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Abstract

Purpose: The aim of this study was to develop a novel nomogram to predict cancer-associated venous thromboembolism
(CAT) in hospitalized patients with cancer who receive chemoradiotherapy.

Methods: This was a retrospective cohort study of hospitalized patients with cancer who received chemoradiotherapy
between January 2010 and December 2022. Predictive factors for CAT were determined using univariate and multivariate
logistic regression analyses, and a risk prediction model based on the nomogram was constructed and validated internally.
Nomogram performance was assessed using receiver operating characteristic (ROC), calibration curve, and decision curve
analysis (DCA).

Results:A total of 778 patients were eligible for inclusion in this study. The nomogram incorporated 5 independent risk factors:
age, cancer stage, use of nonsteroidal anti-inflammatory drugs, D-dimer levels, and history of diabetes mellitus. The area under
the curve (AUC) of the nomogram for the training and validation cohorts was 0.816 and 0.781, respectively, with 95%
confidence intervals (CIs) of 0.770-0.861 and 0.703-0.860, respectively. The calibration and DCA curves also displayed good
agreement and clinical applicability of the nomogram model.

Conclusions: The incidence of CAT was relatively high among patients with cancer receiving chemoradiotherapy. The
nomogram risk model developed in this study has good prediction efficiency and can provide a reference for the clinical
evaluation of the risk of adverse outcomes in patients with cancer receiving chemoradiotherapy.

Keywords
cancer-associated venous thromboembolism, chemoradiotherapy, nomograms, prediction

Received July 11, 2024. Received revised September 4, 2024. Accepted for publication September 24, 2024.

1Radiation Oncology Center, Chongqing University Cancer Hospital, Chongqing, China
2Division of thyroid and parathyroid surgery, department of General Surgery, West China Hospital, Sichuan University, Chengdu, China
3Department of Nursing, Chongqing University Cancer Hospital, Chongqing, China

Corresponding Authors:
Wang Chunyu, Radiation Oncology Center, Chongqing University Cancer Hospital, No. 181 Hanyu Road, Shapingba District, Chongqing 400030, China.
Email: wangcy@cqu.edu.cn

Zhang Zhaoli, Department of Nursing, Chongqing University Cancer Hospital, No. 181 Hanyu Road, Shapingba District, Chongqing 400030, China.
Email: 2671004746@qq.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and

Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/10732748241290767
https://journals.sagepub.com/home/ccx
https://orcid.org/0009-0003-9257-0982
mailto:wangcy@cqu.edu.cn
mailto:2671004746@qq.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F10732748241290767&domain=pdf&date_stamp=2024-10-20


Introduction

Cancer-related venous thromboembolism (CAT) is a common
life-threatening disease with a significantly increasing inci-
dence over the past several decades.1 Increasing evidence
indicates that CAT is significantly associated with cancer
treatment interruption, decreased quality of life, and increased
economic burden and is the second highest cause of death in
patients with cancer.2 Combined chemoradiotherapy plays an
important role in antitumor therapy and has become the
standard treatment for multiple locally advanced solid tu-
mors.3 Chemoradiotherapy has become an independent risk
factor for CAT, reportedly 2-6 times greater than that of pa-
tients not receiving chemoradiotherapy.4,5 Multiple mecha-
nisms may explain the increased risk of developing CAT
caused by chemoradiotherapy.6 Ionizing radiation generated
by radiotherapy and the chemical infusion of chemothera-
peutics can damage endothelial cells and promote an in-
flammatory response. In addition, chemoradiotherapy can
affect the levels of various prothrombotic and hypercoagulant
molecules, thus creating a prothrombotic environment in the
body.7,8

To reduce the risk of CAT, the National Comprehensive
Cancer Network (NCCN) guidelines of 2022 recommended
risk screening models to identify patients at high risk of
developing venous thromboembolism (VTE).9 Several
models, including the widely known Khorana model,10

COMPASS-CAT score,11 and a derivative model developed
from the Khorana model, have been used to predict CAT risk.
These include the Vienna score,12 PROTECHT score,13

ONKOTEV score,14 and CATS/MICA score.15 However,
when these scores have been used to categorize patients in
randomized controlled trials, they have failed to identify a
significant proportion of patients with cancer who develop
CAT11 In addition, these models are mainly applied to out-
patients, patients receiving chemotherapy, and other patients
without distinguishing between therapeutic regimens, thereby
neglecting the unique characteristics of patients receiving
chemoradiotherapy in particular treatment subgroups. Con-
sequently, applying these models to predict the CAT risk in
patients receiving chemoradiotherapy presents notable limi-
tations owing to their inability to encompass all relevant CAT
risk factors, particularly those associated with
radiotherapy.10-12 Existing studies on specific VTE risk as-
sessments for patients with cancer receiving chemo-
radiotherapy are mostly univariate studies.16-20 Thus, there is
an urgent need to develop a specific CAT prediction model for
patients with cancer receiving chemoradiotherapy.

