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ABSTRACT

Introduction: Extended thromboprophylaxis with low-molecular-weight heparin (LMWH,) for
28 days is recommended in patients undergoing major abdominal or pelvic cancer surgery,
but the evidence for thoracic cancer surgery is weak. We aimed to evaluate the use of
pharmacological thromboprophylaxis and incidence of venous thromboembolism (VTE) in
adult patients undergoing lung cancer surgery in daily clinical practice.
Methods: Retrospective evaluation of a cohort of consecutive adult patients who had
undergone lung cancer surgery. Patients were followed for 90 days after surgery.
Results: From 2000 to 2023, 405 patients were included (69% males; mean age 63.5 + 10.1 years).
Overall, 97.3% of the patients received LMWH thromboprophylaxis, with a median duration of 6
days (range, 1-30 days). Thromboprophylaxis use increased over time (from 94.9% in the period
2000-2012 to 99.1% in the period 2013-2023). During follow-up, 6 patients (1.5%) developed a VTE
event: 3 isolated lower-limb deep vein thrombosis, and 3 non-fatal pulmonary embolism.
Median time between surgery and the thrombotic event was 17.5 days (range, 4-78 days).
Concomitant epidural analgesia and shorter hospital stay were associated with a lower risk of
VTE. Three patients (0.7%) died during follow-up, none of them due to a VTE event.
Conclusions: While extended thromboprophylaxis could be considered for certain high-risk
thoracic surgery cancer patients, our results do not support its widespread use due to the
low rate of VTE after lung cancer surgery. More studies are needed to identify subgroups of
patients that could benefit from tailored thromboprophylaxis strategies.
© 2025 AEC. Published by Elsevier Espafia, S.L.U. All rights are reserved, including those for
text and data mining, Al training, and similar technologies.
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Profilaxis antitrombética e incidencia de tromboembolismo venoso en
cirugia de cancer de pulmoén: estudio observacional retrospectivo

RESUMEN

Palabras clave:
Cancer de pulmén
Cirugia

Trombosis venosa
Embolia pulmonar
Profilaxis

Introduccion: La trombropofilaxis extendida con heparina de bajo peso molecular (HBPM)
durante 28 dias estd recomendada en cirugia oncolégica mayor abdominal o pélvica. La
evidencia en cirugia oncoldgica tordcica es débil. Hemos evaluado el uso de tromboprofilaxis
farmacolégica y la incidencia de tromboembolismo venoso (TEV) en condiciones de practica
clinica habitual en pacientes intervenidos por cancer de pulmoén.
Meétodos: Estudio retrospectivo unicéntrico de pacientes adultos consecutivos intervenidos
por cancer de pulmén, seguidos durante 90 dias tras la cirugia.
Resultados: Entre 2000 y 2023 se incluyeron 405 pacientes (69% varones; edad media
63,5 + 10,1 afos). Globalmente, el 97,3% de los pacientes recibieron tromboprofilaxis con
HBPM, con una mediana de duracién de 6 dias (rango, 1-30 dias). El uso de la tromboprofilaxis
aument? a lo largo del tiempo (de 94,9% en el periodo 2000-2012 a 99,1% en el periodo 2013-
2023). Durante el seguimiento 6 pacientes (1,5%) desarrollaron un episodio de TEV, 3
trombosis venosas profundas aisladas de extremidades inferiores y 3 embolias de pulmén
no fatales. La mediana de tiempo entre la cirugia y el evento trombético fue 17,5 dias (rango,
4-78 dias). El empleo de anestesia epidural y la menor estancia hospitalaria se asociaron con
un menor riesgo de TEV. Durante el seguimiento fallecieron 3 pacientes (0,7%), ninguno de
ellos como consecuencia de una complicacién tromboética.
Conclusiones: Nuestros resultados no apoyan el empleo sistematico de la tromboprofilaxis
farmacolégica extendida tras cirugia por cancer de pulmén. Se precisan estudios adicionales
para identificar subgrupos de pacientes que se beneficiarian de estrategias de trombopro-
filaxis individualizadas.
© 2025 AEC. Publicado por Elsevier Espaiia, S.L.U. Se reservan todos los derechos, incluidos
los de mineria de texto y datos, entrenamiento de IA y tecnologias similares.

