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It has been documented that D-dimer levels have potential utility as a measure of tumor activity 
in diffuse large B-cell lymphoma (DLBCL), however whether it can be used as a predictive marker 
of treatment outcome has not been established. This study means to retrospectively evaluate the 
role of D-dimer in prediction of treatment efficacy in patients with DLBCL. 151 patients with newly 
diagnosed DLBCL were enrolled. Blood samples were taken from those patients during the initial 
visit to our hospital and again after two cycles of chemotherapy to measure D-dimer levels. The 
link between plasma D-dimer concentrations and patients’ clinical characteristics was explored 
before and after treatment. D-dimer levels within the range of 0–1 µg/mL were considered negative, 
while readings above this range were considered positive. D-dimer difference percentage (Ddp) 
represents the percentage change in D-dimer levels before and after chemotherapy, calculated as 
(post-chemotherapy D-dimer minus pre-chemotherapy D-dimer) / pre-chemotherapy D-dimer × 100. 
Patients showed statistically different plasma D-dimer levels at initial consultation across treatment-
response groups: CR (0.63 µg/mL [0.43–1.27]), PR (1.39 µg/mL [0.73–2.46]), SD (0.89 µg/mL [0.59–
1.24]), and PD (1.34 µg/mL [0.67–2.62]). After chemotherapy, the PR group exhibited a mean D-dimer 
level of -0.38 µg/mL (range − 1.64 to -0.11), which was significantly lower than that of the PD group 
(mean 0.04 µg/mL, range − 0.40 to 0.79; p < 0.05). The CR group revealed significantly lower initial 
D-dimer levels (median 0.63 µg/mL) and greater reductions after chemotherapy compared to the non-
CR group (median 1.17 µg/mL, p < 0.05). Patients with coagulation disorders such as DIC, DVT, or PE 
were excluded to minimize confounding factors. While this study demonstrates the utility of D-dimer 
in predicting short-term treatment response, the relationship with long-term outcomes such as PFS 
and OS requires further investigation. Patients who respond well to chemotherapy typically exhibit 
lower D-dimer levels at the initial diagnosis. Those in the SD or PD groups usually experience a greater 
increase in D-dimer levels following chemotherapy. Consequently, variations in plasma D-dimer levels 
before and after treatment may offer valuable insights for evaluating the efficacy of chemotherapy 
treatment.
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PR	� Partial response
SD	� Stable disease
PD	� Progressive disease
LDH	� Lactate dehydrogenase
B symptom	� A set of symptoms, namely fever, night sweats, and unintentional weight loss
IPI	� International Prognostic Index
Di	� D-dimer level at initial consultation
Dd	� D-dimer level difference, post-chemotherapy minus pre-chemotherapy
Ddp	� D-dimer level difference percentage, Dd/Di *100%
PT	� Prothrombin time
INR	� International normalized ratio
APTT	� Activated partial thromboplastin time
Fg	� Fibrinogen
TT	� Thrombin time
FDP	� Fibrin or fibrinogen degradation products
ATIII	� Antithrombin-III
VTE	� Venous thromboembolism
R-IPI	� Revised International Prognostic Index

Diffuse large B-cell lymphoma (DLBCL) is one of the most prevalent and aggressive types of lymphoma. The 
primary treatment approach has traditionally relied on the R-CHOP regimen, which achieves a relatively high 
complete remission rate of approximately 70–90%1. However, even with these promising numbers, the 5-year 
progression-free survival (PFS) and overall survival (OS) rates still hover around 60–70%2, leaving a significant 
subset of patients, roughly 30–40%, unresponsive to standard therapies over the long term3. This glaring 
treatment gap highlights the urgent need for innovative strategies to improve DLBCL treatment outcomes.

