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Abstract
Purpose Carcinoembryonic antigen (CEA) has limited value as a standalone predictor of the survival in patients with colo-
rectal cancer (CRC). D-dimer (DD) is a predictor of the survival in patients with metastatic CRC. We aimed to predict the 
prognosis in patients undergoing curative resection for the treatment of CRC by integrating the evaluation of preoperative 
CEA and DD concentrations with the pathological classification for stage grouping (pStage).
Methods The study enrolled 304 patients between 2007 and 2012. The Combination of DD and CEA Score (CDCS) awarded 
1 point each for a CEA concentration of > 5.0 ng/ml and DD concentration of > 1.0 μg/ml. Patients were classified accord-
ing to the total points: CDCS 2, increased DD and CEA concentrations; CDCS 1, increased concentration of either DD or 
CEA; CDCS 0, normal concentrations.
Results The overall survival (OS) and relapse-free survival (RFS) were significantly lower in patients with CDCS 2 than in 
those with CDCS 1 or 0. The pStage and CDCS were not independent prognostic predictors of the OS but were predictors 
of the RFS. The C-index value of the combination of the pStage and CDCS was better than that of either alone for the OS 
and RFS.
Conclusion The combination of the pStage and CDCS accurately predicts relapse in patients with CRC.
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Introduction

Colorectal cancer (CRC) is a frequently observed malig-
nancy. Recently, there have been advancements in surgical 
techniques, perioperative management, and chemotherapy 
(e.g., molecular-targeted drugs) for patients with CRC; how-
ever, some CRC patients experience disease recurrence even 
after curative resection.

Colorectal cancer is the fourth-most common cause 
of death from cancer worldwide [1]. Thus, predicting the 
postoperative prognosis in CRC patients is critical for 

determining proper treatment strategies and facilitating 
personalized therapy. At present, the tumor–node–metas-
tasis (TNM) staging system of the Union for International 
Cancer Control (UICC) is the best prognostic system for 
CRC patients [2]. However, there is accumulating evidence 
that a blood analysis can contribute to the prediction of the 
prognosis in CRC patients [3, 4]. Serum tumor marker levels 
can be easily measured and are useful for making a disease 
diagnosis, predicting the prognosis, and detecting recurrence 
following surgery in CRC patients [4].

The College of American Pathologists Consensus Confer-
ence 1999 suggested that the preoperative carcinoembryonic 
antigen (CEA) concentration can be a category I prognos-
tic marker for CRC [5]. However, its utility cannot be fully 
exhibited using a single cut-off value (e.g., 5 ng/ml). Using a 
different cut-off value for each TNM stage based on the CEA 
concentration in the corresponding stages, the preoperative 
CEA concentration can be used as a prognostic factor in 
combination with the corresponding TNM stage [6].
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D-dimer (DD), a degradation product of cross-linked 
fibrin, is a sensitive marker of fibrinolysis [7]. A previous 
study showed that DD is a strong predictor of the survival 
in patients with metastatic CRC [8].

The present study investigated the prognostic value of 
the combination of preoperative DD and CEA concentra-
tions in terms of the Combination of DD and CEA Score 
(CDCS) and examined the CDCS integrated with pStage as 
a predictive model.

Materials and methods

Patients

We performed a retrospective analysis of data from 1014 
consecutive CRC patients who underwent surgery at the 
Hiroshima City Hiroshima Citizens Hospital (Hiroshima, 
Japan) from January 2007 to December 2012.

Patients with histologically confirmed stage I–III colorec-
tal adenocarcinoma who had undergone curative resection 
from the cecum to the rectosigmoid were included. Patients 
whose laboratory examination data (e.g., preoperative 
serum DD and CEA concentrations) were not available were 
excluded from the study. Furthermore, patients with multiple 
synchronous primary CRCs and those with a location of the 
upper or lower rectum and proctos were also excluded.

