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Abstract
OBJECTIVES: To investigate the predictive value of the pre-operative D-dimer and gamma-glutamyltranspeptidase
(GGT) for the prognosis in colorectal liver metastases (CRLM) patients after hepatic resection. METHODS: Two
hundred and ninety-two patients between December 2008 and December 2016 and 101 patients at our center
from January 2017 to December 2018 were selected as a training set and validation set, respectively. The
combination of the pre-operative D-dimer and GGT status (CPDG score) was scored as follows: elevated D-dimer
levels with elevated GGT levels was allocated a score of 2, decreased D-dimer levels with decreased GGT levels
was allocated a score of 0, and all other combinations were allocated a score of 1. In the training set, a logistic
regression was applied to explore potential predictors of major postoperative complications. A Cox proportional
hazards analysis was used to analyze survival. We further verified our findings in the validation set. RESULTS: Major
complications occurred in 43 (14.7%) and 25 (24.8%) patients in the training set and validation set, respectively. In
the training set, multivariate analysis showed that elevated GGT levels and elevated D-dimer levels independently
predicted major complications respectively. In the multivariate analyses, elevated pre-operative D-dimer levels
remained independently associated with decreased overall survival (OS) (hazard ratio [HR] = 1.751, 95%
confidence interval [CI]: 1.139-2.691, P = .01). The CPDG score was an independent prognostic factor for major
complications and OS in the multivariate analyses. The predictive ability of the CPDG score was higher than either
factor alone. A Kaplan-Meier survival analysis showed that compared with patients with CPDG score = 1 or CPDG
score = 0, patients with a CPDG score = 2 had worsened OS. Furthermore, for OS comparisons, the differences
between any two groups were significant. In the validation set, elevated GGT and D-dimer were also suggested to
predict worse progression-free survival (PFS) and to be independently associated with major complications.
CONCLUSIONS: The pre-operative D-dimer levels, GGT levels and CPDG score are reliable biomarkers to predict
ceived 13 December 2018; Revised 11 April 2019; Accepted 16 April 2019
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post-operative major complications or survival in CRLM patients after hepatic resection, which make it useful for
CRLM patients in guiding surveillance approaches and prognosis assessments.

Translational Oncology (2019) 12, 996–1004
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olorectal cancer accounts for more than 9% of all cancer incidences
d is the third most common cancer reported worldwide, as well as
ing the fourth most common cause of death [1]. More than half of
lorectal cancer patients will develop liver metastases during the
urse of the disease [2]. Colorectal cancer liver metastasis (CRLM) is
e leading cause of death in patients with colorectal cancer [3]. Liver
section is the gold standard treatment for CRLM patients and
nfers the best prognosis [4,5]. However, liver resection is associated
ith significant mortality and morbidity, due to major complications
ch as liver failure, blood loss and bile leak. Post-operative
mplications have a reported prevalence of 4% to 53% [6–8]. In
dition, the post-operative 5-year survival rates are only 30% to 50%
] and more than 70% of patients will have a recurrence after
section for CRLM [9]. Therefore, it is crucial to explore and
entify biomarkers that are affordable and technically feasible for
edicting post-operative major complications and survival at earlier
me points in CRLM patients.
Gamma-glutamyltransferase (GGT) is a membrane bound
zyme that is involved in glutathione (GSH) metabolism [10].
me studies [11–13] have demonstrated that GGT modulated the
llular proliferative and apoptotic balance and played an important
le in tumor progression, invasion and drug resistance. Recently,
e-operative serum GGT levels have been linked to several human
alignancies, including hepatocellular carcinoma (HCC), esopha-
al squamous cell carcinoma, ovarian cancer and renal cell
rcinoma, with GGT acting as a negative prognostic marker
4–17]. For liver disease, GGT is predominantly used as a
agnostic marker. Latent elevations in GGT are seen to be related
specific pathologies such as liver fibrosis with HBV infection,
n-alcoholic fatty liver disease, alcoholic liver disease and other
ronic liver disease [18–20].
Recent studies suggested a process of hemostasis and fibrinolysis
as related to tumor angiogenesis, invasion, progression, and
etastatic spread [21]. D-dimer, one of the key components in the
tivation of hemostasis and fibrinolysis, has been found to be
sociated with poor prognosis in several malignant diseases,
cluding lung cancer, ovarian cancer and gastric cancer [22–25].
r liver disease, the increased D-dimer correlated well with the
gher Child-Pugh scores indicating the aggravation of hepatic
pairment. Elevated plasma values of D-dimer in patients with liver
rrhosis are risk factors for a higher incidence in decompensated liver
sease and portal vein thrombosis [26,27].
There has not been a study examining the prognostic significance
serum D-dimer levels and GGT levels in CRLM. In view of the
aracteristics of these two biomarkers, we speculate that these two
omarkers are of great value in predicting the prognosis of CRLM.
he aim of the present study was to explore the association between
e-operative D-dimer levels and GGT levels and prognoses in
RLM patients after liver resection.
aterials and Methods

