
Abstract. Background/Aim: If VEGF inhibitors contribute
to an increase in D-dimer levels, they may adversely affect
the diagnosis of venous thromboembolism (VTE).
Consequently, this retrospective study examined the effects
of VEGF inhibitors on D-dimer levels in colorectal cancer
patients. Patients and Methods: A total of 104 colorectal
cancer patients who received chemotherapy, were included
in this study. To perform D-dimer analysis, patients were
divided into two analysis targets: patients with VTE and
without VTE. Statistical analysis included a natural
logarithmic transformation of D-dimer data. Results: In the
D-dimer analysis of non-VTE patients, the natural logarithm
D-dimer mean difference was –0.186, with a 95% CI
of –0.525 to 0.154. The upper limit of the 95%CI (0.154) did
not exceed the non-inferiority margin (Δ) of 0.199, and
therefore met the non-inferiority criteria. Conclusion: VEGF
inhibitors don’t contribute to increased D-dimer levels in
colorectal cancer patients without VTE. 

Vascular endothelial growth factor (VEGF) inhibitors,
introduced by Folkman et al., are antiangiogenic therapy-
based drugs (1) that inhibit tumor growth, invasion, and
metastasis by inhibiting tumor angiogenesis. Approved in
2004 by the U.S. Food and Drug Administration (FDA),
bevacizumab was the first VEGF inhibitor with indications for
various cancers, including colorectal cancer. In Japan,

ramucirumab and aflibercept have also been approved as
VEGF inhibitors for colorectal cancer treatment. VEGF
inhibitors play an important role in colorectal cancer
chemotherapy, and the Pan-Asian Adapted European Society
for Medical Oncology (ESMO) Consensus Guidelines also
recommends the use of bevacizumab combination therapies in
many patients (2).

Although VEGF inhibitors have been widely used in
various cancers, consequent adverse events such as venous
thromboembolism (VTE) have been reported. In a
multinational phase-III clinical trial (NO16966) in which
bevacizumab was approved for colorectal cancer treatment,
VTE (CTCAE ver3.0 all grade) incidence was 12.4% (3, 4).
Similarly, adverse events have also been reported in
ramucirumab- and aflibercept-treated patients; hence, in our
routine medical care, these drugs are used with caution.

The high negative predictive value of D-dimer in VTE
diagnosis is widely known; thus, it is very useful in
diagnosis by exclusion (5). In addition, D-dimer is reported
as a useful VTE predictive marker even in malignant tumor
patients (6). On the other hand, its positive predictive value
is low because various factors such as surgery, infection,
disseminated intravascular coagulation (DIC), liver cirrhosis,
and malignant tumors increase D-dimer levels. In other
words, while patients with negative D-dimer test results are
very unlikely to develop VTE, those with positive D-dimer
test results do not always develop VTE.

As described above, VEGF inhibitors have been known to
increase the risk of VTE. However, if they contribute to an
increase in D-dimer levels, which are useful in VTE prediction,
they may further reduce the positive predictive value.
Consequently, this retrospective study examined the effects of
VEGF inhibitors on D-dimer levels in colorectal cancer patients.

Patients and Methods

A total of 104 colorectal cancer patients who received adjuvant
chemotherapy after surgery and systemic chemotherapy for
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unresectable or recurrent metastasis between March 2014 and May
2018 at the Department of Medical Oncology (Showa University
Koto Toyosu Hospital), were included in this study. Approval was
given by the institutional review board of the Showa University Koto
Toyosu Hospital (approval date: October 2018), and the study was
conducted in accordance with the Helsinki Declaration guidelines.
This retrospective study was conducted using our clinical database,
all patient data were protected and kept confidential, and during data
acquisition, personal information that could be used to identify
patients was eliminated. Through the hospitals’ homepage, patients
were informed of the purpose of the study, with the option to opt-
out; hence, additional patient consent was not required.

