
Abstract. Background/Aim: Predictive markers for survival
and therapeutic efficacy in stage IV colorectal cancer have
not been established. As described in our previous report, D-
dimer levels may have potential utility as an indicator of
cancer activity. The present study evaluated the significance
of the D-dimer level as a marker for the survival and
treatment outcomes in patients with stage IV colorectal
cancer. Patients and Methods: A total of 34 patients who
underwent surgery for stage IV colorectal cancer between
February 2017 and October 2019 were enrolled. The D-dimer
level was measured using a blood sample obtained at the first
visit to our hospital. Results: The median preoperative D-
dimer level was 1.2 μg/ml (range=0.5-41.0 μg/ml). We
divided patients into two groups using a D-dimer level of 2.0
μg/ml as the cut-off value based on receiver operating
characteristic curve analysis. The group with a high-D-dimer-
level had a significantly shorter overall survival than that
with a low D-dimer level. Progression-free survival after first-
line chemotherapy tended to be better in those with a low D-
dimer level group than in the high-D-dimer-level group.
Conclusion: The preoperative D-dimer level may be a useful

indicator for survival and chemotherapeutic outcome in
patients with stage IV colorectal cancer.

Stage IV colorectal cancer includes patients with various
conditions, all differing with regard to aspects, such as the
number of metastatic organs, number of metastatic lesions,
size of metastases, and presence of peritoneal dissemination.
Although carcinoembryonic antigen, which has been
frequently used as a tumor marker of colorectal cancer in
clinical practice (1, 2), is often associated with the tumor
burden, its utility as a predictive marker for the survival and
treatment efficacy is insufficient.

Although inflammatory markers, such as the neutrophil-
to-lymphocyte ratio (NLR) (3, 4), modified Glasgow
Prognostic Score (mGPS) (5, 6), C-reactive protein-to-
albumin ratio (CAR) (7, 8) and albumin-to-globulin ratio (9,
10), have been reported to be useful for predicting the
prognosis and chemotherapeutic efficacy in various
malignancies, predictive markers for the survival and
therapeutic efficacy in stage IV colorectal cancer have not
been established. We therefore focused on the D-dimer level
in this study.

As described in our previous report in which the
preoperative D-dimer level was a useful prognostic marker
in patients with stage I-III colorectal cancer (11), the D-
dimer level may have potential utility as an indicator of
cancer activity as well as a screening marker for venous
thromboembolism. Furthermore, the D-dimer level has been
reported to be useful as a predictor of the survival and
treatment outcomes in patients with unresectable gastric
cancer (12), cervical carcinoma (13) and high-grade
musculoskeletal sarcoma (14).

The present study therefore evaluated the utility of the D-
dimer level as a marker for the survival and treatment
outcomes in patients with stage IV colorectal cancer.
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Patients and Methods
Patients. A total of 34 patients who underwent surgery for stage IV
colorectal cancer at the Department of Gastroenterological Surgery
of Osaka City University Hospital between February 2017 and
October 2019 were enrolled in this study. Patients who received
chemotherapy first without surgery and cases with recurrence after
curative resection were excluded. The associations between the D-
dimer level and treatment outcomes, such as the resection of
primary tumor/metastatic tumor, chemotherapy introduction and
chemotherapeutic efficacy of first-line treatment, were evaluated. 

This retrospective study was approved by the Ethics Committee
of Osaka City University (approval number: 4182) and was
conducted in accordance with the Declaration of Helsinki. All
patients provided their written informed consent.

Determination of D-dimer level. The D-dimer level was measured
on a CN-6000 automated coagulometer analyzer according to the
manufacturer’s procedure (Sysmex, Kobe, Japan) using a blood
sample obtained at the first visit to our hospital. An appropriate cut-
off value for the D-dimer level was determined based on a receiver
operating characteristic (ROC) curve analysis, and the patients were
then classified into low and high D-dimer level groups. 