Introduction

as a useful tool for risk assessment). In both cases, the quality
of the evidence that supports the recommendations is low.”
Our aim was to evaluate the use of pharmacological

Venous thromboembolism (VTE) risk increases after surgery.
Clinical practice guidelines (CPG) uniformly recommend
pharmacological thromboprophylaxis with parenteral or oral
anticoagulants (depending on the type of surgery) in high-risk
patients in accordance with validated risk scores, such as the
Caprini Score.”

In cancer patients, the risk of VTE after major surgery is
higher than in non-cancer patients and it may persist for
several weeks. Several clinical trials have shown that
extended thromboprophylaxis with low-molecular-weight
heparin (LMWH) for 4 weeks, compared to 10-14 days, was
associated with a reduction in the incidence of VTE without
increasing major bleeding in patients undergoing abdominal
or pelvic cancer surgery. Therefore, CPG uniformly recom-
mend extended thromboprophylaxis with LMWH in this
scenario.”™

The optimal duration of pharmacological thromboprophy-
laxis in thoracic cancer surgery is less clear. The 2022 ESTS/
AATS joint guidelines for the prevention of cancer-associated
venous thromboembolism in thoracic surgery suggest exten-
ded prophylaxis in patients undergoing pneumonectomy or
extended resections. In patients undergoing lobectomy or
segmentectomy, extended thromboprophylaxis is suggested
in moderate-high risk patients (the Caprini score is described

thromboprophylaxis and VTE incidence in daily clinical
practice in a cohort of patients undergoing lung cancer

surgery.

Methods

Study design

Consecutive adult patients (>18 years) who had undergone
thoracic surgery or lung cancer at the Clinica Universidad de
Navarra (a tertiary teaching hospital) between August 2000
and February 2023 were evaluated retrospectively. Patients
receiving chronic anticoagulant or antiplatelet therapy were
excluded. The study was approved by the Institutional Review
Board (Project 2023.226), waiving the need for informed
consent. This study adheres to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guidelines.

Variables and outcomes

Clinical data, including demographic and cancer characteris-
tics, risk factors for thrombosis and use of thromboprophyla-
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xis (type, dose and duration), were obtained from electronic
health records. The main outcome was the incidence of any
VTE event diagnosed objectively (either by compression
ultrasonography, computed tomography or angiography) in
the 90 days after surgery. The secondary outcome was 90-day
mortality.

Statistical analysis

Quantitative variables were expressed as mean + standard
deviation (SD) or median and range, depending on their
distribution. Those with normal distribution were compared
with the Student’s t-test for independent samples. Variables
that did not follow normal distribution were compared with
the Mann-Whitney U test. Qualitative variables were compa-
red using the chi-square test or Fisher exact test, as necessary.
A P-value <.05 was deemed statistically significant. Analyses
were performed with SPSS software (version 20, SPSS Inc,
Chicago, Illinois, United States).

Results

A total of 405 patients (281 [69%] males) with a mean age of
63.5 + 10.1 years were included in the study. Baseline cha-
racteristics of the study population are shown in Table 1. The
most frequent lung cancer histologies were adenocarcinoma
(58%) and squamous cell carcinoma (31%). In almost two-
thirds of the patients, the tumor stage was 0 or 1, while only
20% of the patients presented with stages III or IV. Among
patients harboring somatic mutations, EGFR and KRAS were
the most frequently involved genes (5% of the patients in both
cases). Median time between cancer diagnosis and surgery
was less than one month. One-third of the patients had
received chemotherapy before surgery or had started it during
the 90-day follow-up period. Thirteen patients (3.2%) had a
previous history of arterial or venous thrombosis. All patients
except one were classified as high or very high-risk of VTE
according to the Caprini score.