Study background. Once a month during chemotherapy, D-dimer
levels were routinely measured to detect VTE in the early stages.
An automated coagulation analyzer (Coapresta 2000; Sekisui
Medical Co., Ltd., Tokyo, Japan) was used to analyze all specimens.
Nanopia D-dimer (Sekisui Medical Co., Ltd, Tokyo, Japan) was
used as a reagent and the reference range of D-dimer levels in the
measurement method was 1.0 μg/ml or less. When D-dimer levels
exceeded this reference range, a contrast-enhanced Computed
Tomography (CT) had been performed to exclude pulmonary
embolism (PE) and deep vein thrombosis (DVT), following a VTE
protocol (pulmonary arterial and lower extremity venous phase). To
perform D-dimer analysis in our routine medical care, patients were
divided into two analysis targets: patients with VTE (D-dimer
analysis of VTE patients) and without VTE (D-dimer analysis of
non-VTE patients) (Figure 1).

D-dimer analysis of VTE patients: Evaluation of D-dimer levels in
VTE patients at diagnosis. D-dimer levels at the time of VTE
diagnosis were extracted retrospectively. Analysis targets were
divided into the VEGF inhibitor group (i.e., VEGF inhibitor-treated
group at the time of VTE diagnosis) and the non-VEGF inhibitor
group (i.e., non-VEGF inhibitor-treated group at the time of VTE
diagnosis), to compare D-dimer levels.

D-dimer analysis of non-VTE patients: Evaluation of the highest D-
dimer level in non-VTE patients. The highest D-dimer levels in the
clinical course during chemotherapy were extracted retrospectively.
Analysis targets were divided into the VEGF inhibitor group (i.e.,
VEGF inhibitor-treated group at the highest D-dimer level) and the
non-VEGF inhibitor group (i.e., non-VEGF inhibitor-treated group
at the highest D-dimer level), to compare D-dimer levels. 

Statistical analyses. D-dimer data from the different groups were
not normally distributed; hence, they were presented as medians
(interquartile range), and box-and-whisker plots were used for visual
evaluation. Statistical analysis inlcuded a natural logarithmic
transformation of D-dimer data to approximate normal distribution.
After testing variance homogeneity, the Student’s t-test and one-way
analysis of variance (ANOVA) were used to compare the means of
the two groups. A p-value less than 0.05 (two-tailed) was considered
statistically significant.

Regarding non-inferiority clinical trials, U.S. FDA guidelines
recommend setting two margins: M1 and M2 (7). The non-inferiority
margin (Δ) is an acceptable range of ratios or differences between
the two groups compared. As D-dimer cut-off value (differential
values) for VTE onset, one study used 1.44 μg/ml (8), which was
also used in "the Vienna prediction model" to distinguish risk of

VTE recurrence (9). It should had been noted that the comparison of
D-dimer levels due to different reagents, but this value was 44%
higher than the upper limit of our D-dimer reference range and could
be used as M1. In addition, a previous prospective non-inferiority
trial used 30% as the D-dimer non-inferiority margin (10). Therefore,
we set 50% of this M1 as M2, and decided the non-inferiority margin
(Δ) of this study to be 22%. This non-inferiority margin (Δ) of D-
dimer levels was also appropriate from a clinical point of view. 

The arithmetic mean difference in natural logarithm D-dimer (ln
D-dimer) corresponds to the geometric mean ratio in D-dimer.
When the upper limit of the geometric mean ratio in D-dimer was
1.22 (non-inferiority margin of 22%), the upper limit of the
arithmetic mean difference after natural logarithm transformation
was 0.199. This statistical approach is also used in the
bioequivalence studies (11). Non-inferiority, which means that
VEGF inhibitors did not contribute to an increase in D-dimer levels,
was defined as 95% confidence interval (CI) of the arithmetic mean
difference in ln D-dimer less than 0.199 from the above. All
statistical analyses were performed using SPSS Statistics version
19.0 (IBM Corp., Armonk, NY, USA).

