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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the commonest 
type of non-Hodgkin lymphoma (NHL) and accounts 
for 30–40% of all NHL cases worldwide (1). Owing 
to its heterogeneity, the prognosis of DLBCL varies. 
After undergoing standard initial treatment (such as the 
R-CHOP-21 regimen), 40–50% of patients with DLBCL 

experience refractory disease or relapse (2,3). Therefore, 
the outcome of DLBCL should be predicted at the time 
of diagnosis to guide the intensity of subsequent treatment 
among patients with DLBCL.

The International Prognostic Index (IPI) consisting 
of age, Ann Arbor staging, serum lactate dehydrogenase 
(LDH) level, performance status, and the number of 
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extranodal disease sites was used to predict the outcomes of 
patients with DLBCL. However, the IPI cannot accurately 
discriminate the outcomes of all patients with DLBCL. 
Several parameters extracted from clinical characteristics 
or laboratory examination were added to this index to 
improve its prognostic efficiency; however, the precision 
of this modified index remains controversial. Therefore, it 
is necessary to identify other factors to be extracted from 
patients with DLBCL to provide additional information for 
prognostication.

Abnormal forms of coagulation characterized by 
hypercoagulation caused by cancer cells are found in 
many cancer types. Cancer-associated thrombosis occurs 
secondary to hyperfibrinogenemia or low levels of 
fibrinolysis. Factors involved in coagulation and fibrinolysis 
were reported to contribute to the proliferation, migration, 
and invasion of cancer cells (4-8). 

D-dimer, is a specific product of fibrin degradation. 
Several studies have shown that elevated pretreatment 
plasma D-dimer levels were predictors of poor survival 
in various types of solid tumor (9-15). However, only few 
studies have assessed the prognostic role of pretreatment 
plasma D-dimer level in DLBCL (16,17). Thus, we 
retrospectively analyzed data of patients with DLBCL at 
our hospital, aiming to explore the relationship between 
pretreatment plasma D-dimer levels and the prognosis 
of patients with DLBCL and to evaluate the prognostic 
value of pretreatment plasma D-dimer level. We present 
the following article in accordance with the REMARK 
reporting checklist (available at http://dx.doi.org/10.21037/
tcr-20-2908).

Methods

Patient selection

The medical information of newly diagnosed patients with 
DLBCL was reviewed and collected at Fujian Medical 
University Union Hospital from 1 January 2011 to 31 
December 2018. The inclusion criteria were as follows: 
(I) diagnoses made via tissue biopsy or surgical excision 
according to the World Health Organization classification; 
(II) aged ≥14 years; (III) received no less than 4 cycles of 
immunochemotherapy; (IV) plasma D-dimer concentrations 
assessed within seven days before treatment. The exclusion 
criteria were as follows: (I) diagnosed with primary 
mediastinal lymphoma or primary central nervous system 
lymphoma; (II) without sufficient clinical data; (III) known 

congenital coagulative abnormality; (IV) thromboembolic 
event or ongoing anticoagulant treatment within 3 months 
before treatment; (V) known active infection or positive 
serologic tests for the human immunodeficiency virus; (VI) 
neurosurgery, pregnancy, or stroke within 6 months before 
treatment. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). This study 
was approved by the ethics committee of Fujian Medical 
University Union Hospital (2019KJCX047) and individual 
consent for this retrospective analysis was waived.

Data collection

Among all patients included, data regarding age, gender, B 
symptoms, LDH level, Ann Arbor stage, histopathological 
diagnosis, imaging findings, bone marrow aspiration biopsy 
results, performance status, and clinical follow-up were 
collected. Histopathological diagnosis of DLBCL was 
classified into germinal center B-cell (GCB) or non-GCB 
phenotype according to the Hans algorithm (18).

