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Abstract: This study investigated the association between dynamic changes in D-dimer (D-D) during first-line system-
ic therapy and overall survival (OS) in patients with advanced lung cancer (LC). We also evaluated the independent 
prognostic value of these dynamic changes after adjusting for confounders and other coagulation markers. This 
retrospective study included patients with advanced LC who received first-line systemic therapy between January 
2018 and December 2023. The percentage change in D-D from baseline to 3 months was calculated. A 3-month 
landmark analysis was used to reduce immortal time bias. We fitted multivariable Cox proportional-hazards models 
adjusted for age, sex, disease stage, histology, liver metastasis, and additional confounders (thrombosis history, 
hypertension, diabetes, chronic obstructive pulmonary disease [COPD], and anemia) to assess the independent 
association between D-D dynamics and OS. Combined models incorporating D-D, fibrinogen, and platelet data 
were also evaluated. Restricted cubic splines were utilized to validate the threshold selection. Model performance 
was evaluated using time-dependent receiver operating characteristic curves, calibration plots, and decision curve 
analysis. A nomogram for individualized prediction was derived from the combined model and internally validated 
by bootstrap calibration. Among 192 enrolled patients, the landmark cohort comprised 160 cases (median follow-
up 32.5 months). The D-D increase group had a significantly shorter median OS than the stable groups (8.2 vs. 
51.8 months) and the decrease group (median not reached; log-rank P < 0.001). After full adjustment, a marked 
D-D increase remained independently associated with a higher risk of death compared with the stable group (HR 
= 2.60, 95% CI: 1.44-4.71, P = 0.002), whereas a marked decrease showed a protective trend (HR = 0.56, 95% 
CI: 0.29-1.08, P = 0.084). The combined model that included D-D dynamics, fibrinogen changes, and platelet 
status achieved a C-index of 0.697, outperforming the D-D-only model (0.667) and the clinical-only model (0.592). 
Dynamic D-D changes are independently associated with OS in advanced LC during first-line treatment. The com-
bined model, presented as a practical nomogram, offers a tool for individualized risk stratification; however, external 
multicenter validation is warranted.
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Introduction

Lung cancer (LC) is one of the most prevalent 
and deadly malignancies worldwide. According 
to the GLOBOCAN 2022 report, its incidence 
and mortality rates are among the highest of  
all cancers [1]. Non-small cell LC (NSCLC) 
accounts for approximately 80%-85% of all LC 
cases, and most patients are already diag-
nosed at an advanced stage [2]. Although tar-
geted agents, immunotherapies, and anti-
angiogenic drugs have improved survival, the 
5-year overall survival (OS) rate remains unsat-

isfactory [3]. Therefore, it is critical to find easily 
measurable, dynamic, and reproducible prog-
nostic biomarkers.

Cancer frequently activates the coagulation 
cascade [4]. D-dimer (D-D) is a degradation 
product of cross-linked fibrin and serves as a 
key marker of coagulation activation and sub-
sequent fibrinolysis. Substantial evidence links 
elevated baseline D-D levels to poor prognosis 
in LC [5-7]. Additionally, high pre-treatment D-D 
levels have been shown to be associated with 
poor survival after first-line immunotherapy in 
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NSCLC [8]. The D-D ratio, combined with other 
parameters, has also been validated as a valu-
able prognostic marker in small cell LC (SCLC) 
[6, 9]. In extensive-stage SCLC, high pre-treat-
ment D-D values correlated with poor survival 
[10]. More recent studies have indicated an 
association between D-D and tumor genetic 
mutation status [11].

However, most current studies have measured 
D-D at a single pre-treatment time point [12, 
13]. Longitudinal data on D-D changes during 
first-line therapy and their incremental prognos-
tic value for longer-term survival remain limited. 
In particular, systematic evaluations are lacking 
regarding (1) the optimal cutoff values for de- 
fining clinically meaningful D-D changes; (2) 
whether dynamic D-D changes provide informa-
tion independent of baseline levels; and (3) the 
feasibility of developing a simple risk-stratifica-
tion tool based on D-D dynamics. Addressing 
these questions may facilitate early identifica-
tion of high-risk patients and guide dynamic 
treatment adjustments in clinical practice.

