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Abstract
Background: A previous individual participant data (IPD) meta-analysis showed that
the Wells rule and D-dimer testing cannot exclude suspected deep vein thrombosis
(DVT) in cancer patients.
Objectives: To explore reasons for this reduced diagnostic accuracy and to optimize
the diagnostic pathway for cancer patients suspected of DVT.
Patients and Methods: Using IPD from 13 studies in patients with suspected DVT,
DVT prevalence and the predictive value of the Wells rule items and D-dimer testing
were compared between patients with and without cancer. Next, we developed a
prediction model with five variables selected from all available diagnostic predictors.
Results: Among the 10 002 suspected DVT patients, there were 834 patients with
cancer. The median prevalence of DVT in these patients with cancer was 37.5% (interquartile range [IQR], 30.8-45.5), whereas it was 15.1% (IQR, 11.5-16.7) in patients
without cancer. Diagnostic performance of individual Wells rule items and D-dimer
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testing was similar across patients with and without cancer, except “immobility” and
“history of DVT.” The newly developed rule showed a pooled c-statistic 0.80 (95%
confidence interval [CI], 0.75-0.83) and good calibration. However, using this model,
still only 4.3% (95% CI, 3.0-5.7) of the suspected patients with cancer could be identified with a predicted DVT posttest probability of <2%.
Conclusions: Likely because of the high prevalence of DVT, clinical models followed
by D-dimer testing fail to rule out DVT efficiently in cancer patients suspected of
DVT. Direct referral for compression ultrasonography appears to be the preferred
approach for diagnosis of suspected DVT in cancer patients.
KEYWORDS

clinical decision-making, decision support techniques, D-dimer, neoplasms, venous thrombosis

1 | I NTRO D U C TI O N

Essentials

Accurate diagnosis of deep vein thrombosis (DVT) is challenging
because individual symptoms and signs in isolation are of limited
1

value. Moreover, patients with a missed or delayed DVT diagnosis
are at risk of pulmonary embolism, as well as an increased risk of
2

debilitating symptoms of postthrombotic syndrome. Consequently,
physicians are likely to perform additional diagnostic testing in pa-

• Deep vein thrombosis (DVT) is highly prevalent (40%) in
suspected patients with cancer.
• Both the Wells-rule and D-dimer and a newly developed
rule do not enable safe exclusion of DVT.
• Direct referral for compression ultrasonography may be
preferred in most cancer patients.

tients with symptoms or signs of DVT even when the possibility of
DVT is low, resulting in only around 10% to 25% of patients who
undergo imaging studies like compression ultrasound (CUS) being

of DVT by their treating physician. The process of study identifica-

found to have DVT. 2

tion, selection, and construction of the IPD database was previously

To overcome these challenges, diagnostic decision rules have

described.18 In short, the IPD set included the following items: age,

been developed to identify patients who can safely avoid imaging

sex, setting of care (primary/secondary/tertiary), all 10 items of the

studies.3-5 We previously reported the findings of a large individual

Wells rule (including history of DVT), the presence or absence of

participant data (IPD) meta-analyses that used data from 13 diag-

DVT based on the result of either of three reference standards (CUS,

4,6-17

nostic studies across the globe,

and investigated ways to diag-

venography, or clinical follow-up), and the results of D-dimer test-

nose DVT in various subgroups of patients with suspected DVT.18

ing (quantitative or qualitative). Ethical approval including written

We found that the combination of a low probability of the Wells rule

informed consent was obtained in each original study. No additional

plus a negative D-dimer testing safely and efficiently excludes DVT

ethical approval was required for this meta-analysis.