Segmentectomy was performed in 75 patients (18.5%), 6
of whom had multiple segmentectomies during in the same
surgery. Lobectomy was performed in 317 patients (78.3%),
and pneumonectomy was performed in 13 patients (3.2%)
(Table 1). The surgical techniques used were open thora-
cotomy in 252 patients (62.2%) and thoracoscopy in 153
(37.8%). Median length of hospital stay after surgery was 8
days (range, 1-48 days). At our institution, below-knee
compression stockings are used for all surgical inpatients
until discharge. Almost all patients (97.3%) received phar-
macological thromboprophylaxis with LMWH (bemiparin
3,500 IU daily). Median duration of LMWH thromboprophy-
laxis was 6 days (range, 1-30) (Table 1). Only 5 patients (1.2%)
completed more than 3 weeks with prophylactic LMWH
after surgery.

Among the 11 patients not receiving LMWH, a clear
contraindication (i.e., active bleeding or thrombocytopenia)
was identified in 4 (36%). Nine of the patients not receiving
LMWH were treated surgically in the study period from 2000~
2012 (9/177 patients; 5.1%) compared to 2 in the study period
from 2013-2023 (2/228 patients; 0.9%); P = .013.

During follow-up, 6 patients (1.5%) developed a VTE event: 3
isolated lower-limb deep vein thrombosis (DVT), and 3 non-
fatal pulmonary embolisms (PE), 2 of which were incidental
findings. Median time between surgery and the diagnosis of
the thrombotic event was 17.5 days (range, 4-78) (Fig. 1). Two
events occurred during anticoagulant prophylaxis, followed
by 3 events once it had been completed, and one event was
recorded in a patient who had not received LMWH prophylaxis
(Table 2). Patients with VTE after surgery had less often
received concomitant epidural analgesia (16.7% vs 64.7%;
P =.025) and tended to have higher Caprini scores as well as
longer postoperative hospital stays than patients without VTE
(25 days vs 8 days, respectively; P = .02) (Table 1). No other
differences in baseline variables were identified.

No arterial thrombotic events were registered during
follow-up. Three patients (0.7%) died during the 90-day
follow-up, although none of the deaths was related with a
VTE event.

Discussion

When we examined a large real-world series of patients who
had undergone lung cancer surgery, we found high adherence
rates with pharmacological thromboprophylaxis (which
increased from 95% in the 2000-2012 period to over 99% in
the 2013-2023 period) and a low rate of VTE events (1.5%)
within the 3 months following surgery.

The increase in the use of LMWH prophylaxis in the second
period of the study could be partially explained by a deeper
awareness about its importance in both medical and surgical
inpatients. Indeed, the 2012 ACCP guidelines on antithrom-
botic therapy and prevention of thrombosis encouraged the
use of validated risk scores to prevent VTE, including the
Caprini score (for surgical patients) or the Padua score (for
acute medical patients).® These scores and others could be
incorporated into electronic alert systems, resulting in
significantly reduced VTE rates among hospitalized patients.”

Although the need to use antithrombotic therapy in
hospitalized patients seems clear, the optimal duration of
antithrombotic prophylaxis after discharge in thoracic onco-
logic interventions is a matter of debate. Several randomized
clinical trials support a strong recommendation of extended
prophylaxis (4 weeks) in abdominal or pelvic cancer surgery,
either open or laparoscopic.” Some experts advocate expan-
ding this recommendation to other high-risk surgeries such as
lung cancer surgery, although specific randomized clinical
trials are lacking.” Under these circumstances, individualized
evaluation is recommended, taking into account not only the
surgery itself but also other patient factors. In a recent
international survey among thoracic surgeons, only a minority
of respondents routinely recommended extended thrombo-
prophylaxis, with little agreement regarding the most relevant
risk factors for decision-making.®

In our study of high-risk and very high-risk patients, the
median duration of LMWH prophylaxis was 6 days, which was
prolonged for more than 2 weeks in a minority of patients.
After 3 months, the global rate of VTE among our patients was
1.5%, with no registered fatal events. Only 3 thrombotic events
(0.7%) occurred after postoperative day 10. Making a simple
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Table 1 - Baseline characteristics and outcomes