In this context, the present study aimed to sys-
tematically evaluate the independent associa-
tion of D-D dynamics during first-line therapy 
with OS in advanced LC, using a retrospective 
cohort design. We performed a landmark  
analysis to minimize immortal time bias. The 
thresholds for categorizing D-D changes were 
validated using restricted cubic splines (RCS). 
Multivariable Cox regression models were used 
to assess the independent prognostic signifi-
cance of D-D change categories (decrease, 
stable, increase). Furthermore, a predictive 
model incorporating D-D dynamics was built 
and internally validated, with the goal of provid-
ing a simple, clinically accessible tool for risk 
stratification.

Materials and methods

Study population

We included consecutive patients with patho-
logically confirmed advanced LC who received 
first-line systemic therapy at the Department of 
Oncology of Hangzhou TCM Hospital Affiliated 
to Zhejiang Chinese Medical University between 
January 2018 and December 2023. A total of 
192 patients were initially included.

Inclusion criteria: age ≥ 18 years; histologically 
or cytologically proven NSCLC or SCLC with clin-

ical stage IIIB/IV or unresectable recurrent dis-
ease [14]; first-line systemic therapy (chemo-
therapy, immunotherapy, targeted therapy, or 
anti-angiogenic therapy); and complete survival 
follow-up data. Exclusion criteria: presence of 
another active malignancy; use of anticoa- 
gulant or antiplatelet agents within 3 months 
prior to enrolment; or critically missing clinical 
information.

The study protocol was approved by the Ethics 
Committee of Hangzhou TCM Hospital Affili- 
ated to Zhejiang Chinese Medical University 
(Approval No. 2026KLL091). Due to the retro-
spective design, the requirement for informed 
consent was waived by the ethics committee.

Data collection

The following baseline information was re- 
trieved from electronic medical records: age, 
sex, histological subtype (adenocarcinoma, 
squamous cell carcinoma, or small cell carci-
noma), TNM stage (IIIB vs. IV), and first-line 
therapy regimen. The sites of distant meta- 
stases (bone, liver, brain, etc.) were also 
recorded.

Coagulation parameters included D-D, fibrino-
gen (Fb), prothrombin time (PT), activated par-
tial thromboplastin time (APTT), international 
normalized ratio (INR), and platelet count. The 
percentage change in D-D was calculated as 
(post-treatment value - pre-treatment value)/
pre-treatment value × 100%.

The primary endpoint was OS, defined as the 
time from start of first-line therapy until death 
from any cause or last follow-up [15]. The sec-
ondary endpoint was progression-free survival 
which was defined as the time from initiation of 
treatment to progression of disease or death.

Statistical analysis

All statistical analyses were performed using R 
software (version 4.5.2). Normally distributed 
continuous variables are presented as mean ± 
standard deviation and compared between 
groups using independent-samples t-tests. 
Non-normally distributed continuous variables 
are presented as median with interquartile 
range (IQR) and compared using the Mann-
Whitney U test. Categorical variables are 
expressed as numbers and percentages and 
compared using the χ2 test or Fisher’s exact 
test, as appropriate.
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To reduce immortal time bias, we conducted a 
landmark analysis at 3 months after treatment 
initiation; patients who died before this time 
point were excluded, and all subsequent sur-
vival analyses were based on the landmark 
dataset. The dose-response relationship be- 
tween D-D percentage change and mortality 
risk was evaluated using RCS analysis. Based 
on previous literature [16] and model fit, D-D 
dynamics were classified into three catego- 
ries: decrease (change < -25%), stable (change 
between -25% and 50%), and increase (change 
> 50%). Fibrinogen changes were similarly cat-
egorized as decreased (< -25%), stable (-25% to 
25%), or increased (> 25%).

