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Background: Previous studies have shown that D-dimer plays an essential role in the
occurrence and development of various tumors, and its diagnostic value in gallbladder
carcinoma (GBC) is unknown. Therefore, the purpose of our study was to explore the
diagnostic value of D-dimer in distinguishing between gallbladder carcinoma and benign
controls.

Methods: We retrospectively included age and gender-matched patients with gallbladder
carcinoma and benign gallbladder lesions, and analyzed the diagnostic value of inflam-
matory markers, D-dimers, and tumor biomarkers by receiver operating characteristic
curves (ROC).

Results: The area under the ROC curve of white blood cells (WBC), neutrophil to
lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), D-dimer, alpha-fetoprotein
(AFP), carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA19-9) were
0.600, 0.760, 0.729, 0.849, 0.502, 0.699, and 0.802, respectively. The combined diag-
nostic value of D-dimer and CA19-9 was 0.920, which was superior to other joint
indicators.

Conclusion: Serum D-dimer may be considered as a potential biomarker for detection of
GBC. Moreover, the combined diagnosis of D-dimer and CA19-9 has excellent diagnostic
value in gallbladder carcinoma.
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Introduction

Gallbladder carcinoma (GBC) is the fifth most common malignant tumors in the
digestive system and the most common type of biliary malignancy.! According
to epidemiological statistics, the incidence of gallbladder carcinoma in China
was 52.8/100000 in 2015, and the mortality rate was 40.7/100000. Its 5-year
survival rate is only 5%, and the average overall survival time is six months.’
Due to the high invasiveness of gallbladder carcinoma and the lack of typical
specific symptoms in the early stage, most of the first diagnosed patients are
already in the advanced stage, and the best time for surgical resection has been
missed.>*

At present, the diagnosis of gallbladder carcinoma mainly relies on labora-
tory and imaging examinations for comprehensive evaluation. Ultrasound is one
of the conventional screening methods for gallbladder carcinoma, but its ability
to detect early lesions is weak. Magnetic resonance imaging (MRI) and com-
puted tomography (CT) are useful for distinguishing gallbladder carcinoma from
other benign diseases, but their long appointment period and radioactivity may
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partially limit their widespread use. Besides, tumor mar-
kers such as carbohydrate antigen 19-9 (CA19-9) and
carcinoembryonic antigen (CEA) are also used for
screening for gallbladder carcinoma, but their diagnostic
efficacy is not often satisfactory. Therefore, finding
a high-efficient, economical, and sensitive biomarker
for early diagnosis of gallbladder carcinoma has impor-
tant clinical significance.

D-dimer is a specific degradation product produced
by the hydrolysis of cross-linked fibrin monomer.>°
D-dimer was initially found to be a vital component
in the process of hemostasis.” Recent studies have
shown that D-dimer is significantly associated with
the staging and prognosis of a variety of cancers, its
diagnostic value in distinguishing between gallbladder
carcinoma and benign controls has not been explored
so far. Therefore, in this study, we included age and
gender-matched patients with gallbladder carcinoma
and benign lesions to investigate the diagnostic effi-
cacy of D-dimer in the detection of GBC and compared
it with other
biomarkers.

inflammatory markers and tumor

Patients and Methods

Patients

We retrospectively collected the hematological para-
meters of 61 patients with pathologically diagnosed
gallbladder carcinoma who underwent surgery between
January 2016 and May 2019 in the First Affiliated
Hospital of Anhui Medical University. The inclusion
criteria for this study were: (1) the patient underwent
surgical resection or needle biopsy and histopathology
confirmed gallbladder carcinoma; (2) the patient
received the detection of tumor biomarker included
CA19-9; (3) the patient did not receive radiotherapy
or chemotherapy before surgery. Exclusion criteria
were: blood system diseases, infectious diseases, auto-
immune diseases, accompanying other malignant
tumors, and the use of anticoagulants. Besides, gender
and age-matched benign gallbladder lesions (including
gallbladder polyps and cholecystitis) were used as con-
trols for GBC. The research protocol was authorized by
the ethics committee review agency of the First
Affiliated Hospital of Anhui Medical University (ethics

number: P2020-16-17).

