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Abstract

Background: Accurate and expeditious diagnosis and treatment of pulmonary embolism in 

cancer patients improves patient outcomes. D-dimer is often used to rule out pulmonary embolism. 

However, this test is less accurate in cancer patients, and it is unclear whether cancer patients with 

normal D-dimer levels can present with pulmonary embolism.

Methods: All consecutive patients who presented to The University of Texas MD Anderson 

Cancer Center in Houston, Texas, USA, between May 2009 and November 2015 who underwent 

computed tomography pulmonary angiography and plasma D-dimer level measurement were 

retrospectively reviewed. Patients with suspected pulmonary embolism and normal D-dimer levels 

were identified.

Results: Among the 8023 cancer patients identified, 1156 (14%) had pulmonary embolism. Only 

35 patients with pulmonary embolism (3%) had normal plasma D-dimer levels. Twenty-six of 
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these patients had acute pulmonary embolism and the other nine had subacute or chronic 

pulmonary embolism. Thirteen of the 26 acute cases were in patients with hematological cancer. 

Most patients (23/35, 66%) had subsegmental or segmental pulmonary embolism. Only one 

patient had pulmonary embolism in the main pulmonary arteries.

Conclusions and Relevance: Although it is uncommon (3%), cancer patients with radiologic 

evidence of pulmonary embolism can present with normal D-dimer levels. Recognizing the 

possibility of this uncommon occurrence is critical in the decision process for ordering diagnostic 

tests for evaluation of suspected pulmonary embolism.

BACKGROUND

Pulmonary embolism (PE) is more common in cancer patients than in the general 

population.[1] Upon presentation and clinical suspicion of PE, clinical assessment followed 

by diagnostic laboratory and imaging studies helps physicians make a definitive diagnosis.

[2] Validated clinical decision rules stratify patients into different risk groups for PE.[3,4] 

Normal plasma D-dimer levels in patients with low or intermediate risk for PE can help 

exclude PE given the relatively high sensitivity of the test. However, baseline D-dimer levels 

are often increased in cancer patients, and the diagnostic accuracy of this crucial clotting 

biomarker is lower in cancer patients than in the general population.[5,6] Recently we 

showed that D-dimer perform poorly in excluding venous thromboembolism (VTE) among 

leukemia and lymphoma patients.[7] Here, we sought to determine whether and how often 

cancer patients with PE can present with normal plasma D-dimer levels.

METHODS

All consecutive patients who visited The University of Texas MD Anderson Cancer Center 

in Houston, Texas, USA, between May 1, 2009, and November 1, 2015, who underwent 

computed tomography pulmonary angiography (CTPA) and had D-dimer laboratory results 

were identified by querying the institution’s radiology, billing, and laboratory databases. 

Non-cancer patients and patients with D-dimer levels measured more than 24 hours prior to 

the CTPA study were excluded. The institution’s electronic medical record system was used 

to collect patient demographic, clinical, and radiologic data. An incidence of PE during the 

hospital visit, as the outcome of interest, was determined by reviewing the CTPA reports. 

Acute PE was defined as newly found PE with presentation and radiological evidence 

suggestive of acute PE such as central location of filling defect, expansion of the involved 

vessel, or complete occlusion of the vessel lumen, while subacute/chronic PE was defined as 

filling defects in similar locations as on prior CT studies and/or by linear/web like 

configuration or eccentric location of filling defect on CTPA.[8] A board-certified thoracic 

radiologist with 10 years of experience further reviewed questionable radiologic results and 

classified them as either positive or negative for PE. Plasma D-dimer levels for all patients 

were measured using the Liatest D-Di immuno-turbidimetric assay (Diagnostica Stago), 

with ≥0.5 μg/mL as the cutoff value for elevated levels. Patients with confirmed radiologic 

evidence of PE were first identified. Among these patients, those who had normal D-dimer 

levels (<0.5 μg/mL) were further reviewed.
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RESULTS

Eligibility and final cases

Of the 8023 cancer patients who underwent CTPA and plasma D-dimer measurement, 1156 

(14%) had PE (Figure 1), while D-dimer was normal in only 926 (12%) patients. Of the 

patients with radiologic evidence of PE, only 35 (3.0%) had normal D-dimer. Table 1 shows 

the clinical characteristics of these patients. Twenty-six patients had acute PE and the 

remaining nine had subacute or chronic PE. Thirteen of the acute cases (50%) were in 

patients with liquid cancer.