atients

Two hundred and ninety-two patients who were admitted to our
spital between December 2008 and December 2016 were
entified as a training set. One hundred and one patients at our
nter from January 2017 to December 2018 were selected as a
lidation set. This study was approved by the Institutional Review
oard of the Cancer Institute & Hospital, Chinese Academy of
edical Sciences.
The inclusion criteria were as follows: (1) the primary tumor site
as removed and pathologically diagnosed as colorectal cancer; (2)
tients were diagnosed with liver metastasis from colorectal cancer
post-operative pathology; and (3) patients were treated with

section for CRLM, according to the guidelines for the treatment of
RLM [3]. Extrahepatic disease (EHD) was not a contraindication
r surgery as long as all of the EHD sites could be radically treated
urgery, radiotherapy, ablation, etc.). Data on patient demographics,
inicopathological characteristics and medical treatment were
viewed.
Patients were not eligible if they presented with pre-treatment
morbidities known to be associated with elevated GGT (i.e. biliary
act-, pancreatic- and heart disease or alcohol abuse) and D-dimer
.e. deep venous thrombosis, pulmonary embolism or disseminated
travascular coagulation).

easurement of Serum GGT Levels and D-dimer Levels
Serum GGT levels and D-dimer levels were measured within 1
eek before surgery. Blood samples for the evaluation of serum GGT
vels and D-dimer levels were obtained by using peripheral venous
nctures. Serum GGT concentrations were analyzed with an
zyme kinetic assay (Roche Diagnostics GmbH, Mannheim,
ermany). The normal value range of the GGT levels was between
and 55 U/L in our hospital. Serum D-dimer concentrations were
alyzed with an enzyme-linked fluorescent immunoassay method.
he normal value range of the D-dimer levels was between 0 and 0.55
g/L in our hospital.
To analyze the prognostic value of the combination of the pre-
erative D-dimer with GGT levels (CPDG) in major complications
d survival, we created a CPDG score construct based on the D-
mer levels and GGT levels. The CPDG score was scored as follows:
evated D-dimer levels with elevated GGT levels was allocated a
ore of 2, decreased D-dimer levels with decreased GGT levels was
located a score of 0, and all other combinations were allocated a
ore of 1.

reatment
As described previously [28], decisions about the treatment of
RLM were reached by the consensus of a multidisciplinary team
DT) including surgeons, oncologists and radiologists. Pre-
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erative chemotherapy was recommended to patients with initially
resectable liver metastases or to patients with multiple high-risk
ctors [29,30]. Chemotherapy was mainly comprised of a combi-
tion of 5-fluorouracil/capecitabine and oxaliplatin/irinotecan, with
without bevacizumab and cetuximab. Surgical resections included
e open and laparoscopic approaches. The resection margin status
as defined according to the International Union Against Cancer
ICC) criteria. Liver resections were divided into major and minor
sections. Major resections were defined as resections of more than
o segments, and other resections were described as being minor
sections. Intraoperative RFA was used when a hepatic lesion was
cated more deeply or proximal to major vascular structures and was
pecially used for lesions that were less than 3 cm.

ollow-Up and Endpoints
Patients were followed up at regular intervals. The initial post-
eatment CT and MRI scans occurred one month after surgery.
fterwards, patients were followed up at 3-month intervals for up to 2
ars and every 6 months thereafter. All post-operative complications
ere graded according to the Clavien-Dindo classification system [5].
inor complications were classified as Clavien-DindoI-II, and major
mplications were classified as Clavien-Dindo III -V. Overall
rvival (OS) was defined as the length of time from the date of
patic resection for liver metastasis to the last follow-up or death.
rogression-free survival (PFS) was defined as the interval between
patic resection for liver metastasis and a recurrence or progression
the (residual) disease.

tatistical Analysis
Data were compared using Fisher's exact tests for the categorical
riables and the non-parametric Mann-Whitney U tests for the
ntinuous variables. A ROC curve was constructed to estimate the
edictive value of the pre-operative GGT levels and D-dimer levels.
he optimal cutoff values were identified using the highest Youden
dex (sensitivity+specificity-1) [31]. Prediction accuracy was evalu-
ed with the area under the ROC curve. All predictors with P b .10
univariate analysis were retained in the multivariate model. A

ultivariate logistic regression analysis was performed to identify
dependent factors. A Kaplan-Meier survival analysis was used to
lculate OS and PFS, and significant differences between the groups
0.
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ble 1. Patients’ characteristics of the training set and validation set

m Training set
(n = 292) (%)