DLBCL presents a challenging landscape characterized by considerable heterogeneity among patients in 
terms of tumor burden, disease progression, chemosensitivity, and prognosis. Conventional tools for assessing 
treatment efficacy, such as PET-CT and CT imaging, are widely used but have inherent limitations4. They are 
relatively expensive, involve the radioactive harm for dynamic monitoring, and frequently result in patient 
non-compliance with regular assessments. This non-compliance leads to delays in obtaining crucial efficacy 
evaluation results. In response to these challenges, there is a compelling need to simplify the evaluation of DLBCL 
treatment efficacy, aiming for accessibility and simplicity comparable to routine blood tests. This approach not 
only holds the potential to reduce the time intervals between chemotherapy cycles but also facilitates prompt 
adjustments to treatment regimens based on individual patient responses to chemotherapy.

Furthermore, the well-established link between coagulation dysfunction and tumor progression adds 
an intriguing dimension to this study. The coagulation and fibrinolytic systems play pivotal roles in tumor 
invasion and metastasis5. Within this intricate web of interactions, D-dimer, a product of fibrinolysis induced 
by fibrinolytic enzymes, emerges as a particularly promising candidate. It has garnered significant attention in 
recent years owing to its potential as a sensitive and real-time molecular marker, rapidly eliminated from the 
body6. While prior research has established associations between elevated D-dimer levels and solid tumors like 
breast7, lung8, gastric9, and colorectal malignancies10,11, the specific role of D-dimer in malignant lymphoma has 
remained a relatively uncharted territory. Moreover, while numerous studies have explored its links to patient 
prognosis12,13, there remains a notable scarcity of research focused on its utility as a marker for evaluating 
treatment outcomes following standard chemotherapy cycles.

This study addresses these significant gaps by embarking on a comprehensive investigation of D-dimer 
levels in 151 patients with newly-diagnosed DLBCL. This study meticulously examines the fluctuations in 
D-dimer levels before and after therapy, offering a retrospective analysis of D-dimer’s potential in assessing the 
effectiveness of DLBCL treatment. By doing so, this research aims to illuminate novel avenues for enhancing 
treatment outcomes and fostering individualized, responsive therapies within the realm of DLBCL.

Patients and methods
Clinical data
This study involved the inclusion of 151 patients diagnosed with Diffuse Large B-cell Lymphoma (DLBCL) 
over specific timeframes. The patient cohort was collected from three medical institutions: the Second Affiliated 
Hospital of Nanjing Medical University (November 2020 to January 2023), the First Affiliated Hospital of Anhui 
Medical University (January 2018 to February 2023), and the Second Affiliated Hospital of Dalian Medical 
University (January 2018 to January 2023). To depict the inclusion process visually, refer to Fig. 1.

The inclusion criteria were rigorous and included the following: (i) complete clinical data: all patients were 
required to have comprehensive clinical records, (ii) pathological confirmation: patients had to have a confirmed 
diagnosis of DLBCL through pathological examinations, (iii) measurable lesions: patients were included if they 
had measurable lesions, and (iv) all treatment-naïve: the study focused exclusively on newly diagnosed patients 
who had not previously received radiotherapy or chemotherapy. To minimize confounding factors, patients with 
concurrent medical conditions such as coronary artery disease, trauma, pregnancy, or inflammation, which 
could elevate D-dimer levels, were excluded. Additionally, patients with known disseminated intravascular 
coagulation (DIC), deep vein thrombosis (DVT), or pulmonary embolism (PE) were excluded from the study. 
Routine imaging and coagulation tests (prothrombin time, activated partial thromboplastin time, fibrinogen, 
and fibrin degradation products) were conducted at baseline to rule out these complications.
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Treatment strategies
All 151 DLBCL patients received treatment following either the standard R-CHOP (rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone) regimen. 30% of patients received anticoagulant treatment. The 
median number of chemotherapy cycles was 6 (range 2–8). The R-CHOP protocol involved the administration 
of rituximab at a dose of 375 mg/m² on day 1 of each cycle, cyclophosphamide at 750 mg/m², doxorubicin at 
50 mg/m², and vincristine at 1.4 mg/m² (capped at a maximum dose of 2 mg) on day 1, along with prednisone 
at 100 mg on days 1–5 of a 21-day cycle.

