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Highlights

What are the main findings?

e  First nationwide survey reveals conservative use of VIE prophylaxis in advanced
NSCLC outpatients in China, with limited adherence to guidelines.
e  Direct oral anticoagulants are the most commonly preferred agents.

What are the implications of the main findings?

e Knowledge gaps and safety concerns are commonly perceived barriers to the imple-
mentation of thromboprophylaxis.
e  Bleeding risk and monitoring challenges significantly influence clinical decision-making.

Abstract

Background: Venous thromboembolism (VTE) is a common and serious complication in
patients with advanced non-small-cell lung cancer (NSCLC). While guidelines recommend
prophylactic anticoagulation for cancer outpatients at high risk, its clinical implementation
remains conservative in China. Objectives: This study aimed to investigate the current use
of prophylactic anticoagulation for advanced NSCLC outpatients at high risk of VTE in
China and explore factors influencing physicians’ decision-making. Methods: A descriptive
cross-sectional survey using a convenience sampling approach was conducted from May
to June 2025 among physicians from multiple top-tier tertiary hospitals across China.
The survey assessed physicians’ knowledge, practices, and concerns regarding VTE risk
assessment and prophylactic anticoagulation. Descriptive statistics and multiple response
analyses were performed using SPSS 25.0. Results: A total of 235 valid responses were
collected. Although 84.7% of physicians reported receiving anticoagulation training, only
57.8% routinely used the Khorana score for risk assessment. After excluding six physicians
(2.7%) who reported never assessing VTE risk, 59.4% reported initiating prophylactic
anticoagulation for patients with a Khorana score >2. Direct oral anticoagulants were
preferred by 75.6% of physicians. Key concerns included management of bleeding events
(78.6%) and adverse reactions monitoring (61.1%). Notably, only 49.4% of physicians
reported being familiar with the Khorana score. Conclusions: Prophylactic anticoagulation
for advanced NSCLC outpatients appears to remain underutilized in China. Limited
familiarity with VTE risk assessment tools and concerns regarding bleeding risk may
influence physicians’ clinical decisions. Educational initiatives and prospective studies
may help improve guideline adherence.
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1. Introduction

Venous thromboembolism (VTE) remains one of the most clinically significant compli-
cations in patients with advanced non-small-cell lung cancer (NSCLC). As lung cancer is
considered a highly thrombogenic malignancy, individuals with NSCLC are at particularly
high risk of VTE development [1]. In advanced-stage disease, the incidence of VTE may be
substantial, especially in patients receiving first-line combination chemotherapy and im-
munotherapy [2]. Thrombotic events are associated with treatment interruption, increased
healthcare burden, and impaired survival [3].

In recent years, risk-adapted thromboprophylaxis has been proposed to reduce pre-
ventable thrombotic events in ambulatory cancer populations. Randomized clinical trials
have demonstrated that prophylactic anticoagulation can significantly reduce VTE inci-
dence in selected high-risk patients, although concerns regarding bleeding complications
remain [4,5]. Several prediction models have been developed to facilitate risk stratification,
among which the Khorana score is the most widely adopted and incorporated into interna-
tional guidelines, including those issued by ASCO and ISTH [6-8]. Current guidelines do
not recommend routine thromboprophylaxis for all ambulatory cancer patients but suggest
its use in those at high risk of VTE, typically defined as a Khorana score >2 [7-9].

Despite these recommendations, the implementation of thromboprophylaxis in routine
clinical practice remains inconsistent. In China, preventive anticoagulation among lung
cancer patients appears conservative, even in those at elevated VTE risk [10]. Moreover,
existing retrospective studies primarily describe utilization rates but provide limited insight
into physicians” awareness, decision-making processes, and perceived barriers in the
outpatient management of advanced NSCLC [11].

Thromboprophylaxis decisions in ambulatory settings are largely clinician-driven
and influenced by individual risk assessment and safety considerations. A physician-
based survey is therefore an appropriate approach to explore current practice patterns and
underlying determinants. This survey aimed to investigate the knowledge, attitudes, and
practice patterns of physicians involved in the management of advanced NSCLC patients
across tertiary hospitals in China.

