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Abstract

Objective: To investigate the risk factors of pulmonary embolism in patients with lung cancer and develop and validate a novel
nomogram scoring system-based prediction model.

Method: We retrospectively analyzed the clinical data and laboratory characteristics of 900 patients with lung cancer who were
treated, including patients with lung cancer without pulmonary embolism (LC) and patients with lung cancer with pulmonary
embolism (LC + PE). The patients were randomly divided into derivation and internal validation groups in a 7:3 ratio. Using logis-
tic regression analysis, a diagnostic model of the nomogram scoring system was developed by incorporating selected variables in
the derivation group and validated in the internal and external validation groups (n = 108).

Result: Seven variables (adenocarcinoma, stage IlI-IV LC, indwelling central venous catheter, chemotherapy, and the levels of
serum albumin, hemoglobin, and D-dimer) were identified as valuable parameters for developing the novel nomogram diagnostic
model for differentiating patients with LC and LC + PE. The scoring system demonstrated good diagnostic performance in the
derivation (area under the curve [AUC]; 95% confidence interval [Cl], 0.918; 0.893, 0.943; sensitivity, 88.5%; specificity, 80.5%),
internal validation (AUC; 95% ClI, 0.921; 0.884, 0.958; sensitivity, 90.5%; specificity, 80.4%), and external validation (AUC; 95%
Cl, 0.929; 0.875, 0.983; sensitivity; 85.0%; specificity; 87.5%) groups.

Conclusion: In this study, we constructed and validated a nomogram scoring system based on 7 clinical parameters. The scoring
system exhibits good accuracy and discrimination between patients with LC and LC + PE and can effectively predict the risk of
PE in patients with LC.
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LC are more likely to develop PE than patients with other types of
solid tumors, and PE has a mortality risk second only to cancer.?
However, due to the lack of specific symptoms and signs, misdi-
agnosis and missed diagnosis of PE secondary to LC tends to be
common,*” which poses a great threat to the life of patients.
Therefore, it is crucial to accurately predict the occurrence of
PE in patients with LC. Although computed tomographic pulmo-
nary angiography (CTPA) is currently the first-line diagnostic and
evaluation method for PE,° it has some limitations, including poor
sensitivity for diagnosing thrombosis in pulmonary artery subseg-
ments or distal segments, and the presence of adverse effects, such
as contrast agent-induced allergy or renal impairment. In addition,
CTPA is time-consuming, expensive, and not available for
bedside use during emergencies in emergency departments and
primary care units. In this regard, the current study intended to
develop a simple, rapid, intuitive, safe, and reliable nomogram
statistical prediction model by exploring the risk factors for PE
in patients with LC, and to perform the internal and external val-
idations of its accuracy to reduce the incidence and mortality risk
of PE in patients with LC and improving their quality of life and
disease prognosis.

Materials and Methods
Patients and Study Design

Clinical data were retrospectively collected from patients who
underwent bronchoscopy, had a final diagnosis of LC, which
was confirmed via cytology or histopathology by percutaneous
needle biopsy of the lung or surgically resected specimens, and
were treated from May 2014 to May 2022. The flow chart of the
study is shown in Figure 1.

A total of 900 patients met the inclusion criteria. Patients
were randomly divided into derivation and internal validation
groups in a 7:3 ratio. An external validation group from the
Affiliated People’s Hospital of Ningbo University was formed
simultaneously. The patients with LC meeting the inclusion cri-
teria in the First Hospital of Ningbo City were randomly
divided into derivation and internal validation groups in a 7:3
ratio. An external validation group from the Affiliated
People’s Hospital of Ningbo University was formed simultane-
ously. In addition, when the simplified Wells score’ was more
than 2 points, and one of the following inclusion criteria was
met, LC with PE was determined. The inclusion criteria were
(a) pulmonary angiography indicating intrapulmonary contrast
filling defect with or without the signs of blood flow occlusion
with orbital signals and (b) CTPA showing the presence of
hypodense filling defect in pulmonary arteries with nondistinct
distal vessels and followed up (for at least 6 months). The
exclusion criteria included (a) patients <18 years of age, (b)
pregnant women, (c) history of PE, (d) other comorbid malig-
nancies, and (e) incomplete data for analysis. The study was
approved by the ethics committee of the study site and was con-
ducted in accordance with the Declaration of Helsinki. Based
on the retrospective and traceable nature of the study data,
written informed consent was not required.