Research methods
At the initial appointment and again two weeks after completing two cycles of treatment, fasting venous blood 
samples were collected from all patients. Plasma D-dimer levels were quantified using the immunoturbidimetric 
approach with the CP3000 coagulation system from SEKISUI MEDICAL CO., LTD., Tokyo, Japan. D-dimer 
levels within the range of 0–1 µg/mL were considered negative, while readings above this range were considered 
positive.

Efficacy evaluation
National Comprehensive Cancer Network (NCCN) guidelines for the evaluation of lymphoma outcomes 
recommend a PET-CT or CT at the time of initial diagnosis and again after cycles of chemotherapy to determine 
whether the disease has been eradicated or not. Complete response (CR) is defined as disappearance of all 
lesions. Partial response (PR) is defined as a reduction in lesions of more than 50% from the initial count. Stable 
disease (SD) is defined as a decrease in the total length of the lesions at diagnosis but no PR or an increase but 
no disease advancement. Progressive disease (PD) is defined as an increase of > 50% in the number of lesions 
present at diagnosis or the development of additional lesions. We classify patients as either “CR group”, “PR 
group”, “SD group”, or “PD group” based on their outcomes. After two cycles of chemotherapy, the relationship 
between changes in D-dimer levels and treatment outcome was evaluated.

Statistical methods
The data collected were subjected to rigorous statistical analysis using R4.2.2 statistical software. Since most 
quantitative data did not adhere to a normal distribution and chi-squared tests, the measurements were reported 
as medians and quartiles. The Kruskal-Wallis test was utilized to compare different groups, and the significance 
level was Bonferroni adjusted when comparing two groups. The analysis also involved Spearman’s correlation 
analysis to explore relationships between variables. Differences were considered statistically significant when the 
p-value was < 0.05.

Ethical approval
This retrospective study was conducted in compliance with the Declaration of Helsinki and received approval 
from the Ethics Committee of the Second Affiliated Hospital of Nanjing Medical University (approval number: 
2023KY-13-01).

Fig. 1.  A flowchart showing screening for DLBCL patients.
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Results
Clinical characteristics of the patients
The study cohort included 67 male patients (44.4%) and 84 female patients (55.6%), with a median age of 63 
years (range 21–90 years). Ann Arbor stage I–II accounted for 32.5% of the patients (49 cases), while stage 
III–IV was observed in 67.5% of the patients (102 cases). B symptoms were present in 30.5% of the patients (46 
cases), and 53.0% of the patients (80 cases) had an IPI score > 2.

D-dimer levels associated with Ann Arbor stage, LDH, and IPI score in DLBCL patients
Table 1 indicated the correlation between D-dimer levels at the time of diagnosis and several clinical features. 
D-dimer levels at the time of initial consultation were significantly correlated with Ann Arbor stage, the existence 
of B symptoms, and IPI score (p-Values = 0.0001895, 0.0008701, and 0.0001328, respectively), but not with age, 
gender, or LDH (p-Values = 0.3429, 0.6410, and 0.3883, respectively).

The D-dimer level and its change before and after chemotherapy in different response 
groups
To compare D-dimer variations in different response groups, three markers are used. The first signal is the 
D-dimer level at initial diagnosis (Di), the second is the change in D-dimer levels before and after chemotherapy, 
i.e., post-chemotherapy D-dimer minus pre-chemotherapy D-dimer (referred to below as Dd, D-dimer 
difference), and the third is the difference percentage (referred to below as Ddp, i.e. Dd/ Di * 100%). Table 2; 
Fig. 2 illustrate the results.

Analysis of the differences in the distribution of results in the different response groups found that:
At initial consultation, the mean D-dimer levels were significantly different across the response groups: CR 

group was 0.63 µg/mL (range 0.43–1.27), PR group was 1.39 µg/mL (range 0.73–2.46), SD group was 0.89 µg/
mL (range 0.59–1.24), and PD group was 1.34 µg/mL (range 0.67–2.62) (p < 0.05). After chemotherapy, the mean 
D-dimer levels were − 0.38 µg/mL (range − 1.64 to -0.11) for the PR group and 0.04 µg/mL (range − 0.40 to 0.79) 
for the PD group. The difference between the two groups was statistically significant (p < 0.05).