All patients included underwent immunochemotherapy 
combined with or without surgery as primary therapeutic 
regimens. Immunochemotherapy consisted of standard 
CHOP (cyclophosphamide, doxorubicin, vincristine, and 
prednisone) or CHOP-like (cyclophosphamide, epirubicin, 
vincristine, and prednisone) regimens combined with 
rituximab. Response to treatment was evaluated according 
to the International Working Group response criteria 
for malignant lymphoma (19). Patients who experienced 
treatment failure or disease progression or relapse were 
treated with second-line regimens recommended by the 
National Comprehensive Cancer Network (NCCN) 
guidelines (20-22).

Plasma D-dimer levels were assessed using an automatic 
coagulation analyzer (Stago Co., Paris, France) according to 
the manufacturer’s instructions. Peripheral blood samples 
were collected from all patients within a week before the 
primary therapy. Receiver operating characteristic (ROC) 
curve analysis and the area under the curve (AUC) were 
used to determine the optimal cut-off value for survival as 
indicated by D-dimer.

Overall survival (OS) was defined as the period between 
the date on which the patient started treatment and the date 
of death or last follow-up. Progression-free survival (PFS) 
was defined as the period from the date on which the patient 
started treatment to the date of disease progression, relapse, 
or death, whichever came first. Deaths from all causes were 
included. Survival time was measured until June 10, 2019.
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Figure 1 A flowchart showing screening for DLBCL patients.

895 DLBCL patients diagnosed between 2011 and 2018

75 patients excluded without treatment

696 primary DLBCL patients 

104 patients excluded as they received less than 4 
cycles of chemotherapy

570 patients included

190 patients excluded without D-dimer evaluation

308 patients analyzed in this study

820 DLBCL patients received chemotherapy

124 patients excluded as they received chemotherapy 
previously

592 patients researched

22 patients excluded without sufficient clinical data

380 patients with D-dimer evaluation within 7 days 
before initial treatment

72 patients excluded 
as they were treated without rituximab

Statistical analysis

Continuous and dichotomous variables were compared 
using the t-test and chi-squared test, respectively. Time-to-
event data were analyzed using the Kaplan-Meier method. 
The log-rank test was used to compare the survival times of 
different groups. The Cox proportional hazards model was 
used for the univariate analysis of the potential predictors 
of survival. Variables identified to be significant prognostic 
factors in the univariate analysis were included in the 
multivariate analysis using the Cox regression model. All 
statistical analyses were performed using SPSS version 19.0 
for Windows (SPSS Inc., Chicago, IL, USA). Two-tailed P 
values <0.05 were considered statistically significant.

Results

Patients’ characteristics

A flowchart showing screening for DLBCL patients 
included was shown as Figure 1. Between January 2011 
and December 2018, 308 patients with newly diagnosed 
DLBCL who met the inclusion criteria were included in 
the present study. No thrombus event occurred in these 
patients. The median age of the study cohort at diagnosis 

was 56 (range, 14–86) years. Pretreatment plasma D-dimer 
levels among these patients ranged from 0.22 to >20 µg/mL, 
with a median value of 0.93 µg/mL. 

Identification of optimal D-dimer cut-off values and 
patient outcomes

A ROC curve analysis was used to determine that the 
optimal cut-off values for D-dimer of OS was 1.4 μg/mL,  
with an AUC value of 0.746 (95% CI, 0.662–0.829, 
P<0.001) (Figure 2). Then, the patients were divided into 
two groups, high (≥1.4 μg/mL) and low (<1.4 μg/mL)  
D-dimer level groups, for further analysis. Ninety-six 
patients had high plasma D-dimer levels and 212 had 
low levels. The correlation analyses of the relationships 
between the characteristics of patients with DLBCL and 
pretreatment plasma D-dimer levels in the study cohort 
are shown in Table 1. The presence of B symptoms, higher 
plasma LDH level [> upper limit of normal (ULN)], poor 
performance status [Eastern Cooperative Oncology Group 
(ECOG) score 2–4], advanced stage (III–IV), more than 
1 extranodal site, higher IPI (2 to 5) and higher NCCN-
IPI (≥4) were associated with higher pretreatment plasma 
D-dimer levels (Table 1).
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Figure 2 Receiver operating characteristic curve analysis of 
pretreatment plasma D-dimer levels. 
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Table 1 Demographic and clinical characteristics of enrolled patients (n=308)

