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Abstract Introduction: Based on the high incidence of thromboembolic events (TEs)
observed in lung adenocarcinomas with ALK translocations and taking into account the bio-
logical proximity of ROST and ALK, we conducted a retrospective analysis of patients with
advanced lung carcinoma carrying rearrangements in ROSI from 23 centres in Spain and
one centre in Portugal.

Metheds: The main objective of the study was to analyse the incidence of TE in this popula-
tion, looking for predictive risk factors, and its impact on overall survival.

Results: A total of 58 patients were included. The incidence of TEs throughout the disease was
46.6% (n = 27) with a median follow-up of 19 months (range: 1—78 months) and a median
overall survival of 52 months in the total population and 50 months for the patients presenting
TEs, with a hazards ratio of 1.12 (95% confidence interval: 0.47—2.65) p = 0.78. The majority
of the events were venous (n = 24; 89%) and occurred in the ambulatory setting (n = 18;
67%). Almost half of the patients (n = 13; 48%) presented the TE in the peri-diagnostic
period.

Conclusions: The high incidence of thrombosis, especially during the cancer diagnosis process,
requires special attention from a clinician. Despite the limitations of such a small descriptive
study, its results are in accordance with previously reported data. It would be important to
design prospective studies of antithrombotic prophylaxis in this population because of their

possible impact in reducing the risk of TEs.
© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Cancer-associated thrombosis is the second cause of
preventable death in cancer patients and its incidence is
largely increasing [1]. Multiple factors contribute to a
procoagulant context in patients with cancer, including
the type of treatment, patient characteristics, and the
tumour itself [2]. Lung cancer is one of the tumour types
with highest incidence of thromboembolic events (TEs),
accounting for 15% of venous TEs in genomically un-
selected patients with advanced adenocarcinoma [3,4].
Recent studies have suggested that some genomic sub-
types of non—small cell lung cancer (NSCLC) might be
at increased risk of developing TEs, particularly those
with rearrangements in ALK and ROSI [5—10].

ROS] rearrangements are found in up to 2% of all
NSCLC. These patients are typically younger than those
bearing other NSCLC subtypes and, mostly, light or
never smokers. Tumour cells with this genomic aberra-
tion are highly sensitive to specific ROSI tyrosine kinase

inhibitors, leading to durable responses and survival
that exceeds 5 years in many patients [11]. Based on our
previous work about TEs in lung adenocarcinomas with
ALK translocations [5] and taking into account the
biological proximity of ROSI and ALK, besides clinical
and epidemiological similarities, we have conducted a
retrospective analysis of patients with advanced lung
carcinoma carrying a rearrangement in ROS! from 23
centres in Spain and one centre in Portugal.

2. Material and methods

The objective was to study the incidence, predictors, and
prognostic factors associated with thromboembolic
disease in this cohort of patients. Previously, a central-
ised institutional ethics committee approved the study’s
protocol at the University Hospital 12 de Octubre in
Spain, and an institutional ethics committee approved it
at the Portuguese Institute of Oncology of Porto.



N. Murnoz-Unceta et al. | European Journal of Cancer 141 (2020) 193—198 195

The patients included had been diagnosed with
advanced NSCLC (stage III-1V) from January 2012 to
May 2018, and those with neuroendocrine histology
were excluded. ROSI rearrangement was detected by
immunohistochemistry, fluorescence in situ hybridiza-
tion (FISH), or reverse transcription - quantitative po-
lymerase chain reaction (RT-qPCR). Patients receiving
therapeutic doses of low—molecular weight heparin or
oral anticoagulants before the cancer diagnosis, and
those bearing pro-thrombotic molecular alterations
were excluded from this study. We defined a TE as any
arterial or venous thromboembolism confirmed by
radiologic imaging or ultrasound that occurred from 6
months before the diagnosis of advanced lung cancer
until death or loss of follow-up.

To describe the clinical characteristics of the patients
included in the study, we used frequency measures and
percentages for all categorical variables. Median and
range were applied for all continuous variables.

To explore the potential predictors of TEs, we per-
formed univariate and multivariable logistic regression
analysis. The latter included a maximum of three vari-
ables with a p < 0.25 in the univariate analysis.
Continuous variables were transformed into categorical
variables for the analysis, and cut-off values were chosen
from previous publications (Khorana score) and from
our laboratory (albumin).

Overall survival (OS) was defined as the time from
lung cancer diagnosis to the date of death, whatever the
cause. The follow-up of surviving patients was censored
at the time of last contact.