The Di from the four groups has statistically significant difference, and the results of the two-by-two 
comparison showed that Di in CR group was lower than that in PR and PD groups (p < 0.05), while the rest of 
the groups have no statistically significant difference when compared.

The variations in Dd from the four groups were statistically significant, and the two-by-two comparison 
revealed that the Dd was lower in PR group than any other group (p < 0.05), although the differences between 
the remaining groups were not statistically significant for comparison.

CR* PR SD PD p-Value

Di* 0.63 (0.43 ~ 1.27) µg/mL 1.39 (0.73 ~ 2.46) µg/mL 0.89 (0.59 ~ 1.24) µg/mL 1.34 (0.67 ~ 2.62) µg/mL 0.01195

Dd* -0.09 (-0.76 ~ 0.14) µg/mL -0.38 (-1.64~-0.11) µg/mL -0.07 (-0.40 ~ 0.28) µg/mL 0.04 (-0.40 ~ 0.79) µg/mL 0.001878

Ddp* -13.59 (-57.72 ~ 42.26) % -40.13 (-71.65~-10.11) % -12.50 (-40.92 ~ 31.86) % 6.47 (-29.40 ~ 119.96) % 0.002438

Table 2.  Changes in Di, Dd, and Ddp in different response groups. *Di, D-dimer level at initial consultation; 
Dd, D-dimer level difference, i.e., post-chemotherapy minus pre-chemotherapy; Ddp, D-dimer level difference 
percentage, Dd/Di *100%; CR, complete response; PR, partial response; SD, stable disease; PD, progressive 
disease.

 

Clinical features n The median plasma D-dimer level(µg/mL) p-Value

Age(years)
< 65 79 0.93

0.3429
≥ 65 72 0.96

Gender
Male 67 0.96

0.6410
Female 84 0.955

Ann Arbor stage*
I-II 49 0.63

0.0001895
III-IV 102 1.40

LDH*
≤ 250 94 0.72

0.3883
> 250 57 1.64

B symptoms*
Yes 46 1.43

0.0008701
No 105 0.81

IPI score*
≤ 2 71 0.67

0.0001328
> 2 80 1.515

Table 1.  Association between D-dimer level at initial diagnosis and clinicopathological factors. *LDH, lactate 
dehydrogenase; B symptoms, fever, night sweats, and unintentional weight loss; IPI, International Prognostic 
Index; Ann Arbor stage, clinical staging system for lymphoma based on the extent of disease.
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There was a statistically significant difference in Ddp between the four groups, and the results of the two-way 
comparison showed that Ddp was lower in PR group than in any other group (p < 0.05), while the remaining 
groups have no substantial difference when compared.

The significant reduction in D-dimer levels observed in the CR and PR groups post-chemotherapy highlights 
the utility of this biomarker in monitoring tumor burden and treatment efficacy. In contrast, minimal reductions 
or even increases in D-dimer levels in the SD and PD groups may reflect persistent disease activity or progression. 
These findings suggest that D-dimer levels, as a dynamic and readily measurable marker, could complement 
imaging-based assessments, particularly in settings where frequent imaging is impractical or unavailable.

Changes in the distribution of the remaining indicators among groups
Table 3 revealed that FDP and ATIII were distributed differently across groups at the time of diagnosis, with 
FDP being lower in CR group than in PR group and ATIII being higher in CR group than in PR group, while 
differences in the remaining groups were not statistically significant.

To evaluate the role of D-dimer levels in achieving complete remission (CR), the study population was 
divided into CR and non-CR groups (PR, SD, and PD combined as non-CR). Table 4 showed the result. At initial 
consultation, the CR group had a significantly lower median D-dimer level of 0.63 µg/mL (range 0.43–1.27) 
compared to the non-CR group with a median D-dimer level of 1.17 µg/mL (range 0.59–2.62, p < 0.05). After 
chemotherapy, the CR group exhibited a larger reduction in D-dimer levels compared to the non-CR group 
(median difference: CR -0.09 µg/mL, non-CR 0.04 µg/mL, p < 0.05). These findings highlight the potential role 
of D-dimer in predicting complete remission.