Laboratory Testing and Clinical Data

Laboratory indicators and clinicopathological features
were obtained from hospitalized medical records. We
extracted laboratory indicators within one week prior to
surgical resection. Laboratory indicators include white
blood cell count, neutrophil count, lymphocyte count,
platelet count, D-dimer, AFP, CEA, and CA19-9.
Clinicopathological features including age, sex, degree
of differentiation, depth of tumor invasion, number of
lymph node metastases, distant metastasis, and tumor
stage. The neutrophil count divided by the lymphocyte
count is defined as NLR, and the platelet count divided
by the lymphocyte count is defined as PLR. The tumor
stage of GBC was determined according to the
Cancer TNM Staging System
(8th  Edition)
T refers to the primary tumor stage, which is divided
into Tis, Tla, T1b, T2a, T2b, T3, and T4 on account of
the depth of tumor invasion. N refers to regional lymph
node metastasis, which is divided into NO, N1, and N2.
NO refers to the absence of local lymph node metasta-

Joint
8,9

American

Committee classification system.

sis, N1 refers to the occurrence of 1-3 lymph node
metastasis, and N2 refers to >4 lymph node metastasis.
M means there is distant metastasis, MO means there is
no distant metastasis, and M1 means there is distant
metastasis.

Statistical Analysis

SPSS 24.0 and GraphPad prism7.0 were utilized for sta-
tistical analysis. The categorical variables were shown by
frequency, and the continuous variables are expressed
using the median (interquartile range) if they do not satisfy
the normal distribution, and the mean =+ standard deviation
is used for normal distribution. When comparing the two
groups, chi-square analysis is used if the variable is
a categorical variable; the Mann—Whitney U-test is used
if the variable is a continuous variable and does not satisfy
the normal distribution, and a ¢-test is used for continuous
variable that satisfying the normal distribution. The
MedCalc software was used to calculate the optimal cut-
off value, sensitivity (SEN), specificity (SPE), positive
likelihood ratio (PLR), negative likelihood ratio (NLR),
and area under the ROC curve for laboratory indicators.
When the P-value is less than 0.05, it is considered to be
statistically significant.
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Table | Clinicopathological Features and Laboratory Indicators ~ Results
of the Participants - . L.
P Clinical Characteristics of the Study
Variables GBC Benign Control P-value Population
Age (year) n=él n=él 0.138 In our retrospective study, 61 patients with gallbladder
<60 20 (32.8) 28 (46.0) carcinoma and 61 benign controls (including 41 cholecys-
60 41 (672) 33 (54.0) titis controls and 20 polyp controls) were enrolled. Table 1
demonstrates the clinicopathological features and labora-
P g
Gend 0.855
i tory indicators of all included populations. In GBC
Male 27 (44.3) 26 (42.6) patients, ten patients had distant metastases. Among the
Female 34 (55.7) 35 (57.4) ten patients with GBC metastases, four patients had
Di - abdominal wall metastases, and six patients had gastroin-
ifferentiation -
testinal, inguinal, and omental metastases. The abdominal
el 469 _ wall and groin’s metastatic lesions are single, while the
Moderate 41 (67.2) - metastatic lesions of the gastrointestinal tract and omen-
Poor 12 (19.6) _ tum are multiple. According to the AJCC (8th edition)
A .69 B stage system, 17 people belong to stage IV, 26 people
: belong to stage III, and 18 people belong to stage O-II.
g g peop g g
T stage - The results of chi-square analysis showed no significant
Tis-T2 24 (39.3) - statistical difference in age and gender between the GBC
3 27 (443) _ group and the benign control group. NLR, PLR, D-dimer,
. e CEA, and CA199 were statistically significant between the
(154 _ two groups based on the results of the 7-test and Mann—
N stage - Whitney U-test. Furthermore, we found that D-dimer and
NO 36 (59.0) - CA199 are significantly higher in patients with gallbladder
NI 16 262) ~ carcinoma than in patients with gallbladder polyps and
cholecystitis (Figure 1).
N2 9 (148) _
M i - . .. .
i Correlation Between Clinicopathological
83. - . .
" o & Features and D-Dimer/CA19-9 Levels in
MI 10 (16.4) - GBC
Stage The correlation between the levels of pre-operative D-dimer
0-11 18 (29.5) _ _ and CA19-9 and the clinicopathological features of gallblad-
" 27 (443) B der carcinoma are demonstrated in Table 2. Correlation
: analysis showed that D-dimer was significantly associated
v 6262 - with depth of tumor invasion (P=0.017), and distant metas-
WBC (1079/L) 5.85 (5.11-7.83) 5.74 (4.63-6.35) 0.056 tasis (P=0.014); while CA19-9 was significantly associated
NLR 2.58 (1.86-3.60) 174 (125219) | <0001 |  With gender (P=0.043), lymph node metastasis (P=0.008),
and tumor stage (P=0.004).
PLR 164.25+72.83 112.21+40.47 <0.001
D-dimer(ug/mL) 0.70 (0.46-1.37) 031 (0.24-0.44) <0.001 Diagnostic Value of Laboratory Indicators
AFP (ng/mL) 3.10 (2.10-4.00) 2.90 (2.20-4.28) 0.971 .
bl for Detecting GBC
CEA (ng/ml) 330 (190-675) 213 (145-320) <o.00l To further explore the efficacy of different laboratory
CAI19-9 (UimL) 5541 (13.28-843.9) 9.41 (5.06—17.26) <0.001 indicators in the diagnosis of gallbladder carcinoma,

