
Poor performance of D-dimer in excluding venous
thromboembolism among patients with lymphoma
and leukemia

Venous thromboembolism (VTE), including pulmonary
embolism and deep venous thrombosis, is more common
in cancer patients than in the general population.1,2

Multiple mechanisms underlie the association between
cancer and thrombosis, including the interaction of the
tumor cells with platelets and monocytes, activation of
the host hemostatic system, and production of procoagu-
lant proteins (e.g., procoagulant A, tissue factor, cancer
procoagulants, factor VII, and plasminogen-activator
inhibitors 1 and 2).3,4 These mechanisms are controlled by
the same oncogenes that drive neoplastic
transformation.3 In addition to the intrinsic thrombo-
genicity of cancer, the co-existence of multiple VTE risk
factors, including chemotherapy, surgery, immobility, and
prolonged hospitalization, magnifies the risk of VTE.2

With an annual incidence of 1 in 200,2 cancer-associat-
ed thrombosis is a leading cause of death among cancer
patients. Accurate diagnosis and treatment of VTE in can-
cer patients is important to avoid significant morbidities
and mortality. Clinical presentation and laboratory data
help physicians to identify patients with a high probabil-
ity of developing VTE, for whom diagnostic imaging
studies are required.5

Upon activation of the coagulation cascade, D-dimer is
formed apace with thrombus formation.6 This allows D-
dimer to be used as a highly sensitive biomarker for
detecting VTE. In the general population, D-dimer is use-
ful in excluding VTE by virtue of its high negative predic-
tive value (NPV), avoiding unnecessary diagnostic imag-
ing studies if D-dimer tests are negative.7 Unfortunately,
baseline D-dimer levels are often elevated in cancer
patients, especially those with advanced disease.8

However, it remains unclear whether different diagnostic
cutoff values for D-dimer can be applied for different
types of cancer. Current guidelines9 for the general popu-
lation provide best practice advice for physicians, but
there have been no data from a large number of cancer
patients to validate the performance of D-dimer in the
prediction of VTE at the cutoff points currently in use. We
sought to determine whether cancer type-specific cutoff
values for D-dimer can improve diagnostic accuracy and
which D-dimer cutoff point performs best in each type of
cancer.
All patients who visited the emergency department of

The University of Texas MD Anderson Cancer Center
(Houston, Texas, USA) between January 1, 2009, and
December 31, 2012, with a laboratory request for meas-
urement of D-dimer were identified. Patients’ demo-
graphic, clinical and laboratory data, including D-dimer
levels, were collected. The presence or absence of VTE
was determined by reviewing the imaging reports. A sec-
ond cohort of patients who presented to the emergency
department of King Hussein Cancer Center (Amman,
Jordan) between January 1, 2009, and December 31, 2015
was used as a validation cohort. D-dimer levels were ana-
lyzed for each cancer type and similar results were
grouped together. Receiver operating characteristic (ROC)
curve analysis of each group was performed, and the area
under the curve (AUC) was calculated. The performances
of the current conventional cutoff point (0.5 mg/mL), the
age-adjusted cutoff point,10 and the 75th percentile of the
study population11 were analyzed for their usefulness in
detecting VTE and compared for different cancer groups. 
VTE was confirmed by diagnostic imaging studies in

900 of the 4700 patients in the MD Anderson cohort
(19.15%) and 101 of the 508 patients in the King Hussein
cohort (19.88%). Of the 900 patients with VTE in the MD
Anderson cohort, 506 had pulmonary embolism, 219 had
lower limb deep venous thrombosis, and 42 had other
venous thromboses; 133 (14.8%) had more than one site
of VTE at the same time. In the King Hussein cohort, 32
patients had pulmonary embolism, 58 had lower limb
deep venous thrombosis, one had another type of venous
thrombosis, and ten had VTE in more than one site at the
same time (Online Supplementary Figure S1).
D-dimer levels were significantly higher in patients

