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Venous thromboembolism is associated ot

with increased all-cause mortality
in ALK-positive non-small cell lung cancer
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Abstract

Background Venous thromboembolic events (VTE) are often diagnosed in ALK-positive lung cancer although it
has not been demonstrated how their co-occurrence affects patients’survival.

Methods The study included patients with ALK-positive lung cancer recognized in metastatic stage in the period
2017-2022. All received treatment with ALK inhibitors at The Maria Sklodowska-Curie National Research Institute

of Oncology in Warsaw. The main aim of the study was to assess overall survival (OS) in relation to VTE occurrence. The
additional purpose was to define predictors of VTE and OS.

Results The study included 54 patients in median age 60 years, men were a minority (25 / 46.3%). VTE was diagnosed
in 12 (22.2%) patients: 9 (16.7%) cases with pulmonary embolism (PE), 2 cases with thrombosis in vena cava superior,
one case with deep vein thrombosis and thrombosis in vena cava inferior. Among patients with PE: 2 patients died
directly due to the first PE episode and one due to a recurrent PE. Patients with VTE had significantly shorter overall
survival (median 11.7 vs. 37.4 months, log-rank test p=0.003). The risk of all-cause mortality was increased significantly
in both: VTE (HR=3.47; 95%Cl: 1.61—7.49; p=0.0016) or alone PE (HR=2.41; 95%Cl: 1.06—5.50; p=0.037). The risk

of VTE diagnosis was significantly increased during active treatment with crizotinib (HR=8.72; p=0.0004) or alectinib
(HR=21.47; p=0.000002). Metastases to liver and baseline leukocyte count > 11 x 10%/L were significant predictors

of VTE and OS. Khorana score > 3 points predicted OS (HR=2,66; 95%Cl: 1,05—6,75; p=0,04), but remained insignifi-
cant for VTE.

Conclusion The diagnosis of any type of VTE or alone PE was associated with significantly worse overall survival
in patients with ALK-positive non-small cell lung cancer.
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Introduction

Lung cancer predisposes to thromboembolic complica-
tions [1]. The Khorana score is used to assess the risk of
a venous thromboembolic event (VTE), and diagnosis
of lung cancer means one point on it [2].This scale is
recommended for practical use by important guidelines
published by American Society of Clinical Oncology
(ASCO) [3] and European Society for Medical Oncol-
ogy (ESMO) [4]. However, it must be highlighted in the
case of lung cancer, the Khorana score does not take
into account either the detailed molecular diagnosis
of cancer disease or the type of anticancer treatment.
Meanwhile, in practice, the highest risk of pulmonary
embolism is observed in the case of ALK-positive non-
small cell lung cancer [5]. It is unknown whether the
effect of high prothrombotic readiness is only related to
a specific histological and molecular type of lung can-
cer disease, or whether the type of therapy used, i.e.
ALK inhibitors, plays an additional role.

The recent data confirm that the occurrence of
venous thromboembolism in cancer is associated with
an unfavorable prognosis, i.e. increased mortality,
regardless of whether the VTE is diagnosed simultane-
ously with cancer or later during anticancer treatment
[6]. VTE associated with immune checkpoint inhibitors
therapy is also associated with a significantly shorter
survival time [7]. This study included 24.1% of patients
with non-small cell lung cancer.

The occurrence of VTE may be a consequence of
the nature of the cancer disease and the type of anti-
cancer treatment [8]. It is constantly being investigated
whether the occurrence of VTE is always associated
with a deterioration in survival. The main goal of the
current study was designed to expand knowledge
regarding the assessment of the impact of VTE on the
overall survival (OS) of patients with ALK-positive
non-small cell lung cancer (NSCLC). The additional
purpose of the observation was to identify predictors
of VTE and OS specific only for population of patients
with ALK-positive NSCLC.

Methods

The study included all patients with confirmed metastatic
ALK-positive non-small cell lung cancer consulted at The
Maria Sklodowska-Curie National Research Institute of
Oncology in Warsaw and started treatment with ALK
inhibitors in the period 2017-2022.

The main objective of the study was to compare clinical
characteristics and overall survival (OS) among patients
experiencing venous thromboembolism (VTE) versus
those without this complication in the ALK inhibitors-
treated population of NSCLC.
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The additional purpose of the study was to define possi-
ble predictors of VTE and OS unique for NSCLC patients
treated with ALK inhibitors.