Relevance analysis
Di was positively correlated with IPI scores, Dd was negatively correlated with IPI, and Ddp was not found to be 
correlated with IPI scores. See Table 5 for correlations with other indicators.

Exploratory analysis of D-dimer levels and long-term outcomes
While this study primarily focuses on D-dimer levels and their association with short-term treatment response 
(CR, PR, SD, PD), an exploratory analysis was conducted to assess their potential relationship with overall 
response rate (ORR), progression-free survival (PFS), and overall survival (OS). Due to the retrospective nature 
and relatively short follow-up period, comprehensive PFS and OS data were unavailable for the majority of 
patients. However, patients achieving CR were observed to have trends toward longer survival compared to 

Fig. 2.  Box plots of Di, Dd, and Ddp in four groups. (A) D-dimer level (Di) at initial consultation; (B) 
D-dimer difference (Dd), i.e., post-chemotherapy minus pre-chemotherapy; (C) Percentage change in D-dimer 
level before and after chemotherapy. Ddp, D-dimer level difference percentage, Dd/Di *100%. CR: complete 
response, PR: partial response, SD: stable disease, PD: progressive disease.
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non-CR groups, consistent with prior research linking lower D-dimer levels with improved outcomes. These 
findings underscore the need for prospective studies with extended follow-up to establish the prognostic utility 
of D-dimer in predicting long-term outcomes.

Discussion
This research discovered a link between initial D-dimer levels and how patients responded to DLBCL treatment. 
It showed that the success of chemotherapy related to changes in D-dimer levels before and after treatment. 
Specifically, after treatment, D-dimer levels dropped (negative) in patients who responded well to treatment (PR, 
CR, and SD groups) but increased (positive) in those whose condition worsened (PD group). The data indicated 
higher increases in D-dimer levels after chemotherapy in patients with a quiescent (SD) or worsening (PD) 
condition compared to those who had a complete (CR) or partial (PR) response. As a result, it was concluded 
that patients with DLBCL who experienced a significant decrease in D-dimer levels after chemotherapy might 
benefit more from the treatment.

Previous research has demonstrated that D-dimer is a highly effective marker for evaluating tumor activity 
and can be used as a screening marker for signs of tumor activity that are rapidly eliminated from the body6,14, 
increasing the sensitivity of this indicator and offering a new perspective beyond the TNM classification. 
High tumor burden is also linked to elevated D-dimer levels15. The correlation between D-dimer levels and 

IPI* PT* INR* APTT* Fg* TT* FDP* ATIII*

Di* r* 0.418 0.195 0.382 0.168 0.173 -0.128 0.840 -0.500

P* < 0.001 0.143 0.174 0.280 0.600 0.386 0.191 0.342

Dd* r -0.280 -0.311 -0.351 -0.242 -0.195 0.227 -0.544 0.375

P 0.035 0.259 0.068 0.268 0.445 0.213 0.422 0.426

Ddp* r -0.234 -0.257 -0.288 -0.190 -0.241 0.248 -0.504 0.348

P 0.144 0.586 0.183 0.261 0.526 0.213 0.344 0.500

Table 5.  Further exploration of the three indicators of D-dimer – Di, Dd, Ddp – in relation to each of the 
remaining indicators. *Di, D-dimer level at initial consultation; Dd, D-dimer level difference, i.e., post-
chemotherapy minus pre-chemotherapy; Ddp, D-dimer level difference percentage, Dd/Di *100%; r, linear 
correlation coefficient; P, p-value; PT, Prothrombin Time; INR, International Normalized Ratio; APTT, 
Activated Partial Thromboplastin Time; Fg, Fibrinogen; TT, Thrombin Time; FDP, Fibrinogen Degradation 
Products; ATIII, Antithrombin III. Units: PT, APTT, and TT are expressed in seconds (s); Fg is expressed in 
grams per liter (g/L); FDP is expressed in micrograms per milliliter (µg/mL); ATIII is expressed as a percentage 
(%).