Validation set
(n = 101) (%)

e ≥60 years 108 (37.0) 45 (44.6)
male 114 (39.0) 40 (39.6)
eoperative CEA ≥10 ng/ml 130 (44.5) 43 (42.6)
ajor resection 124 (42.5) 60 (59.4)
nchronous metastasis 235 (80.5) 70 (69.3)
imary site colon 156 (53.4) 58 (57.4)
ft hemicolon 45 (15.4) 19 (18.8)
etreatment chemotherapy 186 (63.6) 54 (53.5)
resection 195 (66.8) 63 (62.4)
A 36 (12.3) 8 (7.92)
lobar distribution 111 (38.0) 31 (30.7)
trahepatic metastases 26 (8.90) 19 (18.8)
iameter of metastases ≥3 cm 138 (47.3) 45 (44.6)
ultiple metastases 171 (58.6) 44 (43.6)
peration time ≥ 301.5 min 127 (43.5) 38 (37.6)
orly differentiated 69 (23.6) 29 (28.7)
-T4 243 (83.2) 82 (81.1)
eterochronous resection 113 (38.7) 35 (34.7)
ere evaluated by using the log-rank test. Multivariable analyses of
S and PFS were performed by using Cox regression models. Finally,
e will verify the findings in the validation cohort. A difference of
b .05 was statistically significant. Statistical analyses were per-
rmed using the SPSS, version 22 software (Armonk NV, USA).

esults

atient and Tumor Characteristics

The clinicopathological characteristics for the training set (n =
2) and validation set (n = 101) are listed in Tables 1 and 2. Of the
3 patients analyzed, 154 (39.2%) were female and 239 (60.8%)
ere male and the median age (interquartile range [IQR]) was 57.0
0.0-63.5) years. A total of 45 patients (11.5%) presented with
trahepatic metastases at the initial diagnosis. As to the tumors
cated in the liver, synchronous metastasis was detected in 235
0.5%) and 70 (69.3%) patients in the training set and validation
t, respectively. Liver lesions located in both lobes of liver were
tected in 142 (36.1%) patients. Preoperative chemotherapy was
ven to 240 (60.1%) patients in the whole cohort. As to the primary
te, it was located in the colon among patients in 156 (53.4%)
tients from the training set and 58 (57.4%) patients from the
lidation set and was located in the rectum for other patients. All
cluded patients had received hepatectomy, among which major
patectomy, heterochronous resection, and RFA was performed in
4 (46.8%), 148 (37.7%), and 44 (11.2%) patients, respectively.
0 resection was achieved in 258 (65.6%) patients.

redictors for Post-Operative Major Complications in the
raining Set
Major complications occurred in 43 (14.7%) and 25 (24.8%)
tients in the training set and validation set, respectively.
ROC curves illustrating the ability of the pre-operative D-dimer
vels and GGT levels to predict post-operative major complications
ere performed in the training set. For D-dimer levels, the optimal
toff level was 0.485 mg/L, and the area under the curve (AUC) was
661 (95%CI: 0.572-0.750, P = .001). This value was associated
ith a sensitivity of 0.651 and a specificity of 0.671 (negative
edictive value [NPV]: 0.918; positive predictive value [PPV]:
561). One hundred and eighty-two patients (62.3%) had a D-
mer b0.485 mg/L, and 110 patients (37.7%) had a D-dimer
.485 mg/L. For GGT levels, the optimal cutoff level was 35.5 U/L,
d the AUC was 0.645 (95%CI: 0.556-0.734, P = .002). This
lue was associated with a sensitivity of 0.651 and a specificity of
639 (NPV: 0.914; PPV: 0.461). One hundred and seventy-four
tients (59.6%) had a GGTb 35.5 U/L, and 118 patients (40.4%)
d a GGT ≥35.5 U/L.
The predictors for post-operative major complications were
alyzed. In the univariate analysis, resection type (P = .024),
etreatment chemotherapy (P = .009), diameters of metastases
= .011), operation time (P = .005), pre-operative GGT levels
b .001) and pre-operative D-dimer levels (P b .001) were

atistically significant parameters. These statistically significant
rameters in the univariate analysis were retained in the multivariate
odel. In the multivariate analysis, elevated pre-operative D-dimer
vels (OR = 3.474, 95% CI: 1.736-6.949, P b .001) and elevated
e-operative GGT levels (OR = 2.977, 95% CI: 1.486-5.965, P =
02) significantly predicted the major complications (Table 3).
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Table 2. Patient and tumor characteristics in the training set

Item D-dimer 0.285
(n = 116) (%)

D-dimer ≥ 0.285
(n = 176) (%)

P GGT 30.5
(n = 144) (%)

GGT ≥30.5
(n = 148) (%)

P CPDG = 0
(n = 66) (%)

CPDG = 1
(n = 128) (%)

CPDG = 2
(n = 98) (%)

P All patients
(n = 292) (%)