2. Materials and Methods
2.1. Survey Respondents

A descriptive cross-sectional survey was conducted among physicians from top-tier
tertiary hospitals across China who were involved in the management of advanced NSCLC.
A convenience sampling approach was adopted to select potential participants. Eligible
participants were required to hold valid Practicing Physician Certificates of the People’s
Republic of China, be actively practicing in departments closely related to advanced NSCLC
care, such as medical oncology and respiratory medicine, and provide routine clinical care
to these patients. Physicians on medical leave, professional training, or otherwise absent
from clinical work during the study period were excluded.

2.2. Survey Instrument

The questionnaire was developed based on a literature review and relevant national
and international VTE prevention guidelines. The questionnaire was developed to explore
the discrepancy between guideline recommendations and real-world clinical practice re-
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garding prophylactic anticoagulation in advanced NSCLC. Items assessing anticoagulant
selection were formulated with reference to current ASCO and CSCO guideline recom-
mendations. Knowledge-related questions were constructed based on the Khorana risk
assessment model to evaluate physicians’ understanding of VTE risk stratification.

The questionnaire comprised 19 items covering the following domains:

Physician demographics and professional characteristics;
Training experience in anticoagulation;
VTE risk assessment practices, including the use of the Khorana score;

L

Prophylactic anticoagulation decision-making, anticoagulant preferences and selec-
tion criteria;

o1

Physicians’ concerns about anticoagulation;

.0'\

Physicians’ knowledge of the Khorana score.

Different response formats were applied according to the content of each domain.
Most demographic and professional characteristics were assessed using single-choice ques-
tions, while training channels, anticoagulation concerns, and factors influencing drug
selection allowed multiple responses. Attitudes and clinical decision-making preferences
(e.g., performing VTE risk assessment) were evaluated using single-choice Likert-type
questions. Two single-choice knowledge questions were included to objectively assess
physicians” understanding of the Khorana risk assessment model: one addressing the
lung cancer-specific score and the other assessing the recommended threshold for ini-
tiating prophylactic anticoagulation. These knowledge items were scored in a binary
manner (correct = 1, incorrect = 0), and accuracy rates were calculated as the proportion of
correct responses.

Prior to formal distribution, the questionnaire was pilot-tested among 20 physicians
to evaluate clarity, feasibility, and internal consistency. The pilot results demonstrated
acceptable reliability (Cronbach’s oc = 0.727) and sampling adequacy (KMO measure = 0.711;
Bartlett’s test of sphericity, p < 0.001). As no major issues were identified during the pilot
testing, the questionnaire content remained unchanged and was subsequently finalized for
nationwide dissemination.

2.3. Survey Procedure

After obtaining ethical approval from the Ethics Committee of The First Affiliated
Hospital of Sun Yat-sen University (No. [2025]291), the questionnaire was disseminated
using a professional online platform (Wenjuanxing, www.wijx.cn). A QR code linking to the
survey was distributed nationwide. It should be noted that as the questionnaire link was
disseminated broadly without a predefined sampling frame, the total number of physicians
who received the invitation could not be determined; therefore, a response rate could not
be calculated.

To ensure data quality, each device was restricted to a single submission. The collected
information, with the exception of the hospital’s regional location for the purpose of
ensuring nationwide coverage, contained no personal identifiers. All responses were
strictly anonymous and analyzed in an aggregated manner. The survey was conducted
between May and June 2025.

2.4. Statistical Analysis

Data were analyzed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). The
reliability and validity of the questionnaire were assessed using Cronbach’s «, the Kaiser—
Meyer-Olkin (KMO) measure, and Bartlett’s test of sphericity. Descriptive statistics were
applied to summarize categorical variables (e.g., physician title, department, education) as
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frequencies and percentages. Multiple response analysis was employed for questions with
multiple-choice options (e.g., training channels, anticoagulation concerns).

Given that the survey primarily aimed to describe physicians” knowledge, attitudes,
and self-reported practices rather than to evaluate causal determinants of clinical decision-
making, the analysis focused mainly on descriptive statistics.

2.5. Reporting Guideline

This study was conducted and reported in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines for cross-
sectional studies.