The following variables were included in the 
multivariable Cox proportional-hazards model: 
age, sex, stage (IV vs. IIIB), histology (small cell 
carcinoma vs. non-small cell carcinoma), liver 
metastasis (present vs. absent), and dynamic 
D-D change category (stable group as refer-
ence). Multicollinearity was tested using vari-
ance inflation factors (VIF), and no significant 
collinearity was detected (all VIF < 5). Scho- 
enfeld residuals were used to verify the propor-
tional-hazards assumption.

Harrell’s C-index was used for assessing model 
discrimination. Time-dependent receiver oper-
ating characteristic (ROC) curves were gener-
ated at 6, 12, and 18 months to assess predic-
tive accuracy at each time point. Calibration 
was assessed using calibration plots with 
1,000 bootstrap resamples, and the mean 
absolute error (MAE) was reported. Decision 
curve analysis (DCA) was carried out to esti-
mate clinical net benefit. The final model was 
internally validated via 1,000 bootstrap resa-
mples to obtain an optimism-corrected C-index 
with 95% confidence interval (CI).

Net benefit was evaluated across threshold 
probabilities from 5% to 95% to provide a com-
prehensive view of clinical utility.

Subgroup analyses were performed according 
to the presence or absence of bone and liver 
metastases. Multivariable Cox models were 
used to assess whether the association be- 
tween D-D dynamics and survival differed by 
metastasis status; a P > 0.05 value for the 
interaction term indicated no significant 
difference.

Two types of sensitivity analyses were per-
formed. First, the baseline D-D level was includ-
ed in the model to determine whether D-D 
dynamics remained independent of baseline 
values. Second, the D-D change groups were 
redefined using symmetric thresholds of ±20% 
and ±30%, and model fit (Akaike information 
criterion, AIC) and C-index were compared with 
the original threshold scheme to assess robust-
ness. All tests were two-tailed, and a P value < 
0.05 was considered statistically significant.

To address potential confounding, an extended 
multivariable model additionally adjusted for 
thrombosis history, hypertension, diabetes, 
chronic obstructive pulmonary disease (COPD), 
and anemia, based on their clinical relevance 
to coagulation and survival. A combined predic-
tion model that incorporated D-D change cate-
gories, fibrinogen change categories, and base-
line platelet status [thrombocytosis (> 300 × 
109/L) vs. normal] was constructed and com-
pared with the D-D-only model using Harrell’s 
C-index and AIC. Furthermore, subgroup analy-
ses were extended to include stratification  
by histology, first-line treatment regimen, and 
disease stage. A nomogram was constructed 
from the combined coagulation-marker Cox 
model to provide a visual tool for predicting 
individual overall survival probabilities. Points 
were assigned to each predictor according to 
its regression coefficient, and total points were 
converted into linear predictors and then into 
1-, 2-, and 3-year overall survival probabilities 
using the baseline survival function. Internal 
validation of the nomogram was performed 
with 1,000 bootstrap resamples, and a boot-
strap calibration plot at 3 years was generated 
to assess agreement between predicted and 
observed probabilities.

To characterize longitudinal coagulation profile 
beyond the single percentage-change metric, 
each patient was classified into one of four 
D-dimer trajectory patterns based on binary 
elevation status (cut-off 4.5 mg/L) at baseline 
and at 3 months: persistent-normal, new-onset-
elevated, normalized, and persistent-high. For 
the combined coagulation-marker Cox model, 
an individualized risk score was derived from 
the model linear predictor; patients in the land-
mark cohort were divided into low-, intermedi-
ate-, and high-risk groups by tertiles, and sur-



D-dimer dynamics and survival in lung cancer

3545	 Am J Cancer Res 2026;16(8):3542-3555

vival differences were assessed by log-rank 
test.

Results

Baseline characteristics and dynamic changes 
in coagulation parameters

Initially, 192 patients with advanced LC were 
enrolled. After the 3-month landmark, 31 
patients who died within the first 3 months and 
one patient with unknown stage were excluded, 
leaving 160 patients for analysis. Of these, 68 
died and 92 survived. The median follow-up 
time was 32.5 months (IQR 16.4-54.2 months).