A nomogram was constructed using a multifactor regres-
sion model, and each predictive variable was scored according
to its contribution to the outcome variable. This method
converts complex equations into visual graphics, thereby
increasing the readability and practicality of the results.21

Relevant scholars at home and abroad have actively ex-
plored the application of nomograms in the field of

chemoradiotherapy risk assessment, which has fully dem-
onstrated their benefits in constructing accurate risk assess-
ment models.22

Therefore, in the present study, we analyzed the overall
survival status of patients with cancer treated with chemo-
radiotherapy who developed CAT and subsequently devel-
oped and validated a specific risk stratification nomogram
model to predict the risk of CAT development. Using this
model, clinicians can implement early prevention and treat-
ment strategies to reduce the risk of CAT.

Methods

Study Design and Population

This retrospective cohort study was conducted at a single
institution, namely Chongqing University Cancer Hospital.
The study was approved by the Ethics Committee of
Chongqing University Cancer Hospital (CZLS2023085-A;
approval date: 14 May 2023). The requirement for obtain-
ing patient consent was waived due to the retrospective nature
of the study. Data were collected from patients who received
chemotherapy between January 2010 and December 2022.
Inclusion criteria were as follows: patients who (1) had cancer
diagnosed histopathologically; (2) underwent sequential
chemoradiotherapy (SCRT) or concurrent chemoradiotherapy
(CCRT); (3) were aged >18 years; and (4) were hospitalized.
The exclusion criteria were as follows: patients who (1) died
within 48 h after admission; (2) were diagnosed with non-solid
neoplasm; (3) were receiving concurrent cytotoxic, biologic,
or immunologic therapy for other conditions, or continuous
single-agent chemotherapy; (4) had abnormal coagulation
functions and active infections requiring treatment; (5) were
using anticoagulant drugs and nonsteroidal anti-inflammatory
drugs (NSAIDs); (6) were pregnant or lactating, and (7) had
incomplete information in their records. Ultimately, a total of
778 patients were evaluated in the study and randomly as-
signed to the training (n = 598) or the validation (n = 180)
cohorts. The reporting of this study conforms to the TRIPOD
guidelines.23

Clinical Outcome Measures and Definitions

In this study, the primary outcome used for grouping was the
occurrence of CAT events observed during chemo-
radiotherapy. Chemoradiotherapy treatment entails a com-
prehensive therapeutic regimen comprising 25-30 sessions of
radiotherapy administered over 5-6 weeks, accompanied by a
chemotherapy cycle lasting approximately 3-4 weeks (ranging
from 1 to 6 months). We did not conduct follow-ups for post-
treatment CAT events because more than 80% of these events
occurred during chemoradiotherapy, posing a significant
threat to patients’ lives.24,25 CAT includes deep venous
thrombosis (DVT) and pulmonary embolism (PE). Typical
clinical symptoms combined with laboratory test results were
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used to determine whether patients with cancer should un-
dergo imaging examinations (venous ultrasound and com-
puted tomography [CT] pulmonary arteriography). Imaging is
the gold standard for diagnosing CAT. This diagnostic pro-
cedure was performed in accordance with the CAT diagnostic
guidelines in China.26

Clinical Data Collection

The following data were obtained from the clinical electronic
record system: Clinical variables known to be associated with
CATcollected at baseline, including sex, age, body mass index
(BMI), smoking history, cancer type, cancer stage, metastasis
status, presence of comorbidities (hypertension, diabetes
mellitus, chronic pulmonary disease, or cerebral infarction),
surgical history, and available laboratory parameters within
3 d before chemoradiotherapy, including complete blood
counts, liver and kidney function tests, and coagulation profile
assessments, were considered. We also collected data on the
use of NSAIDs, deep vein catheterization, cisplatin, radio-
therapy sites, radiation doses, and chemotherapy cycles when
the CAT occurred. As the data were collected retrospectively
by data collection specialists, the researchers were blinded to
the predictor variables and outcomes.