3. Results
3.1. Survey Response and Questionnaire Reliability

A total of 235 valid responses were collected. The survey demonstrated a broad
geographical coverage, encompassing physicians from 17 provinces across China. The
participant cohort exhibited considerable diversity, representing a wide spectrum of pro-
fessional titles, clinical experience, and departmental affiliations. The final questionnaire
demonstrated good internal consistency (Cronbach’s « = 0.749) and structural validity
(KMO measure = 0.795; Bartlett’s test of sphericity, p < 0.001), confirming its suitability for
the subsequent analyses.

3.2. Characteristics of Participating Physicians

Table 1 summarizes the demographic and professional characteristics of the participat-
ing physicians. Among the respondents, attending physicians accounted for the largest
proportion (41.7%), followed by associate chief physicians (30.6%), resident physicians
(20.4%), and chief physicians (7.2%). Respondents were primarily from oncology (55.7%)
and respiratory medicine departments (33.6%), with 10.6% from other departments such as
thoracic surgery, radiation oncology and lung cancer centers.

Regarding clinical experience, 27.2% had practiced for 5-10 years, followed by <5 years
(23.4%), 10-15 years (23.4%), 15-20 years (18.7%), and >20 years (7.2%). The majority
(58.3%) held a master’s degree, followed by a bachelor’s degree (23.8%) and a doctoral
degree (17.4%).

Table 1. Survey variable table.

Category Variables Responses Number of Responses (%)
Resident physician 48 (20.4)
Titl Attending physician 98 (41.7)
itle Associate chief physician 72 (30.6)
Chief physician 17 (7.2)
Respiratory department 79 (33.6)
Department Oncology department 131 (55.7)
Other departments 25 (10.6)
Demographics <5 years 55 (23.4)
5-10 years 64 (27.2)
Time in practice 10-15 years 55 (23.4)
15-20 years 44 (18.7)
>20 years 17(7.2)
Below bachelor 1(0.4)
. . r L Bachelor 56 (23.8)
Highest educational qualification Master 137 (58.3)
Doctor 41 (17.4)
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Table 1. Cont.

Category Variables Responses Number of Responses (%)
. . . . Yes 199 (84.7)
Anticoagulation training experience No 36 (15.3)
Never 1(0.5)
Once 5(2.5)
Anticoagulation training frequency Once a week 5(25)
Anticoagulation Once a month 36 (18.1)
training Once a quarter 78 (39.2)
Once a year 74 (37.2)
Hospital training 186 (93.5)
Training channels (multiple-response Academic conferences 132 (66.3)
& uestion) p P Literature 126 (63.3)
d Popular science 93 (46.7)
Other channels 11 (5.5)
Very familiar 18 (7.7)
Moderately familiar 98 (41.7)
Familiarity with Khorana score Somewhat familiar 72 (30.6)
Slightly familiar 44 (18.7)
Not familiar at all 3(1.3)
0 points 2 (0.9)
o “ oy 1 point 130 (55.3)
Knowledge measures Lung cancer-si.s(zgﬁz Cstc)ore (“1 point 2 points 79 (33.6)
3 points 23 (9.8)
4 points 1(0.4)
0 points 3(1.3)
Prophylactic anticoagulation ! po.mt 13(5.5)
threshold (2 points” is correct) 2 points 153 (65.1)
P 3 points 57 (24.3)
4 points 9 (3.8)
Definitely would 52 (22.1)
Probably would 84 (35.7)
Use of Khorana score Unsure 33 (14.0)
Probably would not 60 (25.5)
Definitely would not 6(2.7)
Definitely would 28 (12.2)
Initiation of prophylactic Probably would 108 (47.2)
anticoagulation when Khorana score Unsure 52 (22.7)
>2 Probably would not 40 (17.5)
Definitely would not 1(0.4)
L . Completely inclined 23 (10.0)
Clinical Practice Somewhat inclined 119 (52.0)
Patterns Anticoagulant selection—LMWH Unsure 37 (16.2)
Somewhat disinclined 47 (20.5)
Completely disinclined 3(1.3)
Completely inclined 16 (7.0)
Somewhat inclined 157 (68.6)
Anticoagulant selection—DOACs Unsure 28 (12.2)
Somewhat disinclined 25 (10.9)
Completely disinclined 3(1.3)
Completely inclined 7(3.1)
Somewhat inclined 36 (15.7)
Anticoagulant selection—warfarin Unsure 23 (10.0)
Somewhat disinclined 107 (46.7)
Completely disinclined 56 (24.5)
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Table 1. Cont.