In the landmark cohort, the proportion of 
patients with liver metastasis differed signifi-
cantly between the deceased and alive groups 
(21.0% vs. 8.7%, P = 0.017). Baseline platelet 
count was also significantly lower in deceased 
patients than in survivors (median 222.9 vs. 

264.1 × 109/L, P = 0.004). The median per-
centage change in D-D was significantly higher 
in deceased patients (17.2% vs. -6.7%, P = 
0.005). No significant differences were ob- 
served between the two groups regarding age, 
sex, histology, stage, or treatment type (all P > 
0.05). Detailed baseline characteristics are 
summarized in Table 1.

Univariate survival analysis

Kaplan-Meier curves showed a strong associa-
tion between D-D change categories and OS 
(log-rank P < 0.001, Figure 1). The median OS 
was shortest in the increase group (8.2 
months), followed by the stable group (51.8 
months); median OS was not reached in the 
decrease group.

Reclassifying patients by their binary elevation 
status at baseline and 3 months yielded four 
trajectories: persistent-normal (n = 84), persis-

Table 1. Baseline characteristics of the landmark cohort (N = 160)
Characteristic Alive (n = 92) Dead (n = 68) P
Age (years), median [IQR] 64.0 [57.8-69.2] 65.0 [59.8-70.0] 0.347
Gender, n (%) 0.730
    Male 71 (77.2) 50 (73.5)
    Female 21 (22.8) 18 (26.5)
Histology, n (%) 0.115
    Adenocarcinoma 54 (58.7) 27 (39.7)
    Squamous cell 15 (16.3) 11 (16.2)
    Small cell 23 (25.0) 25 (36.8)
    Others 0 (0.0) 5 (7.4)
Stage, n (%) 0.284
    IIIB 4 (4.3) 4 (5.9)
    IV 76 (82.6) 52 (76.5)
    Unresectable recurrence 12 (13.0) 12 (17.6)
Liver metastasis, n (%) 0.017
    Yes 8 (8.7) 16 (23.5)
    No 84 (91.3) 52 (76.5)
Bone metastasis, n (%) 0.288
    Yes 30 (32.6) 21 (30.9)
    No 62 (67.4) 47 (69.1)
Treatment type, n (%) 0.871
    Chemotherapy/others 25 (27.2) 16 (23.5)
    Immunotherapy 42 (45.7) 36 (52.9)
    Targeted therapy 25 (27.2) 16 (23.5)
Baseline platelet (× 109/L), median [IQR] 264.1 [220.0-310.3] 222.9 [171.9-271.0] 0.004
D-D change (%), median [IQR] -6.7 [-24.1-23.7] 17.2 [-14.4-45.5] 0.005
Note: IQR, interquartile range; D-D, D-dimer.
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tent-high (n = 81), normalized (n = 15), and 
new-onset-elevated (n = 12). Persistent-high 
pattern was associated with markedly worse 
survival (median OS 9.2 months) than persis-
tent-normal or normalized patterns (median OS 
not reached), whereas new-onset-elevated pat-
tern showed an intermediate and unfavorable 
course (median OS 6.0 months; adjusted HR 
2.11, 95% CI 1.01-4.37, P = 0.046 versus per-
sistent-normal). Across the whole cohort, per-
sistent-high pattern versus all other patterns 
yielded a highly significant separation in OS 
(log-rank P < 0.001; Figure 2). These patterns 
indicate that sustained, rather than transient, 
hypercoagulability is the principal prognostic 
driver.

Univariate Cox regression showed that each 
10% increment in D-D percentage change was 
associated with an approximately 11.9% higher 
risk of death (HR = 1.12, 95% CI: 1.04-1.20, P 
< 0.001). Using the stable group as reference, 
the increase group had a significantly elevated 
death risk (HR = 2.12, 95% CI: 1.20-3.74, P = 
0.009), whereas the decrease group did not 
differ significantly from the stable group (HR = 
0.64, 95% CI: 0.33-1.24, P = 0.186).