18

in patients without cancer. However, this approach showed neither
safety nor efficiency in suspected DVT patients with cancer.
In the current analysis, we therefore used this large scale IPD

2.2 | Missing data

data set to explore reasons for this reduced diagnostic accuracy of
the Wells rule. Next, with the aim to find a way to optimize the diag-

Missing data were either partially missing (missing in only a subset

nostic pathway of suspected DVT in cancer patients, we developed

of patients within each study) or systematically missing (completely

a prediction model in patients with cancer who present with symp-

missing in a particular study).19 To avoid bias caused by excluding

toms or signs of DVT.

patients with missing data, we first used a multivariable regression
technique using all observed information to impute partially miss-

2 | M E TH O DS
2.1 | Study selection and identification

ing values within each individual study. 20 Next, only for systematically missing results of D-dimer testing (n = 2377, 23.8% of the IPD;
missing in five studies),7,8,11,12,15 we used a generalized linear mixed
model for imputing these D-dimer results (dichotomized only), again
using all the available clinical patient information both within and

This was a meta-analysis using IPD from 13 diagnostic studies

between studies. 21 We did not impute quantitative D-dimer results

across the world, including patients with leg complaints suspected

because they were only available for three of the included studies

|
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(n = 1930, including only 136 patients with cancer, 19.3% of the
10,14,16

IPD).

2247

2.3.3 | Sample size estimation

To confirm the robustness of this approach, all analyses

were repeated using only the patient data after imputation of the

This analysis used all eligible data from the 13 diagnostic studies. In

partially missing data. Twenty imputed datasets were created and

derivation of the DVT-cancer rule, we had 13 potential predictors

subsequently analyzed and combined using Rubin's rules. 22

with age incorporated using restricted cubic splines with 5 knots
(4 degrees of freedom), yielding a total of 16 candidate predictors.
Therefore, according to a rule of at least 10 outcome events per vari-

2.3 | Statistical analysis

able, we needed (at least) 160 cancer patients with DVT to construct

2.3.1 | Comparison of DVT prevalence, Wells rule
items, and D-dimer testing between patients with and
without cancer

a reliable logistic regression model.30 The 13 studies included 317
cancer patients with DVT, corresponding to close to 20 outcome
events for each candidate predictor.
All analyses were performed using SPSS (version 18.0, IBM) and
R version 3.6.0, in particular the lme4 package (R foundation for

To explore potential causes for the poorer performance of the Wells

Statistical Computing, www.R-projec t,org).31

rule and D-dimer testing in cancer patients, we first compared the
DVT prevalence between suspected patients with and without cancer. Next, the diagnostic performance of each Wells rule item was
evaluated using (random effects) multilevel logistic regression modelling (patients nested within each study). 23 This analysis yields odds

3 | R E S U LT S
3.1 | Study and patient characteristics

ratios (OR) for the presence of DVTs that were visually compared
between patients with and without cancer. For ORs, 95% confidence

Study characteristics are described in the Table S1. The propor-

intervals (CI) and 95% prediction intervals (PI) were estimated. The

tion of patients in each study who had cancer varied from 3.7% to

PI estimates performance of each predictor when evaluated in new

18.3% (median, 6.3%; interquartile range [IQR] 5.1-10.6). In total,

populations, taking heterogeneity across studies into account.

of 10 002 patients with clinically suspected DVT, 834 patients
had cancer (8.3%). Additional patient characteristics are shown in
Table 1.

2.3.2 | Diagnostic strategy
To develop a new prediction model for diagnosis of DVT in suspected patients with cancer (“DVT-cancer rule”), we used multilevel logistic modelling (with a random effect for the intercept)

3.2 | Comparison of DVT prevalence, the Wells rule
items, and D-dimer testing between patients with and
without cancer

that included age, sex, all original Wells rule items (including also
history of DVT), and D-dimer test results (dichotomized as posi-