Eleven (42%) of the patients with acute PE and six (67%) of the patients with subacute or 

chronic PE were receiving active treatment with an anticoagulant. Most patients (23/35, 

66%) had subsegmental or segmental PE. Twenty-two patients (63%) had a single PE. Only 

one patient had PE in the main pulmonary arteries. The majority of the patients had 

intermediate pretest probability in the clinical prediction scores. Below we report three cases 

representative of three different scenarios: 1) Acute PE and normal D-dimer, 2) acute PE and 

normal D-dimer while receiving active treatment with an anticoagulant, and 3) subacute or 

chronic PE and normal D-dimer.

Case scenario 1: acute PE

A 76-year-old woman presented to the emergency department at night complaining of 

abdominal pain, nausea, vomiting, and shortness of breath. All symptoms had started 3 days 

prior to presentation, but the shortness of breath had worsened since the morning of that day. 

The patient had multiple myeloma and was receiving treatment with pomalidomide. Her 

medical history included hypertension, hypothyroidism, and right bundle branch block. 

Upon arrival, her blood pressure was 122/65 mm Hg, heart rate 80 beats/minute, respiratory 

rate 18 breaths/minute, and O2 saturation 99% on room air. She was alert, oriented, and in 

no acute distress. She had no chest pain, cough, or hemoptysis. Her D-dimer level was 0.28 

μg/mL. Electrocardiography showed a stable right bundle branch block. CTPA showed 

central filling defects within the right interlobar and segmental branches of the right lower 

lobe pulmonary arteries, consistent with acute PE. There was no evidence of right 

ventricular strain. The patient started treatment with enoxaparin (70 mg, subcutaneously, 

twice daily) and was admitted to the inpatient service for further care.

Case scenario 2: acute PE while receiving active treatment with an anticoagulant

A 24-year-old white women with stage II low-grade osteosarcoma of the sphenoid 

sinusdiagnosed 4 years prior to presentation and under ongoing close observation, visited 

outpatient clinic for follow-up. The patient complained of 5 hours of chest pain. She 

described the pain as dull continuous pain in her left chest, measuring 8 out of 10 on the 

numeric rating scale for pain. The patient had also experienced shortness of breath for a few 

days prior to evaluation but denied any hemoptysis, loss of consciousness, or any 

constitutional symptoms.

The patient was alert and oriented. Peripheral pulses were present and capillary refill 

normal. The chest was clear bilaterally according to auscultation. All other physical 
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examination yielded unremarkable results. Upon arrival, her heart rate was 112 beats/minute, 

respiratory rate 22 breaths/minute, blood pressure 138/90 mm Hg, and O2 saturation 100% 

on nasal cannula oxygen (2 L/minute). Her medical history included deep venous 

thrombosis, PE, irritable bowel syndrome, seizures, and peripheral neuropathies. Both deep 

venous thrombosis and PE events occurred 2 months prior to presentation and resulted in a 

12-day hospital admission, including an intensive care unit stay. Since that time, she had 

been receiving treatment with warfarin. Her laboratory results were as follows: D-dimer 0.19 

μg/mL, prothrombin time 26.9 seconds, international normalized ratio 2.41, and partial 

thromboplastin time 52.4 seconds. CTPA showed acute central PE within the right and left 

main pulmonary arteries with no radiologic evidence of right heart strain. The patient was 

sent to the emergency department and subsequently discharged home to continue the 

warfarin regimen (7.5 mg, orally, once daily).