Age ≥60 years 37 (31.9) 71 (40.3) 0.144 59 (41.0) 49 (33.1) 0.164 22 (33.3) 52 (40.6) 34 (34.7) 0.515 108 (37.0)
Female 43 (37.1) 71 (40.3) 0.575 63 (43.8) 51 (34.5) 0.104 24 (36.4) 58 (45.3) 32 (32.7) 0.136 114 (39.0)
Preoperative CEA ≥10 ng/ml 45 (38.8) 85 (48.3) 0.110 58 (40.3) 72 (48.6) 0.150 24 (36.4) 55 (43.0) 51 (52.0) 0.126 130 (44.5)
Major resection 37 (31.9) 87 (49.4) 0.003 37 (25.7) 87 (38.8) b0.001 11 (16.7) 52 (40.6) 61 (62.2) b0.001 124 (42.5)
Synchronous metastasis 87 (75.0) 148 (84.1) 0.055 118 (81.9) 117 (79.1) 0.533 50 (75.8) 105 (82.0) 80 (81.6) 0.544 235 (80.5)
Primary site Colon 61 (52.6) 95 (54.0) 0.816 76 (52.8) 80 (54.1) 0.827 35 (53.0) 67 (52.3) 54 (55.1) 0.916 156 (53.4)
Left hemicolon 16 (13.8) 29 (16.5) 0.534 29 (20.1) 16 (10.8) 0.027 13 (19.7) 19 (14.8) 13 (13.3) 0.520 45 (15.4)
Pretreatment chemotherapy 53 (45.7) 133 (75.6) b0.001 78 (54.2) 108 (73.0) 0.001 25 (37.9) 81 (63.3) 80 (81.6) b0.001 186 (63.7)
R0 resection 80(69.0) 115 (65.3) 0.520 103 (71.5) 92 (62.2) 0.089 47 (71.2) 89 (69.5) 59 (60.2) 0.231 195 (66.8)
RFA 7 (6.0) 29 (16.5) 0.008 12 (8.3) 24 (16.2) 0.041 5 (7.6) 9 (7.0) 22 (22.4) 0.001 36 (12.3)
Bilobar distribution 30 (25.9) 81 (46.0) 0.001 36 (25.0) 75 (50.7) b0.001 13 (19.7) 40 (31.3) 58 (59.2) b0.001 111 (38.0)
Extrahepatic metastases 11 (9.5) 15 (8.5) 0.778 11 (7.6) 15 (10.1) 0.454 4 (6.1) 14 (10.9) 8 (8.2) 0.502 26 (8.9)
Diameter of metastases ≥3 cm 48 (41.4) 90 (51.1) 0.102 56 (38.9) 82 (55.4) 0.005 24 (36.4) 56 (43.8) 58 (59.2) 0.009 138 (47.3)
Multiple metastases 56 (48.3) 115 (65.3) 0.004 64 (44.4) 107 (72.3) b0.001 26 (39.4) 68 (53.1) 77 (78.6) b0.001 171 (58.6)
Operation time ≥ 301.5 min 34 (29.3) 92 (52.3) b0.001 48 (33.3) 78 (52.7) 0.001 16 (24.2) 50 (39.1) 60 (61.2) b0.001 126 (43.2)
Poorly differentiated 27 (23.3) 42 (23.9) 0.908 29 (20.1) 40 (27.0) 0.166 16 (24.2) 24 (18.8) 29 (29.6) 0.163 69 (23.6)
T1-T2 13 (11.2) 36 (20.5) 0.039 17 (11.8) 32 (21.6) 0.025 8 (12.1) 14 (10.9) 27 (27.6) 0.002 49 (16.8)
Heterochronous resection 52 (44.8) 61 (34.7) 0.081 50 (34.7) 63 (42.6) 0.169 26 (39.4) 50 (39.1) 37 (37.8) 0.972 113 (38.7)
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redictors for Survival in the Training Set
In the training set, the median follow-up time was 26.3 months. A
tal of 204 patients (69.86%) experienced disease recurrence, and
2 patients (34.93%) died. The median OS was 49.7 months (95%
I: 38.04-61.36), and the median PFS was 10.1 months (95% CI:
16-12.04). The 1-, 3- and 5-year survival rates were 95.20%,
.80% and 43.30%, respectively. The 1-, 3-year progression-free
rvival rates were 44.95%, 25.04% respectively. In the validation
t, the median follow-up time was 14.0 months. A total of 51
tients (50.5%) experienced disease recurrence, and only 10 patients
.90%) died due to a short follow-up period. The median PFS was
.0 months (95% CI: 6.273-21.727) and the median OS was not
ached.
Using the median survival time (49.7 months) as an endpoint,
OC curves were constructed to estimate the optimal cutoff value of
ble 3. Prognostic factors for major complications in CRLM patients after surgery in the training

ctor Univariate analysis Multivariate analysis

P OR (95%CI) P

e ≥60 years 0.290
x (male vs. female) 0.790
eoperative CEA ≥10 ng/ml 0.169
ajor resection 0.024
nchronous metastasis 0.278
imary site colon 0.734
ft hemicolon 0.530
etreatment chemotherapy 0.009
resection 0.547
trahepatic metastases 0.208
lobar distribution 0.574
ameter of metastases ≥3 cm 0.011
ultiple metastases 0.345
orly differentiated 0.652
-T4 0.094
peration time ≥ 301.5 min 0.005
dimer ≥0.485 b0.001 3.474 (1.736-6.949) b0.001
T ≥35.5 U/L b0.001 2.977 (1.486-5.965) 0.002