The clinicopathological findings were assessed according 
to the 8th edition of the Japanese Classification of Colorectal 
Carcinoma [9]. Preoperative serum CEA and DD concentra-
tions were measured within 1 month before surgery.

Ethics statement

The ethics committee at the Hiroshima City Hiroshima Citi-
zens Hospital approved the study in accordance with the 
Declaration of Helsinki 1996 (approval number: 2020-22).

Methods

CDCS

CDCS incorporates the CEA and DD concentrations. The 
cut-off values were set at a CEA concentration > 5.0 ng/ml 
and DD concentration > 1.0 μg/ml. These were used as per 
our hospital’s standard cut-off values for DD (≤ 1.0 μg/ml) 
and CEA (≤ 5.0 ng/ml) concentrations. All patients’ DD 
and CEA concentrations were evaluated, and one point was 
allocated for each of these two, depending on the value. The 
points were summed, and the patients were then divided into 
three groups according to their CDCS (0, 1, or 2).

The CEA concentration was measured via electrochemi-
luminescence immunoassays using ECLusys® CEA II 

(Roche Diagnostics, Tokyo, Japan). The DD concentration 
was measured via a luminescence immunoassay using Reas-
wort® D-dimer Neo (Sysmex, Kobe, Japan).

Analyzed parameters

We analyzed the overall survival (OS) and relapse-free 
survival (RFS) after colectomy in patients categorized 
according to their CDCS. We investigated prognostic fac-
tors according to the OS and RFS rates using the following 
variables: age (< 70 vs. ≥ 70 years old), gender (male vs. 
female), DD concentration (> 1.0 vs. ≤ 1.0 μg/ml), CEA con-
centration (> 5.0 vs. ≤ 5.0 ng/ml), tumor location, invasion 
depth, lymph node involvement (pN), and surgical approach 
(laparoscopic vs. open surgery). Adjuvant chemotherapy 
included capecitabine, S-1, UFT/LV, FOLFOX, or XELOX 
and was administered for 6 months.

Statistical analyses

All data are expressed as medians with minimum and maxi-
mum values in parentheses. The Kruskal–Wallis test and χ2 
test were used to compare groups and proportions between 
groups, respectively. Survival curves were estimated using 
the Kaplan–Meier method, and analyses were performed 
using the log-rank test. Univariate Cox proportional haz-
ards models of all potential baseline predictors were built to 
compute hazard ratios and 95% confidence intervals.

Continuous variables were nonparametrically analyzed 
using the Kruskal–Wallis test, and categorical variables 
were analyzed using the χ2 test or Fisher’s exact test as 
appropriate. Variables with a p value of < 0.10 in the uni-
variate analysis were considered candidates for the multi-
variate analysis using the Cox proportional hazards model. 
The cumulative OS and RFS were calculated using the 
Kaplan–Meier method, and differences between curves were 
evaluated using the log-rank test. A p value of < 0.05 was 
considered significant. C-indices were calculated using the 
area under the receiver-operating characteristic curve, which 
was obtained from a logistic regression analysis.

All statistical data were generated using the JMP 13 (SAS 
Institute, Cary, NC, USA) and Prism 6 (GraphPad Software, 
La Jolla, CA, USA) software programs.

Results

Patient characteristics

A total of 1,014 consecutive patients were evaluated for 
enrollment. Of them, 346 patients did not meet the inclu-
sion criteria due to a lack of preoperative CEA and DD con-
centration measurements; furthermore, 346 patients were 
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subsequently excluded for the reasons shown in Fig. 1. Thus, 
a total of 304 patients were enrolled. The demographic and 
clinical data of study patients are shown in Table 1. The 
median patient age was 70 (range 36–93) years old. 

The median follow-up periods for the RFS and OS were 
54.1 (range 0.7–99.1) months and 56.0 (range 0.7–99.1) 
months, respectively. During follow-up, 43 patients (14.1%) 
developed recurrence, and 27 patients (8.9%) died. Adjuvant 
chemotherapy was administered to 58 patients (19.1%).