with VTE than in those without VTE across many differ-
ent types of malignancy (Figure 1). The difference in
mean D-dimer levels between the VTE and non-VTE
groups was highest in patients with brain and spinal cord
cancer (6.59 mg/mL), and lowest in patients with lym-
phoma (0.55 mg/mL). Among the other hematologic
malignancies, the difference was 1.50 mg/mL in leukemia
patients but 4.75 mg/mL in multiple myeloma patients.
The sensitivity, specificity, NPV, and positive predictive
value of D-dimer for a range of D-dimer values were dif-
ferent among various types of cancers (Online
Supplementary Figure S2). Obvious differences can be seen
in the curves for sensitivity and NPV for lymphoma and
leukemia compared with other cancer types (Figure 2A);
hence, leukemia and lymphoma were considered togeth-
er in one group (LL), and multiple myeloma together with
solid tumors in another group (SM) for further analysis. 
The AUC for the ROC curve for all solid tumors was

0.708 [95% confidence interval (95% CI): 0.687-0.729],
which was not significantly different (P=0.111) from the
0.782 (95% CI: 0.694-0.870) AUC for multiple myeloma.
Likewise, no significant difference (P=0.63) was
observed between leukemia and lymphoma; the AUC
for leukemia was 0.595 (95% CI: 0.521-0.669) and the
AUC for lymphoma was 0.567 (95% CI: 0.482-0.652)
(Online Supplementary Figure S3). After grouping, a signif-
icant difference was observed between the 0.582 (95%
CI: 0.526-0.638) AUC for the LL group and the 0.711
(95% CI: 0.691-0.731) AUC for the SM group (P<0.001)
(Figure 2B).
Different methods for determining D-dimer cutoff

points were compared to test the usefulness of each
method in predicting VTE for each of the two cohorts
(Table 1). For all cancer types, the sensitivity and NPV
were highest when the current conventional cutoff was
used. In the MD Anderson cohort, the sensitivity of the
current conventional cutoff was 96.3% (95% CI: 94.9%-
97.5%). This was significantly higher than the sensitivity
of 93.9% (95% CI: 92.1%-95.4%) for the age-adjusted
cutoff and 89.4% (95% CI: 87.3%-91.4%) for the 75th

percentile cutoff (P<0.001 for both comparisons). Upon
stratifying the cancer types into the LL and SM groups, D-
dimer performed poorly in the LL group. All three meth-
ods had poor sensitivity and NPV (all <90%) (Table 1). For
the SM group, the sensitivity was 97.5% (95% CI:
96.2%-98.5%) for the current conventional cutoff, which
was significantly higher (P<0.001) than that of the other
two cutoffs (age-adjusted: 95.3%, 95% CI: 93.6%-96.7%;
75th percentile: 91.6%, 95% CI: 89.4%-93.5%). The NPV
for the SM group was 95.3% (95% CI: 92.8%-97.2%),
which was also significantly higher than the NPV of the
age-adjusted cutoff (93.7%, 95% CI: 91.4%-95.5%,
P=0.032) and 75th percentile cutoff (93.0%, 95% CI:
91.2%-94.6%, P=0.013). 
Similar observations were made in the King Hussein

cohort. The sensitivity and NPV were poor for the LL
group for all three cutoffs (all ≤90%) (Table 2). For the SM
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group, both the current conventional cutoff and the age-
adjusted cutoff achieved 100% sensitivity and NPV,
which were much higher than those for the 75th per-
centile cutoff, which achieved 88.9% sensitivity and
89.9% NPV in this group.
Our data suggest that the diagnostic accuracy of D-

dimer in excluding VTE in cancer patients presenting to
the emergency department varies significantly by cancer
type. Variation in D-dimer levels was observed among
different cancer types; patients with lymphoma and
leukemia had the lowest difference in mean D-dimer lev-
els between patients with VTE and patients without VTE.
This was confirmed by the low AUC of the ROC curve,