Results
The 104 colorectal cancer patients consisted of 23 patients
with VTE (22.1%) and 81 without VTE (77.9%). There were
67 patients (64.4%) who had been treated with bevacizumab,
3 (2.9%) with ramucirumab, and 3 (2.9%) with aflibercept
(other baseline characteristics are shown in Table I).
Statistically significant differences in some characteristics such
as VEGF inhibitor history, chemotherapy target, and the onset
of clinical events were observed. There were no statistically
significant differences in patients who had previously received
antithrombotic therapy to affect D-dimer levels.

D-dimer analysis of VTE patients. The median D-dimer
levels were 5.2 μg/ml (interquartile range=3.6-7.8 μg/ml)
and 4.7 μg/ml (interquartile range=2.3-11.5 μg/ml) in the
VEGF and non-VEGF inhibitor groups, respectively. The
box-and-whisker plots of D-dimer levels of both groups are
shown in Figure 2A. There was no significant difference
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Figure 1. Patient disposition.



between the ln D-dimer means of the 2 groups (p=0.88). The
ln D-dimer mean difference was 0.064, with a 95%CI
of –0.811 to 0.941. The upper limit of the 95%CI (0.941)
exceeded the non-inferiority margin (Δ) of 0.199, and
therefore did not meet the non-inferiority criteria (Figure 3).
The test results are shown in Table II.

D-dimer analysis of non-VTE patients. The median D-dimer
levels were 2.5 μg/ml (interquartile range=1.3-3.3 μg/ml)
and 2.3 μg/ml (interquartile range=1.4-4.1 μg/ml) in the
VEGF and non-VEGF inhibitor groups, respectively. The
box-and-whisker plots of D-dimer levels of both groups are

shown in Figure 2B. There was no significant difference
between the ln D-dimer means of the 2 groups (p=0.28). The
ln D-dimer mean difference was –0.186, with a 95%CI
of –0.525 to 0.154. The upper limit of the 95%CI (0.154) did
not exceed the non-inferiority margin (Δ) of 0.199, and
therefore met the non-inferiority criteria (Figure 3). The test
results are shown in Table II.

Discussion

The incidence of VTE in cancer patients is increasing
annually (12), and is reportedly 4-8 times higher than in non-
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Table I. Demographic and baseline characteristics of patients (n=104).

                                                                                     D-dimer analysis of VTE patients                                    D-dimer analysis of non-VTE patients
Analysis target                                                                   Patients with VTE (n=23)                                                 Patients without VTE  (n=81)
Clinical event                                                                     Venous thromboembolism                                                        D-dimer highest level

VEGF inhibitor-treated                      VEGF inhibitor              Non-VEGF                  p-Value        VEGF inhibitor    Non-VEGF inhibitor   p-Value
at the event appearance                         group (n=10)        inhibitor group (n=13)                                 group (n=37)             group (n=44)

Age-year                                                 72.5 (62-75)                  71 (66-75)                     0.95                66 (60-73)                 67 (59-71)               0.59
Gender-no. [%]                                                                                                                                                                                                                
  Male                                                         6 [60.0]                        6 [46.2]                                                28 [75.7]                    34 [77.3]                  
  Female                                                     4 [40.0]                        7 [53.8]                        0.41                  9 [24.3]                     10 [22.7]                0.87
Chemotherapy target-no. [%]                                                                                                                                                                
  Primary advanced                                   8 [80.0]                        9 [69.2]                                                15 [40.5]                    32 [72.7]                  
  Recurrence                                               2 [20.0]                        3 [23.1]                                                22 [59.5]                    10 [22.7]                  
  Adjuvant                                                     0 [0]                            1 [7.7]                         0.64                     0 [0]                         2 [4.5]                  0.002
Administration history of 
VEGF inhibitors-no. [%]                          10 [100]                        4 [30.8]                     <0.001                37 [100]                     16[36.4]              <0.001
Prior antithrombotic 
therapy-no. [%]                                            0 [0]                            1 [7.7]                         0.57                   1 [2.7]                        1 [2.3]                  0.71
Reference period-day                           575 (403-975)              510 (338-724)                  0.54            679 (395-1071)          596 (388-949)            0.23