Preoperative lower limb venous echo was performed in 
88 patients with preoperative risk factors, such as severe 
obesity, varicose veins, lower limb paralysis, high DD con-
centration, and a history of estrogen treatment. Four patients 
were diagnosed with deep vein thrombosis, for which treat-
ment was performed before surgery (Table 2).

A total of 114 patients (37.5%) exhibited increased DD 
concentrations (> 1.0 μg/ml), and 101 patients (33.2%) 
exhibited increased CEA concentrations (> 5.0  ng/ml). 
Of the 114 patients with increased DD concentrations, 52 
(45.6%) also exhibited increased CEA concentrations.

Baseline characteristics of patients categorized 
according to the CDCS

Patients were divided into the following three groups accord-
ing to their CDCS: (1) CDCS 2, increased DD (> 1.0 μg/
ml) and CEA (> 5.0 ng/ml) concentrations; (2) CDCS 1, 

increased concentration of either DD or CEA; (3) CDCS 0, 
normal DD and CEA concentrations.

Significant differences were observed in the age, invasion 
depth, pN, pStage, and surgical approach among the three 
groups (Tables 2, 3).

Fig. 1  Flowchart of the patients included in this study

Table 1  Clinical characteristics of all patients

CEA carcinoembryonic antigen, pStage pathological stage, LAP lapa-
roscopic assisted surgery, OPEN open surgery

Characteristics Number of 
patients (%)

Age (years)
 Median (range) 70 (36–93)

Sex
 Male 153 (50.3)
 Female 151 (49.7)

D-dimer (μg/ml)
 ≤ 1.0 190 (62.5)
 > 1.0 114 (37.5)

CEA (ng/ml)
 ≤ 5.0 203 (66.8)
 > 5.0 101 (33.2)

Tumor location
 C 30 (9.9)
 A 71 (23.4)
 T 31 (10.2)
 D 14 (4.6)
 S 95 (31.2)
 RS 63 (20.7)

Invasion depth (pT)
 pT1 40 (13.2)
 pT2 57 (18.8)
 pT3 160 (52.6)
 pT4a 32 (10.5)
 pT4b 15 (4.9)

Node involvement
 pN0 209 (68.8)
 pN1 63 (20.7)
 pN2 22 (7.2)
 pN3 10 (3.3)

pStage
 Stage I 82 (27.0)
 Stage II 129 (42.4)
 Stage IIIa 61 (20.1)
 Stage IIIb 32 (10.5)

Surgical approach
 LAP 134 (44.1)
 OPEN 170 (55.9)

Adjuvant chemotherapy
 Present 58 (19.1)
 Absent 246 (80.9)
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Recurrence pattern in patients classified according 
to the CDCS

Recurrence occurred in 13 patients (9.2%) with CDCS 0, 
12 (10.8%) with CDCS 1, and 18 (34.6%) with CDCS 2. No 
differences were observed in the primary recurrence site or 
route among the groups (Table 3).

The OS and RFS after curative resection

The Kaplan–Meier analysis showed that patients with CDCS 
2 had the shortest OS among the 3 groups (5-year OS for 
patients with a CDCS of 0 = 94%, CDCS of 1 = 89%, and 
CDCS of 2 = 79%; log-rank p = 0.03). Similarly, the RFS in 

patients with CDCS 2 was shortest among the three groups 
(log-rank p = 0.0001).

OS and RFS curves for each group are shown in Fig. 2. 
The 5-year OS and RFS rates were significantly different 
among the three groups.

Risk factors for poor outcomes in patients 
undergoing colonic curative resection

A univariate analysis showed that the age, DD concentra-
tion, pT, pN, and CDCS were significantly associated with 
the OS (Tables 4, 5). The multivariate analysis showed that 
the age and pN were significant independent predictors of 
the OS (Tables 4, 5).