Note: Bold font represents the P-value less than 0.05.

Abbreviations: NA, not available; GBC, gallbladder carcinoma; WBC, white blood
cell; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; APF,
alpha-fetoprotein; CEA, carcinoembryonic antigen.

we performed ROC curve analysis. The results showed
that the areas under the ROC curves of WBC, NLR,
PLR, D-dimer, AFP, CEA, and CA19-9 were 0.600,
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Figure | The serum D-dimer (A) and CA19-9 (B) in GBC, gallbladder polyp, and cholecystitis controls.
Notes: *P<0.05, **P<0.01, ****P<0.001.
0.760, 0.729, 0.849.0.502, 0.699 and 0.802, respec- recurrence, metastasis, and worse survival

tively, of which D-dimer had the highest diagnostic
efficiency in differentiating GBC from benign controls.
Among the seven biomarkers, AFP has the lowest
sensitivity and specificity, while NLR, PLR, D-dimer,
and CA19-9 have relatively high sensitivity and speci-
ficity, of which D-dimer has the highest sensitivity,
CA19-9 has the highest specificity (Table 3 and
Figure 2). Therefore, we combined these indicators
using logistic regression, and the results of the com-
bined diagnosis showed that the combination of
D-dimer and CA19-9 has higher sensitivity and speci-
ficity, which can obviously discriminate GBC and
benign gallbladder lesions (Table 4 and Figure 3).

Discussion

The D-dimer is a fibrinogen degradation product, and
the presence of D-dimer indicates the presence of acti-
vated thrombus formation and subsequent fibrinolytic
activity in the body. Plasma D-dimer has been widely
used to diagnose pulmonary embolism, disseminated
intravascular coagulation, myocardial infarction and

10-15 Recent studies have shown

thromboembolism.
that D-dimers are dysregulated in many different
types of cancers, including gastric cancer, musculoske-
letal sarcoma, lung cancer, pancreatic cancer, esopha-
geal squamous cell carcinoma, ovarian cancer,
nasopharyngeal cancer, liver cancer, lymphoma, spinal
giant cell tumor, and breast cancer.’'?° Moreover,
several studies have shown that elevated levels of

D-dimer are significantly associated with cancer

outcome.®17-2426 However, to date, no one has studied
the diagnostic value of D-dimer in gallbladder carci-
noma. Therefore, we retrospectively included age and
gender matched gallbladder carcinoma patients and
benign controls to explore the diagnostic value of
D-dimer in the detection of gallbladder carcinoma.

