non–small cell cancer has been established to be approxi-
mately 14% during the course of disease.19 In addition to the 
adenocarcinoma histologic subtype of lung cancer being asso-
ciated with a higher incidence of lung cancer, the different 
genetic mutations often seen in NSCLC, such as EGFR muta-
tion, KRAS mutation, ALK rearrangement, and ROS1 rear-
rangement, have been associated with and specific incidence of 
VTE. ROS1 rearrangement occurs approximately in 2% of 
patients with NSCLC.20 Of the different above-mentioned 
genetic mutations associated with NSCLC, patients with ROS1 
rearrangement NSCLC have been noted to have 3- to 5-fold 
higher risk of developing VTEs soon before or after the initial 
diagnosis, with most patients developing the thromboembolic 
events within 1.8 months of diagnosis.20 The exact mechanism 
through which this occurs is not completely understood. Some 
research suggest an increased incidence of inherited thrombo-
philia in patients with this specific genetic alteration.20

Lung Cancer and Strokes

An increased incidence of strokes, both ischemic and hemor-
rhagic, has been described in patients with underlying cancer. 
Graus and colleagues21 initially described that cerebrovascu-
lar disease (CVD) was present in 14.6% of patients with can-
cer. In patients with underlying carcinomas, ischemic strokes 
were more commonly observed than hemorrhagic strokes, 
although both have been described.21 The most common 
underlying etiologies of ischemic/embolic strokes in this  
population are hypercoagulopathy and other coagulation dis-
orders. Cardioembolic strokes, atherosclerosis, small vessel 
occlusion, and nonbacterial thrombotic endocarditis has also 
been mentioned in the literature although in a lesser fre-
quency.22,23 Among the underlying cancers that have been 
more frequently observed in patients with CVD are pancreas, 
gastric, and lung cancer.24

In patients with lung cancer, biomarkers such as elevated 
CEA levels, CA155, and CA199 were independently associ-
ated with and increased risk of stroke in patients with no other 
typical risk factors for the development of CVD such as dyslip-
idemia or atrial fibrillation. Similar to the timeline of our patient 
described in this case report, strokes are typically seen within 
the first 4 months after diagnosis of lung cancer and the distri-
bution of the lesions often involves multiple arterial territories 
of the brain consistent with a cryptogenic stroke.25 Moreover, 
the development of CVD in patients with cancer carries an 
increased mortality rate of approximately 25%.23

Lung Cancer and Nonbacterial Endocarditis

Nonbacterial thrombotic endocarditis (NBTE) is defined as 
the presence of vegetation on a valvular cardiac structure, 

consisting of fibrin and platelet deposition in the absence of 
bacterial colonization or inflammation.26 This entity has an 
estimated incidence of 0.3% to 9.3% and is more often found 
in patients with advanced stage malignancy. Recurrent embo-
lization is frequently observed and approximately 50% of the 
patients with nonbacterial thrombotic endocarditis develop 
emboli to different organs, most important, the brain, kidneys, 
and spleen.26 These lesions occur given the interaction between 
macrophages and malignant cells, which release cytokines 
leading to the damage of the valvular endothelium, which pro-
motes the further deposition of platelets and subsequent 
thrombus formation.27 As with any other thromboembolic 
complications, NBTE is most commonly observed in patients 
with lung, pancreas, or gastric cancer, adenocarcinoma being 
the histology most commonly associated with this entity.27

Teaching Points

1. Recurrent thromboembolic events in young patients 
with no known underlying medical conditions should 
prompt clinicians to investigate known causes of 
VTEs such as malignancy.

2. Lung cancer, in particular, lung adenocarcinoma, is 
highly associated with multiple hypercoagulable 
conditions such as DVT, PE, CVD, and NBTE.

3. The development of DVT, PE, CVD, and NBTE in 
patients with underlying malignancy is often associ-
ated with a poor prognosis and is frequently seen in 
late stages of the disease process.

4. ROS-1 rearrangement associated NSCLC have an 
increased risk of VTE when compared with other 
genetic profiles.

5. Further research is needed to understand the patho-
physiologic process behind the hypercoagulable state 
associated with hematological and solid malignan-
cies and regarding possible preventive strategies for 
patients with newly diagnosed disease.
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