Table 2  Clinical characteristics 
of patients with CDCS

CEA carcinoembryonic antigen, pStage pathological stage

Characteristics CDCS 0 CDCS 1 CDCS 2 p value

Number 141 111 52
Age (years)
 Median (range) 68 (37–90) 70 (36–91) 74 (46–93) 0.002

Sex
 Male 74 58 21 0.289
 Female 67 53 31

D-dimer (μg/ml)
 ≤ 1.0 141 49 0
 > 1.0 0 62 52

CEA (ng/mL)
 ≤ 5.0 141 62 0
 > 5.0 0 49 52

Lower limb venous echo 15 44 29
Deep vein thrombus 0 2 2
Tumor location
 Right-sided colon (C-T) 52 52 28 0.071
 Left-sided colon (D-RS) 89 59 24

Invasion depth (pT)
 pT1 30 10 0  < 0.0001
 pT2 37 17 3
 pT3 67 63 30
 pT4a 4 17 11
 pT4b 3 4 8

Node involvement
 pN0 101 79 29 0.0012
 pN1 30 21 12
 pN2 9 9 4
 pN3 1 2 7

pStage
 Stage I 57 22 3  < 0.0001
 Stage II 47 56 26
 Stage IIIa 27 22 12
 Stage IIIb 10 11 11
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The univariate analysis revealed significant differences in 
outcomes among the three groups in terms of the age, CEA 
and DD concentrations, surgical approach, pT, pN, pStage, 
and CDCS for relapse after curative resection (Tables 6, 7). 
The multivariate analysis identified the following significant 
independent risk factors for relapse after curative colonic 
resection for CRC: age (≥ 70 years old), pStage, and CDCS 
(Tables 6, 7).

The C-index values of the prognostic score in this study 
are summarized in Table 8. The C-index value of the com-
bination of pStage and CDCS was better than that of pStage 
or CDCS alone for the OS and RFS. Thus, the combination 
of pStage and CDCS was a better prognostic predictor than 
pStage or CDCS alone, especially in terms of the RFS, in 
CRC patients.

Discussion

The results of our retrospective study indicate that the 
CDCS, a combined evaluation of preoperative CEA and 
DD concentrations, is a useful prognostic predictor in CRC 
patients. This novel prognostic indicator may help clinicians 
decide on the best treatment strategy after curative resection 
in CRC patients.

Recent advances in chemotherapy have improved out-
comes for patients with unresectable advanced CRC or 
recurrent CRC [10]; furthermore, the early detection of 
recurrence improves the survival after curative colectomy 
[11, 12]. Accordingly, it is essential to identify factors that 

Table 3  Clinical Characteristics 
of Patients with CDCS

CDCS combination of DD and CEA Score, LAP laparoscopic assisted surgery, OPEN open surgery, D1 
complete pericoloc/perirectal lymphnode dissection, D2 complete pericolic /perirectal and intermediate 
lymph node dissection, D3 pericolic/perirectal, intermediate, and main lymph node dissection

Characteristics CDCS 0 CDCS 1 CDCS 2 p value

Surgical approach
 LAP 73 50 11 0.0007
 OPEN 68 61 41

The extent of lymph node dissection
 D1 1 1 1 0.037*
 D2 34 15 5 *D1 + D2vsD3
 D3 106 95 46

Adjuvant chemotherapy
 Present 23 23 12 0.412
 Absent 118 88 40
 Recurrent cases 13 12 18

Recurrent site (including duplication)
 Liver 6 5 6 0.491
 Lung 3 6 5
 Dissemination 4 2 5
 Others 0 4 3

Fig. 2  Overall survival rates and relapse-free survival after curative 
resection of colorectal cancer according to the CDCS
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can help correctly predict the prognosis of CRC patients. 
The CDCS can identify patients at a high risk of recur-
rence who require intensive follow-up and adjuvant chem-
otherapy even after curative surgery.

At present, the TNM staging system from UICC is the 
best survival predictor for CRC patients [2]; however, the 
prognosis differs among patients classified under the same 
TNM stage [13]. Therefore, prognostic factors supplemen-
tary to the TNM staging system should be identified.