At the event appearance                                                                                                                                                                        
VEGF inhibitor drug-no. [%]                                                                                                                                                                
  Bevacizumab                                          10 [100]                             -                                                      36 [97.3]                           -                         
  Ramucirumab                                             0 [0]                                 -                                                          0 [0]                              -                         
  Aflibercept                                                0 [0]                                 -                                                        1 [2.7]                             -                         
Number of chemotherapy 
lines-no. [%]                                                                                                                                                                                           
  0                                                                  0 [0]                           2 [15.4]                                                    0 [0]                        9 [20.5]                   
  1                                                               6 [60.0]                        5 [38.5]                                                27 [73.0]                    19 [43.2]                  
  2                                                               2 [20.0]                        4 [30.8]                                                 8 [21.6]                      5 [11.4]                   
  3                                                               1 [10.0]                           0 [0]                                                     1 [2.7]                        2 [4.5]                    
  4 or more                                                 1 [10.0]                        2 [15.4]                        0.44                   1 [2.7]                       9 [20.5]                 0.002
ECOG performance 
status-no. [%]                                                                                                                                                                                         
  0                                                               4 [40.0]                        5 [38.5]                                                27 [73.0]                    28 [63.6]                  
  1                                                               6 [60.0]                        4 [30.8]                                                 8 [21.6]                     10 [22.7]                  
  2                                                                  0 [0]                           3 [23.1]                                                  2 [5.4]                        4 [9.1]                    
  3                                                                  0 [0]                            1 [7.7]                                                     0 [0]                         2 [4.5]                    
  4                                                                  0 [0]                             0 [0]                          0.24                     0 [0]                           0 [0]                   0.51
  Body surface area -m2                     1.51 (1.45-1.64)          1.53 (1.38-1.71)                 0.95            1.66 (1.50-1.78)        1.60 (1.50-1.71)          0.21

Notes: p-Values indicate differences between groups by Mann-Whitney U-test, Chi-squared test or Fisher’s exact test. 



cancer patients (13-15). The most common cause of death in
cancer patients is reportedly the primary disease, followed
by VTE (16). Therefore, early detection and treatment of
VTE are crucial.

As described above, D-dimer levels were routinely
measured to detect VTE in the early stages. In this study,
there was no significant difference between the D-dimer
levels of the VEGF and non-VEGF inhibitor groups. The
non-inferiority criteria were met in the D-dimer analysis of
non-VTE patients, but not in that of VTE patients.
Additionally, the accumulation of D-dimer in both groups
was visually evaluated using box-and-whisker plots. In
Figure 2A and B, the boxes overlap including both medians,
not showing that there was difference in the D-dimer levels
between the two groups.

The D-dimer analysis of non-VTE patients demonstrated
the non-inferiority, suggesting that without VTE, VEGF
inhibitors did not contribute to an increase in D-dimer levels
in colorectal cancer patients.

To consider the factors that did not meet the non-
inferiority criteria in the D-dimer analysis of VTE patients
despite not showing statistical significance, we focus on the
between-group and within-group variation. D-dimer analysis
of VTE patients showed that within-group and between-
group variation accounted for 99.91% and 0.09% of the total
variation, respectively (Table II). The large within-group
variation indicates the variability of D-dimer levels within
each group, and the larger the variability, the larger the CI
range. Since D-dimer is a degradation product of a cross-

linked fibrin, it has various structures and molecular weights,
with high individual differences (17, 18). The low specificity
and low positive predictive value of D-dimer in VTE
diagnosis also contributes to an increase in variability (19).
Variability due to these factors may have contributed to not
meeting, statistically, the non-inferiority criteria in this study.