D-D increase remained independently associ-
ated with mortality (HR = 2.60, 95% CI: 1.44-
4.71, P = 0.002), confirming the robustness of 
this association. In the combined coagulation-
marker model (which additionally included 
fibrinogen change groups and baseline platelet 
status), D-D increase remained significant (HR 
= 2.87, 95% CI: 1.54-5.36, P = 0.001), and a 
high platelet count was independently associ-
ated with better survival (HR = 0.39, 95% CI: 
0.19-0.78, P = 0.008). The combined model 
achieved a C-index of 0.697, compared to 
0.667 for the D-D-only model and 0.592 for the 
clinical-only model.

Model performance evaluation and validation

Model 2 (clinical factors + D-D change catego-
ries) had a Harrell’s C-index of 0.667, higher 
than Model 1 (clinical factors only, C-index = 
0.592, Figure 4). After internal validation with 
1, 000 bootstrap resamples, the optimism-cor-
rected C-index was 0.633 (95% CI: 0.622-
0.757), suggesting stable discriminative ability. 
The combined model incorporating D-D, fibrino-
gen dynamics, and baseline platelet status 
yielded a further improved C-index of 0.697 

Figure 1. Kaplan-Meier survival curves for overall survival stratified by D-
dimer change groups. The y-axis represents survival probability, and the x-
axis represents time in months. Tick marks indicate censored observations.

Multivariable Cox regression

In a multivariable Cox model 
adjusted for age, sex, stage, 
histology, and liver metasta-
sis, a marked D-D increase 
remained independently as- 
sociated with a higher risk  
of death compared with the 
stable group (HR = 2.57, 95% 
CI: 1.42-4.65, P = 0.002, 
Figure 3). The decrease group 
showed a protective trend, 
but it did not reach statisti- 
cal significance (HR = 0.55, 
95% CI: 0.28-1.08, P = 0.080). 
The global proportional-haz-
ards assumption was satis-
fied (Schoenfeld residual test, 
P = 0.611), and each indivi- 
dual variable also met the 
assumption (Table S1). After 
further adjustment for addi-
tional confounders (thrombo-
sis history, hypertension, dia-
betes, COPD, anemia), the 
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Figure 2. D-dimer trajectory patterns from baseline to 3 months. A. Transition matrix of D-dimer elevation status (cut-off 4.5 mg/L) between baseline and 3 months. 
B. Kaplan-Meier overall survival curves by trajectory pattern (log-rank P < 0.001). C. Paired scatter of baseline versus 3-month D-dimer levels; points are colored by 
trajectory pattern and the dashed line indicates equality.
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(AIC = 623.8), outperforming both the clinical-
only and D-D-only models.

Time-dependent ROC analysis demonstrated 
that the area under the curve (AUC) for predict-
ing OS at 6, 12, and 18 months was 0.702, 

12 months, the nomogram provided positive 
net clinical benefit across threshold probabili-
ties from approximately 10% to 60%, with net 
benefit comparable to a treat-all strategy at low 
thresholds and progressively lower than treat-
all above about 50% (Figure 8B). Thus, the 

Figure 3. Forest plot of multivariable Cox regression analysis (extended mod-
el). Hazard ratios (HRs) with 95% confidence intervals are shown for each 
variable.

Figure 4. Comparison of model discrimination (Harrell’s C-index) across 
three models: clinical-only, D-dimer-only, and combined coagulation-marker 
model.

0.713, and 0.713, respective-
ly, for Model 2. The calibration 
curve showed good agree-
ment between predicted and 
observed probabilities (MAE = 
0.013, Figure S1). A modest 
difference in clinical net ben-
efit between Model 2 and 
Model 1 was observed in the 
threshold probability range 
above 25% (Figure 5).