Statistical analyses. All statistical analyses were performed using
the SPSS version 26 software package for Windows (IBM Corp.,
Armonk, NY, USA). The significance of differences in the
preoperative D-dimer level and clinicopathological factors was
analyzed using a chi-squared test, Fisher’s exact test and Mann-
Whitney U-test.

Overall survival was defined as the interval between the date of
operation and the date of death from any cause or of the last
follow-up. The progression-free survival was defined as the interval
between the date of initiation of first-line chemotherapy and the
date of disease progression, death from any cause or of the last
follow-up. We adopted the Response Evaluation Criteria in Solid
Tumors to classify the treatment response (15). An objective
response was defined as a complete or partial response. Disease
control was defined as a complete or partial response or stable
disease. Survival curves were estimated using the Kaplan-Meier
method, and differences in survival curves were assessed with a
log-rank test. Values of p<0.05 were considered to indicate
statistical significance.

Results

The treatment flowchart is shown in Figure 1. The details of
operations were as follows: Colostomy only, one patient;
resection of the primary tumor only, 29 patients; resection of
primary tumor and distant metastases, four patients. Among
the 30 patients with residual distant metastases, 18 (60.0%)
received chemotherapy. The median preoperative D-dimer
level was 1.2 μg/ml (range=0.5-41.0 μg/ml).

Classification according to D-dimer level. The D-dimer
level, as a continuous variable, was used as the test variable,
and 16.0-month survival (median survival time=16.0
months) was used as the state variable. The ROC curve
analysis revealed that the appropriate cut-off D-dimer level
was 2.0 μg/ml (sensitivity=56.3%, specificity=93.3%)
(Figure 2). We therefore set 2.0 μg/ml as the cut-off value
and classified patients into the low (≤2) (n=23) and high (>2)
D-dimer level (n=11) groups.
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Figure 1. Treatment flowchart.

Figure 2. Receiver operating characteristic curve analysis of the D-
dimer levels. Area under the curve=0.719, 95% confidence
interval=0.536-0.901, p=0.038.



Associations between D-dimer level and clinicopathological
factors. The D-dimer level had no significant relationship with
any of the clinicopathological factors. That is to say, no
correlation was observed between the D-dimer level and
factors involved in stage determination, such as the number of
organs with metastases or peritoneal dissemination (Table I).

Associations between D-dimer level and inflammatory
markers. The D-dimer level was significantly positively
associated with the NLR and mGPS (p=0.038 and p=0.001,
respectively) (Table II).

Results of survival analysis according to the D-dimer level.
The group with a high D-dimer level had a significantly
lower overall survival than the group with a low level
(p=0.0125) (Figure 3).

D-Dimer level by treatment details. One patient who
underwent colostomy without excision of the primary tumor
had a high D-dimer level of 9.4 μg/ml. Four patients who
underwent resection of the primary tumor and distant
metastases all had D-dimer levels below 2 μg/ml (0.5, 0.7,
1.3 and 1.7 μg/ml, respectively). The chemotherapy rate

tended to be higher in the group with a low D-dimer level
(63.2% vs. 54.5%), although no statistically significant
difference was observed.
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Figure 3. Kaplan-Meier survival curves for overall survival according to
the D-dimer level. The group with a high D-dimer level had a
significantly worse overall survival than that with a low level (p=0.0125). 

Figure 4. Kaplan-Meier survival curves for progression-free survival
according to the D-dimer level. The group with a high D-dimer level
tended to have a worse progression-free survival than that with a low
level (p=0.0582).

Table I. Association between D-dimer level and clinicopathological
factors.