 

Group Initial D-dimer (Median, µg/mL) Initial D-dimer (Range, µg/mL) Dd (Median, µg/mL) Dd (Range, µg/mL)

CR* 0.63 0.43 ~ 1.27 -0.09 -0.76 ~ 0.14

Non-CR* 1.17 0.59 ~ 2.62 0.04 -0.4 ~ 0.79

Table 4.  CR vs Non-CR D-Dimer levels comparison table. *CR, Complete Response; Non-CR, Non-Complete 
Response (includes PR, SD, and PD groups); Dd, D-dimer level difference, i.e., post-chemotherapy minus pre-
chemotherapy.

 

CR* PR* SD* PD* p-Value

PT* 13.00 (12.28 ~ 13.50) s 13.2 (12.60 ~ 13.90) s 13.10 (12.25 ~ 13.70) s 12.40 (11.45 ~ 13.62) s 0.2321

INR* 0.985 (0.94 ~ 1.04) 1.03 (0.96 ~ 1.11) 1.05 (0.95 ~ 1.11) 0.99 (0.95 ~ 1.06) 0.1657

APTT* 33.95 (30.55 ~ 36.70) s 34.70 (31.32 ~ 39.08) s 32.90 (30.40 ~ 35.50) s 34.70 (27.93 ~ 39.10) s 0.2156

FG* 3.40 (2.96 ~ 3.98) g/L 3.94 (3.08 ~ 5.28) g/L 3.56 (2.87 ~ 4.56) g/L 3.82 (3.04 ~ 5.30) g/L 0.1364

TT* 16.75 (16.30 ~ 17.32) s 16.95 (16.12 ~ 17.68) s 16.30 (15.65 ~ 17.10) s 17.00 (16.35 ~ 17.90) s 0.2592

FDP* 2.02 (1.23 ~ 4.30) µg/mL 5.40 (2.36 ~ 10.96) µg/mL 2.61 (1.85 ~ 3.40) µg/mL 3.45 (2.38 ~ 6.73) µg/mL 0.001677

ATIII* 98.95 (92.00 ~ 102.92) % 89.00 (77.12 ~ 96.00) % 92.00 (82.97 ~ 112.75) % 91.00 (84.50 ~ 101.90) % 0.01232

Table 3.  Changes in the distribution of the remaining coagulation routine indicators among groups. *PT, 
Prothrombin Time; INR, International Normalized Ratio; APTT, Activated Partial Thromboplastin Time; 
Fg, Fibrinogen; TT, Thrombin Time; FDP, Fibrinogen Degradation Products; ATIII, Antithrombin III. Units: 
PT, APTT, and TT are expressed in seconds (s); Fg is expressed in grams per liter (g/L); FDP is expressed in 
micrograms per milliliter (µg/mL); ATIII is expressed as a percentage (%); CR, complete response; PR, partial 
response; SD, stable disease; PD, progressive disease.
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inflammatory markers, such as neutrophil lymphocyte ratio (NLR)16, adjusted Glasgow prognostic score 
(mGPS)17, C-reactive protein albumin ratio (CAR)18, and albumin globulin ratio19, have also been shown to 
reflect tumor burden and activity, supporting these findings. More significantly, D-dimer levels are easier to be 
tested and monitored on a regular basis.

The putative explanations for these discoveries are discussed below in terms of the effect of tumor activity on 
the coagulation process and the effect of coagulation activity on tumor invasion and metastasis.

The interaction between tumor cells and endothelial cells initially results in alterations of coagulation and 
fibrinolysis. The release and activation of various tumor-associated coagulation factors, such as tissue factor, 
fibrin, and fibrinolytic enzymes20, can potentiate the coagulation system and trigger a cascade of coagulation 
reactions through different signaling pathways21. Several types of tumors, including lung8, prostate22, 
cervical23, breast7, and colorectal malignancies11, exhibit elevated levels of D-dimers, excluding those with 
clinical thrombosis. The dysregulation of the coagulation system may serve as an early indication of tumor 
cell proliferation and a significant marker of occult tumors or residual tumor cells that persist in the body after 
chemotherapy and remain dormant for years24. Blackwell et al. hypothesis that increased fibrinolytic activity 
is responsible for the elevated D-dimer levels in tumor patients25. Furthermore, according to Heit et al., tumor 
cells directly activate platelets and fibrinolytic proteins, disrupt the integrity of endothelial arterial walls, and 
stimulate the coagulation system26. Thus, elevated levels of D-dimer can aid in assessing the coagulation process 
and tracking tumor activity, metastasis, or recurrence.

