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Introduction
Esophageal cancer (EC) is known as the eighth most 
common cancer worldwide and even the sixth leading cause 
of deaths due to cancer in the Iranian population.1 This 
type of cancer needs surgery in 74.6% of cases; however, it 
is accompanied by morbidity and mortality.2 Besides, EC, 
as reported in the related literature, is associated with high 
postoperative recurrence and five-year survival rates up to 
49.4% even with surgical resection.3

Generally, various factors may form short- and 
long-term outcomes in EC patients.4,5 It has been 
correspondingly reported that numerous coagulation 
factors may contribute to cancer growth, progression, and 
metastasis.6 Generalized activation of blood coagulation 
along with procoagulant changes have been additionally 
associated with angiogenesis, tumor cell invasion and 
progression, as well as metastasis.7 In this regard, plasma 
D-dimer, as an end-degradation product of fibrin, shows 
hemostasis activation and hypercoagulable state. In 
previous studies, elevated plasma D-dimer levels had been 
observed in acute venous thromboembolism, surgeries, 

infectious diseases, pregnancies, and various types of 
cancer. Likewise, high plasma D-dimer levels had been 
seen in patients affected with various malignant tumors 
including breast, lung, colorectal, and ovarian cancers.8-11

Similarly, some studies had demonstrated that higher 
plasma D-dimer levels were related to adverse outcomes 
in EC.12 Therefore, D-dimer levels may provide significant 
information on lesion development and consequently 
predict surgical outcomes.

The present study was done to evaluate the prognostic 
value of plasma D dimer levels for predicting outcomes in 
patients with middle- and lower-thoracic EC undergoing 
transhiatal esophagectomy. 

Methods
A total number of 60 patients (viz. 35 cases with middle- 
and 25 cases with lower-thoracic EC), undergoing surgery 
from August 2013 to February 2015, were recruited in this 
retrospective study. The inclusion criteria were patients 
aged 18-75 with pathologic diagnosis of EC, those with 
no history of neoadjuvant therapy, and cases with 
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normal cardiopulmonary function. On the other hand, 
patients with simultaneous gastric pathology, deep vein 
thrombosis or anticoagulation therapy, as well as those 
with limitations for general anesthesia to perform surgery 
were excluded. For all patients, chest and abdomen 
computed tomography (CT) with contrast in association 
with endoscopic ultrasound was routinely performed. 

The baseline demographic information such as age, 
gender, tumor location, size, smoking status, and the 
TNM Classification stage were recorded for all patients. 
Venous blood samples were taken one to three days before 
hospitalization. Plasma D-dimer assays were subsequently 
conducted by using immunometric flow analysis 
through sandwich enzyme-linked immunosorbent 
assay (ELISA) (Nycocard Reader), with the reference 
value  < 500 ng/mL. All measurements were fulfilled in 
one laboratory. Afterwards, the patients received 5000 
IU/mL unfractionated heparin subcutaneously until they 
were fully ambulant and wore compression stocking prior 
to surgery. Besides, transhiatal esophagectomy along 
with lymphadenectomy was further performed for the 
EC patients. Mortality was also defined as patient death 
during hospitalization or six months later during the 
follow-up period.

Statistical methods 
All the data were analyzed using the SPSS Statistics 
software (version 17.0). The baseline data were 
additionally reported as mean standard deviation (SD) 
(namely, continuous data) or percentage (i.e., categorical 
data). The independent samples t-test was also utilized 
for quantitative data and Chi-square test or Fisher’s exact 
test, as appropriate, were employed for between-group 
comparisons. Receiver operating characteristic (ROC) 
curve was additionally illustrated and area under the ROC 
curve (AUC) was calculated to define the cut-off point 
for the plasma D-dimer levels in predicting morbidity/
mortality in EC. Using the cut-off point, sensitivity, 
specificity, and positive/negative predictive value (P/NPV) 
were computed. The P value < 0.05 was also considered 
significant.

Results
The baseline demographic information for the EC patients 
is presented in Table 1. The median age was 60. As well, 15 
patients were smokers over the past year. By considering 
patients’ age, gender, cigarette smoking history, and TNM 
staging, no significant difference was observed between 
two groups in this study.

The study showed that the plasma D-dimer levels were 
abnormal in 68.6% of cases who were affected with the 
middle-thoracic EC and 76% of those who suffered from 
the lower type.

Furthermore, postoperative complications were 
observed in 14 (40%) patients with the middle-thoracic 
EC including six cases with arrhythmias, four cases with 

pulmonary complications, two cases with anastomotic 
leak, and one patient with chylothorax. However, out of 
11 (44%) patients with lower-thoracic EC, four cases had 
arrhythmias, three individuals had cervical anastomotic 
fistula, five cases had pulmonary thromboembolism, 
and one patient had acute respiratory distress syndrome. 
Mortality was also reported in six patients (17.4%) with the 
middle-thoracic EC and five individuals (20%) with the 
lower type. The leading causes of death were arrhythmias 
or pulmonary thromboembolism and even unknown ones 
(Table 2). 