Category Variables Responses Number of Responses (%)
Bleeding events 180 (78.6)
Patients’ comorbidities 158 (69.0)
Anticoagulation Adverse reactions monitoring 140 (61.1)
concerns (multiple-response question) Unclear guidelines 115 (50.2)
. . Food or drug interactions 100 (43.7)
Factors influencing
.. . Others 7 (3.1)
clinical practice
Drug safety 213 (90.6)
Anti . o Guideline recommendation 199 (84.7)
nticoagulant selection criteria .. .
(multiple-response question) Ease of administration 185 (78.7)
Drug price 101 (43.0)
Others 4(1.7)

3.3. Anticoagulation Training and Knowledge

As shown in Figure 1, 84.7% of physicians reported they had received anticoagulation
training, most commonly on a quarterly (39.2%) or annual (37.2%) basis. Hospital-based
training (93.5%) was the predominant format, followed by academic conferences (66.3%)
and literature review (63.3%).

45.0% 1 1000%7  93.5%

39.2%
40.0% 4 39.2 37.0% 90.0% 4

9% -
35.0% 4 80.0%

70.0° 66.3% )
0.0% 4 o,
30.0% 4 63.3%
60.0%
46.7%
o 50.0% 46.7%
20.0% 18.1%
40.0%
15.0%

30.0% 4

9
10.0% 20.0% 4

0%, 2.5% 2.5% 10.0% 4 5.5%

0/, _ ) 1
0.0% T T T T T 1 0.0% T T T T

Never Once Once a Once a Once a Once a Hospital Academic Literature Popular Other
week month quarter year training conferences science channels

(@) (b)

Figure 1. Results on the anticoagulation training of physicians. (a) Training frequencies (single-choice
question); (b) Training channels (multiple-response question). Percentages in panel (b) represent the
proportion of respondents selecting each option and may not sum to 100%.

However, gaps between training and knowledge remained significant. As shown
in Figure 2a, although 49.4% of respondents claimed being familiar with the Khorana
score, merely 7.7% considered themselves very familiar. Furthermore, specific questions
were designed to objectively evaluate physicians” knowledge. The assessments revealed
accuracy rates of 55.3% for the lung cancer-specific score and 65.1% for the prophylactic
anticoagulation threshold.

3.4. Clinical Practice Patterns

Figure 2b,c illustrate real-world prophylactic anticoagulation practices. Only 57.8%
of physicians routinely used the Khorana score to assess VTE risk in advanced NSCLC
outpatients undergoing chemotherapy. Excluding six physicians (2.7%) who have never
evaluated VTE risk, 59.4% reported initiating prophylactic anticoagulation in patients with
a Khorana score of >2.

In terms of anticoagulant selection, most physicians preferred direct oral anticoagu-
lants (DOACs, 75.6%, Figure 2e), followed by low molecular weight heparin (LMWH, 62.0%,
Figure 2d) and warfarin (18.8%, Figure 2f). Safety (90.6%) and guideline recommendations
(84.7%) were the primary determinants influencing drug selection (Figure 3b).
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1.3%
18.7%
25.5%
@ Very familiar @ Definitely would
Moderately familiar Probably would
Somewhat familiar Unsure
Slightly familiar Probably would not
41.7% W Not familiar at all W Definitely would not
30.6% 14.0%
35.7%
(a) (b)
0.4%
17.5%
20.5%
@ Definitely would @ Completely inclined
Probably would Somewhat inclined
Unsure Unsure
s Probably would not Somewhat disinclined
1% ofinitely w A
 Definitely would not 162% W Completely disinclined
47.2% 52.0%
(c) (d)
1.3%
10.9%
15.7%
122% @ Completely inclined @ Completely inclined
Somewhat inclined 10.0% Somewhat inclined
Unsure Unsure
Somewhat disinclined Somewhat disinclined
B Completely disinclined W Completely disinclined
68.6%
46.7%
(e) ()