The prevalence of DVT in these patients with cancer varied

tive or negative using assay-specific cutoffs) as potential predic-

from 18.2% to 57.1% (median, 37.5%; IQR, 30.8-45.5), whereas

tors. Age was evaluated as a continuous variable using restricted

it was from 4.2% to 37.8% (median, 15.1%; IQR, 11.5-16.7) in

cubic splines to accommodate the possibility of a nonlinear re-

patients without cancer (Table S1). The prevalence of DVT was

lationship. 24,25 Selection of predictors for the final model was

higher in patients with cancer than in patients without cancer

done using backward elimination by mean squared error. Next,

in all clinical pretest probability categories (Table S2). Among

internal-external cross-validation (IECV) was applied. 26 This ap-

834 patients with cancer, 108 (12.9%) had an unlikely clinical

proach yields a developed model in the total IPD set, whereas one

probability with the original Wells rule (1 point or less) combined

study was iteratively excluded, in which it was then subsequently

with a negative D-dimer assay. Among these 108 patients, the

validated. It is an extended form of internal validation that can

(pooled) observed prevalence of DVT was 3.0% (95% CI, 0.0-

evaluate the generalizability of the developed model by taking

9.4). On the other hand, 64 (7.7%) had a low clinical probability

all clusters in the IPD into account. 26 Overall model performance

(0 points or less) with a negative D-dimer assay. Among these

was evaluated in terms of discrimination (c-statistic) and calibra-

64 patients, the (pooled) observed prevalence of DVT was 4.0%

tion (a calibration plot and observed-expected ratio).

27

(95% CI, 0.7-12.5).

Next, we explored if this new DVT-cancer rule can safely and effi-

Patient characteristics and the prevalence of Well rule items

ciently exclude DVT. Similar as done in previous diagnostic DVT stud-

in cancer patients with and without DVT is shown in the Table

ies performed in this field, we predefined that to be able to exclude

S3. In comparison of diagnostic performance of the Wells rule

DVT without imaging, the model had to be able to identify a substan-

items and D-dimer testing, most of the items showed similar as-

tial subset of patients with a predicted probability of DVT presence no

sociations with the presence of DVT in patients with and without

higher than 2%.28,29 Finally, these analyses were repeated using 5%

cancer (Table 2). However, two of the Wells rule items showed an

and 10% instead of 2% as the predicted posttest probability threshold.

inverse association for the presence of DVT in patients with and

2248
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Patients with
Cancer

Patients without
Cancer

Variables

n = 834

n = 9168

Age, year; mean (SD)

65.9 (13.4)

58.6 (17.5)

<.001

Primary care setting, n (%)

173 (20.7)

2941 (32.1)

<.001

Male, n (%)

366 (43.9)

3481 (38.0)

.001

44 (5.3)

569 (6.2)

.319

Recently bedridden >3 d or major
surgery <4 wk, n (%)

140 (16.8)

971 (10.6)

<.001

Localized tenderness of deep
venous system, n (%)

419 (50.2)

4679 (51.0)

.686

Entire leg swollen, n (%)

340 (40.8)

2427 (26.5)

<.001

Calf swelling >3 cm, n (%)

346 (41.4)

2670 (29.1)

<.001

Pitting edema, n (%)

477 (57.2)

4307 (47.0)

<.001

Paralysis, paresis, or recent
immobilization of leg with plaster,
n (%)

Pa

Collateral superficial veins, n (%)

132 (15.8)

1084 (11.8)

.001

Alternative diagnosis as likely as or
more likely than DVT, n (%)

321 (38.5)

4441 (48.4)

<.001

961 (10.5)

.027

History of DVT, n (%)

68 (8.2)

Score of the Wells rule, mean (SD)

2.5 (1.9)

0.9 (1.9)

<.001

Positive D-dimer test, n (%)

611 (73.3)

4861 (53.0)

<.001

Presence of DVT, n (%)

317 (38.0)

1547 (16.9)

<.001

TA B L E 1 Comparison of patient
characteristics, the Wells rule items, the
result of D-dimer test, and prevalence of
DVT between patients with and without
cancer

Abbreviations: DVT, deep vein thrombosis; SD, standard deviation.
a

Comparison between patient with and without cancer.