Nomogram for individual pre-
diction

To translate the combined 
model into clinical practice, 
we constructed a nomogram 
incorporating age, sex, tumor 
stage, histology, liver metas-
tasis, D-D and fibrinogen 
change categories, and base-
line platelet status (Figure 6). 
The nomogram enables direct 
readout of the predicted 1-, 
2-, and 3-year OS probabili-
ties for individual patients. 
The bootstrap calibration plot 
at 3 years showed close 
agreement between predict-
ed and observed OS probabili-
ties (Figure 7), indicating sat-
isfactory internal calibration.

Applying the combined-model 
risk score to the landmark 
cohort stratified patients into 
low- (n = 53), intermediate- (n 
= 53), and high-risk (n = 54) 
groups with clearly separated 
OS (log-rank P < 0.001; Figure 
8A). Multi-timepoint calibra-
tion of the combined model 
showed close agreement be- 
tween predicted and observ- 
ed 6-, 9-, and 12-month sur-
vival probabilities (Figure S2). 
In decision curve analysis at 
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combined model offers modest, threshold-
dependent clinical utility that warrants external 
confirmation.

Sensitivity analysis

RCS analysis revealed a non-linear relation- 
ship between D-D percentage change and mor-
tality risk, supporting -25% and +50% as suit-
able thresholds for categorization (Figure S3). 
Re-classification using symmetric thresholds of 
±20% and ±30% resulted in a lower C-index 
and higher AIC than the original threshold 
scheme, suggesting robustness of our original 
classification.

Further adjustment for baseline D-D did not 
attenuate the association between D-D in- 
crease and death risk (HR = 2.56, 95% CI: 1.41-
4.63, P = 0.002), suggesting that dynamic 
change provides prognostic information beyond 
baseline levels.

Subgroup analysis

Stratified analyses by bone and liver metasta-
ses revealed that the direction of the associa-
tion between D-D dynamics and OS was gener-
ally consistent across subgroups. Extended 

the progressive disease group, significantly 
higher than in the stable disease group (-6.2%) 
and the partial/complete response group 
(-32.0%). This finding suggests that a reduction 
in D-D is associated with better treatment 
response.

Discussion

In this retrospective study of 160 patients with 
advanced LC, we demonstrated that dynamic 
changes in D-D during first-line treatment were 
independently associated with OS. Specifically, 
an increase in D-D was an independent predic-
tor of mortality (HR = 2.57), whereas a decrease 
showed a protective trend (HR = 0.55) com-
pared with the stable group. These findings 
indicate that the direction of D-D change may 
provide prognostic information beyond the 
absolute value.

Compared with previous studies, our study 
makes several novel contributions. First, most 
earlier reports focused on a single pre-treat-
ment D-D measurement, showing that elevated 
baseline levels are a poor prognostic predictor 
in LC and are associated with poor survival 
after first-line immunotherapy in NSCLC [8]. Our 
data suggest that D-D dynamics during treat-

Figure 5. Decision curve analysis (DCA) for 12-month overall survival. DCA 
comparing the net benefit of different strategies for 12-month OS. The x-axis 
represents threshold probability, and the y-axis represents standardized net 
benefit. Model 2 shows a higher net benefit than Model 1 within threshold 
probabilities > 25%. The gray solid line represents the “Treat All” strategy, 
and the black dashed line represents the “Treat None” strategy.

subgroup analyses by his- 
tological demonstrated that 
D-D increase was most st- 
rongly associated with mortal-
ity in SCLC (HR = 3.62, P = 
0.008) and adenocarcinoma 
(HR = 2.39, P = 0.016) (Figure 
9). When stratified by first-line 
treatment regimen (Figure 
10), D-D decrease showed a 
significant protective effect in 
patients receiving immuno-
therapy (HR = 0.37, P = 0.023) 
and chemotherapy (HR = 
0.48, P = 0.044).