Characteristics Classification
D-dimer level, n (%) P

Low (n=212) High (n=96)

Age (years) >60 71 (33.49) 38 (39.58) 0.306

≤60 141 (66.51) 58 (60.42)

Gender Male 127 (59.91) 63 (65.63) 0.377

Female 85 (40.09) 33 (34.37)

B symptoms Absent 174 (82.08) 52 (54.17) <0.001

Present 38 (17.92) 44 (45.83)

LDH > ULN 72 (33.96) 72 (75.00) <0.001

Normal 140 (66.04) 24 (25.00)

ECOG score 0–1 175 (82.55) 59 (61.46) <0.001

2–4 37 (17.45) 37 (38.54)

Ann Arbor stage I–II 98 (46.23) 19 (19.79) <0.001

III–IV 114 (53.77) 77 (80.21)

Extranodal >1 50 (23.58) 53 (55.21) <0.001

disease ≤1 162 (76.42) 43 (44.79)

IPI& Low risk (score 0–1) 109 (51.42) 15 (15.63) <0.001

Low-intermediate risk (score 2) 45 (21.23) 22 (22.92)

High-intermediate risk (score 3) 39 (18.40) 26 (27.08)

High risk (score 4–5) 19 (8.96) 33 (34.38)

Table 1 (continued)

Univariate and multivariate analyses of potential 
prognostic factors for survival

The median fol low-up period of  this  cohort  was  
22.13 (range, 2.73–89.07) months. 43 patients died, and 75 
patients were refractory to initial treatment or relapsed after 
remission during the period of follow-up. The median OS 
and PFS were not reached in this cohort.

Univariate and multivariate analysis of prognostic factors 
for OS and PFS of DLBCL patients in this cohort were 
listed in Tables 2,3. Kaplan-Meier curves of pretreatment 
plasma D-dimer level for OS and PFS were presented in 
Figure 3.

Discussion

In the last decade, with the addition of rituximab to 
standard chemotherapy, the outcomes of patients with 
DLBCL have improved dramatically. Meanwhile, the 
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Table 1 (continued)

Characteristics Classification
D-dimer level, n (%) P

Low (n=212) High (n=96)

NCCN-IPI& Low risk (score 0–1) 57 (26.89) 8 (8.33) <0.001

Low-intermediate risk (score 2–3) 99 (46.70) 29 (30.21)

High-intermediate risk (score 4–5) 45 (21.23) 40 (41.67)

High risk (score ≥6) 11 (5.19) 19 (19.79)

Subtype& GCB 88 (41.51) 32 (33.33) 0.199

non-GCB 115 (54.25) 62 (64.58)

Undetermined 9 (4.25) 2 (2.08)
&, the mantissa of two digit is now the result. The mantissa of three digits adds up to 100%. LDH, lactate dehydrogenase; ULN, upper limit 
of normal; ECOG, Eastern Cooperative Oncology Group; IPI, International Prognostic Index; GCB, germinal center B-cell.

Table 2 Univariate and multivariate analyses of prognostic factors for OS among patients with DLBCL

Characteristics
Univariate analysis Multivariate analysis

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

Age (>60 vs. ≤60 years) 1.436 (0.779–2.649) 0.246

Gender (male vs. female) 0.611 (0.336–1.111) 0.106

B symptoms (present vs. absent) 3.050 (1.676–5.549) <0.001 1.412 (0.721–2.762) 0.314

LDH level (> ULN vs. normal) 5.677 (2.632–12.245) <0.001 3.325 (1.482–7.458) 0.004

ECOG score (2–4 vs. 0–1) 3.318 (1.824–6.037) <0.001 1.035 (0.295–3.630) 0.957

Ann Arbor stage (III–IV vs. I–II) 3.398 (1.511–7.638) 0.003 0.915 (0.205–4.075) 0.907