Statistical Analysis

Data analysis was performed using SPSS 22.0 and R version
4.1.0 software. Mean imputation was employed in our study to
address missing data because there were limited missing
values. Considering the variable distribution in the complete
dataset, we selected the mean or median padding based on
whether they were normally distributed. General clinical data
usage rates and percentages were described. Using the chi-
squared test, the CMH chi-squared test or Fisher’s exact
probability test, and the Wilcoxon rank-sum test for group
comparisons to identify variables significantly associated with
CAT were included in the multivariate models. False dis-
covery rate (FDR) correction was applied to adjust the type I
error thresholds for multiple comparisons, as this step was
exploratory. To avoid missing related variables, so long as
variables were both statistically associated with the primary
outcome in the bivariate analysis (at the P of FDR correc-
tion <0.2), they were included in the multivariate logistic
regression. Multivariate logistic regression models were
constructed to calculate the regression coefficients, odds ratios
(ORs), and 95% confidence intervals (CIs) for each risk factor
and identify independent predictive risk factors. A visual
nomogram was established based on the predicted risk factors.
Decision (DCA) and calibration curves were used to calculate
the clinical applicability and accuracy of the model in the
training and validation cohorts. The area under the receiver
operating characteristic (ROC) curve (AUC) was used to
evaluate the predictive efficacy and utility of the nomogram
compared with the widely known Khorana model using the

DeLong test. All P-values were two-tailed, and P < 0.05 was
considered statistically significant.

Results

Clinical and Demographic Characteristics of the
Study Population

The basic clinical characteristics of the enrolled patients are
summarized in Table 1. During the study phase, 778 patients
who received chemoradiotherapy were randomly allocated to
2 cohorts: 598 (70%) and 180 (30%) patients in the training
and validation cohorts, respectively. Among the total study
population, there were fewer male patients than female pa-
tients (43.19% vs 56.81%), and more than half of the patients
were aged 46-64 years (52.96%). Lung, digestive, and gy-
necological tumors were the main tumor types in this study,
and the incidence of CAT in all patients was 15.4% (n = 120).
In the training and validation cohorts, the incidence of CAT
was 15.2% (91 patients) and 16.1% (29 patients), respectively.
Overall, the 2 cohorts were comparable in terms of the clinical
and demographic data of the study population (all P ≥ 0.05).

Independent Risk Factors for CAT in the
Training Cohort

The results of the univariate analysis are presented in Table 2.
To avoid missing related variables, only variables that were
statistically associated in the bivariate tests with the primary
outcome (at P of FDR correction <0.2) were included in the
multivariate logistic regression. The following covariates were
included: older age (<18-45 years V 46-64 years V ≥65 years,
P of FDR <0.001), higher cancer stage (stages I–II vs stage III
vs stage IV, P of FDR <0.001), the different cancer types (P of
FDR = 0.128), use of NSAIDS (P of FDR <0.001), diabetes
mellitus (P = 0.147), and D-dimer levels of ≥0.5 mg/L (P of
FDR <0.001). In the multivariate analysis, the following
factors were associated with CAT in patients with cancer
receiving chemoradiotherapy, using NSAIDs (OR, 4.532;
95% CI, 2.016-10.187), higher cancer stages, eg, stage III vs
stages I–II (OR, 5.952; 95% CI, 1.242-28.218) and stage IV vs
stages I–II (OR, 7.563; 95% CI, 1.597-35.812), higher D-
dimer levels (OR, 4.949 95% CI, 2.797-8.756), and older age,
eg, 18-45 years vs ≥ 65 years (OR, 0.021; 95% CI, 0.003-
0.163) and 46∼64 years vs ≥ 65 years (OR, 0.336; 95% CI,
0.198-0.568) (all P < 0 .05) (Table 3).

Development of CAT Nomogram Model

Based on the above findings, a nomogram that incorporated
5 independent risk factors was constructed (Figure 1). The
nomogram illustrated that age had the largest contribution to
prognosis, followed by D-dimer levels, use of NSAIDs, and
cancer stages. Diabetes mellitus was the comorbidity with a
lower impact on CAT prediction. Each subtype within these
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Table 1. Patient Characteristics in the Training and Validation Cohort.

