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ISystematic Review and Meta-Analysis

High pretreatment plasma D-dimer levels predict
poor prognosis in gastrointestinal cancers

A meta-analysis
Guoyi Rong, MD?, Wenxin Fan, BD®, Jian Shen, BD*"

Abstract \\
Background: High pretreatment plasma D-dimer levels can predict poor prognosis in various types of gastrointestinal carcinomas. |
Our meta-analysis explored the correlation between plasma D-dimer levels and prognosis in gastrointestinal malignancies.

Methods: Two independent reviewers conducted a comprehensive search from PubMed, ScienceDirect, Embase, Web of
Science and the Cochrane Library. All articles evaluating the correlation between pretreatment plasma D-dimer levels and prognosis
in gastrointestinal malignancies were searched. We chose overall survival (OS) as the primary survival outcome measure and
progression-free survival (PFS), disease-free survival (DFS) and cancer-specific survival (CSS) as the secondary survival outcome
measures. We extracted hazard ratios (HRs) and 95% confidence intervals (Cls) from the eligible publications.

Results: We included 30 studies involving 5928 gastrointestinal cancer patients. There was an obvious correlation between high D-
dimer levels and poor OS (HR=2.01, 95% Cl=1.72-2.36, P < .01). High plasma D-dimer levels were correlated with shorter PFS (HR
=1.34,95% Cl=1.05-1.70, P=.32), DFS (HR = 1.67,95% Cl=1.12-2.50, P < .01) and CSS rates (HR=1.93, 95% Cl=1.49-2.49,
P=.66).

Conclusions: Elevated pretreatment plasma D-dimer levels might help predict poor prognosis in patients with gastrointestinal
malignancies.

Abbreviations: Cl = confidence interval, OS = overall survival, PFS = progression-free survival, DFS = disease-free survival, CSS
= cancer-specific survival, DIC = disseminated intravascular coagulation, PRISMA = Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, NOS = Newcastle-Ottawa Scale.
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1. Introduction

Gastrointestinal cancer, including esophageal cancer, gastric
cancer, pancreatic cancer, hepatoma, cholangiocarcinoma and
colorectal cancer, is the main type of digestive system neoplasm
worldwide.!"! Nearly 30% of carcinoma morbidity and 32% of
carcinoma mortality worldwide are attributed to gastrointestinal
carcinoma.”?! Gastrointestinal carcinomas pose a dramatic
clinical challenge because of their high morbidity and mortality.
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Patients with gastrointestinal cancers are often already in
advanced or terminal stages and show resistance to chemothera-
py at the time of diagnosis. In fact, gastrointestinal malignancies
can be treated at an early stage.”®! For example, gastroscopy has
been indicated to effectively decrease the incidence rate of gastric
cancer by approximately 30%.* Similarly, colorectal cancer
could be prevented by performing regular colonoscopies to find
precancerous lesions across the large intestine.’! The early
diagnosis of cancer is crucial because colorectal cancer could be
treated if diagnosed early; the American Cancer Society reported
dramatic differences in 5-year survival rates between non-
metastatic and metastatic colorectal cancer of 90% and 11%,
respectively.!®! However, endoscopic techniques are expensive
and invasive, thus further limiting the practicality of detecting
gastrointestinal cancer by these techniques. Thus, effective,
inexpensive and non-invasive biomarkers for patient diagnosis
and prognosis need to be discovered.

The inappropriate activation of both coagulation and
fibrinolysis is usually discovered in carcinoma patients, especially
in patients with metastatic carcinoma.l””""! Coagulation is the
process by which blood changes from liquid to gel and then forms
clots. Cancer cells can have significant procoagulant activities,
activating the coagulation system and depositing fibrin, therefore
causing the phenomenon of coagulation.!*?! The formation of a
platelet-fibrin-carcinoma cell offers an extracellular microenvi-
ronment to promote carcinoma cell proliferation and survival.

D-dimer is the product of fibrin degradation and is composed
of 2 cross-linked D fibrin fragments."3! Some studies have
reported that pretreatment plasma D-dimer levels are obviously
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increased in patients with various carcinomas, including
nasopharyngeal carcinoma, lung cancer, breast cancer and
cervical cancer."*7! The association between elevated plasma
D-dimer levels and poor survival outcomes is also observed in
gastrointestinal carcinomas, such as esophageal carcinoma,
gastric cancer, pancreatic carcinoma, hepatoma, cholangiocarci-
noma and colorectal cancer."®*”1 However, no systematic
studies have identified the prognostic significance of D-dimer in
gastrointestinal carcinomas. Thus, the aim of our systematic
review and meta-analysis was to assess the prognostic signifi-
cance of D-dimer levels in gastrointestinal carcinomas.

2. Materials and methods

2.1. Search strategy

This meta-analysis was strictly conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.[**! Two independent reviewers
conducted a comprehensive electronic search to find eligible
studies in ScienceDirect, PubMed, Embase, Web of Science and
the Cochrane Library dating up to July 5, 2018. The key terms of
this analysis included “D-dimer” or “D-dimer” and “tumor” or
“cancer” or “carcinoma” or “neoplasm” and “prognosis” or
“survival” from 2001 to 2018. The search outcomes were
restricted to human research published in English.