Many predictive models have been reported to help 
improve the classification of CRC [14–16]. Several stud-
ies have shown that the preoperative CEA concentration is 
an independent prognostic factor for the OS [17] and RFS 
[18, 19] in CRC patients. However, a single CEA cut-off 
concentration of 5 ng/ml is not an appropriate prognostic 
marker for all CRC patients. In most studies, a fixed cut-off 
value, not a reference value, is used to predict outcomes 
across all stages of CRC [6]. The distribution of the CEA 
concentration is different at each TNM stage, which is why 

discrete cut-off values are necessary at different stages of 
the disease [6].

A recent study showed that the DD concentration was 
increased in CRC patients who developed distant metastasis 
after curative resection [20]. Another report found that the 
DD concentration was a predictor of the OS in patients with 
metastatic CRC [8]. The ability of the combination of DD 
and CEA concentrations to detect subgroups of patients with 
a poor survival may be due to coexisting micro-metastatic 
systemic disease not preoperatively diagnosed via cancer 
staging. DD concentrations may also be a nonspecific marker 
of poor general health. Indeed, this possibility has been sup-
ported by several studies that have shown DD concentrations 
to be associated with a poor survival among patients with 
various nonmalignant diseases, including pneumonia [21], 
pancreatitis [22], and cardiovascular disease [23].

Interestingly, we also revealed the ability of the CDCS to 
detect a subgroup of patients with a favorable 5-year mor-
tality of 6%. This result may also be explained by the high 

Table 4  Results of Univariate 
and Multivariate Analyses of 
the Overall Survival

CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9, LAP laparoscopic assisted surgery, 
OPEN open surgery, CI confidence interval

Univariate Multivariate

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age (years)
 ≥ 70 4.83 (1.99–14.53) 0.0003 4.81 (1.94–14.51) 0.0004
 < 70 1 (reference) 1 (reference)

Sex
 Male 0.78 (0.36–1.68) 0.540
 Female 1 (reference)

Site
 Right-sided 1.54 (0.72–3.32) 0.261
 Left-sided 1 (reference)

CEA (ng/ml)
 > 5 1.94 (0.89–4.14) 0.093 1.20 (0.52–2.73) 0.665
 ≤ 5 1 (reference) 1 (reference)

D-dimer (μg/ml)
 > 1.0 2.35 (1.10–5.13) 0.027 1.69 (0.75–3.90) 0.204
 ≤ 1.0 1 (reference) 1 (reference)

CA19-9 (U/ml)
 ≥ 37 2.17 (0.73–5.30) 0.151
 < 37 1 (reference)

Operative method
 LAP 0.50 (0.20–1.11) 0.092 0.66 (0.26–1.54) 0.349
 OPEN 1 (reference) 1 (reference)

pT category
 T1 + T2 0.336 (0.10–0.87) 0.023 0.52 (0.14–1.56) 0.260
 T3 + T4 1 (reference) 1 (reference)

pN category
 Positive 2.35 (1.09–5.02) 0.030 2.25 (1.02–4.95) 0.045
 Negative 1 (reference) 1 (reference)
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accuracy of the CDCS for ruling out the presence of sys-
temic micro-metastases.

Previous studies have shown that disorders of the coagu-
lation system, such as thrombocytosis [24, 25], hyperfibrino-
genemia [26, 27], and increased DD concentrations [28], are 
associated with a worse prognosis in CRC patients, inde-
pendent of TNM staging. Although the detailed mechanism 
underlying the involvement of various pro-coagulant factors 
in carcinogenesis remains unknown, increasing evidence 
suggests that two key coagulation factors—platelets [24, 
25] and tissue factor (TF) [29–31]—play an important role 
in the malignancy-associated hypercoagulable state. TF, also 
known as clotting factor III, is the primary initiator of the 
extrinsic coagulation cascade [32]. TFs are expressed in 70% 
of tumor cells and 53% of tumor vascular endothelial cells 
in CRC patients [29]. A previous report showed that the 
TF expression was associated with the prognosis and could 
be considered a prognostic predictor in CRC patients [29]. 
Because DD is located downstream of TF in the extrinsic 

coagulation cascade [32], patients with a high TF expression 
might exhibit increased DD concentrations.