As a degradation product of a cross-linked fibrin, D-dimer
is indicative of the presence of secondary fibrinolysis. In
other words, an increase in D-dimer levels suggests
preceding thrombus formation. VTE is caused by
coagulation and fibrinolysis imbalance. Although cancer and
VEGF inhibitors are risk factors for thrombus formation, not
all cancer patients or those treated with VEGF inhibitors
develop VTE. Virchow’s triad (venous stasis, vessel wall
injury, and hypercoagulability), which was introduced by
Virchow et al. in 1856, is supported to date (20). In VEGF
inhibitor-induced thrombus formation, the inhibitors reduce
vascular endothelial cell repair ability via vascular
endothelial growth factor receptor 2 (VEGFR-2), and platelet
aggregation inhibition via nitric oxide (NO) and prostacyclin
(PGI2) (21, 22). Although these mechanisms are consistent
with Virchow’s triad, if coagulation and fibrinolysis balance
is maintained, patients may not develop VTE, even in
hypercoagulability conditions. In this equilibrium state, D-
dimer levels are also difficult to increase due to low levels
of cross-linked fibrin. The specificity of the D-dimer in
secondary fibrinolytic systems could be one of the reasons
why VEGF inhibitors do not contribute to increased D-dimer
levels in colorectal cancer patients without VTE.
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Figure 2. Box-and-whisker Plot of D-dimer analysis of VTE patients (A) and D-dimer analysis of non-VTE patients (B).



The incidence of VTE in colorectal cancer patients included
in this study was 22.1%, which was higher than that observed
in the NO16966 trial. However, these patients included those
with asymptomatic VTE and peripheral DVT. Using D-dimer
levels as a predictor, we work actively on VTE detection and
the VTE "detection rate" reflects the effort made. While there
are various theories on therapeutic intervention in patients
with asymptomatic VTE and peripheral DVT, our department
is actively working on it. Peripheral DVT patients with cancer
have also been shown to have a much poorer prognosis than
peripheral DVT patients without cancer (23, 24). The revised
guidelines of the American College of Chest Physicians
(ACCP; 2016) also recommends therapeutic intervention in
patients with active cancer and peripheral DVT (25). Active
detection and treatment of VTE has led to symptomatic or
severe VTE prevention.

This study of retrospectively collected data with non-
randomized treatment assignment has several limitations
such as intergroup differences in baseline characteristics.
Also, the biases of the attending physicians might have
affected the choice and use of VEGF inhibitors. However,
based on existing literature, this study is the first to examine
the relationship between VEGF inhibitors and D-dimer
levels; hence, future studies can use these results to obtain
evidence without bias.

Conclusion

VTE is a dangerous condition that can lead to death. This study
demonstrated that VEGF inhibitors do not contribute to
increased D-dimer levels in colorectal cancer patients without
VTE. Therefore, increased D-dimer levels in VEGF inhibitor-
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Figure 3. Difference in the average values of natural logarithmic D-dimer.

Table II. Statistical analysis results.

                                              Difference         95% Confidence interval                               Source of variation                          Coefficient of   p-Value
                                           in the average                                                                                                                                           variation
                                               values of         Lower limit    Upper limit         Total         Between group        Within group 
                                             ln D-dimer                                                                                      [%]                          [%]

D-dimer analysis 
of VTE patients                      0.064                  –0.811             0.941              21.08          0.02 [0.09%]         21.06 [99.91%]            0.59             0.88

D-dimer analysis 
of non-VTE patients             –0.186                  –0.525             0.154              46.87          0.69 [1.47%]         46.18 [98.53%]            0.85             0.28



treated patients suggest a complication of VTE, instead of false
positive side effects. In other words, it is dangerous to deny the
possibility of VTE just based on cancer/medication status of
patients with positive D-dimer results. Thus, it is crucial to
perform medical imaging tests to reject the possibility of VTE.
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