The overall survival (OS) was calculated from the
beginning of treatment with first ALK-inhibitor to a
moment of death from any reasons. Additionally the time
from the beginning of first ALK inhibitor treatment to
VTE occurrence and the time from a moment of a VTE-
type complication development to the date of death from
any cause were determined.

The STATISTICA package was used to calculate all
results. The Kaplan—Meier curve was used to estimate
OS in patients experiencing VTE or PE compared to
patients without these complications. The chi-squared
test with possible Yates correction was used to compare
characteristics of patients with and without VTE (all
characteristics features were expressed by nominal scale).
All possible risk factors associated with the occurrence
of VTE and predictors of OS were calculated by the Cox
proportional hazards model.

Results
The study included 54 patients in mean age
58.35+12.51 years (median 60 years, range: 31-81 years).
The study group consist of 29 women (53.7%) and 25 men
(46.3%).

As the first ALK inhibitor, patients received: alectinib
(30 patients; 55.6%), crizotinib (19 patients; 35.2%) or bri-
gatinib (5 patients; 9.3%). After lung cancer progression
20 patients received a second ALK inhibitor: alectinib (11
patients), lorlatinib (7 patients) or brigatinib (2 patients).
The small group of 6 patients (11.1%) were treated with a
third line of ALK inhibition and received lorlatinib.

Based on the Khorana Risk Score for VTE, as many as
30 patients (55.56%) had only 1 point for the diagnosis
of lung cancer. Among others 16 patients (29.63%) had
2 points, 7 patients (12.96%) had 3 points and 1 patient
(1.85%) had 4 points (Table 1).

The follow-up was finished on March 13th 2024. Dur-
ing observation 12 of all 54 (22.2%) patients experienced
VTE: 9 cases with pulmonary embolism (PE), 2 cases
with thrombosis in vena cava superior, one case with
deep vein thrombosis (DVT) and concomitant thrombo-
sis in vena cava inferior. Median time to VTE occurrence
(in 12 patients) was 102 days (IQ: 28—293). Median
time from VTE diagnosis to death was 142 days (IQ:
90—333 days).

Patients with VTE were significantly more likely to be
men (10 / 83.33% vs 15 / 35.71%, p=0.0035), had liver
metastases (5 / 41.67% vs 5 /11.90%, p=0.019) and had
an elevated leukocyte count>11x10°/L (5 / 41.67% vs 6
/ 14.29%, p=0.038). However, there were no differences
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Table 1 Characteristics of 54 study patients and comparison between patients with and without VTE
All 54 patients VTE No VTE p-value
(12 patients) (42 patients)
Male 25 10 (83.33%) 15 (35.71%) p=0.0035
Age > 60 years 24 3 (25%) 21 (50%) p=0.23
Co-morbidity 24 6 (50%) 18 (42.86%) p=0.66
Cardiovascular disease 16 4(33.33%) 12 (28.57%) p=097
Other cancer disease 6 2 (16.67%) 4(9.52%) p=0.86
Smoking 23 8 (66.67%) 15 (35.71%) p=0.056
eGFR <60 ml/min/1.73m? 7 1(8.33%) 6 (14.29%) p=0.96
Characteristic localization of metastases
Brain 8 1(8.33%) 7 (16.67%) p=0.8
Lung 39 9 (75%) 30 (71.43%) p=0.81
Liver 10 5(41.67%) ( 1.90%) p=0.019
Bones 18 5(41.67%) 3(30.95%) p=049
Pleura 23 7 (58.33%) 6 (38.10%) p=0.21
Lymph nodes 16 3(25%) 13 (30.95%) p=097
Peritoneum 2 (16.67%) 1(2.38%) p=0.23
Pericardium 4 0 4 (9.52%) p=063
BMI =35 kg/m? 1 0 1(2.38%) p=05
Platelet count>350x 10°/L 19 4 (33.33%) 15 (35.71%) p=0.85
Hemoglobin level < 10 g/dL 2 1(8.33%) 1(2.38%) p=0.92
Leukocyte count>11x1 10°/L 1 5 (41.67%) 6 (14.29%) p=0.038
Khorana score
Tpoint 30 6 (50%) 24 (57.14%) p=0.28
2 points 16 3(25%) 13 (30.95%)
3 points 7 2 (16.67%) 5(11.90%)
4 points 1 1(8.33%) 0
Khorana score 24 6 (50%) 18 (42.86%) p=0.66
>2 points
Khorana score 8 3(25%) 5(11.9%) p=0.51
>3 points

in the risk assessment according to the Khorana score
(Table 1).