Relationship between D-D 
change and treatment re-
sponse

The percentage change in 
D-D differed significantly ac- 
ross RECIST response cate- 
gories (Kruskal-Wallis test, P 
< 0.001; Figure S4). The medi-
an D-D change was 45.8% in 
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Figure 6. Nomogram for predicting overall survival based on the combined coagulation-marker model. Each variable is assigned a points score on the upper scale; 
total points are converted to predicted 1-, 2-, and 3-year overall survival probabilities.
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lier reports that normalization 
of elevated D-D predicts 
favorable prognosis [10]. This 
further supports using D-D 
reduction during treatment as 
an early indicator of treat-
ment efficacy. Among the 
coagulation parameters ex- 
amined, D-D dynamics app- 
eared to be the most promi-
nent independent prognostic 
factor, consistent with the 
recognized prognostic role of 
coagulation markers in LC 
[18].

The following mechanistic 
interpretation is based on 
established literature rather 
than on direct experimental 
validation in the present 
cohort. The mechanistic link 
between persistently elevat-
ed D-D and poor prognosis 
can be understood through a 
multifaceted framework in- 
volving coagulation, inflam-
mation, angiogenesis, and tu- 
mor biology. First, the tissue 

Figure 7. Bootstrap calibration plot of the nomogram at 3 years. The dashed 
line represents ideal prediction; the solid line represents the bootstrap-cor-
rected observed probabilities.

ment have independent prognostic value com-
parable to, or even exceeding, that of baseline 
values. This is consistent with prior observa-
tions in EGFR-mutated patients, where D-D 
dynamics during EGFR-targeted therapy corre-
lated with treatment response and disease pro-
gression [17]. Second, we used RCS analysis to 
validate the percentage change thresholds. We 
found that -25% and +50% cut-offs effectively 
distinguished risk groups and provided a better 
model fit than symmetric thresholds of ±20% 
and ±30%. These cut-offs are broadly similar to 
previously reported values [15] and offer a 
quantitative basis for monitoring D-D dynamics 
in routine practice. Third, the independent 
association of D-D dynamics with survival per-
sisted after adjustment for baseline D-D levels. 
This observation reinforces that the change 
itself carries prognostic significance regardless 
of baseline levels, and that on-treatment 
dynamics may be more informative than a sin-
gle pre-treatment assessment.

Notably, the D-D decrease group had better 
survival than the stable group, in line with ear-

factor/protease-activated receptor (PAR) sig-
naling pathway drives coagulation activation 
and promotes tumor proliferation [19, 20]. 
Second, coagulation proteases and PAR signal-
ing promote cancer immune evasion and sus-
tain a tumor-promoting microenvironment [20, 
21]. Third, fibrin degradation products seques-
ter angiogenic factors such as vascular endo-
thelial growth factor (VEGF) and basic fibroblast 
growth factor (bFGF), thereby enhancing neo-
vascularization [21, 22]. Fourth, sustained D-D 
elevation may reflect occult thromboembolic 
events and circulating procoagulant micropar-
ticles that impair microvascular drug delivery 
[23].

Clinically, all variables in our study are derived 
from routine laboratory tests, making them 
readily available, inexpensive, and reproduc-
ible. A simple risk score based on D-D dynam-
ics is advantageous because of its simplicity 
and dynamic availability. This approach paral-
lels previous strategies that built prognostic 
models using multidimensional indicators [24]. 
DCA confirmed that this score provided net clin-



D-dimer dynamics and survival in lung cancer

3552	 Am J Cancer Res 2026;16(8):3542-3555

ical benefit across a range of threshold proba-
bilities. For patients with a higher risk score, 
one might consider more frequent imaging fol-
low-up, proactive management of thrombotic 
risk, earlier efficacy assessment, or treatment 
modification.