Variables

Median (range) or number (proportion, %)

Total cohort
(n=778)

Training cohort
(n = 598)

Validation cohort
(n = 180) P value

DVT (no/yes) 658/120 (84.6/15.4) 507/91 (84.8/15.2) 151/29 (83.9/16.1) 0.771
Age (year) 0.422

18∼45 120 (15.4) 101 (16.9) 19 (10.6)
46∼64 412 (53.0 ) 295 (49.3) 117 (65.0)
≥65 246 (31.6) 202 (33.8) 44 (24.4)

Sex (male/female) 336/442 (43.2/56.8) 230/368 (38.5/61.5) 106/74 (58.9/41.1) 0.379
BMI (kg/m2) 22.9 (20.4,25.3) 23 (20,25) 23.0 (20.5,25.0) 0.799
Smoking (no/yes) 409/339 (56.4/43.6) 336/262 (56.2/43.8) 103/77 (57.2/42.8) 0.806
Cancer type 0.219

lung 253 (32.5) 196 (32.8) 57 (31.7)
gynecology 141 (18.1) 113 (18.9) 28 (15.6)
head and neck 116 (14.9) 88 (14.7) 28 (15.6)
digestive 158 (20.3) 113 (18.9) 45 (25.0)
urinary 18 (2.3) 9 (1.5) 0 (0.0)
bone and tissue 47 (6.0) 37 (6.2) 10 (5.6)
others 54 (6.9) 42 (7.0) 12 (6.7)

Cancer stage 0.409
I–II stage 107 (13.8) 80 (13.4) 23 (12.8)
III stage 183 (23.5) 134 (22.4) 49 (27.2)
IV stage 488 (62.7) 384 (64.2) 108 (60.0)

Metastases (no/yes) 294/484 (37.8/62.2) 202/396 (33.8/66.2) 70/110 (38.9/61.1) 0.213
Comorbidities

Hypertension (no/yes) 637/141 (81.9/18.1) 502/96 (84.0/16.0) 145/35 (80.6/19.4) 0.307
Diabetes mellitus (no/yes) 670/108 (86.1/13.9) 513/85 (85.8/14.2) 157/23 (87.2/12.8) 0.625
Chronic pulmonary disease (no/yes) 543/235 (69.8/30.2) 415/183 (69.4/30.6) 128/52 (71.1/28.9) 0.661
Cerebral infarction (no/yes) 737/41 (94.73/5.27) 570/28 (95.32/4.68) 167/13 (92.78/7/22) 0.181

Radiotherapy site 0.197
head and neck 211 (27.1) 171 (28.6) 40 (22.2)
chest 214 (27.5) 155 (25.9) 59 (32.8)
abdomen 45 (5.8) 31 (5.2) 14 (7.8)
pelvic 203 (26.1) 160 (26.8) 43 (23.9)
bone 97 (12.5) 76 (12.7) 21 (11.7)
others 8 (1.0) 5 (0.8) 3 (1.7)

Radiation dose (Gy) 50.4(37.8,78.5) 50.0(37.8,77.0) 50.40 (38.1,94.3) 0.453
Chemotherapy cycles 1 (1,6) 1 (1,6) 2 (1,6) 0.799
Use of cisplatin (no/yes) 515/263 (66.2/33.8) 400/198 (66.9/33.1) 115/65 (63.9/36.1) 0.456
Use of NSAIDs (no/yes) 184/594 (23.7/76.4) 142/456 (23.8/76.2) 42/138 (23.3/767) 0.909
Deep vein catheterization (no/yes) 763/15 ((98.1/1.9) 586/12 (98.0/2.0) 177/3 (98.3/1.7) 0.771
Surgical history (no/yes) 353/425 (45.4/54.6) 261/337 (43.7/56.3) 92/88 (51.1/44.9) 0.079
Neutrophil (×10̂9/L), ≤6.3/>6.3 614/164 (78.9/21.1) 472/126 (78.9/21.1) 142/38 (78.9/21.1) 0.991
Platelet (×10̂9/L), <350/≥350 740/38 (95.1/4.9) 570/28(95.3/4.7) 170/10 (94.4/5.6) 0.638
Red blood cell (×10̂9/L ), ≤5.5/>5.5 774/4 (99.5/0.5) 595/3 (99.5/0.5) 179/1 (99.4/0.6) 0.929
White blood cell (×10̂9/L), ≤11/>11 57/721 (92.7/7.3) 47/551(7.9/92.1) 10/170(5.6/94.4) 0.284
Hemoglobin (g/L), <100/≥100 43/735 (5.9/94.1) 73/525(12.2/87.8) 24/156(13.3/86.7) 0.690
ISR, ≤1.5/>1.5 776/2 (99.7/0.3) 597/1 (99.8/0.2) 179/1 (99.4/0.6) 0.965
Prothrombin activity (%) 772/6 (99.2/0.8) 593/5 (99.2/0.8) 179/1 (99.4/0.6) 0.695
Prothrombin time (sec), ≤14/>14 768/10 (98.7/1.3) 592/6 (99.0/1.0) 176/4 (97.8/2.2) 0.371
Fibrinogen (g/L), ≤4/>4 557/221 (71.6/28.4) 427/171 (71.4/28.6) 130/50 (72.2/27.8) 0.831
Uric Acid (μmol/L), ≤416/>416 697/81 (89.6/10.4) 538/60 (90.0/10.0) 159/21 (88.3/11.7) 0.529