TA B L E 2

Comparison of diagnostic performance of the Wells rule items and D-dimer testing between patients with and without cancer
Patients with Cancer

Variables

Odds ratio
(95% CI)

Patients without Cancer
95% PI

Odds ratio
(95% CI)

95% PI

Paralysis, paresis, or recent immobilization of leg
with plaster

0.85 (0.44-1.65)

0.40-1.82

1.55 (1.11-2.18)

0.67-3.59

Recently bedridden >3 d or major surgery <4 wk

1.52 (1.03-2.23)

0.87-2.63

1.94 (1.61-2.34)

1.53-2.45

Localized tenderness of deep venous system

1.68 (1.16-2.43)

0.77-3.68

1.85 (1.41-2.42)

0.72-4.77

Entire leg swollen

1.82 (1.09-3.03)

0.37-9.04

3.19 (2.46-4.13)

1.36-7.49

Calf swelling >3 cm

3.49 (2.45-4.98)

1.69-7.23

4.01 (3.38-4.76)

2.60-6.20

Pitting edema

1.67 (1.12-2.47)

0.58-4.76

2.47 (1.96-3.11)

1.20-5.08

Collateral superficial veins

1.48 (0.93-2.36)

0.52-4.21

1.91 (1.58-2.30)

1.45-2.50

Alternative diagnosis as likely as or more likely
than DVT

0.20 (0.11-0.36)

0.04-1.01

0.26 (0.18-0.39)

0.06-1.16

History of DVTa

0.83 (0.45-1.51)

0.39-1.74

1.78 (1.14-2.78)

0.5-6.32

2.31-132.29

15.9 (9.23-27.4)

4.77-53.01

Positive D-dimer test

17.47 (5.43-56.19)

Abbreviation: CI, confidence interval; DVT, deep vein thrombosis; PI, prediction interval.
a

Only included in the modified version of Wells-rule.

without cancer: “paralysis, paresis, or recent immobilization of
leg with plaster” (OR 0.85 vs 1.55) and “history of DVT” (OR, 0.83

3.3 | The DVT-cancer rule for diagnosis of DVT in
patients with cancer

vs 1.78). Although it was statistically significant in patients without cancer, it was no longer statistically significant in patients

After the backward selection of candidate predictors, age, im-

with cancer.

mobility (defined as paralysis, paresis, or recent immobilization

|
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TA B L E 3 The formula of the DVTcancer rule for diagnosis of DVT in
patients with cancer

2249

Variables

Coefficient

Standard Error of
Coefficient

Intercept

−2.11b

1.24

.09

Age 1

−0.01

0.03

.80

Age 2

0.05

0.09

.61

Age 3

−0.97

0.67

.15

Age 4

3.21

1.56

.04

−0.39

0.40

.33

Paralysis, paresis, or recent immobilization
of leg with plaster
Calf swelling >3 cm
Alternative diagnosis as likely as or more
likely than DVT
Positive D-dimer test

Pa

1.00

0.18

<.01

−1.21

0.19

<.01

2.55

0.37

<.01

Abbreviation: DVT, deep vein thrombosis.
a

Wald test for each variable.

b

3
2.6
2
1.4
1
0
0

2

4

5

6

8

10

25
22.4
20

5

14

3.2

10
4.5

4.3
0
0

2

4

5

6

8

Threshold of predicted probability

Threshold of predicted probability

10

Observed probability of DVT
in patients categorized as ‘DVT excluded’

5
4.5
4

Proportion of patients
categorized as ‘DVT excluded’

Mean predicted probability of DVT
in patients categorized as ‘DVT excluded’

The random effect for the intercept was 0.23.