eterochronous resection 0.645

e prognostic value on CPDG score
DG = 2 b0.001 Reference -
DG = 1 0.112 (0.045-0.276) b0.001
DG = 0 0.198 (0.090-0.432) b0.001
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e pre-operative D-dimer levels and GGT levels for predicting
rvival. For D-dimer levels, the optimal cutoff level was 0.285 mg/L,
d the AUC was 0.688 (95%CI: 0.592-0.784, P b .001). This
lue was associated with a sensitivity of 0.702 and a specificity of
660 (NPV: 0.805; PPV: 0.525). 116 patients (49.67%) had a D-
mer b0.285 mg/L, and 176 patients (50.33%) had a D-dimer
.285 mg/L. For GGT levels, the optimal cutoff level was 30.5 U/L,
d the AUC was 0.676 (95% CI: 0.583-0.768, P = .001). This
lue was associated with a sensitivity of 0.564 and a specificity of
787 (NPV: 0.833; PPV: 0.480). One hundred and forty-four144
tients (49.32%) had a GGT b30.5 U/L, and 148 patients
0.68%) had a GGT ≥30.5 U/L.
The univariate analysis revealed that D-dimer levels ≥0.285 mg/L
= .005), non R0 resection (P = .002), bilobar distribution
b .001), multiple metastases (P = .003), operation time ≥301.5
ble 4. Prognostic factors for OS for CRLM patients after surgery in the training set

ctor Univariate analysis Multivariate analysis

P HR (95%CI) P HR (95%CI)

e ≥60 years 0.764 1.064 (0.710-1.594)
male 0.660 1.093 (0.735-1.625)
eoperative CEA ≥10 ng/ml 0.109 1.374 (0.932-2.028)
ajor resection 0.001 1.957 (1.317-2.910)
nchronous metastasis 0.054 1.716 (0.991-2.971)
imary site Colon 0.291 1.235 (0.835-1.828)
ft hemicolon 0.748 1.094 (0.632-1.894)
etreatment chemotherapy 0.073 1.467 (0.964-2.231)
resection 0.002 0.523 (0.349-0.782) 0.036 0.621 (0.398-0.970)
A 0.429 1.265 (0.706-2.267)
lobar distribution b0.001 2.157 (1.439-3.232) 0.025 1.672 (1.068-2.620)
trahepatic metastases 0.142 1.571 (0.859-2.872)
ameter of metastases ≥3 cm 0.232 1.268 (0.859-1.871)
ultiple metastases 0.003 1.882 (1.248-2.837)
orly differentiated 0.932 1.022 (0.626-1.667)
-T4 0.363 1.292 (0.744-2.242)
eration time ≥ 301.5 min 0.026 1.565 (1.055-2.324)
dimer ≥0.285 mg/L 0.005 1.817 (1.193-2.769) 0.011 1.751 (1.139-2.691)
T ≥30.5 U/L 0.004 1.786 (1.199-2.611)

eterochronous resection 0.961 0.990 (0.666-1.472)