In patients with lower-thoracic EC who had 
complications, the mean plasma D-dimer levels were 
significantly higher than those who did not have any 
complication (1898.63 ± 1103.00 vs. 454.35 ± 172.09 
ng/mL, P < 0.001). As well, the plasma D-dimer levels 
were significantly higher in individuals with mortality 
compared with alive patients (2605.20 ± 1334.55 vs. 
711.00 ± 454.48 ng/mL, P < 0.001) (Table 2). 

Moreover, the plasma D-dimer levels were significantly 
higher in middle-thoracic EC patients with morbidity 
compared with those without postoperative complications 
(2022.07 ± 640.67 vs. 570.47 ± 367.50 ng/mL, P value = 0.01) 
and in individuals with mortality compared with patients 
who were alive (3220.16 ± 1385.87 vs. 723.03 ± 481.26 ng/
mL, P < 0.001).

Figure 1 demonstrates the ROC for the plasma D-dimer 
levels in predicting morbidity/mortality in patients 
with lower-thoracic EC. As well, the AUC of the plasma 
D-dimer levels for complications and deaths were equal to 
0.922 (P < 0.001) and 0.965 (P < 0.001) with cut-off points 
of 614.5 and 1398.5 ng/mL, respectively. In lower-thoracic 
EC, sensitivity, specificity, and P/NPV of the plasma 
D-dimer levels in predicting complications were 90.91%, 
78.57%, and 76.92%/91.67%, respectively. They were 
correspondingly equal to 80%, 85%, and 57.14%/94.44% 
in predicting mortality. The ROC for the plasma D-dimer 
levels in predicting morbidity and deaths in patients with 
middle-thoracic EC are shown in Figure 2. The AUC for 
complications and mortality were thus 0.878 (P < 0.001) 
and 0.920 (P value = 0.001), respectively. Moreover, the 
calculated cut-off points were 597.5 and 920 ng/mL, 
respectively. With regard to middle-thoracic EC patients, 
sensitivity, specificity, and P/NPV of the plasma D-dimer 
levels in predicting morbidity were 71.43%, 76.19%, and 
66.67%/80%, respectively, and such values were separately 
equal to 83.3%, 72.41%, and 38.46%/95.45% in predicting 
mortality.

Discussion
Both of clinical manifestations and laboratory findings 
have demonstrated a well-documented relation between 
cancer and hemostasis.13 It has been accordingly 
established that activation of coagulation and fibrinolytic 
systems are associated with tumor growth and its spread, 
regulation of inflammatory cell responses, as well as tumor 



Preoperative plasma D-dimer and postoperative outcomes in esophageal cancer

J Res Clin Med, 2021, 9: 39 3

angiogenesis in cancer patients.14 In this regard, D-dimer 
has been defined as the smallest particle produced from 
fibrin degradation in the coagulation activation system, 
which is considered as a sensitive marker of fibrinolytic 
activation.15

Previous studies have so far reported that the hemostatic 
system activation, especially plasma D-dimer levels, 
plays a significant role in tumor progression, as well as 

its dispersion and metastasis.15-17 However, there is little 
research reflecting on the efficacy of D-dimer in EC 
outcomes.

In this study, the surgical outcomes for EC along with 
the role of plasma D-dimer levels in predicting short-
term morbidity/mortality were evaluated. In view of this, 
postoperative complications and deaths had occurred in 
14 and six cases with the lower-thoracic EC and in 11 and 

Table 1. Baseline, laboratory findings and outcomes

Variables Middle thoracic EC (n = 35) Lower thoracic EC (n = 25) P value

Age (y) 62.63+6.28 67.82+3.28 0.182

Gender
Male 24 (40%) 17 (28.4%) 0.59

Female 11 (18.3%) 8 (13.3%)

Pathology
SCC 26 (74.3%) 2 (8%)  < 0.0001

Adenocarcinoma 9 (25.7%) 23 (92%)

Postoperative complications

Arrhythmia 6 (17.1%) 4 (16%)

ARDS 3 (8.5%) 2 (8%)

PTE 1 (2.8%) 3 (12%)

Anastomotic leak 2 (5.7%) 2 (8%) 0.103

Chylothorax 1 (2.8%) 0

RLN injury 1 (2.8%) 0

Total mortality (n) 6 (17.1%) 5 (20%)

Hospital mortality (n)

3 (8.55%) 3 (12%)

Stage

I 0 1

II 1 1

III 2 1

180- day mortality (n)

3 (8.55%) 2 (8%)

0.197

Stage

I 1 0

II 0 1

III 2 1

ARDS 1 (2.8%) 2 (8%)

PTE 2 (5.7%) 1 (4%)

Arrhythmia 2 (5.7%) 1 (4%)

MI 1 (2.8%) 0

Unknown 0 1 (4%)

Stage

I 7 (20%) 3 (12%)

II 18 (51.4%) 12 (48%) 0.086

III 10 (28.5%) 10 (40%)