2.2. Inclusion and exclusion criteria
The inclusion criteria of our analysis were as follows:

1. clinical studies about the association between D-dimer levels
and prognosis in gastrointestinal tumors;

2. outcome indicators including overall survival (OS), progres-
sion-free survival (PFS), disease-free survival (DFS) or cancer-
specific survival (CSS); and

3. data on hazard ratios (HRs) and 95% confidence intervals
(CIs) or survival curves.

The exclusion criteria of this analysis were as follows:

. the same studies published more than once;

. animal studies;

. non-English articles;

. reviews, case reports, conference abstracts, letters and meta-
analyses; and

5. unavailable HR and 95% CI or survival curve data.

AW N =

There independent researchers (Guoyi Rong, Wenxin Fan, and
Jian Shen) evaluated all titles and abstracts of the eligible studies to
identify duplicated data and irrelevant records. If the included study
was notidentified by the abstract, the full publication was read. Any
disagreements were settled by discussion to reach a consensus.

2.3. Data extraction

All information was extracted from the included studies by 2
independent investigators (Guoyi Rong and Jian Shen). The
survival outcomes were extracted, including OS, PFS, DFS, CSS,
and HRs with 95% Cls or survival curves with P values. Other data
from these studies were also collected: first author, research
institute, publication year, country, research design, patient
number, patient age, follow-up period, survival analysis models,
cancer stage, cancer site, cut-off value, detection method, and
therapy.
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2.4. Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to evaluate the
quality of the eligible studies by 2 independent investigators
(Guoyi Rong and Jian Shen).**! An assessment of every study
was performed in 3 parts, including the selection, comparability
and outcomes of the study.

2.5. Statistical analysis

We carried out this meta-analysis by employing R software
(version 3.50) (https://www.r-project.org/). We regarded OS as
the primary outcome in our research, while PFS, DFS and CSS
were regarded as the secondary outcomes. HRs with 95% Cls
were directly extracted from every study. If a study provided only
survival curves, data would be assessed by employing the
Engauge Digitizer software (version 4.1).°%! The prognostic
significance of plasma D-dimer levels in patients with gastroin-
testinal tumors was assessed by HRs and 95% CIs. HRs > 1
predicted poor prognosis in patients with high serum D-dimer
levels. HRs < 1 frequently implied a favorable prognosis in
patients with increased serum D-dimer levels. The statistical
heterogeneity of the eligible studies was calculated by Q-test and
the I? statistic. When heterogeneity was nonsignificant (P > .10, I*
value <50%), a fixed effect model was employed; however, if
there was significant heterogeneity, a random effects model was
employed and a subgroup analysis was conducted to find the
sources of heterogeneity. Subgroup analyses were stratified by

. tumor site;

. country (Asian, non-Asian);

. therapy;

. detection method;

. D-dimer cut-off value;

. HR estimation; and

. the HRs provided from the study.

N LA W=

In addition, we employed sensitivity analyses to identify each
study’s influence on the pooled effect by sequentially eliminating
one study at a time. Simultaneously, a meta-regression was
carried out to evaluate whether any relevant variables impacted
the pooled effect size for OS, PFS, DFS, and CSS. Publication bias
was assessed by Begg funnel plots.

3. Results

3.1. Literature search

The flowchart for the selection of literature is shown in Figure 1.
A total of 1152 publications were first confirmed following our
search scheme. After excluding duplicate studies, a total of 901
studies were included. Animal research, reviews, case reports,
conference abstracts, letters and meta-analyses were removed
after screening the titles and abstracts of each article. Then, 43
included studies were evaluated in full text. After further
inspection, 13 studies were removed, of which HRs could not
be extracted from 3 studies, and 10 were missing relevant
outcome indicators. Finally, 30 studies involving 5928 patients
were included in our research.

3.2. Study characteristics

The main features of the eligible studies are listed in Table 1. All
eligible articles were published between 2001 and 2018. Fourteen
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Records identified through database searching
n=1152
Web of Science (n=625)
Embase (n=372)

Pubmed (n=111)
Cochrane library (n=43)
Science Direct (n=1)

Duplicated removed
n=251

v

Titles and abstracts screened for eligibility
n=901

Irrelevant records excluded
n=858

\d

Full-text articles assessed for eligibility
n=43

Full-text articles excluded

Lo n=13

No HRs provided n=3

No relevant outcome indicators: n=10

v

Selected studies
n=30
Studies on overall survival: n=27
Studies on progression free survival: n=3
Studies on disease free survival: n=5
Studies on cancer-specific survival: n=3

Figure 1. Flowchart of search strategy in the meta-analysis.

studies acquired data retrospectively, while the remaining studies
applied a prospective research design. The D-dimer levels were
tested by immunoturbidimetry, enzyme-linked immunosorbent
assay (ELISA), latex agglutination test or enzyme-linked
immunofiltration assay (ELIFA). Of all the eligible studies, 5
publications reported on esophageal tumors (n=5),[21:27:3%:41:451
4 on gastric cancer (n =4)[22:32:46.471 4 o pancreatic cancer (n=
4),118:23,34351 1 51 hepatoma (n=1),1**! 1 on cholangiocarcinoma
(n=1),%°" and 15 on colorectal cancer (n=15).[1%20:24-
26,28,30,31,33,37,384042-44] Twenty-seven studies used OS, 3
studies employed PFS, 5 studies employed DFS and 3 studies
employed CSS as the survival outcomes. The quality assessment
of each included article measured by NOS is shown in Table 2.