Several limitations should be acknowledged. 
First, this was a single-center retrospective 
cohort study, which carries inherent risks of 
information and selection bias. Data extracted 
from electronic medical records may contain 
inaccuracies and coding inconsistencies. Se- 
cond, D-D assays vary across reagents, calibra-
tors, and laboratory platforms, introducing 
potential detection bias. Third, the limited sam-
ple size reduced statistical power for subgroup 
analyses. Fourth, D-D and fibrinogen were mea-
sured at only two time points; two-point sam-
pling cannot fully depict the longitudinal coagu-
lation trajectory or distinguish transient eleva-
tion from persistent hypercoagulability. Serial 
prospective measurements are warranted. The 
trajectory classification demonstrates that  
persistent hypercoagulability - not transient 
fluctuation - drives prognosis, which partly 
addresses this limitation. Fifth, although we 
developed a visual nomogram based on the 
combined coagulation-marker model to facili-
tate bedside risk stratification, the model 
lacked independent external validation, and its 
predictive performance requires confirmation 
in external cohorts. Sixth, the mechanistic links 
discussed above (coagulation-inflammation-

angiogenesis crosstalk, tissue factor/protease-
activated receptor signaling, and fibrin-degra-
dation-product-mediated VEGF sequestration) 
are based on existing literature rather than 
direct experimental validation in the this cohort; 
dedicated basic research is needed to substan-
tiate these pathways. Seventh, we could not 
fully account for unmeasured confounders, 
such as performance status, comprehensive 
comorbidity indices, and tumor genetic muta-
tion status.

Conclusion

In summary, dynamic changes in D-D are inde-
pendently associated with OS in patients with 
advanced LC receiving first-line treatment. A 
marked increase portends a worse prognosis, 
whereas a marked decrease is associated with 
improved survival. The D-D dynamics-based 
risk stratification model may serve as a com-
plementary tool to conventional imaging for 
identifying high-risk patients. Nevertheless, 
these findings are preliminary; prospective mul-
ticenter studies are needed to validate the clini-
cal utility of this approach.
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Figure 8. Clinical utility of the combined coagulation-marker model. A. Kaplan-Meier overall survival by risk-score 
tertile (low/intermediate/high; log-rank P < 0.001). B. Decision curve analysis for 12-month overall survival; the no-
mogram (solid) is compared with treat-all (dashed) and treat-none (dotted) strategies across threshold probabilities.
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Figure 9. Kaplan-Meier survival curves stratified by histological type: (A) adenocarcinoma, (B) squamous cell carcinoma, (C) small cell lung cancer.

Figure 10. Kaplan-Meier survival curves stratified by first-line treatment regimen: (A) targeted therapy, (B) immunotherapy, (C) chemotherapy/other.
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Figure S1. Calibration curve for 12-month overall survival. The x-axis represents predicted risk; the y-axis represents 
observed risk. The dashed diagonal line indicates perfect calibration (MAE = 0.013).

Table S1. Schoenfeld residual test for the proportional hazards assumption in the multivariable Cox 
regression model
Variable χ2 df P value
Global 12.21 10 0.272
Age 0.29 1 0.592
Sex 0.55 1 0.460
Stage 6.04 3 0.109
Histology 2.57 2 0.276
Liver metastasis 0.07 1 0.798
D-dimer change group 0.80 2 0.670
Based on the multivariable Cox regression model (N = 192; D-dimer change group referenced to Stable; liver metastasis refer-
enced to absent; histology “Other” subgroup merged into Adenocarcinoma owing to zero events).
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Figure S2. Multi-timepoint calibration of the combined coagulation-marker model at 6, 9, and 12 months after the 3-month landmark. Predicted versus observed 
overall survival probabilities are shown; points on the diagonal indicate perfect calibration.
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Figure S3. Restricted cubic spline analysis of the association between D-dimer percentage change and mortality 
risk. The solid line represents the estimated hazard ratio; the shaded band represents the 95% confidence interval. 
The non-linear relationship supports -25% and +50% as suitable clustering thresholds.

Figure S4. Distribution of D-dimer percentage change across RECIST response categories. The median D-dimer 
change was 45.8% in the progressive disease group, -6.2% in the stable disease group, and -31.9% in the partial/
complete response group (Kruskal-Wallis test, P < 0.001).