e prognostic value on CPDG score
DG = 2 - Reference - Reference
DG = 1 b0.001 0.334 (0.187-0.597) 0.002 0.390 (0.214-0.710)
DG = 0 0.014 0.198 (0.374-0.894) 0.132 0.704 (0.446-1.112)
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in (P = .026) and GGT levels ≥30.5 U/L (P = .004) were all
sociated with decreased OS (Table 4). In the multivariate analysis,
evated pre-operative D-dimer levels (HR = 1.751, 95% CI: 1.139-
691, P = .01), non R0 resection (HR = 1.609, 95%CI: 1.031-
512, P = .036) and a bilobar distribution (HR = 1.672, 95%CI:
068-2.620, P = .025) remained independently associated with
creased OS (Table 4). When regarding PFS, in the univariate
alysis, D-dimer levels ≥0.285 mg/L (HR = 1.455, 95% CI: 1.093-
937, P = .010) and GGT levels ≥30.5 U/L (HR = 1.344, 95%CI:
020-1.771, P = .036) significantly decreased PFS. In the multi-
riate analysis, the elevated pre-operative D-dimer levels and elevated
e-operative GGT levels were not independent factors associated
ith decreased PFS.
Patients with a D-dimer ≥0.285 mg/L had significantly worse
S and PFS than did patients with a D-dimer b0.285 mg/L (P =
05, mOS: 36.0 months versus 75.9 months; P = .005, mPFS:
1 months versus 15.0 months) (Figure 1). Patients with a GGT
0.5 U/L had significantly worse OS and PFS than did patients
ith a GGT b30.5 U/L (P = .004, mOS: 35.2 months versus 70.2
onths; P = .034, mPFS: 7.5 months versus 12.5 months)
igure 1).
gure 1. A. Survival analysis of D-dimer b0.285 mg/L versus D-dimer ≥
g/L versus D-dimer ≥0.285 mg/L in the training set. C. Survival analys
FS analysis of GGT b30.5 U/L versus GGT ≥30.5 U/L in the training se
rognostic Value of D-dimer Levels Combined with GGT
evels in the Training Set
In multivariate analysis, two multivariate models were performed
parately to account for the fact that the CPDG score is constructed
om the D-dimer levels and GGT levels.
In multivariate logistic regression analysis, the CPDG score
dependently predicted major complications (Table 3). The AUC for
e CPDG score was 0.711 (95%CI: 0.622-0.800,P b .001). This value
as associated with a sensitivity of 0.588 and a specificity of 0.871 (NPV:
908; PPV: 0.550). The AUC for theCPDG score was stronger than the
-dimer levels (P = .040, AUC: 0.711 versus 0.661) and GGT levels
= .017, AUC: 0.711 versus 0.645) for predicting major complications
patients with CRLM after liver resection.
For the prediction of survival, in multivariate analysis the CPDG
ore was an independent prognostic factor for OS and was not an
dependent factor for PFS (Table 4). The AUC for the CPDG score
as 0.760 (95%CI: 0.680-0.840, P b .001). This value was
sociated with a sensitivity of 0.526 and a specificity of 0.957
PV: 0.952; PPV: 0.506). The AUC for the CPDG score was
ronger than the D-dimer levels (P = .017, AUC: 0.760 versus
688) and GGT levels (P = .013, AUC: 0.760 versus 0.676) for
0.285 mg/L in the training set. B. PFS analysis of D-dimer b0.285
is of GGT b30.5 U/L versus GGT ≥30.5 U/L in the training set. D.
t.
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Figure 2. A. Survival analysis of CPDG = 0 versus CPDG = 1 versus CPDG = 2 in the training set . B. PFS analysis of CPDG = 0 versus
CPDG =1 versus CPDG = 2 in the training set.
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edicting survival. Kaplan-Meier curve analysis revealed that
mpared with patients with CPDG = 1 or CPDG = 0, patients
ith CPDG = 2 were significantly associated with worse OS
b .001, mOS: 33.8 versus 49.7 months versus 75.9 months,
spectively) and worse PFS (P = .002, mPFS: 6.3 months versus
.4 months versus 15.6 months, respectively) (Figure 2). For OS
mparisons, the differences between any two groups were significant
PDG = 0 versus CPDG = 1, P = .049; CPDG = 0 versus
PDG = 2, P b .001; CPDG = 1 versus CPDG = 2, P = .019).
V

di
G
in
ssociations of D-dimer, GGT and CPDG with Clinicopatho-
gical Characteristics in the Training Set
Based on the cutoff value, all of the patients were dichotomized
to either a low value group or a high value group. The
inicopathologic characteristics grouped by D-dimer, GGT and
ia
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ble 5. Prognostic factors for major complications in CRLM patients after surgery in the
lidation set.

ctor Univariate analysis Multivariate analysis

P OR (95%CI) P

e ≥ 60 years 0.077
x (male vs. female) 0.605
eoperative CEA ≥10 ng/ml 0.245
ajor resection 0.007 4.310 (4.140-16.294) 0.031
nchronous metastasis 0.028 4.637 (0.953-22.562) 0.057
imary site Colon 0.445
ft hemicolon 0.446
etreatment chemotherapy 0.004
resection 0.032
trahepatic metastases 0.861
lobar distribution 0.010
ameter of metastases ≥3 cm 0.077
ultiple metastases 0.060
orly differentiated 0.522
-T4 0.835
peration time ≥ 301.5 min b0.001 3.017 (0.878-10.366) 0.079
dimer ≥0.485 0.001 4.437 (1.326-14.846) 0.016
T ≥35.5 U/L 0.013 5.156 (1.547-17.184) 0.008

eterochronous resection 0.083

e prognostic value on CPDG score
DG = 2 Reference -
DG = 1 21.529 (2.545-N99) 0.005
DG = 0 26.060 (2.618-N99) 0.005
PDG are summarized in Table 4. Elevated GGT levels were
sociated with primary sites in the right hemicolon (P = .017),
eoperative chemotherapy (P b .001), liver metastases in a bilobar
stribution (P b .001), diameters of metastases ≥3 cm (P = .003)
d multiple metastases (P b .001). Elevated D-dimer levels were
gnificantly associated with pre-treatment chemotherapy (P b .001),
er metastases in a bilobar distribution (P = .001), multiple
etastases (P = .004).
alidation of our Findings in an Independent Cohort
We further verified our findings in the validation set. Elevated D-
mer levels (OR = 4.437, 95%CI: 1.326-14.846, P = .016) and
GT levels (OR = 5.156, 95%CI: 1.547-17.184, P = .008) were
dependently associated with major complications in the multivar-
te analysis (Table 5), in addition to the major resection (OR =
310, 95% CI: 4.140-16.294, P = .031). The CPDG score was also
independent predictor of major complications. The AUC for the