When examining the C-index, the combination pStage 
and CDCS enables a more accurate prediction of relapse in 
CRC patients than pStage or CDCS alone. Patients with a 
poor prognosis can thus be selected from those of the same 
stage using CDCS.

Several limitations associated with the present study 
warrant mention. First, this study adopted a retrospective, 
single-center design. Second, the sample size was small. 
Thus, further studies are needed to prospectively confirm 
the prognostic usefulness of the combination of CEA and 
DD concentrations in CRC patients.

In conclusion, combined CEA and DD concentrations 
were shown to be useful for predicting the prognosis of 
CRC patients. Integration of the pStage and CDCS provides 
important information for deciding on the best treatment 
strategy for CRC patients in a routine clinical setting.

Table 5  Results of univariate 
and multivariate analyses of the 
overall survival by CDCS and 
pStage

CDCS combination of DD and CEA Score, LAP laparoscopic assisted surgery, OPEN open surgery, pStage 
pathological stage, CI confidence interval

Univariate Multivariate

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age (years)
 ≥ 70 4.83 (1.99–14.53) 0.0003 5.06 (2.03–15.34) 0.0013
 < 70 1 (reference) 1 (reference)

Sex
 Male 0.78 (0.36–1.68) 0.540
 Female 1 (reference)

Site
 Right-sided 1.54 (0.72–3.32) 0.261
 Left-sided 1 (reference)

Operative method
 LAP 0.50 (0.20–1.11) 0.092 0.58 (0.23–1.35) 0.225
 OPEN 1 (reference) 1 (reference)

CDCS
 0 1 (reference) 0.030 1 (reference) 0.276
 1 1.96 (0.79–5.07) 1.91 (0.76–5.04)
 2 3.54 (1.30–9.63) 2.10 (0.75–5.87)

pStage
 I 1 (reference) 0.054 1 (reference) 0.131
 II 2.60 (0.82–11.4) 1.85 (0.55–8.40)
 III 4.01 (1.27–17.6) 3.31 (1.01–15.0)
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Table 6  Results of univariate 
and multivariate analyses of the 
relapse-free survival

CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9, LAP laparoscopic assisted surgery, 
OPEN open surgery, CI confidence interval

Univariate Multivariate

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age (years)
 ≥ 70 2.25 (1.29–4.10) 0.004 2.35 (1.32–4.37) 0.003
 < 70 1 (reference) 1 (reference)

Sex
 Male 0.83 (0.49–1.43) 0.515
 Female 1 (reference)

Site
 Right-sided 1.08 (0.62–1.84) 0.792
 Left-sided 1 (reference)

CEA (ng/ml)
 > 5 2.67 (1.56–4.15) 0.0004 1.56 (0.88–2.79) 0.128
 ≤ 5 1 (reference) 1 (reference)

D-dimer (μg/ml)
 > 1.0 2.34 (1.37–4.03) 0.002 1.63 (0.93–2.90) 0.091
 ≤ 1.0 1 (reference) 1 (reference)

CA19-9 (U/ml)
 ≥ 37 2.46 (1.21–4.60) 0.015 1.27 (0.61–2.47) 0.506
 < 37 1 (reference) 1 (reference)

Operative method
 LAP 0.50 (0.26–0.87) 0.014 0.82 (0.43–1.50) 0.530
 OPEN 1 (reference) 1 (reference)

pT category
 T1 + T2 0.24 (0.09–0.51)  < 0.0001 0.42 (0.15–4.79) 0.045
 T3 + T4 1 (reference) 1 (reference)

pN category
 Positive 3.26 (1.91–5.62)  < 0.0001 2.73 (1.57–4.79) 0.0004
 Negative 1 (reference) 1 (reference)
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