Total (N = 405) VTE (N = 6) No VTE (N = 399) ¥
Age (mean =+ SD) 63.5 + 10.1 65.0 + 9.4 63.4 + 10.1 ns
Sex, male (n, %) 281 (69.3%) 4 (66.7%) 277 (69.4%) ns
Previous thrombosis (n, %): =
- Arterial 7 (1.7%) 0 7 (1.8%)
- Venous 6 (1.5%) 0 6 (1.5%)
Histology (n, %): ns
- Adenocarcinoma 233 (57.5%) 3 (50.0%) 230 (57.6%)
- Squamous 126 (31.1%) 1 (16.7%) 125 (31.3%)
- Microcytic 5 (1.2%) 1 (16.7%) 4 (1.0%)
- Other 40 (9.9%) 1 (16.7%) 39 (9.8%)
Stage (n, %) ns
-0/ 261 (64.4%) 5 (83.3%) 256 (64.2%)
-1 57 (14.1%) 7 (14.3%)
- I 62 (15.3%) 1 (16.7%) 61 (15.2%)
-1V 19 (4.7%) 0 19 (4.8%)
- Unknown 6 (1.5%) 0 6 (1.5%)
Mutations (n, %): ns
- ALK 7 (1.7%) 0 7 (1.8%)
- EGFR 20 (4.9%) 0 20 (5.0%)
- ROS-1 2 (0.5%) 0 2 (0.5%)
- BRCA 1 (0.2%) 0 1 (0.3%)
- BRAF 3 (0.7%) 0 3 (0.8%)
- KRAS 20 (4.9%) 0 20 (5.0%)
- TP53 2 (0.5%) 0 2 (0.5%)
- PDL1 14 (3.5%) 1 (16.7%) 13 (3.3%)
- MET 4 (1.0%) 0 4 (1.0%)
- NTRK 2 (0.5%) 0 2 (0.5%)
- PIK3CA 1(0.2%) 0 1 (0.3%)
Time (months) between cancer diagnosis 0 (0-118) 0 (0-1) 0 (0-118) ns

and surgery (median, range)
Concomitant chemotherapy (n, %) 132 (32.6%) 2 (33.3%) 130 (32.6%) ns
Type of surgery (n, %): ns
- Segmentectomy 75 (18.5%) 0, 6 (100%), O 75 (18.8%)
- Lobectomy 317 (78.3%) 0, 6 (100%), 0 311 (77.9%)
- Pneumonectomy 13 (3.2%) 0, 6 (100%), O 13 (3.3%)
Surgical procedure (n, %): ns
- Open surgery 252 (62.2%) 3 (50%) 249 (62.4%)
- Thoracoscopy 153 (37.8) 3 (50%) 150 (37.6%)
Type of anesthesia (n, %): 0.025
- General 146 (36.0%) 5 (83.3%) 141 (35.3%)
- General + epidural 259 (64.0%) 1 (16.7%) 258 (64.7%)
Surgery duration (min) (mean + SD) 309 (82) 302 (113) 309 (81) ns
Caprini score (median, range) 8 (4-15) 10 (5-15) 8 (4-15) 0.068
Hospital stay (days) (median, range) 8 (1-48) 25 (7-30) 8 (1-48) 0.02
LMWH prophylaxis (n, %) 394 (97.3%) 5 (83.3%) 389 (97.5%) ns
Duration of thromboprophylaxis 6 (1-30) 8.5 (4-26) 6 (1-30) ns
(days) (median, range)

Deaths (n, %) 3 (0.7%) 0 3 (0.8%) =

estimation, and assuming a 50% reduction in the risk of VTE
with extended thromboprophylaxis,” the number of treated
patients needed to prevent a VTE event would be 266.