F I G U R E 1 Diagnostic performance of the DVT-cancer rule across various thresholds of the predicted probability of DVT. Left panel: the
mean predicted DVT probability (y-axis) for patients categorized as “DVT excluded” using various upper margins of the accepted posttest
probability (x-axis). Right panel: the proportion of patients categorized as “DVT excluded” (left y-axis) and observed proportion of DVT in
those patients (right y-axis) using various upper margins of the accepted posttest probability (x-axis). Gray shaded areas surrounding the
lines depict 95% confidence areas. DVT, deep vein thrombosis.

of leg with plaster), calf swelling >3 cm, alternative diagnosis as

probability of DVT in those patients (panel B) at these vari-

likely as or more possible than DVT, and positive D-dimer testing

ous thresholds of the accepted posttest DVT probability. At

were included in the DVT-cancer rule (Table 3). A web calcula-

the threshold of the (predicted) posttest probability of 2%, the

tor of the predicted probability of DVT based on this DVT-cancer

mean predicted and observed probability of those categorized

rule is available online (https://dvt-ipd-cancer.shinya pps.io/App_

as “DVT excluded” was 1.4% (95% CI, 1.3-1.5) and 4.5% (95%

dvt/). 32 In the whole IPD data set, the DVT-cancer rule showed a

CI, 0-11.6), respectively. Only 4.3% (95% CI, 3.0-5.7) of patients

c-statistic of 0.81 (95% CI, 0.79-0.85) and good calibration (Figure

were categorized as “DVT excluded” using this threshold. At 5%

S1). In the IECV, the model showed a pooled c-statistic of 0.80

threshold, the mean predicted and observed probability of DVT

(95% CI, 0.75-0.83; 95% PI, 0.68-0.88). The pooled observed-

in patients categorized as “DVT excluded” were 2.6% (95% CI,

expected ratio was 1.03 (95% CI, 0.87-1.21; 95% PI, 0.67-1.59)

2.4-2.8) and 3.2% (95% CI, 0.5-6.8), whereas at a 10% threshold,

(Figure S2).

the mean predicted and observed probability of DVT in patients

Figure 1 shows the mean predicted probability of DVT (panel

categorized as “DVT excluded” were 4.5% (95% CI, 4.1-4.8) and

A) in patients categorized as “DVT excluded” based upon dif-

5.0% (95% CI, 2.1-8.3), respectively. For the latter two thresh-

ferent thresholds of the upper margin of the accepted posttest

olds, the proportion of patients categorized as “DVT excluded”

DVT probability. Similarly, Figure 1 also shows the proportion

were 14.0% (95% CI, 11.7-16.4) and 22.4% (95% CI, 19.6-25.3),

of patients categorized as “DVT excluded” and the observed

respectively.

2250
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4 | D I S CU S S I O N

externally validated. Importantly, external validation is also needed as
the studies included in the IPD were conducted between 2000 and

In this large diagnostic IPD meta-analysis of 13 studies, we observed

2009. In this era of rapid technological advances (eg, cancer treat-

a very high prevalence of thrombosis in cancer patients with sus-

ment,34 D-dimer performance,35 imaging studies29), the model per-

pected DVT (about 40%). Consequently, DVT could be excluded in

formance should be validated in contemporary datasets and adjusted

only 4% of patients with cancer using a cancer-specific diagnostic

if necessary. Second, we applied an advanced method to impute

prediction model at the acceptable threshold of less than 2% post-

systematically missing values for D-dimer, including five studies that

test probability. Accordingly, direct referral to CUS without the

had no measurements of D-dimer. Although it has been established

measurement of D-dimer appears to be the preferred diagnostic

that ignoring partially (ie, nonsystematic) missing values may lead to

workup for cancer patients with suspected DVT.

biased results,36 the influence of ignoring systematically missing values is still uncertain. Therefore, we did perform sensitivity analyses

4.1 | Clinical implications

after imputation of only partially missing data (n = 649). Very similar
findings with this sensitivity analyses supported the robustness of
the findings in the primary analyses (data not shown). Third, in 11