The Kaplan—Meier method and the log-rank test
were used to analyse and compare the OS functions. All
p values refer to a two-sided test, and all estimates were
complemented with an appropriate 95% confidence in-
terval (CI) where applicable, with a statistical signifi-
cance predefined at 0.05.

Statistical analyses were performed using SPSS 21.0
version.

3. Results

We identified and analysed a total of 58 patients with
advanced NSCLC and ROS]I rearrangement. The median
age was 55 years (range 31—80), and the majority had a
performance status of 0—1 (n = 48, 83%). Most of them
had stage IV lung adenocarcinoma (n = 45, 78%),
including 17% with brain metastasis (n = 10)and 10% with
liver metastasis (n = 7). Smoking history was confirmed in
more than half of the patients; 22% (n = 13) were former
smokers, and 29% (n = 17) were current smokers.

After a median follow-up of 19 months (range: 1—78
months), the cumulative incidence of TEs throughout
the course of the disease was of 46.6% (n = 27). The
majority of the TEs were venous (n = 24, 89%) and
symptomatic (n = 22, 81%), and they occurred in the

ambulatory setting (n = 18, 67%). Pulmonary embolism
was the most frequent TEs (n = 11, 42%), followed by
deep vein thrombosis (n = 6, 23%), and nine patients
presented both simultaneously (35%). Arterial throm-
bosis was reported in three patients: one of them in a
coronary artery and another in a limb artery. Within all
patients with TEs, 48% (n = 13), presented the event at
the onset of advanced disease (stages III and IV) and
11% (n = 3) during the 6 months before diagnosis. Most
of them had not yet started oncologic treatment
(n = 16; 59%). Of note, re-thrombosis was detected in
five patients (18%), while the majority of them were
under appropriate anticoagulation treatment (n = 3,
60%) [Table 1].

Table 1

Characteristics of thromboembolic events.

Characteristic Number of patients (%)

Total 27
Type of thromboembolic disease
Venous 24 (89)
Arterial 14
Both venous and arterial 2(D
Clinical presentation
Incidental 5(19)
Symptomatic 22 (81)
Patient situation
Ambulatory 18 (67)
Hospitalised 9(33)

Location of thromboembolic events

a) Venous thromboembolic events
Pulmonary embolisms (PE) 11 (42)
Lower extremity (LE) deep vein thrombosis 4 (15)
Upper extremity (UE) deep vein thrombosis 2 (8)

Both LE and PE 6(23)

Both UE and PE 3(12)
b) Arterial thromboembolic events

Peripheral 1(33)

Coronary 1(33)

Other 1(33)
Time of occurrence

During the 6 months beforediagnosis 3(1D)

At diagnosis, before starting treatment 13 (48)

Within the first 6 months of treatment 4 (15)

Beyond 6 months from start of treatment 7 (26)
Time of occurrence according to type of cancer therapy
Treatment naive 16 (59)
During platinum-based chemotherapy 2(D
During radiotherapy 2(D
During TKI treatment 7 (26)
Time of occurrence according to the clinical situation of the disease
Untreated 16 (59)
Partial response 0(0)

Stable disease 3(1D)

Progressive disease 6 (22)

Not evaluated 2(N

Re-thrombosis

Yes 5(18)
under therapeutic anticoagulation *3 (60)
not under therapeutic anticoagulation  *2 (40)

No 20 (74)

Missing 2(D

TKI, tyrosine kinase inhibitor.
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Table 2
Univariate and multivariate analysis for risk predictors of TEs.
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Variable Number of patients n (%) Univariate HR (CI 95%) p value Multivariate HR (CI 95%) p value
Female gender 16 (59) 1.61 (0.73—3.53) 0234 2.94(0.75—11.47) 0.119
BMI >30 kg/m® 3(1) 2.97 (0.85—10.42) 0.088  5.76 (0.53—62.25) 0.149
Presence of CNS metastasis 5(19) 1.80 (0.67—4.81) 0.241 1.00 (0.17-5.74) 0.998
Albumin count <3.5 g/dl 7 (26) 3.53 (1.27-9.80) 0.015  4.22(1.31—13.56) 0.015
Leucocyte count >11,000 cells/mm?® 5 (30) 1.00 (0.36—2.74) 0.993 - -
Smoking history 10 (36) 0.65 (0.29—1.45) 0.302 - -

BMI, body mass index; CI, confidence interval, CNS: central nervous system; HR, hazards ratio.

To analyse the correlation between baseline charac-
teristics and thromboembolic disease, we conducted a
Cox regression analysis [Table 2]. We found that only
low albumin levels (<3.5 g/dl) were associated with a
higher risk of presenting TEs, with a hazards ratio (HR)
of 3.53 (CI 95%: 1.27—9.80; p = 0.015) in the univariate
analysis. This association was confirmed at the multi-
variate analysis (which included gender, body mass
index, and brain metastases), with a HR of 4.22 (CI
95%: 1.31—-13.56; p = 0.015).