The frequency of PE was 16.7% (9 cases in 54 patients).
Only men experienced PE, they were in median age
54 years (IQ: 48—59). Median time to PE occurrence
(in 9 patients) was 160 days (IQ: 28—441). Median time
from PE diagnosis to death was 177 days (IQ: 23—364).
In two cases, the episode of the first PE was the direct
cause of death. Only one patient had a recurrence of PE,
which was also the direct cause of death.

Patients with VTE had significantly shorter overall
survival (median 351 days vs. 1121 days / 11.7 months
vs 37.4 months, log-rank test p=0.003, Fig. 1). Similarly
patients experiencing PE had significantly shorter overall
survival (median 436 days vs. 1075 days / 14.5 months vs
35.8 months, log-rank test p=0.04).

The risk of all-cause mortality was increased signifi-
cantly in patients with VTE compared to patients with-
out VTE (HR=3.47; 95%CI: 1.61—7.49; p=0.0016).

Patients with PE had also significantly higher risk of pre-
mature all-cause mortality (HR =2.41; 95%CI: 1.06—5.50;
»=0.037).

Men had significantly higher risk of VTE occurrence
(HR=5.41; 95%CIL: 1.18-24.76; p=0.03) and similarly
patients with liver metastases (HR=4.78; 95%CI: 1.46—
15.58; p=0.01). Interestingly patients with baseline leu-
kocyte count>11x10°/L had significantly higher risk
of VTE development (HR=4.85; 95%CIl: 1.46-16.08;
p=0.01), however there were no associations with other
points of Khorana score (Table 2). There was the signifi-
cantly increased risk of diagnosis of VTE during active
treatment with crizotinib (HR =8.72; 95%CI: 2.61-29.11;
p=0.0004) or alectinib (HR=21.47; 95%CI: 6.02-76.48;
p=0.000002).

Among predictors of overall survival (Table 3), except
for the occurrence of VTE or PE, there were found as
significant: history of smoking (HR=2.52; 95%CI: 1.19—
5.36; p=0.02), presence of metastases to liver (HR=3.91;



Zaborowska-Szmit et al. Cardio-Oncology (2024) 10:79

Page 4 of 8

Cumulative Proportion Surviving (Kaplan-Meier)

o Complete 4+ Censored

Cumulative Proportion Surviving

0,0

0 1 2 3

Time (years)

4

w
(2]

— VIE
---no VTE

Fig. 1 Comparison of Overall Survival (OS) between patients with and without VTE (log-rank test p=0.003)

95%CI: 1.72-8.91; p=0.001) or bones (HR=2.57; 95%CI:
1.19-5.53; p=0.016), baseline hemoglobin level<10 g/
dL (HR=9.15; 95%CI: 1.96-42.66; p=0.005) or leuko-
cyte count>11x10°/L (HR=3.16; 95%CL: 1.34-7.47;
p=0.009). Finally baseline Khorana score >3 points had
negative impact on OS (HR=2.66; 95%CI: 1.05—6.75;
p=0.04).

Discussion
The current study is the first documented evidence
revealed increased mortality in ALK-positive non-small
cell lung cancer patients experiencing VTE. It is worth
asking what determines such an unfavorable result. It
is difficult to conclude that the response to ALK inhibi-
tor therapy was worse in patients with VTE. There is
evidence in the literature that the occurrence of VTE is
associated with higher tumor grade [9]. The response
anticancer treatment may be also worse, although this
was clearly confirmed in pancreatic cancer [10]. The
current study as the first in the literature confirmed the
patients with ALK-positive lung cancer and metastases to
liver are at significantly higher risk of both, VTE devel-
opment and shorter overall survival. Additionally proin-
flamatory status defined by high number of leukocytes
can also lead to VTE and premature mortality.