The published rates of VTE after lung cancer surgery are
highly variable, reaching 15% in certain studies performed
before the generalized use of antithrombotic prophylaxis. In a
Chinese study published in 2018, the rate of VTE without
antithrombotic prophylaxis was 11.5%.'° In our series, among
the 11 patients who did not receive LMWH, one (9.1%)
developed VTE during follow-up. The prevalence of VTE in
another Spanish study of patients undergoing elective
thoracic surgery was 0.18% (1.31% in pneumonectomy
patients)."’ In a recent study based on a Swedish adminis-

trative database, the rates of PE and DVT 90 days after lung
cancer surgery were 1.18% and 0.76%, respectively, which is
very similar to our findings. No information was given about
the thromboprophylaxis regimens used.'> Another recent
non-randomized study examined the incidence of VTE after
lung cancer surgery depending on the duration of anti-
trombotic prophylaxis. In patients receiving in-hospital
thromboprophylaxis alone, the 6-month rate of VTE was 4%,
compared to 1.2% in patients with extended thromboprophy-
laxis for 4 weeks.'® However, 4 out of 10 VTE events in the first
group occurred 3 to 6 months after surgery, and it is seeming
unlikely that extended thromboprophylaxis would have
prevented those late events. The overall VTE rate at 3 months
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Figure 1 - Cumulative incidence of VTE.

Table 2 - Characteristics of VTE episodes.

VTE events

6/405 (1.5%)
3/177 (1.7%)

Patients (n, %)
- Period 2000-2012
- Period 2013-2023 3/228 (1.3%)

Presentation (n,%):

- PE 3 (50%)

- TVP 3 (50%)
Time to event (days) (median, range) 17.5 (4-78)
Thromboprophylaxis status (n, %):

- Ongoing 2 (33.3%)

- Stopped 3 (50%)

- No thromboprophylaxis 1 (16.7%)

was 1.6% (again, similar to ours), with no significant
differences between groups. Finally, in a recent randomized
study that compared nadroparin vs rivaroxaban as in-hospital
VTE prophylaxis (median duration 3 days) after lung cancer
surgery, the 30-day rates of VTE were 17.7% and 12.5,
respectively.'® In this study, however, a screening ultrasono-
graphy was performed at discharge and on postoperative day
30. The rate of major VTE (including proximal DVT and PE) was
0.5% in both groups.

Regarding predictive factors of VTE, the low number of
events recorded have limited the analysis. Patients developing
VTE showed a trend towards higher Caprini scores. Notably,
concomitant epidural analgesia was associated with a
significantly lower risk of VTE. Indeed, better pain control
can facilitate early mobilization. As confirmed in a meta-
analysis published in 2014, this benefit must be weighed
against potential adverse effects and technical failures of
epidural analgesia.’® In addition, hospital stay after surgery
was longer in patients developing VTE. Hospitalization is a risk
factor for VTE and could also increase the period of

immobilization and, subsequently, the risk of VTE. Neverthe-
less, a causal relationship cannot be established, since
prolonged hospitalization could be a consequence of the
thrombosis itself.

There are some limitations of the present study to
acknowledge. First, the exclusion of patients under chronic
anticoagulant or antiplatelet therapy implies the exclusion of
a subgroup of patients at particularly high risk. However, these
patients usually resume their antithrombotic therapy in the
first 48-72 hours after surgery, which would also influence
thrombosis rates. Second, due to the retrospective design of
the study, some VTE events could have been missed,
particularly when non-symptomatic. However, in routine
clinical practice, imaging techniques to screen for VTE (i.e,,
compression ultrasound) are not systematically performed in
the postoperative period. Finally, we do not have data on the
rates of major or clinically relevant non-major bleeding that
may have influenced the use of thromboprophylaxis. These
outcomes, particularly after hospital discharge, are not
consistently recorded in the clinical records.

In conclusion, while extended thromboprophylaxis could
be considered for certain high-risk thoracic surgical oncology
patients, our results do not support its widespread use due to
the low rate of VTE after lung cancer surgery. More studies are
needed to identify subgroups of patients that could benefit
from tailored thromboprophylaxis strategies.
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