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PURPOSE
To identify risk factors for hemoptysis following iodine-125 (125I) seed implantation in patients with 
advanced lung cancer and to develop a nomogram-based prediction model.

METHODS
 

This retrospective study included patients who underwent 125I seed implantation at the Second 
Hospital of Tianjin Medical University between August 2023 and May 2025. Patients were divided 
into a hemoptysis group (n = 31) and a non-hemoptysis group (n = 102) based on the occurrence of 
postoperative hemoptysis. Clinical characteristics were compared between groups. Binary logistic 
regression was used to identify independent risk factors, and a nomogram prediction model was 
constructed. Model performance was evaluated using receiver operating characteristic (ROC) anal-
ysis, calibration curves, and decision curve analysis (DCA).

RESULTS
 

Of the 133 enrolled patients, 31 (23.3%) developed postoperative hemoptysis. Logistic regression 
analysis identified right hilar lesion location [odds ratio (OR): 10.831, 95% confidence interval (CI): 
2.537–46.232], history of chemotherapy (OR: 3.138, 95% CI: 1.160–8.488), and intrathoracic bleed-
ing (OR: 2.666, 95% CI: 1.016–6.993) as independent risk factors. Prothrombin time (PT) showed a 
negative correlation in the multivariate analysis (OR: 0.507, 95% CI: 0.280–0.918). However, as both 
sets of values fall within the normal range and the difference is minimal, the clinical significance is 
limited, and the results should be interpreted with caution. The nomogram demonstrated good 
discriminative ability, with an area under the ROC curve of 0.830 (95% CI: 0.753–0.907). At a cutoff 
probability of 0.155, the model achieved a sensitivity of 93.5% and a specificity of 65.7%. Calibration 
analysis showed good agreement between predicted and observed outcomes, and DCA indicated 
significant net clinical benefit across a threshold probability range of 0.02–0.70. 

CONCLUSIONS 

Lesion location, chemotherapy history, intrathoracic bleeding, and PT are independently associat-
ed with hemoptysis following 125I seed implantation in advanced lung cancer. The proposed nomo-
gram demonstrates favorable predictive performance and may help identify patients at high risk 
early, guiding preventive strategies. 

CLINICAL SIGNIFICANCE
 

This nomogram enables early post-procedural identification of high-risk patients, particularly those 
with right hilar lesions, and its high sensitivity supports its use as a screening tool to guide preven-
tive hemostatic strategies.
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Lung cancer remains one of the leading 
causes of cancer-related morbidity and 
mortality worldwide. Approximately 2.5 

million new cases are diagnosed each year, 
accounting for more than 1.6 million deaths 
annually.1 The majority of patients are diag-
nosed at an advanced stage, at which point 
surgical resection is no longer feasible.2 Al-
though chemotherapy and radiotherapy are 
commonly used for advanced disease, their 
therapeutic benefit is often limited,3 and 
some patients are unable to tolerate stan-
dard treatments due to poor overall state 
or comorbidities.4 With the development 
of image-guided techniques and three-di-
mensional treatment planning systems, 
radioactive seed implantation has become 
increasingly employed in oncology.5,6 Com-
pared with external beam radiotherapy, 
brachytherapy is minimally invasive, is as-
sociated with fewer complications, and has 
demonstrated favorable safety and efficacy 
profiles.7 It allows for precise delivery of ra-
diation to tumor tissues while minimizing 
damage to surrounding normal structures.8 
However, hemoptysis is a relatively common 
and potentially life-threatening complica-
tion following iodine-125 (125I) seed implan-
tation.9 Severe postoperative hemoptysis 
may severely affect prognosis and quality of 
life. Therefore, early identification of patients 
at high risk and prevention of postoperative 
hemoptysis are important clinical priorities. 
Currently, studies investigating risk factors 
and predictive models for hemoptysis fol-
lowing 125I seed implantation in patients with 
advanced lung cancer are limited. Therefore, 
this study aimed to identify independent risk 
factors associated with hemoptysis following 
125I seed implantation and to develop a no-
mogram-based prediction model to facilitate 
early risk stratification and optimize clinical 
management.