3.8. Primary outcome: overall survival

Twenty-seven studies involving 5446 patients provided appro-
priate information about OS analysis. The results indicated that
elevated pretreatment D-dimer levels were predictive of shorter
OS in a random effects model (HR=2.01, 95% CI=1.72-2.36)
with significant heterogeneity among the studies (I*=67%,
P<.01) (Fig. 2A).
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The stability of our result was verified through a sensitivity
analysis that employed a model in which 1 study was removed at
a time. The observed effect size (multivariable adjusted HR) of
OS was not dramatically influenced when a certain study was
removed in every round (Fig. 2B).

3.4. Subgroup analysis
3.4.1. Tumor site. We performed subgroup analyses on the basis

of the cancer site. As shown in Figure 3A, we found that the
highest prognostic significance of high D-dimer levels on OS was
in hepatoma (HR=3.13, 95% =1.41-6.94), followed by
colorectal cancer (HR=2.24, 95% CI=1.73-2.88), gastric
cancer (HR=2.02, 95% CI=1.51-2.71), pancreatic cancer
(HR=1.69, 95% CI=1.35-2.10) and esophageal cancer (HR =
1.69, 95% CI=1.01-2.82). High heterogeneity was discovered
among the studies on colorectal tumors (I>=78%, P<.01) and
esophageal cancer (F=74%, P<.01).

3.4.2. Asian and non-Asian countries. Ten publications
originated from Europe and America (Denmark, Turkey, Italy,
and America), and seventeen originated from Asia (China, Japan,
South Korea, and North Korea). When we conducted a subgroup
analysis of patients’ countries, we found a dramatic correlation
between high D-dimer values and poor OS in patients from Asian
(HR=2.01, 95% CI=1.64-2.46) and non-Asian countries
(HR=2.02, 95% CI=1.55-2.63) (Fig. 3B).

3.4.3. Therapies. The main therapies in the included studies
were surgery, non-surgery, and mixed therapy (chemotherapy
and surgery). Since therapies might affect prognosis, we
employed subgroup analysis to further study the prognostic
significance of D-dimer levels. The HR and 95% CI for OS were
2.07 [1.71, 2.50] in the surgery group, 1.92 [1.31, 2.82] in the
non-surgery group, and 1.95 [1.35, 2.80] in the mixed therapy
group (Fig. 3C).

3.4.4. Detection methods. The detection methods used in the
eligible studies were immunoturbidimetry assay, ELISA, latex
agglutination assay, ELIFA and unknown. Because detection
methods might affect prognosis, we conducted subgroup analysis
to further identify the prognostic significance of D-dimer levels.
The HR and 95% CI for OS were 2.10 [1.59, 2.79] for the
immunoturbidimetry assay, 1.99 [1.70, 2.34] for ELISA, 2.83
[1.11, 7.24] for the latex agglutination assay, 2.28 [1.36, 3.82] for
ELIFA, and 1.78 [1.24, 2.54] for unknown method used (Fig. 3D).

3.4.5. Other groups. We also divided the studies according to a
cut-off value (cut-off > 600ng/ml or < 600ng/ml), the HR
estimation (HR and 95% CI or survival curves) and the HRs
provided from multivariate analysis or univariate analysis
groups. We discovered that the HR and 95% CI for OS in the
cut-off >600 group was 1.76 [1.42,2.19] and in the cut-off <600
group was 2.17[1.89, 2.50]. In the HR and 95% CI and survival
curve groups, the HRs and 95% CI for OS were 1.98 [1.66, 2.36]
and 2.30 [1.46, 3.64], respectively. We also discovered that the
HR and 95% CI for OS in the multivariate analysis was 1.97
[1.62,2.39] and for the univariate analysis was 2.12 [1.62, 2.78]
(Fig. 4).

The results of the subgroup analysis for OS are shown in
Table 3.

3.4.6. Publication bias. We employed Begg funnel plot to
inspect publication bias. The result indicated no publication bias
and was statistically significant (Fig. 2C).
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Main characteristic of the included studies in the meta-analysis.
Follow-up
Age (yr) Median HRs
Research Case Median/ months Detection provided HR