Data Collection

The following clinical and laboratory data were obtained from
the clinical electronic record system: age; gender; body mass
index; smoking status; pathological type; tumor, nodes, and
metastases (TNM) stage; indwelling central venous catheter
(CVO); treatment modalities (surgery, chemotherapy, radio-
therapy, molecular targeted therapy, and immunity therapy);
comorbidities (chronic obstructive pulmonary disease hyperten-
sion and diabetes); and serum levels (serum albumin, hemoglo-
bin, and D-dimer). TNM stage refers to the international LC
TNM staging proposed by the Union for International Cancer
Control.® Youden’s index was used to convert all laboratory
variables and ratios to categorical variables based on the
optimal cutoff value. Youden’s index, also known as correct
index, is a method to evaluate the authenticity of diagnostic
tests. It can be used if the false negatives (rate of missed diag-
nosis) and false positives (rate of misdiagnosis) are equally
harmful. Youden’s index is the sum of sensitivity and specific-
ity minus 1. It represents the overall ability of the diagnostic
method to find real patients versus nonpatients. The higher
the index, the better will be the results of the diagnostic test
and the more true it is.

Statistical Analysis

Continuous variables are expressed as mean + standard devia-
tion and compared using t-test or Mann—Whitney U-test.
Categorical variables were expressed as quantity (n) and per-
centages (%) and compared using chi-square test or Fisher’s
exact test. Univariate logistic regression analysis was employed
to investigate independent risk factors in the derivation group
and all the variables with significant levels (area under the
curve [AUC]>0.65) were candidates for multivariate analysis.
Statistically significant variables were then identified via step-
wise selection using the Akaike information criterion (AIC) in
a multivariate regression model. The odds ratio (OR) was esti-
mated and 95% confidence intervals (Cls) were provided. The
rms package for R (version 4.0.5) was used to merge the
selected variables into the nomograms to build the scoring
system. Calibration curve and decision curve analysis (DCA)
were also performed. Receiver operating characteristic curves
and corresponding AUCs were calculated to determine the dis-
criminatory ability of the model to distinguish between patients
with LC and those with LC + PE. In addition, sensitivity and spe-
cificity were determined to assess the diagnostic accuracy of the
nomograms. All statistical analyses were performed using R
(version 4.0.5; http://www.r-project.org) and SPSS 22.0. A
2-tailed P<.05 was considered significant.

Results

Baseline Characteristics

The flow chart of the patient inclusion and exclusion processes
used in this study is shown in Figure 1. A total of 1074 eligible
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Figure |. Flow diagram of the overall procedures. (A) Ningbo First Hospital group. (B) The Affiliated People Hospital of Ningbo University
group. Abbreviations: LC, patients with lung cancer without pulmonary embolism; LC + PE, patients with lung cancer with pulmonary

embolism.

patients from the Ningbo First Hospital were reviewed and ran-
domly divided into derivation (n = 649) and internal validation
(n = 251) groups. The incidence of PE among patients with LC
was 14.8% (96 of 649). In addition, 108 eligible patients from
the People’s Hospital of Ningbo University comprised the
external validation group. The demographic, clinical, and labo-
ratory characteristics of the 3 patient groups are shown in
Table 1.

Logistic Regression Analyses in Patients With LC and
LC + PE

The occurrence of PE was considered the dependent variable, items
with statistically significant differences in the univariate analysis as
the independent variables, and multivariate regression analysis was
performed to establish an accurate prediction model. The following
7 most valuable variables were identified in the regression model
using the AIC method to distinguish patients with LC from
those with LC + PE. These variables (OR, 95% CI) included
(Table 2): pathological type (1.870, 1.034-3.424), TNM stage
(2.655, 1.449-4.997), indwelling CVC (7.745, 4.222-14.869),
chemotherapy (1.864, 1.038-3.398), the serum albumin (0.416,
0.226-0.754), hemoglobin (2.201, 1.213-4.031), and D-dimer
(24.339, 12.338-52.605) levels.

Derivation and Validation of the Nomogram Prediction
Model

Nomograms were developed based on the above 7 variables
(Figure 2A). The calibration curves of the nomograms showed

that the predicted lines overlapped well with the reference
lines, indicating that the nomogram showed good performance
in the derivation group (Figure 2B). Additionally, to validate
the clinical utility of the model, DCA was applied to assess the
net benefit of the diagnostic nomograms, revealing that patients
would benefit more from the “treat-all” or “treat-none” strategy
when the threshold probability was >0.4 (Figure 2C).