Materials and methods

Study population

This retrospective study included 133 
patients with lung cancer who underwent 

125I seed implantation at the Department of 
Thoracic Surgery, The Second Hospital of 
Tianjin Medical University, between August 
2023 and May 2025. Patients were divid-
ed into a hemoptysis group (n = 31) and a 
non-hemoptysis group (n = 102) based on 
the occurrence of postoperative hemopty-
sis. The inclusion criteria were as follows: (1) 
histologically confirmed lung cancer, age ≥ 
18 years, and suitability for 125I seed implan-
tation; (2) presence of metastatic disease, re-
currence after surgery, or inability to tolerate 
surgical resection; (3) selection of 125I seed 
implantation based on the characteristics 
of the lesions or patient condition; and (4) 
Eastern Cooperative Oncology Group (ECOG) 
performance status of 0–3 and ability to co-
operate with treatment. Exclusion criteria 
included (1) use of anticoagulant agents or 
traditional Chinese medicines with blood-ac-
tivating and stasis-resolving properties fol-
lowing implantation, which might interfere 
with hemoptysis assessment; (2) cachexia, 
severe dysfunction of major organs (liver, 
kidney, heart, lung, or brain), severe anemia, 
dehydration, or uncorrectable metabolic 
disorders; and (3) incomplete clinical data. 
Of the 187 cases initially screened, 54 were 
excluded for various reasons (including 22 
with missing clinical data, 18 using anticoag-
ulants, 9 lost to follow-up, and 5 not meeting 
inclusion criteria), leaving 133 cases for final 
analysis.

This study was approved by the Ethics 
Committee of the Second Hospital of Tian-
jin Medical University (approval number: 
KY2025K482, date: 24.12.2025). Due to the 
retrospective nature of the study, the ethics 
committee waived the requirement for in-
formed consent. The inclusion and exclusion 
criteria are shown in Figure 1.

The 125I seed implantation procedure

The patient’s position (supine, lateral, or 
prone) was determined according to tumor 
size and location. Local anesthesia with li-
docaine was administered before the pro-
cedure. Tumor volume was measured using 
a Siemens 64-slice spiral computed tomog-
raphy (CT) scanner (Siemens Healthineers, 
Erlangen, Germany), and preoperative 
treatment planning was performed using a 
three-dimensional treatment planning sys-
tem (KL‑SIRPS‑3D, developed by Beihang 
University of Aeronautics and Astronautics, 
Beijing, China). Commercially available ¹²⁵I 
seeds (Saide Biopharmaceutical Co., Ltd., 
Tianjin, China) were used, with a half-life of 
60.2 days, an activity of 0.7 mCi per seed, 
gamma-ray energy of 27–35 keV, and an 
effective tissue penetration distance of 1.7 
cm. A coplanar template-guided approach 
with disposable implantation needles was 
employed. The prescribed radiation dose 
was 120 Gy. Two certified physicians delin-
eated the target volume and developed the 
implantation plan based on preoperative 
chest CT images. All procedures were per-
formed under CT guidance according to the 
preoperative plan. Immediate postoperative 
CT imaging was conducted to verify dose 
distribution. If inadequate dose coverage 
was detected, supplementary seeds were 
implanted. Chest radiography was routine-
ly performed on the first postoperative day, 
and appropriate symptomatic management, 
including anti-infective and hemostatic ther-
apy, was provided when necessary. 

Observation indicators

The collected clinical and treatment-re-
lated variables included demographic and 
clinical factors [age, sex, lesion location, 
pathological type, preoperative tumor–

Figure 1. Flowchart of patient selection.

Main points

•	 Right hilar lesion, prior chemotherapy, and 
intrathoracic bleeding are independent risk 
factors for hemoptysis.

•	 The nomogram model enables effective 
peri-procedural risk assessment.

•	 With a sensitivity of up to 93.5%, this model 
can be used for the rapid early identification 
of individuals at high risk of haemoptysis.
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node–metastasis (TNM) stage, presence of 
distant metastasis, and ECOG performance 
status]; preoperative treatment history (rad-
ical surgery, chemotherapy, radiotherapy, 
and targeted therapy); laboratory parame-
ters (liver and renal function, blood coagula-
tion profile, and platelet count); coagulation 
parameters, including and targeted therapy); 
laboratory parameters [liver function param-
eters, including alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST); 
renal function parameters; coagulation pa-
rameters, including activated partial throm-
boplastin time (APTT); and platelet count]; 
postoperative complications (pneumotho-
rax, intrathoracic hemorrhage, and other 
adverse events); and brachytherapy-related 
parameters (number of implanted seedsand 
number of needle insertions).