PDG score was 0.764. This value was associated with a specificity of
895 (NPV: 0.791; PPV: 0.467). The AUC for the CPDG score was
ronger than the D-dimer levels (AUC: 0.764 versus 0.695) and
GT levels (AUC: 0.764 versus 0.642) for predicting major
mplications in patients with CRLM after liver resection. In the
alysis of survival, elevated D-dimer level (P = .007), GGT level
= .007) and CPDG score (P b .001) was associated with
creased PFS (Figure 3). Analysis of OS was not conducted due to
short follow-up period.
iscussion
o the best of our knowledge, this is the first study to establish a
rrelation between the outcomes for pre-operative D-dimer levels
d GGT levels and the post-operative major complications and
rvival in patients with CRLM. We found lower pre-operative D-
mer levels and lower pre-operative GGT levels were associated with
vorable outcomes, which held true for both post-operative major
mplications and survival, and then established the CPDG score
sed on these two biomarkers, as a more accurate prognostic
edictor in CRLM patients after resection. Moreover, we have
anaged to verify the findings in a validation dataset.

Image of Figure 2
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The mechanisms of the correlation between elevated D-dimer
vels and elevated GGT levels and poor prognoses were unclear.
ossible mechanisms are as follows: For the mechanism of D-dimer,
e abnormality of hemostasis and fibrinolysis is common in cancer
tients, which is related to tumor angiogenesis, invasion, progression
d metastatic spread [21]. As a degradation product of fibrin, an
evated D-dimer level is a signal of the abnormality of hemostasis and
brinolysis. Besides, some studies revealed that D-dimer affected
llular signaling systems to promote cell proliferation and induce
giogenesis [32], and induced the growth and spread of tumors by
imulating the cellular adhesion of tumor cells to endothelial cells
3]. For the mechanism of GGT, GGT is a membrane bound
zyme that is indispensable in GSH metabolism. GSH metabolism
important for protecting cells against oxidants, which is produced
ring normal metabolism [11]. However, both GGT and GSH are
gularly elevated at the same time in pathological states of oxidative
ress, and oxidative stress may be related to oncogenic stimulation
1,34]. In addition, an elevated GGT level plays an important role in
rcinogenesis by exerting pro-oxidant effects at both the membrane
rface level and the extracellular microenvironment [35]. However,
e specific mechanism needs further exploration.
Previous studies have focused on D-dimer levels and GGT levels in
lation to metastatic disease and survival, but have not evaluated
st-operative complications. The current study is the first to include
mplication analyses. For patients with CRLM after resection, our
udy showed that pre-operative elevated D-dimer levels and elevated
GT levels were associated with major complications. This result
ay be helpful for clinicians in taking corresponding preventive
easures. Some studies have shown an association between post-
erative inflammatory markers and post-operative complications in
RLM patients after resection. McCluney et al. [36] reported that a
gh NLR on post-operative days 2, 3 and 4 was associated with
ajor complications. Other studies [37,38] have shown that a high
st-operative CRP can predict the severity of complications
llowing abdominal surgery. Compared with post-operative inflam-
atory markers, we advanced the prediction of complications. This
uld provide clinicians with information at earlier time points, in
der to allow for the investigation of patients who may be more likely
develop complications before surgery. Whether the GGT levels
d D-dimer levels have a particular utility in detecting a particular
pe of complication (for example, infective complications or
astomotic complications) is an opportunity for a future prospective
udy in a larger cohort of CRLM patients after resection.
More recently, elevated D-dimer levels have been found to be
sociated with poor prognosis in several malignant diseases,
cluding lung cancer, ovarian cancer and gastric cancer [22–25],
d elevated serum GGT levels have been associated with a worsened
ognosis in many cancers, including HCC, renal cell carcinoma and
ophageal squamous cell carcinoma [5,14–16]. However, there have
en no studies examining the prognostic significance of serum levels
D-dimer and GGT in CRLM after hepatectomy. Our results
monstrated that, in patients with CRLM, compared with pre-
erative elevated D-dimer levels and elevated GGT levels, pre-
erative decreased D-dimer levels and decreased GGT levels had a
tter OS, which were consistent with several studies. It is very
luable to be able to predict the prognosis of CRLM patients in the
inic. Some studies have shown that pre-operative inflammatory
arkers were associated with prognosis in CRLM patients after
section. Giakoustidis et al. [39] reported that pre-operative elevated