(continued)
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Table 1. (continued)

Variables

Median (range) or number (proportion, %)

Total cohort
(n=778)

Training cohort
(n = 598)

Validation cohort
(n = 180) P value

Total protein (g/L), ≥65/<65 468/310 (60.2/39.8) 363/235 (60.7/39.3) 105/75 (58.3/41.7) 0.569
Albumin (g/L), ≥40/<40 334/444 (42.9/57.1) 265/333 (44.3/55.7) 69/111 (38.3/61.7) 0.155
Total bilirubin (μmol/L), ≤20/>20 717/61 (92.2/7.8) 551/47 (92.1/7.9) 169/11 (93.9/6.1) 0.434
LDL (mmol/L), ≤3.37/>3.37 541/237 (69.5/30.5) 410/188 (68.6/31.4) 131/49 (72.8/27.2) 0.281
D-dimer (mg/L), ≤0.5/>0.5 391/387 (50.3/49.7) 311/287 (52.0/48.0) 80/100 (44.4/55.6) 0.075
Procalcitonin (ng/mL), ≤0.05/>0.05 314/464 (46.4/53.6) 242/356 (48.3/51.7) 72/108 (43.9/56.1) 0.050

ISR: International standardized ratio; LDL: Low density lipoprotein; NSAIDs: nonsteroidal anti-inflammatory drugs.

Table 2. Results of Univariate Analysis for the Prediction of Incidence of of CAT in the training cohort.

Variables

[n (%), M (P25,P75] [n (%), M (P25,P75)]

χ2 /Z P value P of FDRCAT Group (n = 91) Non-CAT Group (n = 507)

Age (year) -6.035 <0.001 <0.001
18∼45 1 (1.1) 100 (19.7)
46∼64 37(40.7) 258(50.9)
≥65 53 (58.2) 149 (20.4)

Sex (male/female) 52/39 (57.1/42.9) 278/229 (54.8/45.2) 0.167 0.783 0.856
BMI (kg/m2) 23 (21,25) 23 (19,25) -0.332 0.365 0.751
Smoking (no/yes) 49/42 (53.9/46.1) 287/220 (56.6/43.4) 0.239 0.625 0.810
Cancer type 14.745 0.022 0.128
Lung 41 (45.1) 155 (30.6)
Gynecology 15 (16.4) 98 (19.3)
head and neck 6(6.6) 82 (16.2)
Digestive 17 (18.7) 96 (18.9)
Urinary 0 (0.00) 9 (1.8)
bone and tissue 4 (4.4) 33 (6.5)
others 8 (8.8) 34 (6.7)

Cancer stage <0.001 <0.001
I–II stage 2 (2.2) 78 (15.4)
III stage 17 (18.7) 117 (23.1)
IV stage 70 (76.9) 312 (61.5)

Metastases (no/yes) 30/61 (33.0/67.0) 172/335 (34.0/66.0) 0.367 0.545 0.734
Comorbidities
Hypertension (no/yes) 75/16 (82.4/17.6) 427/80 (84.2/15.8) 0.186 0.666 0.833
Diabetes mellitus (no/yes) 71/20 (78.0/22.0) 442/65 (86.6/13.4) 5.306 0.021 0.147
Chronic pulmonary disease (no/yes) 63/28 (69.2/30.8) 352/155 (69.4/30.6) 0.001 0.970 0.999
Cerebral infarction 86/5 (94.5/5.5) 484/23 (95.5/4.5) 0.159 0.690 0.779

Radiotherapy site 0.473 0.450 0.630
head and neck 20 (22.0) 151 (29.8)
chest 28 (30.8) 127 (25.0)
abdomen 3 (3.3) 28 (5.5)
pelvic 24 (26.4) 136 (26.8)
bone 15 (16.4) 61 (12.1)
others 1 (1.1) 4 (0.8)
radiation dose (Gy) 51 (45,82) 50 (35,95) -0.906 0.365 0.710
chemotherapy cycles 1 (1,6) 1 (1,6) -1.197 0.231 0.578

(continued)
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variables was assigned a score on a point scale. Each variable
was assigned a score on a point-scale axis. The predicted
probabilities were converted into points on an axis scaled
from 0 to 300. By adding up the total score and locating it on

the total-point scale, we were able to easily draw a straight
line to determine the estimated probability of CAT at each
point.