Author Country Design Stage Disease Site No. mean(range) (range) Cut-off Method  Outcome from estimation
Sun? China Retrospective ~ HV Pancreatic cancer 139 58.9 (3-80) 12 598.57 ng/ml [T™ 0S MV HR and 95% Cl
Leet®! South Korea  Prospective |-V CRC 170 63 (28-84) 72 1400 ng/ml ™ 0S w Survival curves
Stender!?” Denmark  Prospective IV CRC 157 68 (33-94) 12 300 ng/ml ™ 0S MV HR and 95% Cl
Zhang®®® China Retrospective ] Esophageal cancer ~ 468 60 (36 - 81)  49.1(3.2-114.5) 207 ng/ml NA 0S, DFS MV HR and 95% Cl
Liut®! China Prospective IV Gastric cancer 247 58.47(NA) 37.0 (1-84) 1465 ng/ml ELIFA 0s MV HR and 95% Cl
Liu®" China Retrospective ~ HV Pancreatic cancer 168 61(34-83) 14 (3-48) 500 ng/ml [T™ 0S MV HR and 95% Cl
Pedrazzani®® Italy Prospective NA CRC 199 67.6(26-94) 48 250 ng/ml ™ 0S w Survival curves
Sunesen!? Denmark  Prospective NA CRC 166 NA 60 NA NA 0S MV HR and 95% Cl
Hong®"! China Prospective NA CRC 505 63 (27-93) 43(4-62) 216 ng/ml ™ 0S MV HR and 95% Cl
Diao®" China Prospective |-V Esophageal cancer 66 NA(38-78) 36 1100 ng/ml ™ 0S MV HR and 95% Cl
Tellioglu®? USA Prospective v CRC 242 B63(NA) 22 (NA) 1000 ng/ml NA 0S, DFS MV HR and 95% Cl
Watanabe!*®! Japan Retrospective -V Cholangiocarcinoma 55 NA(36-84) 50 1300 ng/mL NA CSS w Survival curves
Blackwell USA Prospective v CRC 104 61 (23-85) 30 133.2 ng/ml ™ 08, PFS MV HR and 95% Cl
Tekesinl®®! Turkey Prospective -V CRC 134 62.5(31-84) 18(4-31) 960 ng/ml ELISA 0S wv HR and 95% Cl
Diao*® China Prospective  IIB-IV Gastric cancer 41 NA(40-83) 25 1500 ng/ml ELISA 0S w Survival curves
Watanabe!®”! Japan Retrospective |-V CRC 90 NA(38-83) 50 600 ng/ml NA SS MV HR and 95% Cl
Stendert®! Denmark  Prospective -V Pancreatic cancer 95 68 (53-85) 36 1000 ng/ml ™ 0S MV HR and 95% Cl
Caolt*? China Retrospective Il Pancreatic cancer 119 NA 60(3-60) 500 ng/ml ELISA 0S, PFS w Survival curves
Ligt® China Retrospective -V Hepatoma 192 59 (39-83) 46(NA) 700 ng/ml ELISA 0S MV HR and 95% Cl
Zhut*! China Retrospective IV CRC 74 555(31-74)  18.4 (6.3-30.4) 1900 ng/mi ™ 0S, PFS MV HR and 95% Cl
Oyal*?! Japan Retrospective |-V CRC 93 61.8(38-85) 54.7(NA) 850 ng/ml LatexAssay 0S w Survival curves
L3 China Retrospective -V Esophageal cancer 294 58(38-70) 120 500 ng/ml LEIA 0S,DFS MV HR and 95% Cl
Yamamoto!*¥ Japan Retrospective IV CRC 42 NA 14.1(NA) 5000 ng/ml ELISA 0S MV HR and 95% Cl
Feng!*®! China Retrospective -V Esophageal cancer 337  59.0(36-80) 60 500 ng/ml IT™M CSS MV HR and 95% Cl
Kilicl“®! Turkey Prospective |-V CRC 51 60.9(29-80) 20(NA) 375 ng/ml ELISA 0S w Survival curves
Motavaft*”} Denmark Prospective NA CRC 166 69 (38-94) B60(NA) 300 ng/ml ™ 0S w HR and 95% Cl
Sunesen!*®! Denmark  Prospective I CRC 166 NA NA 300 ng/ml ™ 0S MV HR and 95% Cl
Liu®® China Retrospective -V Esophageal cancer 260  59(39-83) 35 (1-91) 500 ng/ml ™ 0S, DFS MV HR and 95% Cl
Got™¥! Korea Retrospective IV Gastric cancer 46 64(50-78)  16.2 (2.2-25.8) 1500 ng/ml ™ 0S MV HR and 95% Cl
Diao®®"! China Retrospective |-V Gastric cancer 1042 NA(22-89) 25 1500 ng/ml ™ 0S, DFS MV HR and 95% Cl
CRC =i colorectal cancer, [TM =i immunoturbidimetry, NA =i not available, MV =i multivariate analysis, UV =i univariate anlysis.
Quality assessment of included articles.
Author Source Selection Comparability Outcome Score

1 2 3 4 1 1 2 3
Sun, 2015 Cochrane Library 1 1 1 1 1 1 0 1 7
Lee, 2017 Cochrane Library 1 0 1 1 0 1 0 0 4
Stender, 2012 Cochrane Library 0 0 1 1 0 1 1 1 5
Zhang, 2016 Embase 1 0 1 1 0 1 1 1 6
Liu, 2014 Embase 1 0 1 1 0 1 1 0 5
Liu, 2015 Embase 1 0 1 1 0 1 1 0 5
Pedrazzani, 2010 Embase 1 0 1 1 0 1 1 0 5
Sunesen, 2011 Embase 1 0 1 1 0 1 1 0 5
Hong, 2017 Embase 1 0 1 1 0 1 1 1 6
Diao, 2013 Embase 1 0 1 1 0 1 1 1 6
Tellioglu, 2012 Embase 0 0 1 1 0 1 1 0 4
Watanabe, 2016 PubMed 1 0 1 1 0 1 1 0 5
Blackwell, 2004 PubMed 0 0 1 1 0 1 1 0 4
TekeGin, 2016 PubMed 1 0 1 1 0 1 1 1 6
Diao, 2017 PubMed 1 0 1 1 0 1 1 1 6
Watanabe, 2018 PubMed 1 0 1 1 0 1 1 0 5
Stender, 2016 PubMed 1 0 1 1 0 1 1 1 6
Cao, 2017 PubMed 1 1 1 1 1 1 1 0 7
Liu, 2017 PubMed 1 1 1 1 1 1 1 0 7
Zhu, 2014 PubMed 1 0 1 1 0 1 1 1 6
Oya, 2001 PubMed 1 1 1 1 1 1 1 1 8
Li, 2017 PubMed 1 0 1 1 0 1 1 0 5
Yamamoto, 2012 PubMed 1 0 1 1 0 1 1 1 6
Feng, 2016 PubMed 1 0 1 1 0 1 1 0 5
Kilic, 2007 PubMed 1 0 1 1 0 1 1 0 5
Motavaf, 2014 PubMed 1 0 1 1 0 1 1 0 5
Sunesen, 2012 SicenceDirect 1 0 1 1 0 1 1 0 5