                                                                    D-Dimer level

Factor                    Subgroup                     Low           High         p-Value
                                                                 (n=23)         (n=11)

Age, n                    <75 Years                      14                6             <0.999
                              ≥75 Years                        9                5                 
Sex, n                    Male                                 9                5             <0.999
                              Female                           14                6                 
Location of           Right side                      12                7               0.715
the tumor, n         Left side                        11                4                 

Histological          Well-/moderately         22                8               0.212
type, n                  differentiated                    
                              Poorly 
                              differentiated, 
                              mucinous                        1                2                 
                              Unknown                         0                1                 
Tumor                   <5 cm                            14                3               0.141
diameter, n           ≥5 cm                              9                7                 
                              Unknown                         0                1                 
Liver                     Absent                           13                2               0.064
metastasis, n        Present                           10                9                 

Lung                     Absent                           19                7               0.388
metastasis, n        Present                             4                4                 

Peritoneal             Absent                           12                6             <0.999
dissemination,     Present                           11                5                 
n                           

Organs with          1                                     18                6               0.232
metastases           ≥2                                     5                5                 

Table II. Primers used in quantitative reverse transcriptase polymerase
chain reaction.

Inflammatory          Subgroup              Median D-dimer             p-Value
marker                                                level (range), μg/ml

NLR                          <3                            0.8 (0.5-41.0)                  0.038
                                 ≥3                            3.1 (0.6-12.9)                       
mGPS                       0, 1                           1.0 (0.5-7.3)                   0.001
                                 2                              4.4 (0.8-41.0)
                                 
NLR: Neutrophil-to-lymphocyte ratio; mGPS: modified Glasgow
prognostic score.



Treatment outcomes of first-line chemotherapy. The
progression-free survival tended to be better for the group
with a low D-dimer level than in the high D-dimer level
group (p=0.0582) (Figure 4), although the objective response
rates/disease control rates of the two groups did not differ to
a statistically significant extent (Table III).

Discussion

This study demonstrated that the D-dimer level at the first visit
to the hospital was associated with survival and treatment
outcomes of patients with stage IV colorectal cancer.

Due to coagulation-fibrinolysis abnormalities caused by
the interaction between cancer cells and endothelial cells, the
release of cancer procoagulants and tissue factor, the
production of cytokines and activation of blood cells, an
increase in the level of D-dimer, a fibrin degradation
product, is often observed in patients with cancer (16-20).
As cross-linked fibrin produced in coagulation-fibrinolysis
abnormalities serves as a framework for processes of cancer
progression, such as angiogenesis and invasion, such
abnormalities and cancer activity are closely related (20, 21).
Therefore, the D-dimer level, which reflects cancer activity,
may serve as a prognostic marker for survival and treatment
outcomes.

Although in our study D-dimer levels were not associated
with the determinants of stage IV subclassification, such as
peritoneal dissemination and the number of organs with
metastases (22), they were significantly associated with
prognosis. Given previous reports that elevated D-dimer
levels are associated with a high tumor burden (23), these
results are readily accepted. Therefore, the D-dimer level is
an excellent marker for evaluating cancer activity, which
offers different perspectives from the TNM classification.
These findings are supported by the correlation between the
D-dimer levels and inflammatory markers, such as the NLR
and mGPS, which have also been reported to reflect the
tumor burden and cancer activity (8).

The chemotherapy rate tended to be lower in the group
with a high D-dimer level. Even with chemotherapy, patients
with high D-dimer levels tended to have a short progression-
free survival in first-line treatment. This is presumed to be
due to the acquisition of chemoresistance associated with a
high tumor activity or a tumor growth rate that exceeds the
tumor-suppressive effects of chemotherapy. In contrast, it is
speculated that patients with low D-dimer levels may have
had relatively low cancer activity and low tumor volumes,
as all our patients who underwent resection of the primary
tumor and distant metastases had low D-dimer levels.

The present study is associated with several limitations.
Firstly, this was a retrospective study with a small cohort at
a single center. Large prospective studies should be conducted
to confirm our findings. Secondly, it was not possible to
examine the significance of the D-dimer level in cases where
the primary tumor was small and clinical symptoms were
poor, as chemotherapy is performed first without surgery in
such cases. Thirdly, it was also not possible to examine the
relationship between changes in D-dimer levels and
therapeutic effects, as the D-dimer level was not routinely
measured after the initiation of chemotherapy.

In conclusion, the preoperative D-dimer level may be a
useful indicator for survival and chemotherapeutic outcomes
of patients with stage IV colorectal cancer.
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