Diagnostic Performance of the Scoring System in the
Derivation and Validation Groups

In the derivation group, D-dimer levels exhibited the greatest
impact on distinguishing patients with LC from those with
LC + PE in the model with 100 points (Figure 2A). Next, the
other 6 variables were modified to integer points as pathological
type (20 points), TNM stage (31 points), indwelling CVC (64
points), chemotherapy (20 points), the serum albumin (28
points), hemoglobin (25 points), and D-dimer (100 points)
levels (Table 3). In the derivation group, this scoring system
demonstrated good performance in discriminating between
patients with LC and those with LC + PE with an AUC of
0.918 (95% CI 0.893-0.943; Figure 3A and Table 4). The cor-
responding specificity and sensitivity were 88.5% and 80.5%,
respectively (Table 4). The scoring system also showed good
discriminative value in the internal and external validation
groups with AUCs of 0.921 (95% CI 0.884-0.958; Figure 3B
and Table 4) and 0.929 (95% CI 0.875-0.983), respectively
(Figure 3C and Table 4). The specificity and sensitivity in the
internal validation group were 90.5% and 80.4%, respectively,
while those in the external validation group were 85.0% and
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Table |I. The Clinical Characteristics of the Derivation Group, Internal Validation Group, and External Validation Group.

Characteristics Derivation group (n = 649)

Internal validation group (n = 251)

External validation group (n = 108)

Age (years) 60.6 + 16.2
Gender
Female 196 (30.20%)
Male 453 (69.80%)
BMI
<24 465 (71.65%)
>24 184 (28.35%)
Smoke
No 263 (40.52%)
Yes 386 (59.48%)

Pathological type
Non-adenocarcinoma
Adenocarcinoma

363 (55.93%)
286 (44.07%)

TNM stage
-1l 304 (46.84%)
n-iv 345 (53.16%)
Indwelling central venous catheter
No 368 (56.70%)
Yes 281 (43.30%)
Treatment modalities
Surgery 336 (51.77%)
Chemotherapy 340 (52.39%)
Radiotherapy 37 (5.70%)

Molecular targeted therapy
Immunity therapy
Comorbidities

102 (15.72%)
67 (10.32%)

COPD 215 (33.13%)
Hypertension 22 (3.39%)
Diabetes 26 (4.01%)
Serum
Serum albumin
<30(g/L) 246 (37.90%)
>30(g/L) 403 (62.10%)
Hemoglobin
< 140(g/L) 411 (63.33%)
> 140(g/L) 238 (36.67%)
D-dimer
<500(mmol/L) 410 (63.17%)
> 500(mmol/L) 239 (36.83%)

6l.1 =126 59.9 + 13.0

80 (31.87%)
171 (68.13%)

35 (32.41%)
73 (67.59%)

176 (70.12%)
75 (29.88%)

81 (75.00%)
27 (25.00%)

101 (40.24%)
150 (59.76%)

44 (40.74%)
64 (59.26%)

143 (56.97%)
108 (43.03%)

58 (53.70%)
50 (46.30%)

121 (48.21%)
130 (51.79%)

55 (50.93%)
53 (49.07%)

133 (52.99%)
118 (47.01%)

57 (52.78%)
51 (47.22%)

119 (47.41%)
134 (53.39%)

58 (53.70%)
57 (52.78%)

20 (7.97%) 5 (4.63%)
39 (15.54%) 17 (15.74%)
25 (9.96%) 11 (10.19%)

74 (29.48%)
8 (3.19%)
12 (4.78%)

35 (32.41%)
2 (1.85%)
5 (4.63%)

106 (42.23%)
145 (57.77%)

43 (39.81%)
65 (60.19%)

160 (63.75%)
91 (36.25%)

70 (64.81%)
38 (35.19%)

164 (65.34%)
87 (34.66%)

69 (63.89%)
39 (36.11%)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; TNM, tumor, nodes and metastases.

Table 2. Multivariate Logistic Regression Analysis of the Clinical
Parameters in the Derivation Group.