1 0 1 1 0 1 1 0 5

1 0 1 1 0 1 1 0 5

1 0 1 1 0 1 1 0 5

Diao, 2014

Web of Science
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Study Log[Hazard Ratio] SE HR 95%.C1 Weight
Sun 2015 054 024 17 Vo7, 273 4T%
Lee 2017 1.85 049 6 37 [2.46. 16 49) 21%
Stender.2012 1.28 0.46 360 [1.45 895] 22%
Zhang 2016 019 0.14 122 [092; 160] 65%
Liu 2014 082 026 228 (136 382) 4 3%
L 2015 0S50 023 165 (106 2sS8) 4 0%
Pedrazzan 2010 024 030 127 (070, 2 30) 3 8%
Sunesen 2011 079 018 220 (186 311) S 8%
Hong 2017 0.54 0.46 1.72 [0.70. 423] 22%
Diao.2013 “0.15 047 0868 (034 218 21%
Telkogiu, 2012 0.74 006 209 [1.85 237) 76%
Blackwell | 017 oo8 1.18 [r02. 1.37) 7 5%
TeokeGin 2016 075 012 213 169 267) 6 9%
Diso 2017 1.11 060 302 [093, 98S) 1.5%
Stender 2016 079 034 220 (113 430) 33%
Cao.2017 046 017 158 [1.13; 221] S9%
Liu 2007 1.14 041 313 (141, 694) 27%
Zhw 2014 126 052 352 (128 967) 19%
COya 2001 104 D48 283 (111, 724) 2%
w207 080 024 223 [1.39. 357) 47%
Yamamoto 2012 132 0 375 (093, 1505) 1.9%
Kl 2007 1.11 049 303 V7. TeT) 2%
Motavaf, 2014 0.79 0.38 220 [1.05 460] 29%
Sunesen 2012 258 091 1320 [2.21,7890] O7%
L 2016 1.14 032 314 (166 593) 3.5%
Go 2015 1.14 055 313 [1 07 913) 1.7%
Diao 2014 053 020 170 [1.14; 253) S 3%
Random effects model 2001 (1.72: 2.36) 100.0%
Heterogeneity I° = 67%. r* = 0 0820, p < 0.01
A
Study Hazard Ratio HR 95%-C1
Omitting Sun. 2015 —l— 203 [1.72: 2.40)
Omitting Lee. 2017 —l— 1.95 [1.67;2.28)
Omitting Stender, 2012 - 1.98 [1.69; 2.33)
Omitting Zhang, 2016 —ll— 208 [1.77;2.44)
Omitting Liu.2014 —— 2.00 [1.70; 2.36)
Omitting Liu. 2015 —ll— 204 [1.73; 2.40]
Omitting Pedrazzani 2010 —l— 205 [1.74;2.41)
Omitting Sunesen. 2011 —— 2.01 [1.70;2.37)
Omitting Hong. 2017 —— 202 [1.72:2.38)
Omitting Diao, 2013 - 205 [1.75; 2.40]
Omitting Tellioglu. 2012 —— 2.03 [1.70. 2.41)
Omitting Blackwell 2004 -l 2.04 [1.78; 2.33)
Omitting TekeGin 2016 —— 2.02 [1.70; 2.39)
Omitting Diao 2017 —ill— 2.00 [1.70; 2.35)
Omitting Stender, 2016 —l— 201 [1.71; 2.36]
Omitting Cao.2017 —l— 205 [1.73.242)
Omitting Liu, 2017 —il— 199 [169;233)
Omitting Zhu 2014 —l— 1.99 [1.70;2.33)
Omitting Oya. 2001 —ill— 2.00 [1.70; 2.35)
Omitting Li.2017 —ill— 2.01 [1.70; 2.36)
Omitting Yamamoto, 2012 —l— 2.00 [1.70; 2.34)
Omitting Kilic, 2007 —— 199 [1.70; 2.34)
Omitting Motavaf. 2014 —l— 201 [1.71;2.36]
Omitting Sunesen 2012 —— 198 [1.69; 231)
Omitting Liu, 2016 —8 8 198 [168;232)
Omitting Go.2015 - 200 [1.70; 2.34)
Omitting Diao, 2014 —~@l— 2.04 [1.73;2.41)
Random effects model : —I-— 2.01 [1.72; 2.36])
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Figure 2. Analysis for overall survival; (A) forest plots of hazard ratios for overall survival; (B) sensitivity analysis of all eligible publications for overall survival; (C) funnel

plot of publication bias in the meta-analysis.

3.4.7. Secondary outcome: progression-free survival, dis-
ease-free survival and cancer-specific survival. Three studies
involving 294 patients provided appropriate data for PFS
analysis. The results indicated that elevated pretreatment
D-dimer levels predicted shorter PFS in a fixed effects model

(HR=1.34, 95% CI=1.05-70) with significant heterogeneity
among the studies (I’=12%, P=.32) (Fig. SA).