Case scenario 3: Subacute or chronic PE

A 37-year-old man presented to the emergency department for evaluation of chest pain that 

had been going on for 5 days. The pain was localized in the left mid-costal sternal junction, 

not radiating elsewhere, and not associated with shortness of breath, hemoptysis, cough, or 

fever. He described his pain as a burning sensation, 6 out of 10. His cancer history consisted 

of stage IV non-small cell lung cancer with brain metastasis, not receiving any active 

treatment. Other comorbidities included a history of PE, pericardial effusion, and 

hypercholesterolemia. The PE occurred approximately 10 months prior to presentation, for 

which he had been treated with dalteparin. He had stopped dalteparin therapy 2 weeks prior 

to his visit. Upon physical examination, the patient was in no acute distress and was alert 

and oriented. His vital signs were as follows: blood pressure 122/84 mm Hg, heart rate 90 

beats/minute, respiratory rate 18 breaths/minute, and O2 saturation 100% on room air. His 

D-dimer level was 0.28 μg/mL. CTPA showed a defect in the left segmental pulmonary 

artery consistent with subacute or chronic PE, but there was no evidence of acute PE. The 

patient was discharged home to resume dalteparin therapy.

DISCUSSION

The records of patients who presented to a large comprehensive cancer center during the 

period studied with suspicion of PE were reviewed to determine whether PE can present in 

cancer patients with normal D-dimer levels. A total of 1156 patients had PE, and only 35 of 

those (3.0%) had normal D-dimer levels. Of these, 26 had acute PE, 9 had subacute or 

chronic PE. D-dimer was normal in only 926 patients, having 4% (35) of patients with 

normal D-dimer to have PE.

After the activation of the coagulation cascade, both the thrombus and D-dimer are formed 

in parallel.[9] This allows D-dimer, the main biomarker of blood clots, to be an effective 

biomarker in excluding VTE because of its high sensitivity. This useful biomarker, in 

combination with validated clinical prediction rules, is effective in estimating pretest 

probability in patients with suspected PE[2] and preventing unnecessary diagnostic imaging 

studies.[10] According the American College of Physicians’ guideline for the evaluation of 

patients with suspected pulmonary embolism,[2] plasma D-dimer measurement should be 
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obtained in all patients with intermediate pretest probability of PE and patients with low 

pretest probability of PE who do not meet all Pulmonary Embolism Rule-Out Criteria. 

Accurate and fast diagnosis of PE, especially in high-risk groups such as cancer patients, is 

critical to avoid significant morbidities and mortality.[11,12] Cancer patients have a higher 

risk of VTE, higher baseline D-dimer levels, and lower predictive values of D-dimer in 

detecting VTE when compared with the general population.[1,6,5] It has been known that 

some hematological malignancies secrete proteolytic factors,[13] and we speculate that 

some patients with hematological malignancies and pulmonary embolism have normal D-

dimer levels because of accelerated degradation of D-dimer. Other factors that may also 

influence the sensitivity of D-dimer, includes age, thrombus burden and fibrinolytic activity, 

duration of symptoms, previous VTE and inflammatory state.[14] In addition, anticoagulants 

may affect the results of common coagulation assays.[15,16] The complexity of factors that 

exist in cancer patients, from comorbidities to medications received to the cancer itself, may 

affect the sensitivity of D-dimer as a biomarker, and identifying cancer patients with PE and 

normal D-dimer is crucial. The results from this case series and our previous analysis[7] 

suggest that D-dimer measurement is less useful in exclusion of PE in patients with 

hematological malignancies, and when the suspicion of PE is intermediate based on the pre-

test probability, the decision to order CTPA should be based more heavily on clinical 

presentation and assessment than the D-dimer level. Subsequent multicenter study with 

larger number of patients can further help identify predictors of PE in patients with normal 

D-dimer, including cancer related factors as half of the patients with acute PE and normal D-

dimer levels in our study had liquid tumors.