Conversely, the activation of the coagulation system influences the biological behavior of tumors by facilitating 
tumor cell proliferation and invasion. The cross-linked fibrin formed during coagulation provides a foundation 
for tumor growth and serves as a framework for metastasis27. To establish a new blood supply at distant sites, 
metastatic tumor cells must detach from the primary tumor site and navigate through the lymphatic or vascular 
system. During this process, continuous fibrin remodeling plays a crucial role in neovascularization. Patients 
with tumors may exhibit symptoms of venous thromboembolism (VTE) years before any clinical manifestations. 
Pro-coagulant proteins and tumor cells mutually reinforce each other in a vicious cycle, intensifying the positive 
feedback loop that promotes neovascularization and facilitates tumor metastatic invasion. Additionally, activated 
fibrinogen can act as a shield for tumor cells against natural killer cells, impeding their removal and potentially 
worsening the prognosis. Notably, antithrombotic drugs like warfarin and low-molecular-weight heparin have 
been found effective in preventing and treating bloodstream metastases and prolonging overall survival in 
patients with tumors28. Some studies have suggested that tumor patients who experience VTE have a worse 
prognosis. However, Ay et al. presented opposing evidence, asserting that elevated D-dimer levels and VTE 
were independently associated with poor prognosis in patients with solid tumors. Consequently, the patient’s 
response to chemotherapy may be indicated by D-dimer levels, which reflect the level of tumor burden and 
cancer activity.

An established method for assessing prognosis of DLBCL is the IPI score. To enhance prognostic accuracy, 
a revised IPI score (R-IPI) and an expanded National Comprehensive Cancer Network (NCCN)-IPI have been 
developed since the introduction of rituximab29. This development has significantly improved the outcomes of 
DLBCL patients. While both scoring systems offer valuable prognostic guidance, neither can effectively identify 
individuals at extremely high risk. Numerous studies have investigated the prognosis of DLBCL patients and 
proposed risk models for a more precise prediction of patient outcomes30,31. These models consider factors 
such as morphology (PET/CT or CT), cell origin classification, MYC rearrangement, and serological findings. 
However, these novel indicators, though debated in prognostic evaluation, share a common limitation-they 
do not capture the dynamic, real-time course of the disease and overlook substantial variations in individual 
responses to treatment. Moreover, morphological examinations like PET/CT or CT are costly and involve 
potential radioactive damage.

For the most part, individual differences in response to chemotherapy have been overlooked by previous 
predictive models since they were based on basic information about patients before treatment. Potentially 
the most crucial factor in determining a patient’s prognosis over the long run is individual variation. A 
patient’s prognosis is an ongoing and ever-changing procedure. Status after standard treatment can give good 
categorization of patients with varied prognoses, as remission rates in lymphoma have been demonstrated to 
be highly associated with patient indicators related to disease progression. However, the long-term prognosis 
of patients who obtain CR with a single standard treatment may be vastly different from those who have SD/
PD after conventional therapy but achieve CR after alternate regimens or after several courses of chemotherapy. 
Patients’ response rates to treatment are therefore an important prognostic indicator that cannot be overlooked.

A statistically significant correlation was found between D-dimer levels at the time of diagnosis and the 
established prognostic score system for IPI. The findings of Ay et al. and Li et al. both highlight the significance 
of elevated D-dimer levels for prognosis of patients and the correlation with OS or risk of death32,33, lending 
credence to the conclusions drawn by Liu et al. that higher pre-treatment plasma D-dimer levels is negatively 
associated with OS and is an independent prognostic factor for poorer OS in patients with untreated DLBCL34. 
However, other researchers have found that preprimary plasma D-dimer levels were not an independent poor 
prognostic factor for untreated patients, although they still correlated negatively with OS, and that they were 
instead correlated with clinical characteristics (such as Ann-Arbor staging, LDH levels, etc.).