In our study, we found that serum D-dimer and
CA19-9 levels were significantly higher in patients
with gallbladder carcinoma than patients with gallblad-
der polyps and cholecystitis, suggesting that D-dimer
and CA19-9 are differentially expressed between GBC
and benign controls. Then, we analyzed the correlation
between D-dimer/CA19-9 and clinicopathological fea-
tures. The results of the correlation analysis showed
that the expression level of D-dimer was significantly
correlated with invasion depth (P=0.017), and distant
metastasis (P=0.014) of GBC. The expression level of
CA19-9 was significantly correlated with lymph node
invasion (P=0.008) and TNM stage (P=0.004) of GBC.
Hence, we can speculate that tumor cells may induce
the secretion of D-dimers to promote tumor prolifera-
tion, local invasion, and metastasis. Similarly, CA19-9
is expressed more highly in patients with gallbladder
carcinoma with lymphatic invasion and higher tumor
stage, suggesting that CA19-9 secreted by tumor cells
may be associated with lymph node invasion and pro-
gression of gallbladder carcinoma. Finally, we per-
formed a receiver operating characteristic curve
analysis, and the results showed that D-dimer have
than CA19-9 in

a good diagnostic efficiency
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Table 2 Association Between Clinicopathological Features and D-Dimer or CA19-9 in GBC
Variables D-Dimer P-value CAI9-9 P-value
Age (year) 0.080 0.805
<60 0.58 (0.31-1.26) 44.85 (12.29-493.20)
260 0.72 (0.52-1.93) 61.15 (13.28-945.20)
Gender 0.172 0.043
Male 0.58 (0.46—1.26) 27.23 (11.08-113.30)
Female 0.85 (0.50-1.62) 140.85 (25.67—1000.00)
Pathology type 0.207 0.274
Adenocarcinoma 0.61 (0.45-1.37) 69.70 (14.97-869.55)
Others 0.89 (0.71-1.48) 24.24 (2.77-765.29)
Differentiation 0.290 0.323
Well 0.48 (0.34-11.5) 12.31 (8.65-34.62)
Moderate 0.58 (0.43—-1.26) 67.92 (20.52-843.9)
Poor 0.97 (0.70-2.04) 78.21 (4.24-1000.00)
NA 1.61 (0.52-2.90) 503.98 (5.17-1000.00)
T stage 0.017 0.065
Tis-T2 0.55 (0.34-0.85) 27.81 (9.68-140.73)
T3 0.72 (0.51-1.55) 107.30 (21.92-1000.00)
T4 1.59 (0.67-2.68) 539.11 (16.35-1000.00)
N stage 0.091 0.008
NO 0.61 (0.41-1.29) 27.98 (11.46-81.39)
NI 0.67 (0.41-0.88) 642.90(113.30-1000.00)
N2 2.10 (0.55-2.89) 78.21 (8.00-1000.00)
Metastasis 0.014 0.883
MO 0.58 (0.40-1.22) 55.41 (13.62—493.20)
Ml 2.08 (0.65-2.85) 52.57 (8.03—1000)
Stage 0.059 0.004
0-1 0.56 (0.32-1.10) 16.31 (9.09-47.49)
1 0.72 (0.51-1.22) 107.3 (21.92-895.20)
v 1.59 (0.54-2.55) 746.60 (21.06—1000.00)
Note: Bold font represents the P-value less than 0.05.
Abbreviations: NA, not available; GBC, gallbladder carcinoma.
Cancer Management and Research 2021:13 submit your manuscript 2553
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Table 3 Diagnosis Value of Single Laboratory Indicators for GBC Detection

Variables Cut-Off value Sensitivity Specificity LR+ LR- AUC

WBC 6.46 40.98 80.33 2.08 0.73 0.600 (0.508-0.688)
NLR 2.06 70.49 73.77 2.69 0.40 0.760 (0.675-0.833)
PLR 140.40 59.02 83.61 3.60 0.49 0.729 (0.641-0.805)
D-dimer 0.49 73.77 85.25 5.00 0.31 0.849 (0.773-0.907)
AFP 291 44.26 44.26 0.79 1.26 0.502 (0.410-0.594)
CEA 3.60 49.18 81.97 2.73 0.62 0.699 (0.609-0.778)
CAI9-9 26.60 65.57 90.16 6.67 0.38 0.802 (0.721-0.869)

Abbreviations: WBC, white blood cell; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; APF, alpha-fetoprotein; CEA, carcinoembryonic antigen; LR
+, positive likelihood ratio; LR—, negative likelihood ratio; AUC, area under the receiver operating characteristic curve.