which was significantly lower for the LL group than for
the SM group. Different D-dimer cutoff points achieved
different diagnostic success; the current conventional cut-
off (0.5 mg/mL) was superior to both the age-adjusted cut-
off10 and the 75th percentile cutoff11 in detecting VTE in the
SM group. However, the three cutoff points cannot safely
exclude VTE in lymphoma or leukemia patients.
Improving the VTE diagnostic approach for cancer

patients may optimize the cost/risk-to-benefit ratios of
diagnostic studies.12 Current guidelines9 provide best prac-
tice advice for evaluating patients with suspected acute
pulmonary embolism. These guidelines are of great
importance in preventing the overuse of tests in the eval-
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Figure 1. Comparison of D-dimer levels between patients who had or did not have venous thromboembolism among different types of cancer. Upper panel:
boxplots showing the distribution of log2 D-dimer levels for each cancer type in the presence or absence of venous thromboembolism (VTE). Lower panel: bar
graph showing the differences in mean D-dimer levels between patients who had VTE and patients who did not have VTE for each cancer type. The median dif-
ferences were compared using the Mann–Whitney U test and P values are plotted as a color scale representing the significance of differences between the two
groups.



uation of patients, including computed tomography imag-
ing and plasma D-dimer measurement, minimizing
unnecessary exposure of patients to radiation and
decreasing their expenses.12 However, the usefulness of
some of these guidelines in cancer patients requires fur-
ther study. It is possible that a significant portion of the
patients in our study who had not undergone appropriate
diagnostic imaging studies within 2 days of the visit were
deemed to have low pretest probabilities for VTE, and
imaging studies were not indicated. However, the validat-
ed clinical prediction rules in combination with D-dimer
(American College of Physicians guideline for suspected
pulmonary embolism)9 are based on findings in the gen-
eral population. We have unpublished data indicating that
the American College of Physicians guideline was not fol-
lowed in 44% of patients with suspected pulmonary
embolism in our comprehensive cancer center, as this
guideline is not based on cancer patients.  
Different types of cancer may modulate the host hemo-

static system differently, and hence activation of the
coagulation cascade, and the formation of D-dimer may
vary among different cancer types. Pulmonary
microthrombosis as a result of the dual effect of tumori-

genesis and thrombogenesis of cancer metastasis13 may
lead to alterations in baseline D-dimer levels in cancer
patients, especially in those with advanced-stage disease.8

This phenomenon was also observed in liquid tumors;
patients at the initial onset or in a relapsed phase of acute
leukemia were found to have significantly higher D-
dimer plasma levels than patients in complete remission.14

Disseminated intravascular coagulation is a common
complication among cancer patients. Patients with hema-
tologic malignancies, especially patients with acute
leukemia, have a high risk of developing disseminated
intravascular coagulation upon presentation or during
induction therapy.15 All of these factors may affect the
performance of D-dimer in predicting VTE. 
Here we showed that the diagnostic accuracy of D-

dimer in detecting VTE in cancer patients presenting to
the emergency department varied significantly by cancer
type. D-dimer performed poorly in excluding VTE among
patients with lymphoma or leukemia. Negative D-dimer
results using any of the three cutoff points investigated in
this study cannot safely exclude VTE in these patients,
and the possibility of lower D-dimer threshold levels
should be considered for this population.
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Figure 2. Performance of D-dimer levels in the prediction of venous thromboembolism in the group with solid cancers and multiple myeloma and in the group
with lymphoma and leukemia. (A) Sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV) of D-dimer for the group with solid
cancers and multiple myeloma (SM) and the group with lymphoma and leukemia (LL). (B) Receiver operating characteristic curve analysis of D-dimer for the
prediction of venous thromboembolism in the SM and LL groups. AUC: area under the curve.
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Table 1. Performance of current conventional and alternative D-dimer cutoff points for different cancer groups.
D-dimer cutoff point                                            Sensitivity, %                        Specificity, %                    NPV, %                               PPV, %
                                                                               (95% CI)                               (95% CI)                      (95% CI)                            (95% CI)