Five studies involving 2306 patients provided appropriate
information for DFS analysis. The results indicated that a high
D-dimer level predicted poor DFS in a random effects model
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Study Log[Hazard Ratio] SE Hazard Ratio HR 95%-Cl Weight
Sun,2015 054 0.24 3 171 [107. 273] 4T%
Liu.2015 050 023 - 166 [1.06; 258] 49%
Stender.2016 0.79 0.34 - 220 [1.13; 430] 33%
Ca0,2017 046 0.17 - 158 [1.13 221] 59%
Y - 69 [1.38
Lee 2017 1.85 0.49 —e— 6.37 [246;1649] 2.1%
Stender 2012 128 046 —e— 360 [145 895] 22%
Pedrazzan. 2010 024 030 - 127 [0.70; 230] 3.8%
Sunesen,2011 0.79 0.18 - 220 [156; 3.11] 58%
Hong 2017 054 046 - 172 [0.70; 423] 22%
Telhoglu.2012 0.74 0.06 2 209 [1.85 237] T76%
Blackwell, 2004 0.17 0.08 [ -] 118 [102 1.37] 75%
TekeGin 2016 0.75 0.12 ] 213 [169; 267] 69%
Zhu 2014 1.26 0.52 —— 352 [1.28; 967] 19%
Oya.2001 1.04 0.48 —a— 283 [1.11: 7.24] 2.1%
‘Yamamoto, 2012 132 0.71 375 [093;1505] 1.1%
Kile 2007 1.11 0.49 —H— 303 147 787] 2%
Motavaf 2014 0.79 0.38 L. 220 [1.05 460] 2.9%
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Figure 3. Subgroup analysis of overall survival; (A) forest plot of tumor site; (B) forest plot of countries; (C) forest plot of therapies; (D) forest plot of detection

methords.

(HR=1.67, 95% CI=1.12-2.50) with nonsignificant heteroge-
neity among the studies (I*=84%, P <.01) (Fig. 5B).

Five studies involving 482 patients provided appropriate
information for CSS analysis. As Figure 5C shows, the HR and
95% CI for CSS was 1.93 [1.49-2.49].

The stability of our result was verified through a sensitivity
analysis that employed a model in which 1 study was removed at
a time. The observed effect sizes (multivariable adjusted HR) of
PFES, DFS, and CSS were not dramatically impacted when 1 study
was removed in every round (Fig. 6). PFS and CSS did not require

subgroup analysis because there were 3 eligible articles about PFS
and CSS.

3.5. Subgroup analysis
3.5.1. Tumor site. We performed subgroup analyses on the basis

of the cancer site. As Figure 7A shows, we found that the highest
prognostic significance of high D-dimer levels on DFS was in
gastric carcinoma (HR=2.44, 95% CI=1.63-3.65), followed by
esophageal cancer (HR=1.81, 95% CI = 1.10-2.98) and
colorectal carcinoma (HR=0.95, 95% CI=0.71-1.26). High
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Figure 4. Subgroup analysis of overall survival; (A) forest plot of D-dimer cut-off
value; (B) forest plot of HR estimation; (C) forest plot of HRs provided from.

heterogeneity was discovered among the studies on esophageal
tumors (I*=84%, P<.01).

3.5.2. Asian and non-Asian countries. One report originated
from America, and 4 originated from Asia. When we conducted a

www.md-journal.com

subgroup analysis of patients’ countries, we found a dramatic
correlation between high D-dimer values and poor DFS in both
Asian (HR=1.94; 95% CI=1.29-2.93) and non-Asian countries
(HR=0.95; 95% CI=0.71-1.26) (Fig. 7B).

3.5.3. Therapies. The main therapies in the included studies
were surgery and non-surgery. Since therapies might affect
prognosis, we employed subgroup analysis to further identify the
prognostic significance of D-dimer levels. The HR and 95% CI
for DFS were 1.94 [1.29, 2.93] in the surgery group and 0.95
[0.71, 1.26] in the non-surgery group (Fig. 7C).

3.5.4. Detection method. The main detection methods in the
eligible studies were immunoturbidimetry assays and unknown.
Because detection methods might affect prognosis, we performed
subgroup analysis to further identify the prognostic significance
of D-dimer levels. The HR and 95% CI for DFS were 2.33 [1.82,
2.98] for the immunoturbidimetry assay and 1.06 [0.86, 1.32] for
the unknown methods used (Fig. 7D).

3.5.5. Other groups. We also divided the studies according to a
cut-off value (cut-off >600ng/ml or <600ng/ml), the HR
estimation (HR and 95% CI or survival curves) and the HRs
provided by multivariate analysis or univariate analysis. We
discovered that the HR and 95% CI for DFS in the cut-off >600
group was 1.50 [0.60, 3.80] and in the cut-off <600 group was
1.81 [1.10, 2.98]. In the HR and 95% CI and survival curve
groups, the HRs and 95 % ClIs for DFS were 1.58 [0.99, 2.54] and
2.09 [1.43, 3.05], respectively. We also discovered that the HR
and 95% CI for DFS in the multivariate analysis was 1.58 [0.99,
2.54] and in the univariate analysis was 2.09 [1.43, 3.05] (Fig. 8).

The results of the subgroup analysis for DFS are shown in
Table 4.

3.6. Publication bias

We employed Begg funnel plot to inspect publication bias. The
result indicated no publication bias and was statistically
significant (Fig. 9).