Extranodal site (>1 vs. ≤1) 2.920 (1.598–5.335) <0.001 1.122 (0.499–2.519) 0.781

IPI <0.001 0.651

Low risk (score 0–1) Reference Reference

Low-intermediate risk (score 2) 1.392 (0.442–4.389) 0.572 0.710 (0.128–3.943) 0.695

High-intermediate risk (score 3) 4.449 (1.772–11.170) 0.001 1.513 (0.192–11.900) 0.694

High risk (score 4–5) 7.950 (3.315–19.065) <0.001 1.803 (0.119–27.289) 0.671

NCCN-IPI <0.001 0.309

Low risk (score 0–1) Reference Reference

Low-intermediate risk (score 2–3) 3.336 (0.739–15.059) 0.117 2.114 (0.401–11.141) 0.377

High-intermediate risk (score 4–5) 11.404 (2.678–48.558) 0.001 3.453 (0.538–22.167) 0.191

High risk (score ≥6) 11.575 (2.456–54.558) 0.002 1.916 (0.233–15.741) 0.545

Subtype (GCB vs. non-GCB) 1.464 (0.755–2.838) 0.259

D-dimer level (high vs. normal) 6.674 (3.425–13.004) <0.001 4.473 (2.219–9.018) <0.001

LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group; IPI, International Prognostic Index; GCB, germinal center B-cell; 
HR, hazard ratio; CI, confidence interval.
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Table 3 Univariate and multivariate analyses of prognostic factors for PFS among patients with DLBCL

Characteristics
Univariate analysis Multivariate analysis

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

Age (>60 vs. ≤60 years) 1.432 (0.901–2.276) 0.129

Gender (male vs. female) 0.916 (0.577–1.454) 0.709

B symptoms (present vs. absent) 1.431 (0.885–2.314) 0.144

LDH (> ULN vs. normal) 2.491 (1.547–4.010) <0.001 1.236 (0.596–2.564) 0.569

ECOG score (2–4 vs. 0–1) 2.320 (1.457–3.695) <0.001 1.540 (0.670–3.540) 0.309

Ann Arbor stage (III–IV vs. I–II) 2.445 (1.407–4.249) 0.002 1.070 (0.455–2.519) 0.877

Extranodal site (>1 vs. ≤1) 2.293 (1.454–3.614) <0.001 1.377 (0.744–2.547) 0.308

IPI <0.001 <0.001

Low risk (score 0–1) Reference Reference

Low-intermediate risk (score 2) 1.457 (0.689–3.080) 0.325 1.457 (0.689–3.080) 0.325

High-intermediate risk (score 3) 4.149 (2.230–7.721) <0.001 4.149 (2.230–7.721) <0.001

High risk (score 4–5) 3.911 (2.024–7.556) <0.001 3.911 (2.024–7.556) <0.001

NCCN-IPI <0.001 0.146

Low risk (score 0–1) Reference Reference

Low-intermediate risk (score 2–3) 2.606 (1.072–6.337) 0.0.35 1.936 (0.731–5.132) 0.184

High-intermediate risk (score 4–5) 5.720 (2.392–13.678) <0.001 2.880 (0.912–9.092) 0.071

High risk (score ≥6) 4.905 (1.781–13.507) 0.002 1.695 (0.407–7.069) 0.469

Subtype (GCB vs. non-GCB) 1.520 (0.924–2.500) 0.099

D-dimer (high vs. normal) 2.104 (1.334–3.316) 0.001 1.430 (0.870–2.350) 0.158

LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group; IPI, International Prognostic Index; GCB, germinal center B-cell; 
HR, hazard ratio; CI, confidence interval. 

efficiency of IPI in prognostic prediction among patients 
with DLBCL has declined. Thus, experts modified the IPI 
to R-IPI and NCCN-IPI by adjusting or refining factors 
included previously (23,24). Other researchers added some 
clinicopathological characteristics to IPI to constitute new 
prognostic indicators (25-27). However, the efficiencies 
of these new indicators in prognostic prediction remain 
controversial (25,28-31).

