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D-dimer level is related to the prognosis of patients with small cell
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Background: Although the significance of D-dimer in cancer patients has been extensively studied and
plasma D-dimer levels have been reported to be abnormally high in certain types of lung cancer patients, its
prognostic value for small cell lung cancer (SCLC) remains largely unknown.

Methods: One hundred and seven newly diagnosed SCLC patients were enrolled in this study. Variables
including the clinical features, pre-treatment levels of D-dimer, serum neuron-specific enolase (NSE), and
carcinoembryonic antigen (CEA) were extracted. The correlations between D-dimer levels and prognosis of
the patient were analysed with Kaplan-Meier survival analysis.

Results: Plasma D-dimer levels were elevated in 57.01% of patients. Patients with extensive stage disease
had higher D-dimer levels compared with those at limited stage. D-dimer levels were positively correlated
with NSE and CEA levels. The elevated D-dimer levels were significantly associated with the SCLC-related
mortality. Patients with elevated D-dimer levels had a shorter median survival time than those with normal
levels, and a significant difference existed between the two groups.

Conclusions: Increased D-dimer levels suggested a shorter survival time in SCLC patients. Pre-treatment
D-dimer level is useful in estimating the prognosis of patients with SCLC.
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Introduction changes impart an increased tendency for both thrombosis
. . . . and haemorrhage in these patients. Consequentl
One of the typical characteristics of cancer is an imbalance & P q Y

. thromboembolism frequently occurs in cancer patients.
of the coagulation system, although the exact molecular ! y p

mechanism remains unknown (1). Malignancy can interfere
with the status of the haemostatic system, and conversely,
the haemostatic system can affect the biological behaviour
of the malignancy. Previous studies have demonstrated that
haemostatic abnormalities exist in cancer patients (2). For
instance, the coagulation system in some cancer patients
is over-activated. The over-activated coagulation system
combined with the activated fibrinolysis system promotes
clot degradation and increases fibrin degradation. These
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A process of fibrin formation and fibrinolysis is often
paralleled with the development of malignancy (3), leading
to enhanced tumour angiogenesis (4), poor prognosis (5),
and even death in these patients (6).

D-dimer is the lysis product of cross-linked fibrin that
is formed by coagulation system activation, which signals
hyperfibrinolysis in response to clot activation and fibrin
formation, although its role in cancer development is not
well understood (7). In the past decade, the prognostic value
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of the D-dimer level in patients with colorectal cancer (8),
ovarian cancer (9), and gastric cancer (10,11) has attracted
much attention. In most of these studies, D-dimer levels
were found to be elevated and correlated with the stage and
prognosis of the disease. Therefore, the D-dimer level is
considered a promising prognostic predictor.

D-dimer levels were also found to be elevated in
patients with lung cancer (12-14) and correlated to a poor
prognosis (15). However, those studies included only a
limited number of small cell lung cancer (SCLC) patients.
The prognostic value of D-dimer in SCLC remains poorly
understood. It is well known that biological behaviours,
including the ability to metastasise, are quite different
between non-SCLC and SCLC. Those behaviours can
affect the prognosis of patients remarkably. Although a
few tumour markers have proven useful in estimating
the prognosis of SCLC patients, their prognostic value is
limited; therefore, more prognostic predictors are urgently
needed to better predict the prognosis of SCLC (16).
Therefore, we performed this study to determine the
prognostic significance of D-dimer levels in SCLC patients.

Methods
Materials

The medical records of newly diagnosed SCLC patients
who were admitted to Anhui Provincial Hospital between
January 2010 and August 2013 were retrospectively
reviewed. All enrolled patients were pathologically
confirmed as SCLC. Patients who had any of the following
conditions were excluded: (I) complicated with malignant
disease other than SCLC; (II) end-stage renal or liver
disease; (III) life expectancy shorter than 1 month; (IV)
inherited thrombosis or homeostasis disorders; (V) received
anti-thrombosis treatment in the past 3 months for any of
the following diseases: cerebral infarction, cardiovascular
infarction, (VI) pulmonary embolism, and vein embolism;
(VII) infection; or (VIII) received operation within past two
weeks. Patients without sufficient data were also excluded.
The study, involved no interventions on management of the
patients, was approved by the Ethic Committee of Anhui
Provincial Hospital and an informed consent was received
from each patient or his/her close relatives.

Data extraction

We extracted the following data from the patient’s record:
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age, gender, smoking status, date of the diagnosis, Eastern
Cooperative Oncology Group performance status (ECOG-
PS), stage (classified as limited or extensive), and plasma
D-dimer level. To explore the correlation between D-dimer
levels and other known prognostic predictors, we also
extracted the data of two often-used tumour markers, serum
neuron-specific enolase (NSE) and carcinoembryonic
antigen (CEA) levels. D-dimer was determined using
Sysmex CA-1500 (Sysmex Corporation, Kobe, Japan),
CEA and NSE were determined using Cobas ¢601 (Roche
Diagnostics, Numbrecht, Germany). All of these values
were available in examination results performed before
treatment. These data were regarded as the baseline
characteristics of the patients.