Validation of CAT Nomogram Model

Calibration plots for the nomogram models were gener-
ated by repeating the bootstrap sampling 1000 times in
both the training and internal validation cohorts, as de-
picted in Figure 2 A-B. The absolute errors between the
simulated and actual curves in the training and validation
cohorts were 0.008 and 0.043, respectively. Calibration
plots showed acceptable agreement between the predicted
and observed risks of CAT in patients with cancer re-
ceiving chemoradiotherapy.

Many models have inadequate accuracy in predicting false-
positive and false-negative CAT rates, and the risk of bleeding
was further exacerbated in patients with cancer receiving
prophylactic anticoagulant therapy, even when administered
to individuals with a high thrombosis risk according to the
Khorana score.27,28 In our nomogram model, for a given
wide range of threshold probabilities in the training and
validation cohorts, which deviated from the 2 extreme curves
(all and none) in Figure 3A, and B. This indicates that the
nomogram could contribute more net clinical benefits and
better predict the risk of CAT, which is particularly important
for thromboprophylaxis, especially in patients receiving
chemoradiotherapy.

Table 2. (continued)

Variables

[n (%), M (P25,P75] [n (%), M (P25,P75)]

χ2 /Z P value P of FDRCAT Group (n = 91) Non-CAT Group (n = 507)

Use of cisplatin (no/yes) 27/64 (29.7/70.3) 171/336 (33.7/66.3) 0.574 0.264 0.616
Use of NSAIDs (no/yes) 8/83 (8.8/91.2) 134/373 (26.4/73.6) 13.257 <0.001 <0.001
Deep vein catheterization (no/yes) 88/3 (96.7/3.3) 498/9 (98.2/1.8) 0.790 0.374 0.655
Surgical history (no/yes) 39/52 (42.9/57.1) 222/285 (43.8/56.2) 0.027 0.869 0.922
Neutrophil (×10̂9/L), ≤6.3/>6.3 25/66 (27.5/72.5) 101/406 (19.9/80.1) 2.645 0.101 0.321
Platelet (×10̂9/L), <350/≥350 86/5 (94.5/5.5) 484/23 (95.5/4.5) 0.152 0.697 0.996
Red blood cell (×10̂9/L ), ≤5.5/>5.5 91/0 (100/0) 504/3 (99.41/0.59) 0.993 0.369 0.680
White blood cell (×10̂9/L), ≤11/>11 8/83 (8.8/91.2) 39/468 (7.7/92.3) 0.125 0.724 0.817
Hemoglobin (g/L), <100/≥100 77/14 (84.6/15.4) 448/59 (88.4/11.6) 0.956 0.328 0.718
ISR, ≤1.5/>1.5 90/1 (98.9/1/1) 507/0 (11/0) 3.775 0.052 0.228
Prothrombin activity (%), ≤150/>150 91/0 (100/0) 502/5 (99.01/0.99) 1.680 0.198 0.578
Prothrombin time (sec), ≤14/>14 88/3 (96.7/3.3) 504/3 (99.4/0.6) 3.286 0.070 0.245
Fibrinogen (g/L), ≤4/>4 56/35 (61.5/38.5) 387/120 (76.3/23.7) 0.702 0.402 0.640
Uric Acid (μmol/L), ≤416/>416 84/7 (92.3/7.7) 454/53 (89.6/10.4) 0.652 0.420 0.613
Total protein (g/L), ≥65/<65 47/44 (51.7/48.4) 316/191 (62.3/3.7) 3.688 0.055 0.214
Albumin (g/L), ≥40/<40 35/56 (38.5/61.5) 230/277 (45.4/54.6) 1.490 0.222 0.598
Total bilirubin (μmol/L), ≤20/>20 89/2 (97.8/2.2) 462/45 (91.1/8.9) 3.874 0.049 0.245
LDL (mmol/L), ≤3.37/>3.37 56/35 (61.5/38.5) 387/120 (76.3/23.7) 0.702 0.402 0.612
D-dimer (mg/L), ≤0.5/>0.5 22/69 (24.2/75.8) 289/218 (57.0/43.0) 33.308 <0.001 <0.001
Procalcitonin (ng/mL), ≤0.05/>0.05 35/56 (38.5/61.5) 207/300 (50.1/40.9) 4.184 0.381 0.635

ISR: International standardized ratio; LDL: Low density lipoprotein; NSAIDs: nonsteroidal anti-inflammatory drugs.