D-dimer is a fibrin degradation product. Several studies 
have shown that higher pretreatment plasma D-dimer level 
was a poor prognostic factor for lung cancer, colorectal 
cancer, breast cancer, and so on (9-15). However, data 
regarding pretreatment plasma D-dimer levels among 
untreated patients with DLBCL are limited, and its 
role in determining the prognosis of DLBCL remains 
controversial. Liu et al. found that higher pretreatment 
plasma D-dimer level was negatively associated with OS 

and an independent prognostic factor for worse OS among 
untreated patients with DLBCL (17). Geng et al. found that 
higher pretreatment plasma D-dimer level was associated 
with some clinicopathological factors, such as advanced Ann 
Arbor stage (III–IV) and high LDH level (> ULN), and was 
negatively associated with OS, but was not an independent 
poor prognostic factor among untreated patients with 
DLBCL (16).

In the present study, we assessed the roles of D-dimer 
and other potential prognostic factors on survival among 
untreated patients with DLBCL. At first, we determined 
the optimal cut-off value of pretreatment plasma D-dimer 
level, according to the OS of patients with DLBCL 
using ROC curve analysis. The optimal cut-off value was  
1.4 μg/mL. Then we found that higher pretreatment 
plasma D-dimer level (≥1.4 μg/mL) was associated with 
the presence of B-cell lymphoma symptoms, higher plasma 
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Figure 3 Kaplan-Meier curves of OS (A) and PFS (B) according to pretreatment plasma D-dimer level. (A) Patients with low pretreatment 
plasma D-dimer level had longer OS than patients with high pretreatment plasma D-dimer level (P<0.001). (B) Patients with low 
pretreatment plasma D-dimer level had longer PFS than patients with high pretreatment plasma D-dimer level (P=0.001).
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BA

LDH level (> ULN), poor performance status (ECOG 
score 2–4), advanced stage (III–IV), more than 1 extranodal 
site, higher IPI (score 2–5) and higher NCCN-IPI (≥4) 
among patients with DLBCL. These results were similar to 
those obtained by Liu et al. and Geng et al. (16,17). Higher 
pretreatment plasma D-dimer level was an independent 
predictor of poor OS among patients with DLBCL, 
according to the univariate and multivariate analyses. This 
result was similar to that reported by Liu et al., but different 
from that reported by Geng et al. (16,17). The optimal 
cut-off value of plasma D-dimer in our study (1.4 μg/mL)  
was approximately equal to that reported by Liu et al.  
(1.6 μg/mL) but much greater than that reported by Geng 
et al. (0.92 μg/mL) (16). The low cut-off value reported 
by Geng et al. might classify the subset of patients with 
DLBCL with low plasma D-dimer level and good prognosis 
into a group with high plasma D-dimer level, leading to 
a reduction in the discrimination efficiency of the cut-off 
value (16). Although higher pretreatment plasma D-dimer 
level was negatively associated with PFS among patients 
with DLBCL, it was not an independent predictor of poor 
PFS. We believe that this could be because of the fact 
that the cut-off value was determined based on the OS of 
patients with DLBCL. Univariate analysis showed that 
other factors, including higher plasma LDH level (> ULN), 
poor performance status (ECOG score 2–4), advanced stage 

(III–IV), more than 1 extranodal site, higher IPI (score 2–5), 
and higher NCCN-IPI (≥4) were positively associated with 
poor OS and PFS among patients with DLBCL.

Owing to the larger sample size compared with that 
of other studies, the cut-off value of D-dimer level in our 
study was different from others, even though we determined 
it on the same basis as others (16,17). However, from the 
results of our study and that reported by Liu et al., we can 
conclude that higher pretreatment plasma D-dimer level 
was an independent predictor of poor prognosis among 
patients with DLBCL. Therefore, it is necessary to derive 
a universal cut-off value for different cohorts of patients 
with DLBCL. Although abnormalities of coagulation and 
fibrinolytic factors have been proven to contribute to cancer 
progression, the mechanisms underlying how abnormal 
D-dimer levels affect the outcomes of patients with DLBCL 
remain to be investigated.
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