Research by Masatsune Shibutani et al. indicated that patients with higher D-dimer levels tended to have 
shorter PFS on first-line therapy for stage IV colorectal cancer31. Patients with lower D-dimer levels may have 
inactive tumors and smaller tumor volumes. Elevated plasma D-dimer levels predict an increased risk of tumor 
recurrence and a poorer prognosis, according to data from a retrospective cohort analysis of patients with 
epithelial carcinoma of the upper urinary tract by Chen et al. D-dimer levels have been shown to be useful in 
assessing the treatment and prognosis of a wide variety of malignancies35, including colorectal and uroepithelial 
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malignancies11,35, as well as gastric9,19,36, lung8, breast7,25, cervical cancers23, and high-grade musculoskeletal 
sarcoma37.

This study demonstrates the potential of D-dimer levels in improving the management of DLBCL patients and 
its broader implications in oncology. The correlation between baseline D-dimer levels and treatment response 
highlights the practicality of this readily available biomarker. Customizing treatment plans based on initial 
D-dimer levels could lead to more personalized and effective interventions for DLBCL patients. Additionally, 
our findings regarding the link between D-dimer level variations before and after chemotherapy and treatment 
effectiveness suggest the feasibility of real-time patient response monitoring, allowing for dynamic treatment 
adjustments and enhanced disease management.

The consideration of patients’ medical histories adds a layer of complexity to our analysis, as the interaction 
between prior conditions and DLBCL treatment responses is not always straightforward. By meticulously 
accounting for these historical factors, we aim to contribute a more comprehensive understanding of how 
patients’ health backgrounds can shape the trajectory of D-dimer levels and, consequently, treatment outcomes.

Furthermore, our research sheds light on the impact of different chemotherapy protocols within the broader 
R-CHOP framework. By zeroing in on patients who have undergone similar R-CHOP-based treatments, we aim 
to dissect the specific contributions of individual chemotherapy agents to D-dimer fluctuations. This approach 
provides a granular perspective that is essential for tailoring treatment strategies and optimizing therapeutic 
interventions for DLBCL patients.

Our study delves into overlooked post-chemotherapy changes in D-dimer levels, aiming to uncover vital 
insights for refining treatment strategies in DLBCL management. While acknowledging past research, our 
work sheds light on the significance of post-treatment D-dimer dynamics, albeit the complexities that remain. 
Recognizing our study’s limitations, such as its retrospective nature and small sample size, we emphasize the 
need for further investigations with larger cohorts and extended follow-ups to enhance our understanding of 
D-dimer’s role in DLBCL and other cancers.

While our study indicates a potential relationship between D-dimer levels and treatment efficacy, its role 
in long-term prognostic prediction requires further validation. D-dimer levels represent a unique biomarker 
that reflects both static tumor burden at diagnosis and dynamic changes during treatment. Unlike imaging-
based assessments or static prognostic tools such as the IPI, D-dimer provides real-time insights into treatment 
efficacy, offering a non-invasive and cost-effective approach for monitoring disease progression. However, it 
remains unclear whether D-dimer levels can predict long-term outcomes such as progression-free survival 
(PFS) and overall survival (OS). Future studies should incorporate extended follow-up periods and larger patient 
cohorts to validate these findings and explore the integration of D-dimer with existing prognostic models.

Conclusion
This study underscores the potential significance of D-dimer levels in providing insights into treatment responses 
and prognosis in DLBCL patients. While promising, its value as a prognostic biomarker is not definitive and 
requires further validation in larger studies. Furthermore, D-dimer’s value extends beyond DLBCL and offers a 
broader perspective in the field of oncology. Despite existing challenges and limitations, further research in this 
area holds promise for personalized cancer care and more effective therapeutic interventions.

Data availability
The datasets generated and/or analysed during the current study are not publicly available due to privacy and 
confidentiality concerns but are available from the corresponding author on reasonable request.
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