In conclusion, we observed cases of PE in cancer patients with normal D-dimer levels. 

Although the incidence of PE in cancer patients with normal D-dimer levels was only 3%, 

this possibility in cancer patients should be recognized. Failure to do so may negatively 

influence outcomes in a population that already faces high comorbidities, including the 

cancer itself.
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KEY POINTS

• D-dimer is less accurate in cancer patients, and it is unclear whether cancer 

patients with normal D-dimer levels can present with pulmonary embolism.

• Three percent (3.0%) of cancer patients with radiologic evidence of 

pulmonary embolism found on computed tomography pulmonary 

angiography during the period studied had normal D-dimer levels.

• Despite the high sensitivity of D-dimer in detecting pulmonary embolism, a 

percentage of cancer patients may have normal plasma D-dimer levels in the 

presence of pulmonary embolism.

• Failure to recognize this group of patients may negatively influence outcomes 

in a population that already faces high comorbidities, including the cancer 

itself.
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Figure 1. 
Flow chart of exclusion criteria to determine eligible cases (CTPA, computed tomography 

pulmonary angiography; PE, pulmonary embolism).
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Table 1.

Patient demographic and clinical characteristics (n = 35)

No. of patients (%)

Characteristic Acute PE Subacute/chronic PE

Total patients 26 (74) 9 (26)

Median age (range) 58 years (23–85 years) 54 years (27–70 years)

Age group

 ≥50 years 20 (77) 5 (56)

 <50 years 6 (23) 4 (44)

Sex

 Female 11 (42) 5 (56)

 Male 15 (58) 4 (44)

Race

 White 17 (65) 4 (44)

 Non-white 9 (35) 5 (56)

Cancer type

 Lymphoma 8 (31) 2 (22)

 Lung 5 (19) 1 (11)

 Leukemia 3 (12) 2 (22)

 Multiple myeloma 2 (8) 0 (0)

 Sarcoma 2 (8) 1 (11)

 Brain and spinal cord 2 (8) 0 (0)

 Breast 1 (4) 1 (11)

 Testicular 1 (4) 1 (11)

 Esophageal 1 (4) 0 (0)

 Colon 1 (4) 0 (0)

 Endometrial 0 (0) 1 (11)

Cancer stage

 Liquid/hematologic 13 (50) 4 (44)

 IV 5 (19) 5 (56)

 III 3 (12) 0 (0)

 II 2 (8) 0 (0)

 I 3 (12) 0 (0)

Median D-dimer level (range) 0.38 μg/mL (0.17–0.49 μg/mL) 0.33 μg/mL (0.17–0.42 μg/mL)

Wells score clinical probability

 Low 0 (0) 0 (0)

 Intermediate 19 (73) 8 (89)

 High 7 (27) 1 (11)

Simplified revised Geneva score clinical probability

 Low 2 (8) 0 (0)

 Intermediate 23 (89) 8 (89)

 High 1 (4) 1 (11)
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No. of patients (%)

Characteristic Acute PE Subacute/chronic PE

Pulmonary Embolism Rule-out Criteria (PERC)

 Meet all 0 (0) 0 (0)

 Does not meet all 26 (100) 9 (100)

Highest PE location

 Subsegmental 9 (35) 2 (22)

 Segmental 10 (38) 2 (22)

 Lobar 5 (19) 2 (22)

 Interlobar 1 (4) 3 (33)

 Main 1 (4) 0 (0)

Laterality

 Right 17 (65) 5 (56)

 Left 5 (19) 2 (22)

 Bilateral 4 (15) 2 (22)

Count

 Single 17 (65) 5 (56)

 Multiple 9 (35) 4 (44)

History of VTE

 No 15 (58) 0 (0)

 Yes 11 (42) 9 (100)

Active treatment with an anticoagulant

 No 15 (58) 3 (33)

 Yes 11 (42) 6 (67)

PE; pulmonary embolism, VTE; venous thromboembolism.
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