Different anticancer therapies like -cisplatin-based
chemotherapy, immunotherapy, selected targeted thera-
pies, may cause an increased risk of VTE [11, 12]. The

mechanism seems to be multifactorial, associated with
the induction of coagulation disorders and damage to
the vascular endothelium. Until recently, when analyz-
ing the cardiac safety of ALK inhibitors, there have been
no data that these drugs caused VTE [13]. In the case of
crizotinib (ALK and ROS1 inhibitor), two types of elec-
trocardiographic complications were reported: bradycar-
dia and QT prolongation [14]. A relationship between the
occurrence of bradycardia and the response to treatment
with crizotinib has even been reported [15]. Alectinib
(ALK and RET tyrosine kinase inhibitor) had a signifi-
cantly lower effect on heart rhythm and conduction [16].
Brigatinib (an inhibitor of ALK and EGFR) has been
connected with the problem of arterial hypertension
[17]. Finally, lorlatinib mainly causes problems related
to hypercholesterolemia and hypertriglyceridemia [18].
The current study as the first in the literature suggests
a possible relationship between VTE and active treat-
ment with crizotinib or alectinib. This certainly requires
further research focused on prothrombotic activity of
ALK-inhibitors.

The fundamental question arising from our study is
whether we could prevent the occurrence of VTE and
thus reduce mortality through primary antithrom-
botic prophylaxis. The European Society of Cardiology
(ESC) guidelines on cardio-oncology state that primary
thromboprophylaxis may be considered in high-risk
cancer patients if an expected benefit outweighs the
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Table 2 Univariate Cox proportional hazard model of predictors
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Table 3 Univariate Cox proportional hazard model of predictors

of VTE of overall survival
HR 95% Cl p-value HR 95% Cl (lower— p-value
(lower—upper) upper)

Male 541 118 2476 0.03 VTE occurrence 347 161 749 00016
Age > 60 years 046 012 171 025 PE occurrence 241 1.06 5.50 0.037
Co-morbidity 144 046 449 053 Male 137066 286 040
Cardiovascular disease 119 036 395 078 Age>60 years 164 079 341 018
History of other cancer disease 183 040 849 044 Co-morbidity 145 0.70 302 032
History of smoking 315 095 1047 006 Cardiovascular disease 1.14 0.52 2.51 0.75
eGFR < 60 ml/min/1.73m?2 080 010 65 083 History of other cancer disease 0.78 0.23 2.60 0.69
D-dimer > upper quartile 288 066 12.57 0.16 History of smoking 252 119 536 002
(>4850 ng/mL) eGFR <60 ml/min/1.73m? 2.30 0.87 6.12 0.09
Localization of metastases D-dimer > upper quartile 2.04 0.68 6.08 0.20

Brain 039 005 305 037 (>4850 ng/mL)

Lung 106 098 402 093 Localization of metastases

Liver 478 146 1558 00 N 031 007 133 012

Bones 197 060 652 027 Lung 0% 042 218 092

Pleura 163 0.50 537 042 Liver 391 1.72 891 0.001

Lymph nodes 089 024 336 086 Bones 257119 553 0016

Peritoneum 344 067 1779 014 Pleura 140067 295 037

Pericardium B B B B Lymph nodes 0.95 043 2.12 091
Khorana score Peritoneum 142 034 6.01 0.63
BMI = 35 kg/m? _ _ - - Pericardium 1.90 053 6.85 033
Platelet count > 350 10%/L 091 027 303 088 Khorana SCO“?Z
Hemoglobin level < 10 g/dL 304 039 2385 029 BMI= 35 kg/m 297039 2249 029
Leukocyte count> 11x 10%/L 485 146 16.08 001 Platelet count>350x 10%/L 0.98 046 212 097
Khorana score 154 049 479 046 Hemoglobin level < 10 g/dL 9.15 1.96 42.66 0.005
>2 points Leukocyte count > 11x 10%/L 3.16 1.34 747 0.009
Khorana score 258 068 9.78 0.16 Khorana score 1.50 0.72 3.13 0.28
>3 points >2 points
Diagnosis during treatment with Khorana score 2.66 1.05 6.75 0.04