Outcome definition

In this study, hemoptysis was defined 
as any respiratory tract bleeding occurring 
within 48 hours after 125I particle implanta-
tion, including blood streaks, clots, or fresh 
blood in sputum. This specific 48-hour win-
dow was selected primarily to strictly differ-
entiate acute traumatic hemorrhage directly 
induced by the interventional puncture pro-
cedure from spontaneous hemoptysis result-
ing from later tumor progression or vascular 
erosion. In confining the outcome assess-
ment to this immediate post-procedural 
period, the aim was to minimize etiological 
confounding and ensure that the endpoint 

was specifically attributed to the surgical in-
tervention rather than to the natural disease 
course. Hemoptysis was graded according 
to the Common Terminology Criteria for 
Adverse Events Version 5.0:10 Grade 1 was 
blood-streaked sputum; Grade 2 was mod-
erate hemoptysis not requiring urgent inter-
vention; Grade 3 and above was massive he-
moptysis (≥ 10 mL per episode) or requiring 
bronchoscopy or interventional hemostasis. 
This study defines the occurrence of hemop-
tysis of any grade (≥ Grade 1) as the outcome 
event; as there were no cases of Grade 3 or 
higher, no subgroup analysis was performed 
for Grades 1 and 2.

Statistical analysis 

Statistical analyses were performed us-
ing SPSS version 22.0. Continuous variables 
with normal distributions were presented 
as mean ± standard deviation and com-
pared using the independent-samples t-test. 
Non-normally distributed variables were 
reported as median (Q1, Q3) and analyzed 
using the Mann–Whitney U test. Categorical 
variables were presented as frequencies and 
percentages and were compared using the 
chi-square (χ2) test. This study analyzed only 
the 133 cases with complete data; missing 
data were not imputed. Binary logistic re-
gression analysis was conducted to identify 
independent risk factors for postoperative 
hemoptysis. A nomogram prediction mod-
el was developed using R software (version 
4.5.2). Model performance was evaluated 

using receiver operating characteristic (ROC) 
curves, calibration curves, and decision curve 
analysis (DCA). The optimal cut-off probabil-
ity for predicting hemoptysis using the no-
mogram model was determined by applying 
the principle of maximizing the Youden in-
dex (Youden index = sensitivity + specificity 
− 1). A two-sided P value < 0.05 was consid-
ered statistically significant.

Results

Demographic characteristics and laborato-
ry parameters

A total of 133 patients were included in 
the study, comprising 86 men and 47 wom-
en, with ages ranging from 43 to 87 years. 
Postoperative hemoptysis occurred in 31 
patients, an incidence of 23.3% (31/133). As 
shown in Table 1, there were no statistical-
ly significant differences between the two 
groups in terms of age, sex, ECOG score, ALT, 
AST, total protein, albumin, creatinine, plate-
let count, activated partial thromboplastin 
time, or D-dimer (all P > 0.05); however, there 
was a statistically significant difference be-
tween the two groups in prothrombin time 
(PT) (P < 0.05).

Tumor characteristics, treatment history, 
and surgery-related parameters

As shown in Table 2, there were no statisti-
cally significant differences between the two 
groups in terms of tumor size, histological 

Table 1. Comparison of clinical characteristics between the hemoptysis and non-hemoptysis groups

Variable No Hemoptysis (n = 102) Hemoptysis (n = 31) t/Z/χ2 P value

Age (years) 70 (62, 74.25) 68 (60, 72) 1.689 0.091

Sex [n (%)] 0.168 0.682

Male 65 (63.7) 21 (67.7)

Female 37 (36.3) 10 (32.3)

ECOG performance status 2 (1, 2) 1 (1, 2) 1.174 0.240

ALT (IU/L) 14 (11.35, 21.75) 15 (12, 19.6) 0.346 0.729

AST (IU/L) 21.85 (17.08, 26.68) 21.7 (15, 27.3) 0.343 0.731

Total protein (g/L) 64.96 ± 6.11 65.91 ± 7.49 0.643 0.524

Albumin (g/L) 34.81 ± 4.24 35.64 ± 4.98 0.920 0.359

Creatinine (µmol/L) 62.75 (51.98, 81.05) 62.8 (58.8, 81) 0.628 0.530

Platelet count (×109/L) 232 (173, 298.75) 217 (186, 279) 0.106 0.915

Prothrombin time (s) 13.5 (12.8, 14.0) 13.0 (12.6, 13.3) 3.372 0.001

Activated partial thromboplastin 
time (s) 35.6 (33.7, 38.2) 35.9 (32.9, 38.4) 0.362 0.717