MD Anderson cohort                                                                                                                                                              
Conventional for all tumors (0.5 mg/mL)*             96.3 (94.9-97.5)                          12.6 (11.6-13.7)               93.6 (91.1-95.5)                      20.7 (19.5-22.0)
Age-adjusted for all tumors                                       93.9 (92.1-95.4)                          17.3 (16.1-18.5)               92.3 (90.1-94.1)                      21.2 (19.9-22.5)
Seventy-fifth percentile for all tumors                   89.4 (87.3-91.4)                          28.5 (27.0-29.9)               91.9 (90.2-93.4)                      22.8 (21.5-24.3)
Conventional for SM group (0.5 mg/mL)                97.5 (96.2-98.5)                          12.4 (11.3-13.6)               95.3 (92.8-97.2)                      21.7 (20.3-23.1)
Age-adjusted for SM group                                        95.3 (93.6-96.7)                          17.2 (15.9-18.5)               93.7 (91.4-95.5)                      22.3 (20.9-23.7)
Seventy-fifth percentile for SM group                    91.6 (89.4-93.5)                          27.9 (26.3-29.5)               93.0 (91.2-94.6)                      24.0 (22.5-25.6)
Conventional for LL group (0.5 mg/mL)                 88.9 (82.1-93.8)                          13.5 (11.0-16.3)               86.9 (79.0-92.7)                      15.8 (13.2-18.7)
Age-adjusted for LL group                                         84.9 (77.5-90.7)                          17.8 (15.0-20.9)               86.6 (79.9-91.7)                      15.9 (13.2-18.9)
Seventy-fifth percentile for LL group                     76.2 (67.8-83.3)                          31.0 (27.6-34.6)               87.7 (82.9-91.5)                      16.8 (13.8-20.1)
King Hussein cohort                                                                                                                                                              
Conventional for all tumors (0.5 mg/mL)*             99.0 (94.6-100)                             5.9 (3.8-8.7)                  96.0 (79.6-99.9)                      20.7 (17.1-24.6)
Age-adjusted for all tumors                                       99.0 (94.6-100)                            7.4 (5.1-10.4)                 96.8 (83.3-99.9)                      20.9 (17.3-24.9)
Seventy-fifth percentile for all tumors                   88.0 (80.0-93.6)                          28.5 (24.1-33.1)               90.6 (84.1-95.0)                      23.3 (19.2-27.9)
Conventional for SM group (0.5 mg/mL)                 100 (96.0-100)                              5.2 (3.0-8.4)                   100 (79.4-100)                       23.7 (19.5-28.3)
Age-adjusted for SM group                                         100 (96.0-100)                             7.8 (5.1-11.4)                  100 (85.8-100)                       24.2 (19.9-28.9)
Seventy-fifth percentile for SM group                    88.9 (80.5-94.5)                          29.1 (24.1-34.5)               89.9 (82.2-95.0)                      26.9 (22.0-32.4)
Conventional for LL group (0.5 mg/mL)                 90.0 (55.5-99.7)                            4.1 (1.1-10.1)                 80.0 (28.4-99.5)                        8.7 (4.1-15.9)
Age-adjusted for LL group                                         90.0 (55.5-99.7)                            6.1 (2.3-12.9)                 85.7 (42.1-99.6)                        8.9 (4.2-16.2)
Seventy-fifth percentile for LL group                     70.0 (34.8-93.3)                          24.5 (16.4-34.2)               88.9 (70.8-97.6)                        8.6 (3.5-17.0)
CI: confidence interval; NPV: negative predictive value; PPV: positive predictive value; SM: solid tumors and multiple myeloma; LL: lymphoma and leukemia. *The diagnostic
accuracy for the MD Anderson and King Hussein cohorts using the conventional cutoff points were 28.6 (95% CI: 27.3-30) and 24.4 (95% CI: 20.7-28.4) respectively.