Table 3. Multivariate Logistic Regression of CAT in Cancer Patients
Receiving Chemoradiotherapy.

Variable Odds Ratio(95%CI) P Value

Age(year)
≥65 (Reference) 1[Reference] <0.001
46∼64 0.336(0.198-0.568) <0.001
18∼45 0.021(0.003-0.163) <0.001

Cancer type
Lung (Reference) 1[Reference] 0.571
gynecology 1.223(0.513-2.915) 0.650
head and neck 0.524(0.198-1.384) 0.192
digestive 0.971(0.484-1.949) 0.934
urinary - 0.999
bone and tissue 0.897(0.248-3.238) 0.868
others 1.993(0.764-5.174) 0.157

Cancer stage
I-II stage (Reference) 1[Reference] 0.038
III stage 5.952(1.242-28.218) 0.026
IV stage 7.563(1.597-35.812) 0.011

Diabetes mellitus 1.920(1.035-3.561) 0.039
NSAIDs 4.532(2.016-10.187) <0.001
D-dimer 4.949(2.797-8.756) <0.001
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Comparison with Existing Risk Model

The ROC curves of the developed nomogram and the Knorana
model were compared in the training and validation sets
(Figure 4A and B and Table 4) for predicting CAT. In the training
cohort, the AUC for the established nomogram (0.816; 95% CI,
0.770-0.861) was significantly higher than that for the Khorana
model (0.565; 95%CI, 0.501-0.628) (Z = 6.369; P < 0.001). With
respect to the validation cohort, the C-index was also greater for
the nomogram prediction (0.781; 95% CI, 0.703-0.860) than for
the Khorana model (0.624; 95% CI, 0.509-0.738), although this
differencewas not statistically significant (Z =�0.350;P= 0.727).
In addition, the accuracy, sensitivity, and specificity of the training
and validation cohorts were superior to those of the Khorana
model for patients with cancer receiving radiotherapy only.

Discussion

The current findings showed that the incidence of CAT in
patients with cancer receiving chemoradiotherapy was 15.4%,

which was comparable to that previously reported in the
literature for individual malignancies, such as esophageal
cancer (9.6%),29 cervical cancer (16.7%),30 rectal cancer
(13%),4 and lung cancer (18.8%).6 Evidence indicated that
chemoradiotherapy has emerged as an independent CAT risk
factor, necessitating the active management and prophylaxis
of thrombosis in such patients. However, there are limited
CAT models for chemoradiotherapy. In this study, we iden-
tified several independent risk factors, including age, cancer
stage, use of NSAIDs, D-dimer levels, and diabetes mellitus
history that can be easily obtained from baseline assessments
and laboratory tests prior to treatment, and we developed a
simplified nomogram based on these variables to predict CAT
risk in patients receiving chemoradiotherapy with favorable
performance metrics both in the training (AUC = 0.816;
sensitivity = 77.3%; specificity = 77.9%) and validation
(AUC = 0.761; sensitivity = 86.2%; specificity = 58.3%)
cohorts, all outperforming the Khorana model which is widely
used and had external validation in several studies within
oncology settings. The resulting nomogram could discriminate

Figure 1. The nomogram model for quantifying individual risk of CAT in cancer patients receiving chemoradiotherapy.
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between patients who did and did not develop CAT during
chemoradiotherapy and was appropriately calibrated. Addi-
tionally, by calculating the DCA, we found that patients un-
dergoing chemoradiotherapy may benefit tremendously from
clinical practices guided by the nomogram, and it also provides
clinicians with a consistent and reliable tool to predict CAT risk.