distinguishing gallbladder carcinoma from benign con-
trol disease, and the combined diagnostic efficiency is
higher in GBC detection. Both of them may have
important clinical significance in the diagnosis of

0.50 0.75

Sensitivity

0.25

0.00 025 050 075 1.00

1-Specificity
—=e— WBC:0.600 —=o— NLR:0.760
—=e— PLR:0.729 AFP : 0.502
CEA:0.699 —=e— CA19-9:0.802
D-dimer : 0.849 —— Reference

Figure 2 Receiver operating characteristic curve (ROC) of single laboratory
indicators for GBC detection.

Abbreviations: WBC, white blood cell; NLR, neutrophil to lymphocyte ratio; PLR,
platelet to lymphocyte ratio; APF, alpha-fetoprotein; CEA, carcinoembryonic anti-
gen; CAI9-9, carbohydrate antigen 19-9.

gallbladder carcinoma. Our results are consistent with
Chen’s research, and he found that D-dimer were sig-
nificantly higher in patients with ovarian cancer than in
patients with endometriosis and had good diagnostic
efficacy in differentiating ovarian cancer from
endometriosis.*’

The underlying mechanism by which D-dimers play
a role in the progression of gallbladder carcinoma may
be as follows: D-dimer is a biomarker that suggests
activation of hemostasis and fibrinolysis. It is
a degradation product of fibrin mediated by plasmin.
Tumor cells can activate the coagulation system by
producing  procoagulant  factors, resulting in
a hypercoagulable state of the body. Due to the
enhanced procoagulant state, the fibrinolytic system is
then activated, so the expression of fibrin degradation
products (including D-dimer) is significantly increased
in the body, so the increase of D-dimer can be used as
an indicator of a hypercoagulable state.>® Previous
studies have shown that hypercoagulable state can pro-
mote tumor proliferation, invasion, migration, and
angiogenesis.”® Therefore, D-dimer may promote the
progression of the tumor by promoting the hypercoa-
gulable state of the body.

At the same time, there are shortcomings in our
research. First, this is a retrospective study, and even if
we match age and gender, selective bias is inevitable
Second, the sample size we included in the study was
small, and subsequent large-scale, multi-center research

data was needed to verify the reliability of our results.
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Table 4 Diagnosis Value of Combined Laboratory Indicators for GBC Detection

Variables Sensitivity Specificity LR+ LR- AUC

PLR+D-dimer 73.77 83.61 4.50 0.31 0.858 (0.783-0.915)
NLR+D-dimer 68.85 90.16 7.00 0.35 0.862 (0.788-0.918)
PLR+CA19-9 77.05 90.16 7.83 0.25 0.831 (0.753-0.893)
NLR+CAI[9-9 72.13 83.61 4.40 0.33 0.854 (0.778-0.911)
D-dimer+CA19-9 83.61 90.16 833 0.20 0.920 (0.857-0.962)

Abbreviations: NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CA19-9, carbohydrate antigen 19-9; LR+, positive likelihood ratio; LR—,
negative likelihood ratio; AUC, area under the receiver operating characteristic curve.

Third, we did not further explore the potential mechanism
of D-dimer in the development of gallbladder carcinoma.

In summary, D-dimer and CA19-9 are useful biomarkers
for the diagnosis of gallbladder carcinoma, and the combined
diagnostic value of the two biomarkers is relatively high,
which guides the early detection of gallbladder carcinoma.
Considering the limited sample size, more large-scale, multi-
center studies are needed for verification.

0.50 0.75 1.00
L f s

Sensitivity

0.25
L

0.00 0.25 0.50 0.75 1.00
1-Specificity

——&—— PLR+D-dimer : 0.858
—=&— PLR +CA19-9:0.831
D-dimer+CA19-9 : 0.920

——&—— NLR+D-dimer : 0.862
NLR-CA19-9: 0.854

Reference

Figure 3 Receiver operating characteristic curve (ROC) of combined laboratory
indicators for GBC detection.

Abbreviations: NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte
ratio; CA19-9, carbohydrate antigen 19-9.
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