Figure 2. Results on the theoretical knowledge evaluation and practical application for prophylactic
anticoagulation of physicians: (a) Self-evaluation of understanding of the Khorana score. (b) Answer
on whether Khorana scoring will be performed on advanced NSCLC ambulatory patients undergoing
chemotherapy. (c) Answer on whether physicians will carry out prophylactic anticoagulation for
advanced NSCLC outpatients undergoing chemotherapy with a Khorana score of >2. (d—f) An-
swers on whether physicians are inclined to choose which drug for prophylactic anticoagulation:
(d) LMWH, (e) DOAC:Ss, (f) warfarin. NSCLC, non-small-cell lung cancer; LMWH, low molecular
weight heparin; DOACs, direct oral anticoagulants. Percentages are rounded to one decimal place,
and minor adjustments were made to ensure the total sums to 100%.

3.5. Physicians” Concerns Regarding Anticoagulation

Figure 3a summarizes major barriers to prophylactic anticoagulation. The leading
concerns were the management of bleeding events (78.6%), the complexity of patient
comorbidities (69.0%), and difficulties in monitoring adverse reactions (61.1%). Addi-
tional considerations included insufficiently clear guidelines (50.2%), potential drug-drug
interactions (43.7%), and procedural interventions such as surgery or biopsy (3.1%).
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Figure 3. Factors influencing practice patterns of physicians. (a) Anticoagulation concerns (multiple-
response question); (b) Anticoagulants selection criteria (multiple-response question). Percentages in
panel (a,b) represent the proportion of respondents selecting each option and may not sum to 100%.

4. Discussion

This nationwide survey provides the first comprehensive assessment of prophylactic
anticoagulation practices for advanced NSCLC outpatients undergoing chemotherapy at
high risk of VTE in China.

4.1. Conservative Use of Prophylactic Anticoagulation

Although 84.7% of physicians had received anticoagulation training, the reported
use of the Khorana score for VTE risk stratification and the initiation of prophylactic
anticoagulation when the Khorana score was >2 appeared relatively limited.

Similar implementation patterns have been described in previous studies. A single-
center study in China reported that only 8.3% of lung cancer patients at high risk of VTE
received prophylactic anticoagulation [10]. A national survey in 2019 found that 9.5% of
healthcare providers routinely administered prophylactic anticoagulation for non-surgical
critically ill cancer patients [11].

International data from the Edwards Comprehensive Cancer Center further demon-
strated a comparable pattern: although 34% of patients were identified as having a Khorana
score >2 and were therefore eligible for prophylactic anticoagulation, only 7% actually
received anticoagulation therapy. Notably, the reasons for withholding prophylaxis were
not documented in many cases [12].

Collectively, these findings suggest that the translation of guideline-based risk stratifica-
tion into routine oncology practice may remain variable across different healthcare settings.

4.2. Physician Knowledge and Risk-Benefit Concerns

Only half of the respondents reported familiarity with the Khorana score, and the
accuracy rates for key scoring questions were below 70%. Consistent with our findings,
a cross-sectional descriptive study reported that additional cost, fear of bleeding and
lack of knowledge on thromboprophylaxis use (50%, 38.5% and 30.8% respectively) were
commonly perceived barriers to its use [13]. These findings suggest a notable gap in
knowledge translation from guidelines to clinical practice.

In the context of high VTE incidence and poor prognosis in advanced NSCLC, despite
guideline recommendations supporting risk-adapted prevention strategies, bleeding risk
remained the most frequently reported concern among physicians (78.6%). In this survey,
knowledge gaps and safety concerns were identified as perceived barriers to thrombo-
prophylaxis. However, these factors were based on self-reported responses and were not
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evaluated as independent predictors of clinical behaviour. Therefore, educational initia-
tives and implementation strategies may help address these concerns and facilitate more
informed decision-making.

4.3. Anticoagulant Selection and Influence Factors

In our study, DOACs were the most preferred anticoagulants, surpassing LMWH and
warfarin, which offer the advantages of oral administration and do not require routine
monitoring. Moreover, the preference is likely driven by two key factors. On one hand,
the clinical benefits of DOACs have been validated in two large randomized controlled
trials—AVERT [4] and CASSINI [5]—which demonstrated that prophylactic rivaroxaban
or apixaban significantly reduced the incidence of VTE in high-risk ambulatory cancer
patients compared with placebo; on the other hand, major international guidelines, in-
cluding those from ASCO and ISTH, have endorsed DOACs as recommended agents for
thromboprophylaxis in cancer patients with Khorana scores of >2.