4. Discussion

In this study, we assessed the correlation between poor survival
outcomes and pretreatment plasma D-dimer levels in gastroin-
testinal cancers. The HR and 95% CI for OS were 2.01 [1.72-
2.36]. The correlation between shorter secondary outcomes (PFS,
DEFS, and CSS) and elevated pretreatment plasma D-dimer levels
was in accordance with that of OS with all HRs >1. This finding
demonstrates that the D-dimer level is an adverse factor of
prognosis for gastrointestinal carcinoma patients. The outcomes
regarding the prognostic significance of D-dimer levels (OS, PFS,
DFS, and CSS) were robust after sensitivity analysis, indicating
that the HRs were not dramatically influenced by any individual
study. In the subgroup analysis of OS, the adverse prognostic
effects of elevated D-dimer levels were still significant with
different tumor sites, different countries, different therapies,
various detection methods, different cut-off values, different HR
estimations and different HRs provided from the studies. We
believe that our research is beneficial in determining the
significance of the prognostic value of plasma D-dimer levels
in gastrointestinal cancers.

To the best of our knowledge, our research was the first study
that employed prognostic publications on all gastrointestinal
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Pooled multivariable-adjusted HRs for OS according to subgroup analyses.
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Figure 5. Forest plot of PFS, DFS and CSS; (A) forest plots of hazard ratios for PFS; (B) forest plots of hazard ratios for DFS; (C) forest plots of hazard ratios for CSS.
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Figure 6. Sensitivity analysis of PFS, DFS and CSS; (A) Sensitivity analysis for PFS; (B) Sensitivity analysis for DFS; (C) Sensitivity analysis for CSS.

carcinomas to identify the prognostic significance of pretreatment
plasma D-dimer levels. We employed only HR rather than OR or
relative risks (RRs) to evaluate the significance of prognosis
because the latter 2 parameters are not credible or are difficult to
interpret. Moreover, we included only studies that had data on
pretreatment D-dimer levels and HRs. For these reasons, our
study may be unique from others, and the quality and credibility
of our research are guaranteed.

There are some defects in the carcinoma prognostic evaluation
system, such that patients with the same TNM stage frequently
have disparate prognoses. D-dimer is a kind of easily available,
routinely measured molecular biomarker. In addition, some

studies have reported that pretreatment plasma D-dimer levels
are dramatically increased in patients with various carcino-
mas."*71 Thus, D-dimer levels could be used as a complemen-
tary biomarker to increase the accuracy of prognosis estimations.

Although the exact mechanism by which D-dimer influences
survival outcomes is still unclear, some publications postulated
that D-dimer affects carcinoma patients’ survival outcome by
means of the formation of venous thromboembolisms (VTEs).
VTEs are a common complication in malignancies.**! Neverthe-
less, Ay et al®¥ reported that D-dimers and VTEs are
independent of each other regarding the poor survival outcomes
of carcinoma patients.


http://www.md-journal.com

Rong et al. Medicine (2019) 98:29

Medicine

Study Log[Hazard Ratic] SE Hazard Ratio HR  95%-Cl Weight
Li,2017 0.74 0.19 —#— 209 [143,3.05] 20.1%
Zhang,2016 017 0.14 1.18 [0.90;1.55] 21.9%
Liu 2016 099 0.28 —#— 268 [1.54;466] 16.7%
——
Tellioglu, 2012 -0.05 0.15 095 [0.71;1.26] 21.7%
Diao,2014 089 0.21 —#— 244 [163;365] 19.6%
—

Random effects model — 1.67 [1.12; 2.50] 100.0%
Heterogeneity: I° = 84%, «* = 0.1741, p < 0.01

A s 1 z

Study Log[Hazard Ratio] SE Hazard Ratio HR  95%-Cl Weight
Zhang 2016 017 0.14 1.18 [0.80;1.55] 21.9%
Li.2017 0.74 0.19 —— 209 [143;305] 201%
Liu, 2016 0.99 0.28 —— 268 [1.54,4.66) 16.7%
Diac,2014 0.89 021 —— 244 [163;365 19.6%

|

Tellioglu, 2012 -0.05 0.15 095 [0.71;1.26] 21.7%
Random effects model —— 1.67 [1.12; 2.50] 100.0%
Heterogeneity: I° = 84%, «* = 0.1741, p < 0.01

C 05 1 2

Study Log[Hazard Ratic] SE Hazard Ratio HR 95%-Cl Weight
L2017 0.74 0.19 —— 209 [143;305 20.1%
Zhang 2016 017 0.14 1.18 [0.90; 1.55] 21.9%
Liu, 2016 099 0.28 —l—— 268 [1.54,466) 16.7%
Diao, 2014 0.89 0.21 ~—fl— 244 [1.63;3.65] 19.6%
| ——
Tellioglu,2012 -0.05 0.15 0.95 [0.71;1.26]) 21.7%
Random effects model ——— 1.67 [1.12; 2.50] 100.0%
Heterogeneity: I° = 84%, ' = 01741, p < 0.01
05 1 2

B

Study Log[Hazard Ratic] SE Hazard Ratio HR 95%-Cl Weight
Li,2017 074 019 —— 209 [1.43;305] 201%
Liu,2016 099 0.28 —— 268 [1.54,466] 16.7%
Diao,2014 0.89 0.21 —l— 244 [163;365] 19.6%

——
Zhang,2016 017 0.14 1.18 [0.90;1.56] 21.9%
Tellioglu,2012 -0.05 0.15 095 [0.71;1.26] 21.7%
Random effects model = 1.67 [1.12; 2.50] 100.0%
Heterogeneity: /* = 84%, <* = 0.1741, p < 0.01
05 1 2

D

Figure 7. Subgroup analysis of DFS; (A) forest plot of tumor site; (B) forest plot of countries; (C) forest plot of therapies; (D) forest plot of detection methords.