Variables OR 95% Cl P-value
Pathological type, 1.870  1.034-3.424 .0397
adenocarcinoma vs
non-adenocarcinoma
TNM stage, llI-IV vs I-1I 2.655  1.449-4.997 .0019
Indwelling central venous 7.745 4222-14.869 <.0001
catheter, yes vs no
Chemotherapy, yes vs no 1.864  1.038-3.398 .0388
Serum albumin, >30 vs <30 g/L 0416 0.226-0.754 0041
Hemoglobin, > 140 vs < 140 g/L 2.201 1.213-4.031 .0097
D-dimer, > 500 vs <500 mmol/L  24.339 12.338-52.605 <.0001

Abbreviations: Cl, confidence interval; OR, odds ratio; TNM, tumor, nodes and
metastases.

87.5%, respectively (Table 4). In addition, the calibration
curves of the scoring system exhibited good agreement across
the 3 data groups (Figure 3D-F), indicating that the model has
good precision and discrimination.

Discussion

LC is one of the most common malignancies associated with
PE. A meta-analysis included 41 studies, in which the total inci-
dence of LC-related PE was about 3.7% (1172 of 31294), and
the incidence of individual studies ranged from 1.3% to
23.7%.° The incidence of PE among patients with LC in the
current study was as high as 14.8% (96 of 649), indicating
that patients with LC are at a high risk for developing PE.
Due to the presence of asymptomatic PE and the low number
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Figure 2. Derivation and validation of the diagnostic nomogram. (A) Diagnostic nomogram for distinguishing LC from LC + PE in the
derivation group. (B) Calibration curve of the nomogram. (C) Decision curve analysis of the nomogram. Abbreviations: LC, patients with lung
cancer without pulmonary embolism; LC + PE, patients with lung cancer with pulmonary embolism; TNM, tumor, nodes and metastases.

Table 3. Diagnostic Nomogram Score Calculation.

Variables Points
Pathological type (adenocarcinoma) 20
TNM stage (lI-1V) 31

Indwelling central venous catheter (yes) 64
Chemotherapy (yes) 20
Serum albumin (<30 g/L) 28
Hemoglobin (>140 g/L) 25

D-dimer (=500 mmol/L) 100

Abbreviation: TNM, tumor, nodes and metastases.

of autopsies, the actual incidence may be much higher. Some
studies have reported that the proportion of patients with
partial occult PE fluctuates between 29.4% and 63.0%.”

Studies have shown that there are more pathogenic mecha-
nisms and risk factors affecting PE secondary to LC.>'°
Vascular endothelial cell damage, altered blood flow status,
and hypercoagulability are the 3 elements of thrombosis, and
an imbalance between coagulation and fibrinolysis is the root
cause of thrombosis. The interaction between tumors and the
coagulation system is yet to be fully elucidated. The main
mechanisms®!"'?> known so far are: (1) tumor cells directly
invade or compress the vascular wall, causing vascular endothe-
lial damage. Concurrently, the tumor volume reaches a certain
level, leading to a hypoxic state in the body, causing vascular
endothelial damage indirectly under hypoxia. (2) Tumor
cells release procoagulant factors, such as tissue factor and
cancer procoagulant substances. (3) An imbalance of the
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Table 4. Accuracy of the Prediction Score of the Nomogram for Differentiating LC from LC + PE.

Variables Derivation group

Internal validation group External validation group

AUC (95% Cl)
SE (95% Cl)
SP (95% CI)

0.918(0.893-0.943)
88.5% (82.2%-94.9%)
80.5% (77.2%-83.8%)

0.921(0.884-0.958)
90.5% (81.6%-99.4%)
80.4% (75.0%-85.8%)

0.929(0.875-0.983)
85.0% (69.4%-100.0%)
87.5% (80.6%-94.4%)

Abbreviations: AUC, area under curve; LC, patients with lung cancer without pulmonary embolism; LC + PE, patients with lung cancer with pulmonary embolism;

SE, sensitivity; SP, specificity.

anticoagulation/fibrinolytic system. (4) Cell activation and
interactions between cytokines.

The results of the present study showed that adenocarci-
noma, stage III-IV LC, indwelling CVC, chemotherapy, and
the serum levels of albumin <30 g/L, hemoglobin >140 g/L,
and D-dimer >500 mmol/L are independent risk factors for
PE in patients with LC. Patients with lung adenocarcinoma
are significantly more likely to develop PE than those with non-
adenocarcinoma.'*'* Adenocarcinoma has a strong invasive
ability and is prone to early metastasis. Tumor progression
induces massive expression of tissue factors that readily acti-
vate platelets, causing thrombosis.'> This study showed that
the number of patients with lung adenocarcinoma in the
group with PE was higher, and the difference was statistically
significant (P = .0397), which was similar to previous
studies. PE incidence is high in stage III-IV LC. Patients with

