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Abstract. Pulmonary thromboembolism (PTE) is one of 
the leading causes of death among cancer outpatients. The 
aim of the present study was to investigate the reliability 
and validity of D‑dimer monitoring for PTE in patients 
with unresectable, advanced or recurrent colorectal cancer 
treated with bevacizumab. A total of 25 patients with 
advanced colorectal cancer who received bevacizumab 
combination chemotherapy as primary treatment were 
retrospectively reviewed. The selection criteria included 
that D‑dimer tests were performed repetitively, and that 
chest and abdominal contrast‑enhanced CT scans were 
completed. The D‑dimer levels and the presence or absence 
of PTE on CT images were retrospectively examined. Four 
cases (16%) were detected as having asymptomatic PTE. 
The D‑dimer values at the onset of PTE were 14.2, 4.6, 1.1 
and 0.9 µg/ml. The negative predictive value was 90.5% 
when 3.0 µg/ml was set as the D‑dimer level cutoff value. 
The incidence of PTE, including asymptomatic PTE, in 
the present study was higher compared with that reported 
in previous studies on various types of cancer, of various 
stages and treated with different chemotherapy regimens. In 
patients with bevacizumab‑treated unresectable, advanced 
or recurrent colorectal cancer, the D‑dimer test was found to 
be less useful for exclusion diagnosis; however, along with 

chest CT, it may be useful in the detection and diagnosis of 
PTE. However, the determination of the optimal reference 
values and appropriate measurement timing of D‑dimer 
testing requires further study.

Introduction

According to the GLOBOCAN 2018 data, colorectal cancer 
(CRC) is the third leading cause of cancer‑related mortality 
worldwide (1). Despite the high mortality rate of CRC, the 
substantial progress in multidisciplinary approaches, including 
chemotherapy, has improved the survival of patients with 
advanced disease, with a median overall survival of 30 months 
achieved in clinical trials (2). Overall, the majority of the 
patients are treated in the outpatient setting.

Pulmonary thromboembolism (PTE) is a serious 
complication and constitutes one of the leading causes 
of death among cancer outpatients (3). It is known that 
tumor‑derived tissue factor activates the clotting cascade, 
and various factors, such as decreased physical activity and 
mechanical compression of veins by the tumor, may promote 
thrombus formation in patients with cancer (4). Moreover, 
bevacizumab, which is used in the treatment of several 
malignancies, including CRC, is believed to cause vascular 
endothelial disorders by inhibiting vascular endothelial 
growth factor and promoting thrombosis (5). An increased 
risk of venous thromboembolism (VTE), including PTE, 
has been reported in patients with cancer receiving bevaci‑
zumab (6).

The D‑dimer test is useful for the exclusion of acute PTE 
in non‑cancer patients; however, as it has high sensitivity but 
low specificity, it is only useful if the clinical probability is 
low. Alternatively, although the pre‑test probability of PTE is 
higher among patients with cancer compared with non‑cancer 
patients, the proper utilization of the D‑dimer test remains 
unclear (7).

In patients with unresectable, advanced or recurrent CRC 
treated with bevacizumab, Mochizuki et al (8) reported that 
the cutoff value of the D‑dimer test for diagnosis of VTE, 
including PTE, is 3.0 µg/ml, with a sensitivity of 75%, speci‑
ficity of 72% and negative predictive value (NPV) of 98%, 
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and may thus be useful for exclusion diagnosis. Conversely, 
as cancer progression, as well as thrombosis, increase the 
D‑dimer level, the significance of D‑dimer monitoring in 
the clinical course of patients with cancer remains unclear. 
Moreover, the recurrence rate of lung metastasis as the site 
of the first recurrence in patients with CRC is only 5.5% (9), 
contrast‑enhanced CT scan of the chest is not routine prac‑
tice in patients undergoing CT scans for routine staging of 
malignancies, and even contrast‑enhanced chest CT scans 
are associated with high false‑negative rates (10). Therefore, 
the actual association between PTE and D‑dimer monitoring 
remains unknown.

The present study was undertaken to investigate the reli‑
ability and validity of D‑dimer monitoring in PTE diagnosis by 
reassessment of CT images in selected patients with unresect‑
able, advanced or recurrent CRC who received bevacizumab 
as primary treatment and were subjected to contrast‑enhanced 
chest CT examination.

Materials and methods

Patients and study design. The medical records of 63 patients 
with histologically confirmed unresectable, advanced or 
recurrent CRC who received bevacizumab combination 
chemotherapy as primary treatment at the NTT Medical Center 
Tokyo (Tokyo, Japan) between April 2015 and December 2018 
were retrospectively reviewed. A total of 25 patients who 
met the selection criteria [D‑dimer tests were performed 
repetitively, both at baseline and during the bevacizumab 
treatment period, and abdominal contrast‑enhanced chest CT 
scans performed for any cause (Fig. 1)] were included in the 
present study. None of the eligible patients had PTE prior to 
bevacizumab combination chemotherapy or were receiving 
anticoagulation therapy.