Importantly, physicians in our survey prioritized safety as the top factor influencing
anticoagulant selection, highlighting the need for real-world studies to evaluate the safety
and efficacy of DOACs for thromboprophylaxis in Chinese oncology populations.

4.4. Future Measures

Based on the reported knowledge gaps and safety concerns identified in this survey,
training programs focusing on both VTE risk assessment and bleeding events management
may improve physicians’ familiarity with guideline-recommended strategies. Such initia-
tives may also increase confidence in clinical decision-making. Strengthening physicians’
familiarity with the Khorana score and enhancing confidence in managing bleeding-related
complications may reduce hesitation in initiating prophylactic anticoagulation.

Beyond individual training, institutional culture may play a critical role in shap-
ing clinical decision-making. Establishing multidisciplinary collaboration frameworks,
standardized thromboprophylaxis protocols, and structured bleeding management path-
ways may provide physicians with greater clinical support. Active engagement from
institutional leadership, particularly through integrating VTE prevention into routine clini-
cal governance and quality improvement initiatives, may further promote adherence to
evidence-based practice.

Finally, future studies are warranted to generate real-world data on the safety and
effectiveness of prophylactic anticoagulation in Chinese oncology populations. In parallel,
refinement of current risk prediction models through the incorporation of patient-specific
factors (e.g., comorbidities and laboratory parameters) may facilitate more individualized
decision-making, thereby improving patient outcomes while minimizing adverse events.

5. Conclusions

This national survey highlights the apparent underutilization of prophylactic anticoag-
ulation among advanced NSCLC outpatients at high risk of VIE in China, which appears
to be associated with physicians’ knowledge gaps and safety concerns. Addressing these
barriers through targeted education, robust real-world evidence, and improved risk assess-
ment models may help align clinical practice with international standards and support
more informed clinical decision-making.

Strengths and Limitations

As the first national survey on prophylactic anticoagulation in advanced NSCLC
outpatients with a Khorana score >2, this study provides valuable insights into real-world
practice patterns and physician awareness. The large sample size and broad geographic cov-
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erage enhance the representativeness of the findings, and the questionnaire demonstrated
good internal consistency and structural validity.

Nonetheless, several limitations should be acknowledged.

First, the cross-sectional and self-reported design is susceptible to social desirability
and recall bias. The reported practices reflect physicians’ perceptions rather than objectively
verified prescribing behaviours.

Second, because the questionnaire was disseminated without a predefined sampling
frame, the total number of invited physicians was unknown and a response rate could not
be calculated. As a result, the representativeness of the sample cannot be fully evaluated. In
addition, participants were primarily from top-tier tertiary hospitals, which may limit gen-
eralizability to physicians practicing in secondary or primary healthcare settings. Potential
self-selection bias may also exist, as physicians with a greater interest in VTE management
may have been more likely to participate.

Third, this study did not include patient-level clinical characteristics, contraindications
to anticoagulation, or outcome data. Therefore, the survey could not capture individual-
ized risk-benefit considerations in real-world practice, nor could the correlation between
reported practices and actual patient outcomes be evaluated.

Furthermore, due to the relatively limited sample size, exploratory subgroup analyses
stratified by physician characteristics (e.g., years of clinical experience or departmental
affiliation) were not performed. Future large-scale studies incorporating patient-level data
are warranted to further validate and extend these findings.
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Abbreviations

The following abbreviations are used in this manuscript:

VTE Venous thromboembolism

NSCLC Non-small-cell lung cancer

ISTH International Society for Thrombosis and Hemostasis
ASCO American Society of Clinical Oncology
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KMO Kaiser-Meyer—Olkin

STROBE Strengthening the Reporting of Observational Studies in Epidemiology
LMWH Low molecular weight heparin

DOACs  Direct oral anticoagulants

Apixaban for the Prevention of Venous Thromboembolism in High-Risk

AVERT . .
Ambulatory Cancer Patients trial
CASSINI Rivaroxaban Thromboprophylaxis in High-Risk Ambulatory Cancer Patients
Receiving Systemic Therapy: Results of a Randomized Clinical Trial
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