stage III-IV LC exhibit a higher expression of cancer procoagu-
lants than those with early-stage LC, and their blood is in a
long-term hypercoagulable state, with higher levels of pro-
thrombin and cytokines, which may be the main reason why
patients with advanced cancer are more likely to develop
comorbid PE. Nearly half of our patients had stage III-IV LC,
and the later stage of LC was an important risk factor for PE
(OR 2.655, 95% CI: 1.449-4.997, P = .0019), which is consis-
tent with another study, similar to previous studies.” A meta-
analysis showed that CVC was a risk factor for PE in patients
with LC,? and that increased risk of PE due to CVC may be
related to factors such as puncture injury to the vascular endo-
thelium, compression and distortion of the infusion tubing, and
reduced activity after catheter insertion. Our results showed that
indwelling central venous catheter was a risk factor for PE in
patients with LC (OR 7.745, 95% CI: 4.222-14.869, P<
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.0001), which is consistent with another study. Chemotherapy
is a definite risk factor for LC + PE,'® especially platinum-
containing chemotherapy regimens. Studies have shown that
patients receiving chemotherapy have approximately 5.35
times the risk of developing PE than other patients.'’
Commonly used chemotherapeutic drugs can increase the pro-
coagulant activity of endothelial cells through protein disulfide
isomerase-dependent disulfide bond formation and tissue factor
activation and can also directly damage endothelial cells,
leading to thrombosis.'® The results of this study are similar
to those described in the previous literature on the role of che-
motherapy in the occurrence of PE. Patients with LC are prone
to hypoproteinemia. On one the hand, when the body is in a
hypoalbuminemic state, it will stimulate the liver to synthesize
albumin, concurrently increasing the synthesis of coagulation
factors, resulting in a hypercoagulable state.'” On the other
hand, in the presence of hypoproteinemia, water accumulates
in the tissue interstitial spaces, resulting in increased blood vis-
cosity and a higher risk of thrombosis. Erythropoietin tran-
scripts and proteins are expressed in tumor cells, and LC
tumor cells can cause a noncompensatory increase in erythro-
poietin, causing abnormal hemoglobin elevation and greater
resistance to blood flow, resulting in slow blood flow.?® Our
study once again verified previous studies, suggesting that
hypoproteinemia and high hemoglobin are important risk
factors for patients with LC + PE (P =.0041 and .0097).
D-dimer levels are a specific marker of fibrinolysis, having
high diagnostic value for thrombotic diseases, as it is a degrada-
tion product of fibrin. It can be assumed that D-dimer levels
are positively correlated with the incidence of PE, and PE can
be excluded if its value is negative. In this study, it was found
that the level of D-dimer was significantly increased in LC +
PE group, and high D-dimer level was a risk factor for the
development of PE in patients with LC, which was consistent
with the conclusions of previous studies.'**' Notably,
although smoking is a high risk factor for LC as well as
PE, it has not been shown to increase the incidence of LC
+ PE*?

In this study, the 7 independent risk factors were integrated
to establish a nomogram for predicting the risk of PE in patients
with LC, and the prediction system was validated to have high
accuracy and discrimination. Healthcare professionals can
conduct the personalized prediction of comorbid PE inci-
dence in patients with LC based on the assigned values of
each risk factor. Except for uncontrollable factors, such as
adenocarcinoma and stage III-IV LC, clinicians should
strengthen the screening and management of controllable
factors and minimize the placement of intravenous catheters
and use of certain chemotherapeutic drugs that are likely to
damage the vascular endothelium while ensuring the
highest quality of life for patients. Patients with abnormally
high serum albumin, hemoglobin, and D-dimer levels
should be given increased clinical attention, an early diagno-
sis should be made in combination with hematological tests,
and the prevention of PE in patients with LC should be
actively ensured.

Conclusion

Hence, in this study, we developed and validated a nomogram
scoring system based on 7 easily accessible parameters (adeno-
carcinoma, stage III-IV LC, indwelling CVC, chemotherapy,
the serum levels of albumin, hemoglobin, and D-dimer). The
scoring system exhibited good diagnostic performance in dif-
ferentiating between patients with LC and those with LC +
PE. This can help clinicians screen patients with LC to assess
for the presence of PE. In addition, because this study is a ret-
rospective analysis, future multicenter, prospective studies are
warranted to validate our results.
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