In our selected study population, the presence or absence 
of PTE and the diagnostic accuracy of D‑dimer testing for 
PTE diagnosis were retrospectively examined, along with an 
assessment of the patient background and Khorana score (11), 
which is a score for predicting thrombosis in patients with 
cancer. The best overall response was assessed according 
to the Response Evaluation Criteria in Solid Tumors 
(version 1.1) (12). PTE was retrospectively reassessed by the 
investigators and a radiologist using chest and abdominal 
contrast‑enhanced CT images.

This study was conducted after obtaining approval from 
the Institutional Review Board of NTT Medical Center Tokyo 
(approval no. 19‑62).

D‑dimer level measurement. A plasma D‑dimer latex immu‑
noassay (LIA) was performed using the Nanopia® D‑dimer 
assay kit (Sekisui Medical Co., Ltd.). The measurable D‑dimer 
LIA value ranges from 0.5 to 60 µg/ml, while the upper limit 
of normal is 1.0 mg/ml.

Statistical analysis. Statistical analyses were performed to 
calculate the sensitivity, specificity and NPV. The cutoff value 
of the upper limit of the normal D‑dimer value was set to 
3.0 µg/ml with reference to the report by Mochizuki et al (8). 
All statistical analyses were performed using EZR soft‑
ware (version 1.35; Saitama Medical Center, Jichi Medical 

University, Saitama, Japan). P<0.05 was considered to indicate 
statistically significant differences.

Results

Patient characteristics. A total of 25 patients who underwent 
a total of 250 D‑dimer tests after receiving bevacizumab 
combination chemotherapy were included in this inves‑
tigation. The characteristics of the included patients are 
summarized in Table I. The Khorana score was 0 points 
in 22 cases (88%), and there were no patients with scores 
of ≥2 points. The median baseline D‑dimer value in our 
study population was 1.3 µg/ml, and the D‑dimer value was 
>1.0 µg/ml, which is the upper limit among patients without 
cancer, in 15 cases (60%). PTE was detected in 4 of the 
25 cases (16%) on contrast‑enhanced CT images, with all 
cases being asymptomatic.

Clinical course of D‑dimer values and characteristics of 
PTE cases. The clinical course of the D‑dimer values and 
the characteristics of the 4 patients of interest are described 
in Fig. 2. In Case 1, the baseline D‑dimer value was positive 
at 7.2 µg/ml, and at the onset of PTE it further increased to 
14.2 µg/ml. In Case 2, the baseline D‑dimer value was nega‑
tive at 1.3 µg/ml, but at the onset of PTE it was positive at 
4.6 µg/ml, and the carbohydrate antigen (CA) 19‑9 level had 
also increased from 1,778 to 2,820 U/ml. In Cases 3 and 4, the 
baseline D‑dimer values were negative and were found to have 
further decreased at the onset of PTE, whereas the CA19‑9 and 
carcinoembryonic antigen levels had also decreased. PTE in 
Case 1 was asymptomatic; however, increased D‑dimer levels 
were detected on blood tests. Therefore, contrast‑enhanced CT 
scan was performed for suspected PTE, and PTE was detected. 
PTE in Cases 2, 3 and 4 was detected by reassessment of 
contrast‑enhanced CT images.

The sensitivity, specificity and NPV were 50.0, 90.5 and 
90.5%, respectively, when 3.0 µg/ml was set as the D‑dimer 
cutoff value (Table II).

Discussion

Despite its retrospective design and small sample size, to 
the best of our knowledge, this is the first study to evaluate 
the reliability and validity of D‑dimer monitoring for PTE 
limited to patients with unresectable, advanced or recurrent 
CRC treated with bevacizumab as primary treatment. CRC is 
a type of cancer not included in the Khorana score, and it is 
often treated by bevacizumab in the primary to tertiary treat‑
ment setting. Therefore, CRC was selected as the best target to 
investigate PTE in the present study.

PTE in patients with cancer is associated with high 
recurrence rate and poor prognosis, despite it being asymp‑
tomatic or an incidental finding. Therefore, it is important to 
accurately diagnose even asymptomatic PTE, and the same 
treatment is recommended for symptomatic and asymptomatic 
patients, including patients diagnosed incidentally (13). The 
PTE cases detected in the present study included asymptom‑
atic PTE that was incidentally diagnosed upon reassessment 
of contrast‑enhanced chest CT images for routine staging of 
malignancy, indicating that it is difficult to detect all cases in 



MOLECULAR AND CLINICAL ONCOLOGY  15:  165,  2021 3

clinical practice. Therefore, the primary purpose was to inves‑
tigate whether blood tests, such as the D‑dimer testing, would 
be useful for complementing PTE diagnosis.