Consistent with previous studies on CAT, age, D-dimer
levels, and cancer stage were identified as significant inde-
pendent factors in our model.9,31-34 Thomas (2020)35 showed
that age could be used as a single predictor of VTE in hos-
pitalized patients with non-severe diseases and can be as
effective as other predictive models.10,13,36 In our study, age
also exhibited strong predictive efficacy, as it was the most
predictive of the 5 variables. The mechanism underlying the

association between cancer stage and CAT involves the release
of necrosis and tissue factors from cancer cells in advanced-
stage (stages III–IV) tumors, leading to vascular endothelial
injury and coagulation/fibrinolytic dysfunction.37,38

The D-dimer level was an important and independent
predictor in our model, indicating its unique use as a bio-
marker of hemostatic abnormalities; however, determining a
precise threshold for diagnosing CAT remains controversial.
We stratified the CAT risk based on a D-dimer level
of ≥0.5 mg/L according to our hospital laboratory’s test range
and clinical practice considerations.33,34 Nevertheless, Shi
(2019)34 raised the threshold to 1.5 mg/L in patients with
gynecological cancers with a sensitivity of 87.5% and a
specificity of 93.8%, while Wu (2020)39 found a higher

Figure 2. The calibration curves in cancer patients receiving
chemoradiotherapy. A. The calibration curves of training cohort;
B. The calibration curves of validation cohort.

Figure 3. The DCA curves in cancer patients receiving
chemoradiotherapy. A. The DCA curves of training cohort; B. The
DCA curves of validation cohort.
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threshold of 0.86 g/L in patients with non-oncological uro-
logical pathologies with good predictive efficiency. Therefore,
the CAT prediction performance of D-dimer testing was
consistent, but highlighting that adjusting D-dimer thresholds
based on different clinical contexts and cancer types may
improve model performance.

We must acknowledge that a history of diabetes mellitus
and the use of NSAIDs as independent risk factors have

seldom been mentioned in other CAT prediction models.
Interestingly, our study identified these factors as inde-
pendent risk factors for CAT in a chemoradiotherapy set-
ting. The mechanisms underlying thrombosis caused by
diabetes mellitus have been identified in several studies,
including vascular endothelial damage and abnormal
platelet activation under hyperglycemic conditions. Fur-
thermore, these signals may represent surrogate factors,

Figure 4. The ROC curves that Comparison between the CAT nomogram model and Khorana model in cancer patients receiving
chemoradiotherapy. A. The ROC curves of training cohort; B. The ROC curves of validation cohort.
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such as immobility, functional status, and disease severity,
as demonstrated in PICC-related DVT in patients receiving
chemotherapy.40 Andrew (2022)41 reported that two-thirds
of patients receiving palliative radiotherapy were consid-
ered suitable for receiving NSAIDs. This is comparable to
the NSAID use rate reported in the present study (76.25%).
The association between NSAIDs and thrombotic events
has been frequently reported and is primarily attributed to
COX-2 inhibitors that inhibit prostacyclin synthesis (a
potent inhibitor of platelet activation) while stimulating
thromboxane release (an effective promoter of platelet
aggregation).42 The Lancet showed that NSAIDs increased
the risk of strokes and myocardial infarction by one-third.43

The U.S. Food and Drug Administration requires that the
product profiles of all NSAIDs have in-frame warnings
about cardiovascular disease (CVDs) risks.44 However, the
potential risk of CAT associated with NSAIDs may be
underestimated or overlooked, with most oncologists fo-
cusing primarily on gastrointestinal side effects. Therefore,
patients with cancer receiving chemoradiotherapy who use
NSAIDs, especially those at a high risk of baseline CAT,
should be closely monitored.

Limitations

The limitations of our study should be acknowledged. First,
this study used a retrospective study design, which caused
significant inherent limitations, and there was no external
validation of the model through prospective studies.
Nevertheless, we endeavored to compare the predictive
efficacy with the Khorana model, which is endorsed in the
NCCN guidelines and obtained satisfactory outcomes.
Second, this was a single-center study with a small sample
size of 788 patients. Therefore, our results need to be further
verified by multicenter studies with larger sample sizes.
Third, we did not conduct post-chemoradiotherapy follow-
up of patients for CAT events, potentially leading to a
potential loss of a proportion of such events and their impact
on the study outcomes, despite identifying that most CAT
events occurred during chemoradiotherapy. Furthermore,
we chose hospitalized patients with cancer as the target
population because of the hospitalization requirement in
our institution, which is implemented to ensure the safety of

patients undergoing chemoradiotherapy. However, patients
with cancer undergoing outpatient chemoradiotherapy have
been unintentionally overlooked. Future investigations
should prioritize exploring and reporting the thrombosis
risk in this specific group.

Conclusion

This study systematically developed and validated a novel no-
mogram model for predicting CAT in patients with cancer who
received chemoradiotherapy. Using this model, clinicians can
implement early clinical prevention and treatment to lower the
CAT risk in patients with cancer receiving chemoradiotherapy.
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