Crizotinib 872 261 2911 00004 =3 points

Alectinib 2147 6.02 7648 0.000002

risk of bleeding [19]. Patients with ALK-positive lung
cancer may be understood as very high risk population,
the frequency of VTE is very high and most of patients
may die prematurely. Our study showed three patients
died in acute phase of pulmonary embolism what con-
firms high mortality rate (PE-related mortality was about
30%). Some data indicate that generally the strongest risk
factor for poor prognosis in PE is cancer [20]. Another
ESC guideline document dedicated to the diagnosis and
treatment of PE strongly emphasizes the role of cancer
as a predictor of early mortality [21]. Therefore, primary
thromboprophylaxis remains the only preventive meas-
ure in these patients to reduce VTE-related mortality.
The second is certainly not to interrupt ALK inhibitor
therapy, but if cancer disease progression is detected,
it is necessary to immediately introduce another ALK
inhibitor. If VTE development is significantly associated

with premature all-cause mortality, an intensification of
anticancer therapy together with thromboprophylaxis
become necessary.

The strongest limitation of our study is the small size
of the assessed population. However, it should be noted
that the current study was conducted in the largest Pol-
ish oncology center and it is a summary of experience
involving therapy with ALK inhibitors in really rare dis-
ease. ALK-positive is a specific molecular subtype of lung
cancer recognized only in 3-8% of patients with NSCLC
[22-24]. The largest analysis of this population regard-
ing VTE risk includes 155 patients (3.2% of all identified
patients with non small cell lung cancer) [25]. During
5-year of observation the frequency of VTE was 15.7%.
ALK-positive lung cancer was significantly associated
with increased risk of VTE but not with arterial throm-
boembolic events. The cited study did not present mor-
tality rate related to VTE like it has been shown in our
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study. All studies available in the literature, which indi-
cated the increased VTE rate by a 3- to fivefold in ALK
positive lung cancer, were small with 55 patients [26], 58
patients [27], 46 patients [28], respectively. The absolute
incidence of VTE in ALK-positive lung cancer is very
high: initial VTE 42.7% and recurrent VTE 13.5% [29].
The available meta-analysis of 8 clinical trials covering
766 patients with ALK positive lung cancer indicates
beyond any doubt that the incidence of VTE is very high
in these patients [30]. Therefore, the result we showed
in a population of 54 patients and the presented signifi-
cant relationship between VTE and premature all-cause
mortality should become a new step in planning of clini-
cal research focused on an improvement of prognosis in
ALK-positive non-small lung cancer.

The authors of the manuscript are oncologists focused
on modern molecular testing which became the basis of
personalized cancer therapy [31]. We believe the molecu-
lar characteristics of cancer disease help to understand
the risk of cardiovascular toxicity of targeted therapy in
modern oncology [32]. ALK-positive NSCLC has a very
specific biology: rapid dynamics of clinical development,
usually recognized at a high stage of the disease advance-
ment, predilection for metastases to the central nervous
system (often diagnosed synchronously at the begin-
ning of the disease), often central location in the lungs,
often mediastinal lymph nodes involvement, more often
presence in the pleura and pericardium, implants in the
peritoneum [33-35]. The studies with assessment of
the prognosis in lung cancer should not analyze ALK-
positive patients together with other molecular types of
NSCLC. In ALK-positive NSCLC the prognosis is com-
pletely different and our study in unique way supple-
ments current knowledge by data with new predictors of
OS. We included in the analyses not only typical risk fac-
tor for VTE defined by Khorana score but we calculated
arisk of VTE and all-cause mortality in relation to locali-
zations of metastases, co-morbidities, renal function, age
and sex. In our opinion there is no similar study in the
medical literature and everything above defines the nov-
elty of the current study.

The treatment of ALK-positive NSCLC is based on per-
sonalized approach with ALK inhibitors which improved
significantly prognosis [36—39]. The algorithm of therapy
in ALK-positive NSCLC has been created based on the
results from clinical trials dedicated only to this group of
patients [40]. The future will depend on an appropriate
sequence of the using of the most effective ALK inhibi-
tors [41]. Additionally unacceptable toxicity should be
avoided [42, 43]. It seems important our study showed
the increased VTE risk during active treatment with
crizotinib and alectinib. The use of immune check-
point inhibitors can lead to the occurrence of VTE and
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sometimes to increased mortality, but not all studies have
confirmed this [44]. As first researchers we found the
occurrence of VTE is associated with an increased risk of
all-cause mortality in patients with ALK-positive NSCLC
under targeted therapy.
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