However, the high NPV, which is a characteristic of the 
D‑dimer test in non‑cancer patients, may be less reliable 
in patients with cancer due to the higher incidence of PTE 
compared with non‑cancer patients. Furthermore, despite 
the fact that the D‑dimer test is a sensitive method for the 
diagnosis of acute PTE in non‑cancer patients, the sensitivity 
of D‑dimer test was only 50% in patients with cancer, with a 
cutoff value of 3.0 µg/ml. These results suggest that periodic 
chest CT scans are necessary, even if the D‑dimer test is 
negative. In other words, the D‑dimer test has low sensitivity 
in patients with bevacizumab‑treated unresectable, advanced 
or recurrent CRC, and may only be useful in the detection 
and diagnosis of PTE, rather than the exclusion of PTE. In 

addition, patients with cancer have additional factors that 
may also affect D‑dimer levels, such as age, inflammation 
and tumor progression, and the D‑dimer levels may decrease 
with disease control by treatment; therefore, D‑dimer level 
routine monitoring may be important, in addition to its 
measurement at baseline and at the timing of appearance 
of suspicious symptoms. The cutoff value of the D‑dimer 
test in PTE diagnosis requires further verification, but 
this could not be performed in the present study owing to 
the insufficient sample size. However, if D‑dimer levels 
rapidly increase during routine monitoring, as in Cases 1 
and 2 reported herein, the possibility of PTE should be 
considered.

There were several major limitations to the present 
study. First, this was a retrospective observational study 
with a small sample size. Second, PTE was evaluated by 

Figure 1. Flowchart of patient selection. Inclusion criteria were patients with 
histologically confirmed unresectable, advanced or recurrent colorectal 
cancer who received bevacizumab combination chemotherapy as a primary 
treatment. Patients were excluded if they had not been subjected to D‑dimer 
monitoring or contrast‑enhanced chest CT scan.

Table I. Patient characteristics and incidence rate of PTE.

Characteristics No. (%)

Age, years (range) 66 (42‑81)
Sex 
  Male 12 (48.0)
  Female 13 (52.0)
Concurrent regimen 
  mFOLFOX6 19 (76.0)
  CapeOX 3 (12.0)
  FOLFIRI 2 (8.0)
  CPT‑11 1 (4.0)
Best overall responsea 
  Complete response 0 (0)
  Partial response 7 (28.0)
  Stable disease 14 (56.0)
  Progressive disease 4 (16.0)
Khorana score 
  0 22 (88.0)
  1 3 (12.0)
  ≥2 0 (0)
Baseline D‑dimer, µg/ml (range) 1.3 (0.4‑16.9)
Baseline carcinoembryonic antigen,  22.9 (1.7‑2,330.0)
ng/ml (range) 
Baseline carbohydrate antigen 19‑9,  120 (0‑284,810)
U/ml (range) 
Number of bevacizumab cycles (range) 10 (2‑36)
Number of D‑dimer tests per 8 (1‑33)
patient (range) 
Number of enhanced CT scans per 3 (1‑7)
patient (range) 
PTE cases 4 (16.0)

aRECIST criteria, version 1.1. Results are presented as the median 
(range) or number (%). mFOLFOX6, oxaliplatin, L‑leucovorin and 
5‑FU; CapeOX, capecitabine and oxaliplatin; FOLFIRI, irinotecan 
and L‑leucovorin. 5‑FU; 5‑FU, 5‑fluorouracil; PTE, pulmonary 
thromboembolism.

Table II. Diagnostic accuracy of D‑dimer test for PTE.

 Number of patients
 (n=25)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables PTE (+) PTE (‑)

D‑dimer level, µg/ml
  >3.0 2   2
  ≤3.0  2 19
Measure of accuracy, %
  Sensitivity  50.0
  Specificity  90.5
  Positive predictive value  50.0
  Negative predictive value  90.5

PTE, pulmonary thromboembolism.
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contrast‑enhanced chest CT images, but without considering 
the possibility of deep vein thrombosis (DVT) in the lower 
limbs or in the injection site of the central venous catheter. 
There may be an association between PTE and DVT, and the 
source of PTE may be thrombi formed in the veins in the 
lower limbs or pelvis. In particular, the lower limbs are rarely 
evaluated by CT scans for the purpose of disease assessment 
in patients with CRC, and ultrasonography is generally only 
performed when suspicious symptoms are observed. The 
PTE cases in the present study may have developed DVT 
prior to the onset of PTE, and the relevance between the onset 
of DVT and the variation of D‑dimer levels and NPV was 
not elucidated in this study. Finally, on routine monitoring of 
D‑dimer levels, the reasons for the low sensitivity of D‑dimer 
testing may include the negative conversion of the D‑dimer 
levels due to the organization of the thrombus with the lapse 
of time after thrombus formation and the detection of minute 
thromboembolism by reassessment of contrast‑enhanced CT 
scans. Future research should be aimed at elucidating this 
issue.

Despite these limitations, it was herein demonstrated that 
PTE, including asymptomatic and incidentally diagnosed 
cases, appears to be a frequent occurrence among patients 
with CRC, such as those included in the present study, and the 
D‑dimer test may be less useful for exclusion diagnosis, but 
may prove useful for appropriate PTE detection and diagnosis 
in addition to chest CT scans. In addition, D‑dimer level moni‑
toring is hypothesized to be important not only at baseline, but 
also during treatment. However, the optimal reference values 
and the appropriate measurement and timing of D‑dimer 
testing require further study.
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