D-dimer (mg/L) 0.80 (0.50, 1.80) 0.78 (0.36, 1.55) 0.865 0.387

Data are presented as median (IQR), mean ± SD, or n (%), as appropriate. ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECOG, Eastern Cooperative Oncology 
Group. t, Z, and χ² denote Student’s t-test, Mann-Whitney U test, and Pearson’s Chi-squared test, respectively, selected based on data type and distribution. P < 0.05 was 
considered statistically significant. SD, standard deviation; IQR, interquartile range. ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECOG, Eastern Cooperative 
Oncology Group.
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type, TNM staging, history of radical surgery, 
history of radiotherapy or history of target-
ed therapy (all P > 0.05); however, there were 
statistically significant differences between 
the two groups in terms of lesion location 
and history of chemotherapy (all P < 0.05).

As shown in Table 3, there were no statisti-
cally significant differences between the two 
groups in terms of the number of implanted 
particles, the number of needle punctures, or 
the incidence of pneumothorax (all P > 0.05); 
however, there was a statistically significant 
difference in the incidence of intrathoracic 
hemorrhage (P < 0.05).

Risk factors for hemoptysis following io-
dine-125 seed implantation 

Binary logistic regression analysis was 
performed to identify independent factors 
associated with postoperative hemoptysis. 
Lesion location in the right hilum [odds ratio 
(OR): 10.831, 95% confidence interval (CI): 
2.537–46.232, P = 0.001], history of chemo-
therapy (OR: 3.138, 95% CI: 1.160–8.488, P = 
0.024), and intrathoracic bleeding (OR: 2.666, 
95% CI: 1.016–6.993, P = 0.046) were identi-
fied as independent risk factors for postop-
erative hemoptysis (Table 4). PT also showed 

a negative correlation in the multivariate 
analysis (OR: 0.507, 95% CI: 0.280–0.918, P 
= 0.025); however, the difference in median 
values between the two groups was only 0.5 
seconds (13.5 vs. 13.0 seconds), and both fell 
within the normal range, so the clinical sig-
nificance of this association is unclear.

Construction and validation of the nomo-
gram prediction model

A nomogram prediction model was con-
structed based on the four independent fac-
tors identified via logistic regression (Figure 
2). As the scatter plot in Figure 2 shows, the 
scores for each variable were summed to ob-
tain a total score, which was plotted on the 
risk axis below to determine the probability 
of hemoptysis. The area under the receiver 
operating characteristic curve (AUC) for the 
model was 0.830 (95% CI: 0.753–0.907), indi-
cating good discriminative ability (Figure 3). 
In accordance with the principle of maximiz-
ing Youden’s index, at a cut-off probability 
of 0.155, the model achieved a sensitivity of 
93.5% and a specificity of 65.7%. The calibra-
tion curve demonstrated good agreement 
between predicted and observed probabili-
ties, and the Hosmer–Lemeshow goodness-
of-fit test showed no evidence of poor fit (χ2 

= 6.25, P = 0.62) (Figure 4). The DCA further 
demonstrated a favorable net clinical ben-
efit across a threshold probability range of 
0.02–0.70 (Figure 5), supporting the model’s 
potential clinical utility.

Discussion
Management of advanced-stage lung 

cancer remains challenging. For patients 
who are not candidates for surgical resec-
tion, multimodal therapies, including che-
motherapy, radiotherapy, targeted therapy, 
and immunotherapy, have traditionally been 
used to prolong survival, alleviate symptoms, 
and improve quality of life.11 In recent years, 
125I seed implantation has emerged as an ef-
fective alternative for patients who are un-
able or unwilling to undergo surgery, those 
with recurrence following chemoradiother-
apy, or individuals unsuitable for targeted 
therapy or immunotherapy.12 This technique 
delivers localized radiation directly to tumor 
tissue, inducing apoptosis and inhibiting 
angiogenesis.13 The primary target of ther-
apeutic radiation is tumor DNA, and radia-
tion-induced DNA damage results in tumor 
cell death while altering the tumor microen-