The unfavorable survival outcome of carcinoma patients is
consistent with metastasis and angiogenesis. Fibrin remodeling
is involved in multiple processes of metastasis and has been
proven to play a significant role in angiogenesis.>*! D-dimer is a
sensitive biomarker of the fibrinolytic process. Some clinical
trials involving carcinomas that could activate the coagulation
system indicate that high D-dimer levels could be related to
advanced tumor stage and unfavorable survival outcomes.[>>=7]
The effect of the mechanism by which D-dimer affects the
progression of malignant tumors needs to be determined in
further studies.

Although our research provides a more persuasive conclu-
sion that D-dimer levels can be used as a method for
predicting the survival outcome of gastrointestinal cancer

patients, certain inevitable limitations should be taken into
consideration:

1. some HR estimations could be extracted directly, while other
HR estimations were extracted from the survival curve, and
these were jointly incorporated to guarantee data integrity. We
intensively deliberated the calculations of each publication 3
times through the above methods to avoid using unreasonable
outcomes.

2. Some studies provided low-quality data with a short follow-up
period.

3. The cut-off value that determined high and low D-dimer levels
varied among the eligible studies, which enhanced the
difficulty of performing a pooled study.

Pooled multivariable-adjusted HRs for DFS according to subgroup analyses.

subgroup Studies Cases Heterogeneity (1) Pool HR 95%CI P P for subgroup differences

HRs provided from .3681
Multivariate Analysis 4 2012 85.6% 1.58 0.99-2.54 .0559
Univariate Analysis 1 294 NA 2.09 1.43-3.05 .0001

HR estimation .3681
HR and 95% Cl 4 2012 85.6% 1.58 0.99-2.54 .0559
Survival curves 1 294 NA 2.09 1.43-3.05 .0001

Country .0052
Asian 4 2064 77.9% 1.94 1.29-2.93 .0016
Non-Asian 1 242 NA 0.95 0.71-1.26 7155

Disease <.0001
Immunoturbidimetry 3 1596 0.0% 2.33 1.82-2.98 <.0001
NA 2 710 15.70% 1.06 0.86-1.32 5765

D-dimer Cut-off (600 =median) 7332
<600 ng/mL 13 2921 62.8% 1.76 1.42-2.19 <.0001
>600 ng/mL 13 2484 13.3% 217 1.89-2.50 <.0001

Therapies .0052
Surgery 4 2064 77.9% 1.94 1.29-2.93 .0016
Non-surgery 1 242 NA 0.95 0.71-1.26 7155

Cl=confidence interval, DFS = disease-free survival, HR =hazard ratio, ITM =immunoturbidimetry.
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Figure 8. Subgroup analysis of DFS; (A) forest plot of D-dimer cut-off value; (B) forest plot of HR estimation; (C) forest plot of HRs provided from.

4. Some studies that reported on the prognostic significance of D-
dimer levels were eliminated if they did not report HRs or
allow HRs to be calculated.

5. Although no apparent publication bias was discovered in our
research, there might have been some potential biases that
were not published.

5. Conclusions

In summary, this research suggests that higher pretreatment plasma D-
dimer levels could predict adverse survival outcomes among patients
with different types of gastrointestinal carcinomas. Additionally, we
should conduct further observation and research to determine whether
plasma D-dimer levels could be introduced into the carcinoma staging

11


http://www.md-journal.com

Rong et al. Medicine (2019) 98:29

<
o A
r’ ! \\
’ 1 \
== f!’ : \\
= . — ’ 1 AR
g O I,l : \\\
w AN
1
-('% g — .r” : \\\
/ A
g I’ e : \\
E /" : \\\
w9 _ K \ %
o ’I : \\
r’ ! \\
’ 1 Ay
< pid o' i
© I [ I I [
1.0 1.5 20 3.0
A
Hazard Ratio
I IA\ E
JI \\ E
s ° / 4
t _ ’r E\‘
m ’f‘ \\
© mn ‘ kY
a "'": — Q@ Ir’ © \\
_g o J \
4] _ / &
a") /I \\ (o)
wn 5 N
AN 4 \
b ’ Ay
o 'fl \\\ 0
| [ [ I
1.0 1.5 20 25
B
Hazard Ratio
o
d I zT\
iR,
— / 1 Y
. _ ’f : \\
e o ’ \
S Al Y
S N ’ ! N
] - K 1 \
o P 1 \\
© v ! \
—_ . ! N
[\ C") | J : L
E o l/ : \\
] f’ 1 \\
& x4 | \
= / i@ \
I’ ! ‘\
Lr’- — f’ : \\
o /S | \
Q Ay
| | I T 1
1 2 3 4 5
C Hazard Ratio

Figure 9. Funnel plots of PFS, DFS and CSS; (A) funnel plots of PFS; (B) funnel
plots of DFS; (C) forest plot of CSS.

system. Moreover, additional studies need to be conducted to
demonstrate the correlation and mechanism between elevated plasma
D-dimer levels and gastrointestinal carcinoma progression.
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