We believe that the findings of this analysis have several clinical im-

of the 13 included studies, categorization of patients as having DVT

plications. First, we demonstrated that the DVT prevalence in cancer

was based on imaging studies that were done at clinical presentation,

patients with suspected DVT is high, both overall and in each clinical

supplemented by events that occurred during 3 months of follow-up

pretest probability category. This high pretest probability makes it al-

in patients who either did not have imaging at presentation (eg, DVT

most impossible to rule out DVT without imaging in these patients at

was considered excluded by clinical assessment and D-dimer testing)

the commonly accepted safety threshold of not missing 2% or more

or who had negative imaging for DVT. Given the high thrombotic risk

DVT cases. Thus, for patients in whom this threshold of 2% is deemed

in patients with cancer, it is possible that some DVT diagnosed during

clinically optimal, direct referral for CUS without measurement of

follow-up were new events rather than events that were already pres-

D-dimer appears to be the preferable approach, both in terms of di-

ent when patients were first evaluated. Because only 4% of all DVT

agnostic efficiency and patient convenience. However, the optimum

were diagnosed during follow-up, such misclassification is unlikely to

threshold for an acceptable predicted posttest DVT probability may

have much impact on these analyses. Finally, we could not use some

be higher in patients with cancer, depending on clinical circumstances.

potentially useful variables (eg, site/staging/treatment of cancer, and

As an extreme example, for patients with advanced cancer in pallia-

medication including possible thromboprophylaxis) because this in-

tive care settings, it has been reported that nonsymptomatic DVT was

formation was not available in the IPD. Furthermore, as quantitative

found on screening in one-third of patients and this was unrelated to

D-dimer levels were only available for three of the studies (n = 136

overall survival.

33

As such, for patients in advanced (palliative) cancer

patients with 55 confirmed DVT cases [ie, 40.4%]), we were unable

settings, the threshold of the predicted posttest probability for diag-

to examine if including D-dimer as a continuous measurement would

nosing DVT in symptomatic patients may be higher than in patients

improve the performance of the DVT-cancer rule.37,38 However, in

without cancer or in cancer patients with a good performance status

those three studies in which quantitative D-dimer levels were avail-

or prognosis. For instance, in such clinical scenarios, a threshold of an

able, median quantitative D-dimer levels for cancer patients were

accepted posttest probability of 5% or even 10% may still be accept-

1000 ng/mL (IQR, 541-1930) for those without DVT and 4104 ng/

able. Our analyses demonstrate that, should this indeed be considered

mL (IQR, 2365-7770) for those with DVT, respectively. These high

acceptable, the use of our developed model may enable an exclusion

D-dimer values in cancer patients indicate that D-dimer testing, at

efficiency of up to around one in every five patients. Nevertheless, the

least using the current thresholds (typically below 500 ng/mL or

clinical utility of such a diagnostic pathway first should be evaluated

alternatively below 1000 ng/mL in patients with a very low pretest

in a new prospective study using clinically relevant patient outcomes,

probability), likely is not very efficient to aid in the exclusion of DVT

such as overall survival, burden of symptoms, and quality of care.

in cancer patients. Nevertheless, quantitative D-dimer testing may
still provide predictive information, in particular if results are not di-

4.2 | Strength and limitations

chotomized but rather evaluated as a continuous predictor over the
full range of findings. Such an approach, which included both age
and D-dimer as continuous measurements, was recently explored

The strength of our analysis is that we used IPD to create the largest

with the use of neural networks and showed good predictive perfor-

dataset of prospectively collected cancer patients with suspected

mance, albeit not evaluated in the subset of only cancer patients.39

DVT published to date, thereby, to the best of our knowledge, providing the best assessment of the optimal diagnostic pathway for
cancer patients with suspected DVT.

5 | CO N C LU S I O N

Several aspects of this work deserve specific attention. First, although we applied the IECV technique to quantify the performance

In conclusion, the DVT prevalence in cancer patients with sus-

range of the DVT-cancer rule in different populations, it should still be

pected DVT is high. Given this high pretest probability, it is

|
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challenging to exclude DVT in suspected patients with cancer
using clinical assessment and qualitative D-dimer testing at the
commonly accepted threshold of less than 2% posttest probability.

8.

Direct referral for compression ultrasonography therefore appears
to be the preferred diagnostic approach in cancer patients with

9.

suspected DVT.
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