Table 2. Tumor characteristics and treatment history

Variable No hemoptysis (n = 102) Hemoptysis (n = 31) t/Z/χ2 P value

Tumor size (cm) 4.35 (2.70, 5.62) 4.10 (3.40, 4.80) 0.016 0.987

Tumor location [n (%)] 18.657 < 0.001

Hilum of the left lung 9 (8.8) 6 (19.4)

Left lung 42 (41.2) 6 (19.4)

Hilum of the right lung 7 (6.9) 10 (32.3)

Right lung 44 (43.1) 9 (29.0)

Pathological type [n (%)] 1.539 0.463

Squamous cell carcinoma 48 (47.1) 12 (38.7)

Adenocarcinoma 22 (21.6) 10 (32.3)

Metastatic lung cancer 32 (31.4) 9 (29.0)

TNM stage [n (%)] 0.070 0.791

Stage IIIB 22 (21.6) 6 (19.4)

Stage IV 80 (78.4) 25 (80.6)

Radical surgery [n (%)] 0.067 0.795

Yes 24 (23.5) 8 (25.8)

No 78 (76.5) 23 (74.2)

Adjuvant therapy [n (%)]

Radiotherapy 12 (11.8) 1 (3.2) 1.117 0.291

Chemotherapy 37 (36.3) 19 (61.3) 6.103 0.013

Targeted therapy 12 (11.8) 4 (12.9) 0.000 1.000

None 47 (46.1) 9 (29.0) 2.834 0.092

TNM is tumor–node–metastasis staging, which here follows the 8th edition of the International Association for the Study of Lung Cancer guidelines. Data are presented as median 
(interquartile range) or number (%), as appropriate. t, Z, and χ² denote Student’s t-test, Mann-Whitney U test, and Pearson’s Chi-squared test, respectively, selected based on data 
type and distribution. P < 0.05 was considered statistically significant.
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vironment.14 A recent meta-analysis further 
confirmed the efficacy and safety of 125I seed 
implantation in patients with inoperable ear-
ly-stage non–small cell lung cancer.15

Pneumothorax and hemoptysis are com-
mon complications associated with percuta-
neous lung procedures. In this study, the inci-
dence of pneumothorax was 40.6% (54/133); 
however, most cases were mild and resolved 
on their own without invasive intervention. 
Hemoptysis is potentially life-threatening 
and requires prompt identification and 
management. Our analysis identified lesion 
location in the right hilum, history of che-
motherapy, and intrathoracic bleeding as 
independent risk factors for postoperative 
hemoptysis. This study defines hemoptysis 
occurring within 48 hours post-surgery as 
procedure-related hemoptysis. This time 
window is based on the clinical patterns of 
procedure-related bleeding following per-
cutaneous lung biopsy and effectively ex-
cludes spontaneous hemoptysis in patients 
with advanced lung cancer caused by tumor 
invasion of blood vessels or tumor necrosis. 
Consequently, this model predicts the risk of 
acute hemoptysis directly associated with 125I 
seed implantation, rather than hemoptysis 
arising from the natural progression of the 
tumor.

It is worth noting that 125I seed implan-
tation has a dual effect on hemoptysis. On 
the one hand, brachytherapy with 125I seed 
can shrink the tumor and induce local tis-
sue fibrosis, thereby alleviating hemoptysis 
caused by tumor invasion of blood vessels; 
existing studies have confirmed its definite 
hemostatic effect in patients with lung can-
cer accompanied by hemoptysis.16 On the 

other hand, hemoptysis is also a common 
complication of CT-guided 125I seed implan-
tation; the literature reports an incidence 
ranging from 34.2% to 66.7%.17,18 The two are 
not mutually exclusive: the former represents 
the long-term therapeutic effect of the par-
ticles (tumor shrinkage → hemostasis); the 
latter refers to acute hemoptysis triggered by 
the puncture procedure in patients with un-

Table 3. Surgical-related indicators and complications

Variable No hemoptysis (n = 102) Hemoptysis (n = 31) t/Z/χ2 P value

Number of particles implanted 58.5 (30, 78.25) 58 (47, 80) 1.282 0.200

Number of puncture needles 9 (6, 14) 11 (8, 12) 0.926 0.354

Pneumothorax [n (%)] 3.397 0.065

Yes 37 (36.3) 17 (54.8)

No 65 (63.7) 14 (45.2)

Intrathoracic hemorrhage [n (%)] 9.136 0.003

Yes 29 (28.4) 18 (58.1)

No 73 (71.6) 13 (41.9)

Data are presented as median (interquartile range), mean ± standard deviation, or number (%), as appropriate. t, Z, and χ² denote Student’s t-test, Mann-Whitney U test, and 
Pearson’s Chi-squared test, respectively, selected based on data type and distribution. P < 0.05 was considered statistically significant.