IV 0 0

Table 2. Comparison of mean plasma d-dimer levels and postoperative outcomes

Tumor location Variables
Mean  ±  SE

P value
Non-present Present

Plasma D-dimer

Lower thoracic EC
Complications 454.35 ± 172.09 1898.63 ± 1103  < 0.0001

Mortality 711+454.48 1334.56 ± 260.5  < 0.0001

Middle thoracic EC
Complications 570.47 ± 367.5 2022.07 ± 640.67  < 0.0001

Mortality 723 ± 481.26 1385.87 ± 322.16  < 0.0001

SE: standard error; EC: esophageal carcinoma.
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five individuals with the middle type, respectively. In both 
types of cancer, the plasma D-dimer levels were also higher 
in cases with complications and mortality compared with 
those who had normal outcomes. Similarly, Liu et al 
observed that the mean plasma D-dimer levels in patients 
with mortality were significantly higher than alive cases 
in their last follow-up.17 Ay et al also reported that the 
overall survival rates of cancer patients had dropped as 
the plasma D-dimer levels had elevated.7 Moreover, Oya et 
al established that the higher plasma D-dimer levels prior 
to surgery could be associated with lower overall survival 
rates.10 Previous studies had further recommended 
measuring plasma D-dimer levels in preoperative work-
up in EC patients.18-20 Measurement of D-dimer levels had 
correspondingly shown acceptable but different sensitivity 
and specificity in predicting disease outcomes, responses 
to treatments, and overall survival rates after surgery 
in different types of cancer. The results in the present 
study were accordingly consistent with those in previous 

research, implying that D-dimer and albumin could be 
deemed as prognostic factors for EC. However, the findings 
were in contrast with the results reported by Zhang et al, 
suggesting that D-dimer was not a prognostic factor.21,22 
In the study by Diao et al, sensitivity and specificity of the 
plasma D-dimer levels in diagnosing metastases had been 
by 61.9% and 86.6%, respectively.18 Besides, Tomimaru 
et al observed sensitivity and specificity values of 62.9% 
and 88.2% for the D-dimer levels >4 µg/mL in predicting 
the involvement of the lymph nodes in EC.19 In one 
other research, Tomimaru et al obtained sensitivity and 
specificity values of 68% and 73% for the D-dimer levels 
in predicting responses to chemotherapy in EC.13

The present study established that the plasma D-dimer 
levels had acceptable sensitivity, specificity, and P/NPV 
in predicting morbidity/mortality in EC. Unlike the 
discrepancies in previous studies including sample size 
and type of cancer, all these investigations had indicated 
an increasing trend in complications and adverse events 

Figure 1. (a) ROC curve analysis of D-dimer levels in predicting complication 
in lower thoracic EC surgery. (b)ROC curve analysis of D-dimer levels in 
predicting mortality in lower thoracic EC surgery.

Figure 2. (a) ROC curve analysis of D-dimer levels in predicting complications 
in middle thoracic EC surgery. (b) ROC curve analysis of D-dimer levels in 
predicting mortality in middle thoracic EC surgery
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in cancer patients along with a growth in plasma D-dimer 
levels. Accordingly, D-dimer measurement could be 
utilized as a marker for diagnosing outcomes in these 
patients. The results of a recent study in China had 
also revealed that the preoperative D-dimer levels were 
associated with survival rates and they could serve as an 
independent prognostic indicator in EC patients treated 
with transthoracic esophagectomy.21

The exact mechanism between plasma D-dimer levels 
and cancer thus remains unclear. Previous studies had 
further reported that plasma D-dimer, as a stable fibrin 
end-degradation product, was closely correlated with 
cancer progression.10 The results of another study had 
correspondingly revealed that the plasma D-dimer levels 
could indicate micrometastases or circular tumor cells, 
possibly responsible for cancer recurrence.23

Moreover, Yu et al showed that the plasma D-dimer levels 
were not gender-dependent but they could be determined 
by age, tumor primary site, and tumor stage.24 In addition, 
monitoring changes in the plasma D-dimer levels was 
critical for all perioperative cancer patients. They had 
additionally revealed that thrombosis prevention was 
necessary if the D-dimer had not decreased to the tumor-
specific baseline one week after surgery.24

There were some limitations in the present study. First, 
the sample size was small, which might have avoided 
reaching a much stronger conclusion on the efficacy of 
the preoperative plasma D-dimer levels for predicting 
postoperative morbidity/mortality in EC patients as 
surgical candidates. Furthermore the study failed to detect 
sufficient thrombotic events after therapy. Second, the 
follow up period spanned 6 months and we were unable 
to follow up on patients for 5-year survival. Thus, the 
influence of thrombotic events on prognosis could not 
be assessed. Accordingly, it is necessary to conduct a 
study with larger cohort of patients to substantiate these 
conclusions. However, this study can be an important 
step towards further evaluations including complete 
assessment of symptomatic/asymptomatic arrhythmias, 
deep vein thrombosis, and pulmonary embolism in 
patients with high preoperative D-dimer levels.

Conclusion
It was concluded that the elevated plasma D-dimer levels 
were accompanied by adverse postoperative events for 
EC and they had acceptable sensitivity and specificity 
for diagnosing these complications. Thus preoperative 
measurement of plasma D-dimer levels can be regarded 
as a useful marker for mortality. However, further clinical 
research on a much larger cohort of patients will be 
required to verify these findings.
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