Follow-up

The endpoint of the present study was SCLC-related
mortality. All eligible patients were followed up in the end
of December 2013. For some patients who completed their
treatment in our hospital, the endpoint was extracted from
medical records. Otherwise, many attempts were made to
contact the patients or their close relatives by telephone
to obtain the information of their current survival status.
The overall survival was defined as the period between the
time of diagnosis to the date of SCLC-related death or the
last contact. The survival time and the status of alive or
not at the closure of this study were recorded for all of the
patients.

Data analysis

The distribution of the data was tested by Kolmogorov-
Smirnov test. Median and quartiles were used to describe
continuous data and Student’s 7-test or the Mann-Whitney
test was used for their comparison. The forward conditional
Cox hazards regression model was used to determine the
correlation between the D-dimer levels and the risk for
mortality. To evaluate the correlation between the D-dimer
levels and tumour-related mortality, we divided the patients
into two groups, normal (<0.55 mg/L) and abnormal (their
treat groups, and applied Kaplan-Meier survival curves and
the log-rank test for analysis. The Spearman approach was
employed to assess the relationship between two continuous
data points. All statistical analyses were performed with
SPSS 13.0 software (a statistical package), and a P value
less than 0.05 was regarded as statistically significant. All
reported P values are two-tailed.
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Table 1 Characteristics of the patients (n=107)

Characteristic Median (quartile) or frequency

Gender (male/female) 84/23

Age (years) 63.0 (58.5, 68.0)
Smoking (yes/no) 94/13
CEA (ng/mL) 15.43 (5.083, 63.87)
NSE (ng/mL) 24.10 (12.55, 58.13)
D-dimer (mg/L) 0.59 (0.33, 1.10)
Haemoglobin (g/L) 116 (108.0, 124.0)

Albumin (g/L) 35 (32.0, 39.0)

ECOG-PS [0/1/2/3/4] 45/37/19/5/1
Stage (extensive/limited) 65/42
Treatment approach

Chemotherapy 25

Chemotherapy and radiotherapy 82
Follow up time (months) 9 (6.0, 16.0)

Outcomes (dead/alive) 91/16

Skewed distribution continuous data are expressed as the
median and quartiles. CEA, carcinoembryonic antigen; ECOG-
PS, Eastern Cooperative Oncology Group performance status;
NSE, neuron-specific enolase.
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Figure 1 Correlations between D-dimer levels and tumour stage.
Pre-treatment plasma D-dimer levels were significantly elevated in

patients at extensive stage.
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Results
Clinical characteristic of the patients

A total of one hundred and seven patients with SCLC were
ultimately enrolled in the present study. The characteristics
of the patients are shown in 7able 1. The median D-dimer
level was 0.59 mg/L (quartiles: 0.33-1.10), which was higher
than that of the normal estimate (0.55 mg/L). Most of the
patients (87.85%) were cigarette smokers. Sixty-five (60.7%)
were diagnosed at extensive stages. The median follow-
up duration was 9 months (quartiles: 6-16 months), and 91
(85.0%) subjects died during the follow-up period.

The correlation between D-dimer level and clinical
characteristics

Abnormally high D-dimer levels were observed in patients
at extensive stage SCLC compared with those at limited
stage (Figure I). The difference between the two groups
was statistically significant (P<0.02). In analyses of the
correlation between D-dimer level and age, gender,
haemoglobin, albumin and ECOG-PS, no positive
results were found. Plasma D-dimer levels were positively
correlated with CEA and NSE levels, with a correlation
coefficient of 0.24 (P=0.01) and 0.48 (P<0.01), respectively
(Figure 24,B).

D-dimer level and patient survival

At the end of follow up, the mortality rates of the two
groups were significantly different, as 37 patients (80.43 %)
with normal levels and 54 patients (88.52%) with elevated
D-dimer levels died during follow-up. Patients with elevated
D-dimer levels (=0.55 mg/L, the upper limit of reference
interval) had a shorter median survival time than those with
normal levels (8 vs. 16 months, respectively). Kaplan-Meier
survival analysis further demonstrated that the survival
time for SCLC patients with elevated D-dimer levels was
significantly reduced compared with those with normal
levels (P<0.01 by log-rank test, Figure 3). Furthermore, to
evaluate the prognostic value of D-dimer level for SCLC
prognosis estimation, a Cox hazard regression approach
was employed. As shown in Table 2, in a univariate model,
an elevated D-dimer level (>0.55 mg/L) was significantly
associated with SCLC-related mortality, with a hazard ratio
(HR) of 2.59 (95% CI: 1.65-4.05). The HR value remained
significant when adjusted for NSE, CEA and tumour stage,
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Figure 2 The correlation between plasma CEA, NSE and D-dimer levels. Pre-treatment plasma D-dimer levels were positively correlated
with CEA (A) and NSE levels (B). CEA, carcinoembryonic antigen; NSE, neuron-specific enolase.
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Figure 3 Survival of patients with normal and elevated D-dimer
levels. Kaplan-Meier survival analysis indicted that patients with
elevated D-dimer levels (20.55 mg/L) had a shorter survival
time. The differences between patients with normal and elevated
D-dimer levels were statistically significant (P<0.01 by log rank
test).

with an HR of 2.14 (95% CI: 1.34-3.41).