Table 4. Multivariate logistic regression analysis of factors associated with hemoptysis

Variable B SE Wald χ2 P value OR 95% CI

Prothrombin time (s) −0.680 0.303 5.035 0.025 0.507 0.280–0.918

Tumor location

Hilum of the left lung 1.144 0.730 2.455 0.117 3.140 0.751–13.134

Hilum of the right lung 2.382 0.740 10.352 0.001 10.831 2.537–46.232

Right lung 0.178 0.624 0.081 0.775 1.195 0.352–4.056

Chemotherapy 1.144 0.508 5.072 0.024 3.138 1.160–8.488

Intrathoracic hemorrhage 0.981 0.492 3.970 0.046 2.666 1.016–6.993

Logistic regression analysis was performed to identify independent factors associated with hemoptysis. The left lung (non-hilar region) was used as the reference group for the 
lesion site. B, regression coefficient; SE, standard error; Wald χ², Wald Chi-squared statistic; OR, odds ratio; CI, confidence interval.

Figure 2. Nomogram for prediction of hemoptysis risk.
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derlying vascular vulnerability (puncture → 
vascular injury → hemoptysis). This indicates 
that the occurrence of hemoptysis depends 
more on the patient’s own anatomical vul-
nerability or vascular pathology. Therefore, 
this study does not negate the therapeutic 
value of 125I particles.

A history of chemotherapy was also as-
sociated with increased hemoptysis risk. 
Chemotherapy-induced vascular endothelial 
injury and tumor necrosis may make vessels 
more fragile and susceptible to bleeding.19,20 
Furthermore, puncture-related damage to 
small pulmonary arterial branches or sub-
pleural vessels may simultaneously result in 
intrathoracic bleeding and rupture of bron-
chial mucosal vessels, increasing the risk of 
hemoptysis.21,22

Regarding lesion location, the signifi-
cantly increased risk associated with right 
hilar tumors (OR: 10.831) may be explained 
by anatomical features. The right pulmonary 
artery is typically 1.2–1.5-times wider than 
the left and forms a smaller branching an-
gle with the bronchus (approximately 30°), 
which may increase the risk of vascular inju-
ry during CT-guided puncture procedures.23 
As this study restricted the timeframe for 
hemoptysis to within 48 hours post-surgery, 
the hemoptysis in question was an acute 
event induced by the puncture procedure, 
rather than vascular necrosis caused by 
long-term particle radiotherapy. Due to the 
unique anatomical structure of the right hi-
lum, the vessels there are more vulnerable, 
making puncture procedures more likely to 
induce hemoptysis in such patients.

In this study, PT was negatively associ-
ated in the multivariate analysis (OR: 0.507, 
95% CI: 0.280–0.918, P = 0.025); however, 
this result should be interpreted with ex-
treme caution. First, the median PTs in the 
two groups were 13.5 seconds (non-hemop-
tysis group) and 13.0 seconds (hemoptysis 
group), respectively, a difference of only 0.5 
seconds, and both fell within the clinically 
normal reference range (11–13.5 seconds).24 
Furthermore, clinically, a PT exceeding the 
normal control value by more than 3 seconds 
is generally considered a clinically significant 
prolongation,25 and the mean PT values in 
both groups in this study were well below 
this threshold. Second, from a physiological 
perspective, a prolonged PT typically indi-
cates a defect in the extrinsic coagulation 
pathway; theoretically, this should increase 
rather than decrease the risk of bleeding. 
Studies have indicated that isolated PT pro-
longation is rarely clinically significant, and 

Figure 3. Receiver operating characteristic (ROC) curve of the prediction model. AUC, area under the curve.

Figure 5. Decision curve analysis of the prediction model.