Image of Figure 3


N
ex
of
as
D
pr
pr
W
su
in
C
to

di
C
in
no
sc
≥0
th
th
pr
ta
ex
m
tr
re

w
se
de
m
th
w
m
w
m

cu
ra
as
pu
[2
th
sp
an
pr
di
re
hi
‘n
st
Pa
st
on
m
on
th
on

di
am
ch
he
G
Pa
re
T
no
w

as
C
cu
Fi
bi
Se
m
an
th
co
fin
va
in
fin

re
co
T
di
in

E
T
B
Sc

C
T

F
T
Sc

R
[

[

[

[

[

[

Translational Oncology Vol. 12, No. 7, 2019Preoperative Serological Markers Predict Outcomes for Colorectal Cancer Liver Metastases Chen et al.1003
LR in CRLM patients with hepatectomy increased the risk of
trahepatic multifocal recurrence and was an independent predictor
overall survival. Neofytou et al. [40] identified pre-operative LMR
an independent prognostic factor for PRS, CSS and OS, but not for
FS, in CRLM patients undergoing hepatectomy. Compared with
e-operative inflammatory markers, pre-operative D-dimer levels
edict not only survival but also post-operative major complications.
e found that the cut-off values of D-dimer levels for predicting
rvival (0.285 mg/L) and major complications (0.485 mg/L)
creased incrementally. It is a possibility for clinicians to tailor
RLM treatment for individual patients before resection, according
the extent of D-dimer elevation.
In this study, we also established the CPDG score construct by D-
mer levels and GGT levels. Interestingly, our results suggested the
PDG score had a stronger prognostic value than either factor alone
the prediction of major complications and survival. It is worth
ting that compared with patients with CPDG score = 1 or CPDG
ore = 0, patients with a CPDG score = 2 (both the D-dimer levels
.285 mg/L and GGT ≥30.5 U/L) had worsened OS. Furthermore,
e differences between any two groups were significant. Therefore,
e CPDG score possesses both accurate and clinically meaningful
ognostic value for CRLM patients after resection. Clinicians can
ilor CRLM treatment for individual patients before resection. For
ample, patients with a CPDG score = 2 represented a high risk of
orbidity and mortality. A closer surveillance and certain protective
eatments should be offered to these high-risk patients after
section.
Several studies have suggested that GGT levels may be associated
ith tumor size, tumor number, vascular invasion and TNM stage in
veral malignancies [14–17] and elevated D-dimer levels were
monstrated to be associated with larger tumor, lymph node
etastasis, elevated CEA levels and elevated NSE levels [41,42]. In
is study, we assessed the association of D-dimer, GGT and CPDG
ith clinicopathological characteristics in CRLM patients. It is worth
entioning that elevated D-dimer levels and elevated GGT levels
ere significantly associated with pretreatment chemotherapy, liver
etastases in a bilobar distribution and multiple metastases.
We have noticed that the GGT cutoff value and the D-dimer
toff value in this study were well below the standard reference
nge, the reasons of which were as follows: Elevated D-dimer is
sociated with decompensated liver disease, deep venous thrombosis,
lmonary embolism or disseminated intravascular coagulation
6,27]. Elevated serum GGT activity can be found in diseases of
e liver, biliary system, and pancreas. It also appears to be related to
ecific pathologies such as metabolic syndrome, alcohol addiction
d chronic liver disease [18–20]. In clinical settings, GGT is
edominantly used as a diagnostic marker for liver disease. If the D-
mer value or GGT value of patients exceed the upper limit of
ference range, clinicians would postulate that this patient is at a
gher risk of before-mentioned diseases. That is how we define a
ormal range’. However, the outcomes of interest in the current
udy are the postoperative complications and oncologic outcomes.
tients with GGT value or D-dimer value exceeding cutoffs in this
udy are thought to be susceptible to worse postoperative and
cologic outcomes, but it did not equal to a higher risk of before-
entioned diseases. In other words, the normal range is defined based
the risk of before-mentioned diseases, whereas the cutoff value in
is study is defined based on the risk of worse postoperative and
cologic outcomes. Moreover, the GGT cutoff value and the D-
mer cutoff value largely depend on tumor types and its distribution
ong patients. Take the HCC for instance, it occurs in the setting of
ronic liver inflammation, and is most closely linked to chronic viral
patitis infection, and thus are frequently associated with elevated
GT value [16]. Unlike HCC, CRLM is not related to liver disease.
tients who presented with pre-existing comorbidities, known to be
lated with elevation of GGT, were also excluded in the study.
herefore, nearly three-quarters of the included patients are with a
rmal GGT value. This is also the reason for why the cutoff value is
ithin the normal range.
Pre-operative D-dimer levels and GGT levels are simple and easily
sessable clinical biomarkers for the prognostic stratification of
RLM patients after hepatectomy. However, the findings of the
rrent study should be interpreted within its possible limitations.
rst, as with a typical retrospective study, our study is limited by
ases, such as a lack of random assignment and patient selection.
cond, peripheral blood samples were performed only once, which
ight cause bias. Third, the AUCs of single GGT or D-dimer (0.617
d 0.689, respectively) were relatively low, but it increased to more
an 0.7 when combined both, which supported the necessity of a
mposite scoring system. At last, we only internally validated our
dings. Examining the prognostic value of CPDG score in the
lidation set was not available due to a short follow-up period. Multi-
stitutional and large prospective studies are needed to confirm our
dings and to further explore these results.
In conclusion, the pre-operative D-dimer levels and GGT levels are
liable biomarkers that help in predicting post-operative major
mplications or survival in CRLM patients after hepatic resection.
he CPDG score, which is constructed from the preoperative D-
mer levels and GGT levels, is a more accurate prognostic predictor
CRLM patients after resections.
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