The median OS of patients with TEs was 50 months,
which is similar to patients without TEs (52 months)
(Fig. 1a). Patients diagnosed with TEs at baseline (from
6 months before diagnosis to 1 month after diagnosis)
had a median OS of 46 months, which is not sstatisti-
cally significant from the remaining patients, with a HR
1.25 (CI 95%: 0.46—3.39) and p = 0.66 (Fig. 1b).

4. Discussion

The results obtained in our multicenter study confirm a
high incidence of TEs in patients with advanced lung
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adenocarcinoma carrying rearrangements in ROSI,
which is consistent with emerging data on patients with
these characteristics [8—10]. Considering the prolonged
median OS of this patient’s population compared with
other lung carcinomas carriers, it is not surprising to
find a higher cumulative incidence of TEs. However,
most of the events were diagnosed in the peri-diagnostic
period, even before having started any treatment, which
could indicate an inherent procoagulant status under-
lying this disease.

Consistent with the observation of Alexander et al.
[10], we have failed to identify any association between
the classical predictors of TEs and a higher incidence of
TEs in our series, possibly because of the intrinsic risk
attributable to the disease per se. Low serum albumin
(<3.5 gr/dl) was the exception, as it was found to be
predictive of TEs. This association is probably a
consequence of an inflammatory status mediated by
tumour cytokines, which decrease albumin hepatic
synthesis and increase its degradation and transcapillary
loss [12]. However, reduced protein intake due to cancer

cachexia may also influence plasma albumin
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Fig. 1. a) Kaplan—Meier curve for overall survival for patients with and without thromboembolic disease. b) Kaplan—Meier curve for
overall survival of patients with and without TEs at baseline (excluding patients that presented TEs after baseline).
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concentration and, as a modifiable factor, nutritional
status should be of special consideration at diagnosis.
Body mass index was associated with a large HR, but
non-significant, which agrees with the low prevalence of
obese patients in this cohort (just three patients, and all
had TEs). Furthermore, the high percentage of current
and former smokers in our series is noteworthy, but it
did not translate into a higher TE risk. Nevertheless,
because of the limited size of the cohort, its retrospective
nature, and the existence of missing data, these results
must be taken cautiously. Unlike our ALK-driven
NSCLC cohort [5] in which leucocytes predicted both
the occurrence of thrombotic complications and reduced
08, in our series, leucocytes were not significantly higher
in patients with TEs. Of note, Ng et al. [8] found that
lymph node metastases and smoking status were asso-
ciated with increased odds of TEs in multivariable
analysis.

The high incidence of recurrent thrombosis under
correct anticoagulation concurs with previous series
[9,10] and our previous ALK cohort. Lee et al. [13] re-
ported two patients with lung adenocarcinomas and
ROSI rearrangement that experienced recurrent
thrombosis along the course of the disease, although
both of them had heterozygous factor V Leyden muta-
tion [13]. Of relevance, this was an exclusion criterion in
our cohort, when known. Some reports have proposed
that adenocarcinomas rich in mucin (frequent in ALK
and ROSI rearrangements) could activate platelet ag-
gregation, which might confer a major risk of TEs [14],
but this observation warrants further investigation.

Similar to previous works, we did not find a survival
disadvantage for patients presenting a TE along their
disease. However, it has to be considered that all of
them are retrospective studies or subgroup analyses with
a short time of follow-up.

5. Conclusions

To our knowledge, this is the largest series of patients
with advanced lung adenocarcinoma and ROSI! rear-
rangements in the Spanish and Portuguese population.

Despite the limitations of a small descriptive study,
the high incidence of TEs in this population (46.6%),
especially during the diagnostic process of cancer (59%
before starting oncologic treatment), requires special
attention from clinicians. Although our cohort was un-
derpowered to demonstrate any significant predictive
factor for TEs, the lack of them hinders the selection of
patients with a higher risk of TEs. Taking into account
the durable responses and high control rates with tar-
geted therapy, when a patient recently diagnosed with
advanced lung cancer and ROS! rearrangement expe-
riences dyspnoea, pulmonary embolism rather than
progressive disease should be considered to be a possible
cause by every physician. Finally, these data warrant the

design and conduct of prospective studies of thrombo-
embolic prophylaxis in this subset of lung cancer pa-
tients given its potential to decrease morbidity and even
mortality in this clinical scenario.
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