Figure 4. Calibration curve of the prediction model. 
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the degree of prolongation is not correlated 
with the severity of coagulation factor defi-
ciency. For example, previous research has 
shown that a single coagulation factor defi-
ciency typically requires a level below 35% of 
normal to significantly prolong PT, whereas 
the combined effect of mild deficiencies in 
multiple factors may lead to prolonged PT; 
however, this is not always associated with 
a clinical risk of bleeding.26 Furthermore, cer-
tain drugs, such as daptomycin, may cause a 
false prolongation of PT that does not reflect 
an actual deficiency in clotting factors or a 
risk of bleeding.27 This finding supports the 
view that there is no direct correlation be-
tween prolonged PT and the degree of clot-
ting factor deficiency. Finally, patients with 
advanced lung cancer often present with a 
hypercoagulable state; theoretically, a mild-
ly prolonged PT may partially offset this hy-
percoagulable tendency, thereby reducing 
the risk of thrombus-related vascular rup-
ture and severe hemodynamic fluctuations 
during surgery.28 Consequently, the negative 
correlation observed in this study may also 
be attributable to selection bias inherent in 
retrospective studies. Future research should 
employ propensity score matching or a pro-
spective design to clarify the true association 
between PT and postoperative hemoptysis. 
Nevertheless, the possibility of a subtle bio-
logical effect cannot be ruled out. This con-
clusion requires further validation through 
larger, multicenter studies, and it is not cur-
rently recommended as an independent ba-
sis for clinical decision-making.

To the best of our knowledge, no previous 
predictive model specifically addressing he-
moptysis following 125I seed implantation in 
lung cancer has been reported. The nomo-
gram developed in this study demonstrated 
good discrimination (AUC: 0.830) and sat-
isfactory calibration, suggesting potential 
clinical utility in preoperative risk assessment 
and individualized management. Regarding 
clinical recommendations, the nomogram 
can be used to calculate the probability of 
haemoptysis during or immediately after the 
procedure. When the risk threshold exceeds 
0.155, it is recommended to enhance plan-
ning of the puncture trajectory during sur-
gery, monitor the patient closely for 48 hours 
postoperatively, and ensure that hemostatic 
agents or facilities for interventional hemo-
stasis are readily available. 

This study has certain limitations. First, 
as a single-center retrospective study, the 
sample size in the hemoptysis group was 
relatively small (31 cases), which may intro-
duce selection bias and preclude subgroup 

analysis. Furthermore, the imbalance in 
sample sizes between the case and control 
groups may affect the stability of the model. 
Although the internal validation results are 
favorable, external validation using a multi-
center, large-sample prospective cohort is re-
quired to assess the model’s generalizability. 
Moreover, this study did not include a control 
group of patients with advanced lung cancer 
who did not receive 125I seed implantation; 
therefore, it is not possible to rule out a con-
founding effect of the seeds themselves in 
preventing hemoptysis (e.g., some patients 
in the non-hemoptysis group may have ben-
efited from the long-term tumor shrinkage 
and hemostatic effects of the seeds). Fur-
thermore, the predictive conclusions of this 
model are limited to the risk of acute hemop-
tysis within 48 hours post-surgery and do 
not involve an evaluation of the long-term 
efficacy of the seeds. Additionally, this strict 
48-hour time window, although clinically 
rational, constitutes a secondary limitation. 
Rare, delayed iatrogenic hemoptysis occur-
ring beyond this threshold might be missed, 
and such cases could be inadvertently mis-
classified into the non-hemoptysis group, 
potentially leading to a slight underestima-
tion of the true procedure-related bleeding 
risk. Future research could further explore 
the combined predictive value of preopera-
tive radiomic features (e.g., vascular patterns 
and tumor vascularization as shown on CT 
angiography) and procedure-related vari-
ables (e.g., the length of the puncture path 
and whether the interlobar fissure was tra-
versed) to improve the model’s performance.

Lesion location in the right hilum, history 
of chemotherapy, and intrathoracic bleed-
ing are significantly associated with the oc-
currence of hemoptysis following 125I seed 
implantation in patients with advanced lung 
cancer. A nomogram incorporating these vari-
ables demonstrated good predictive perfor-
mance and may assist in early identification 
of patients at high risk, facilitating timely pre-
ventive interventions. Comprehensive preop-
erative evaluation, careful puncture planning 
to avoid major vessels and bronchi, meticu-
lous procedural technique, and prompt man-
agement of intrathoracic bleeding are rec-
ommended to reduce the risk of hemoptysis. 
Future studies should explore additional im-
aging and procedural predictors and develop 
more robust, externally validated models to 
improve risk stratification in clinical practice.
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