Discussion

Once the diagnosis of SCLC is established, the prognostic
estimation for the patient becomes especially crucial because
it can greatly affect management. Compared with imaging
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and cytological approaches, laboratory tests are inexpensive
and convenient. They can be repeated before, during,
and after chemotherapy. Certain laboratory biomarkers
have been evaluated for predicting the prognosis of cancer
(17-19). Indeed, although several pre-treatment serum
prognostic factors for SCLC have been found, prognostic
estimation continues to be a challenge for physicians in
daily practice (17). It remains necessary to explore novel
markers to facilitate the prognosis estimation for those
patients.

Haemostatic abnormality is common in cancer patients
(20-22). Subjects with disturbed haemostatic status usually
have a poor prognosis (2,20). D-dimer, one of the key
components in the process of embolism and fibrinolysis, has
been found to be associated with the prognosis in patients
with lung cancer (23). Several studies have reported that
plasma D-dimer levels were elevated and associated with
the stage and mortality in lung cancer (14,23,24). Most of
the subjects enrolled in those studies were patients with
non-SCLC. Whether D-dimer levels are associated with
the prognosis of SCLC is not clear. In our study, which
enrolled only patients with SCLC, elevated D-dimer levels
were confirmed. The results are consistent with those of
other reports (16,25). However, compared with these two
recently published works, the strength of our work is that
some confounding factors, such as NSE, albumin and
haemoglobin are adjusted. While these factors were not
considered by previous studies. In addition, our results
demonstrated that patients at extensive stage had higher
plasma D-dimer levels than those at limited stage. The
mortality was significantly higher in patients with elevated
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Table 2 Univariate and multivariate Cox proportional hazards model analysis of laboratory parameters and clinical features
Univariate Multivariate
Variable Values
HR 95% CI P value HR 95% ClI P value
D-dimer <0.55 mg/L 17 - - 17 - -
>0.55 mg/L 2.59 1.65-4.05 <0.01 2.14 1.34-3.41 <0.01
CEA <10 ng/mL 17 - - 17 - -
>10 ng/mL 1.63 1.06-2.53 0.03 1.93 1.24-3.00 <0.01
NSE <17 ng/mL 17 - -
>17 ng/mL 1.84 1.18-2.89 0.01 - - -
ECGO-PS <2 17 - - 17 - -
>2 6.37 3.56-11.39 <0.01 4.70 2.54-8.69 <0.01
Stage Limited 17 - - 17 -~ -
Extensive 2.27 1.4-3.50 <0.01 1.70 1.05-2.76 0.03
Age <65 years 17 - -
>65 years 1.49 0.98-2.27 0.06 - - -
Gender Female 17 - -
Male 1.06 0.64-1.76 0.82 - - -
Smoking No 17 - -
Yes 0.94 0.51-1.74 0.84 - - -
Albumin <30 g/L 17 - -
>30 g/L 1.05 0.58-1.90 0.86 - - -
Hb <110 g/L 1t - -
>110 g/L 0.98 0.62-1.56 0.94 - - -

T, reference group. HR, hazard ratio; Cl, confidence interval; -, no data available.

D-dimer levels than in those with normal levels as identified
by Kaplan-Meier survival curves and Cox proportional
hazards regression analysis. This implies that D-dimer
levels are correlated with patient survival and could be a
potentially prognostic predictor for SCLC.

Certain tumour markers have been proven to be of
prognostic value in lung cancer. For instance, NSE, a
sensitive tumour marker for SCLC, is used in predicting
the patient outcomes (26). The pre-treatment NSE levels
are reported to be elevated in SCLC patients and are
significantly higher when the patients are at extensive
stage. Patients with high levels of NSE have a shorter
overall survival compared with those with normal levels,
as summarised by a review (27). Therefore, NSE has been
routinely used as an independent prognostic predictor
for SCLC (2,20). CEA, another frequently used tumour

© Annals of Translational Medicine. All rights reserved.

marker, is also elevated in lung cancer patients. Research
has revealed that SCLC patients with high CEA levels
had a significantly shorter survival time than those with
normal CEA levels (28), which indicates that CEA is also
an independent prognostic factor for SCLC (29). In our
study, both NSE and CEA levels were found to be elevated
and positively correlated with D-dimer levels. Because
NSE and CEA are well-recognised prognostic factors,
these results further indicated the value of D-dimer as a
useful prognostic predictor in SCLC, as suggested by the
consistency between D-dimer, NSE and CEA levels.

Our study has some limitations. This is a retrospective
observational study with small sample size. Therefore, the
findings of this study need to be validated by prospective
and multicentre studies. Second, the treatment approaches
for subjects are various; therefore, the confounding effects
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of treatment approaches may bias the results. Further
studies are needed to rigorously evaluate the prognostic
value of D-dimer in subjects received a specific treatment
approach.

In conclusion, our study indicates that SCLC patients
with increased D-dimer levels have a shorter survival time.
Evaluation of the pre-treatment D-dimer level is useful in
estimating the prognosis of patients with SCLC.
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