CrossMark

ORIGINAL ARTICLE
LUNG CANCER

Anti-tumour effect of low molecular
weight heparin in localised lung cancer:
a phase lll clinical trial

Guy Meyer1'2'3'4, Benjamin Besse5'6, Hélene Doubre7, Anais Charles—Nelson1,
Sandro Aquilantis, Armine Izadifar9, Reza Azarianm, [sabelle Monnet”,

Corinne Lamour12'13, Renaud Descourt'®, Gérard Oliviero', Laurent Taillade'®,
Christos Chouaid'", Frederique Giraud'’, Pierre-Emmanuel Falcoz'®,
Marie-Pierre Revel®"”, Virginie Westeel'?, Adrien Dixmier?®, Jean Tredaniel®?’,
Stéphanie Dehettezz, Chantal Decroisette23, Alain Prevost24, Eric Pichon25,
Elizabeth Fabre1, Jean-Charles Soria®®, Sylvie Friard7, Jean-Baptiste Stern26,
Laurence Jabot'", Georges Dennewald9, Gérard Pavy8, Patrick Petitpretzm,
Jean-Marc Tourani12'13, Marco Alifanoz'”, Gilles Chatellier"?® and Philippe Girard?

@ERSpublications

Whether the antimetastatic properties of heparins benefit patients with early-stage cancer is unknown.
In this phase III trial, adjuvant tinzaparin in patients with resected lung cancer had no impact on
overall survival and tumour recurrence. http://ow.ly/RZt030lpCuQ
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ABSTRACT  The anti-tumour and anti-metastatic properties of heparins have not been tested in patients
with early stage cancer. Whether adjuvant low molecular weight heparin (LMWH) tinzaparin impacts the
survival of patients with resected non-small cell lung cancer (NSCLC) was investigated.

Patients with completely resected stage I, II or IIIA NSCLC were randomly allocated to receive
subcutaneous tinzaparin 100 IUkg™" once a day for 12 weeks or no treatment in addition to standard of
care. The trial was open-label with blinded central adjudication of study outcomes. The primary outcome
was overall survival.

In 549 patients randomised to tinzaparin (n=269) or control (n=280), mean+sp age was 61.6+8.9 years,
190 (34.6%) patients had stage II-III disease, and 220 (40.1%) patients received adjuvant chemotherapy.
Median follow-up was 5.7 years. There was no significant difference in overall survival between groups
(hazard ratio (HR) 1.24, 95% CI 0.92-1.68; p=0.17). There was no difference in the cumulative incidence
of recurrence between groups (subdistribution HR 0.94, 95% CI 0.68-1.30; p=0.70).

Adjuvant tinzaparin had no detectable impact on overall and recurrence-free survival of patients with
completely resected stage I-IIIA NSCLC. These results do not support further clinical evaluation of
LMWHs as anti-tumour agents.
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Introduction

The interactions between coagulation and cancer progression as well as the anti-tumour properties of
heparins are widely documented in vitro and in animal studies [1-6]. In particular, P-selectin inhibition,
the reduction in endothelial adhesion, and anti-angiogenesis are the main mechanisms through which
heparins reduce the seeding and early growth of micrometastases. In contrast, the results of the few studies
that specifically addressed the effect of heparins on the survival of cancer patients are conflicting and
mostly negative [7-12]. However, not only were most of these studies conducted in patients with various
types of cancers, making their results difficult to apply to one specific cancer type [8, 10, 13], but also all
studies included a majority of patients with locally advanced or metastatic disease, i.e. patients for whom
inhibiting the early stages of the metastatic process appears of little relevance. Actually, subgroup analyses
of previous trials and a post hoc analysis of a randomised trial of patients with cancer-associated
thrombosis suggest that the effect of heparins on survival may be more pronounced in, or limited to,
patients with early stage cancers [9, 11, 14], but this question has not been addressed specifically and
additional research has been encouraged [13, 15].

Lung cancer is the leading cause of death from cancer worldwide. Non-small cell lung cancers (NSCLCs)
represent about 80% of lung cancers. Even in patients with early stage resectable NSCLC, the 5-year overall
survival remains around 60% [16, 17]. The Tinzaparin in Lung Tumors (TILT) study was designed to
prospectively assess whether low molecular weight heparin (LMWH) tinzaparin could improve overall
survival in patients with resected stage I-IIT NSCLC.

Methods

Study design and oversight

The TILT trial is a randomised, multicentre, open, controlled trial with blinded adjudication of outcomes.
The trial was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice
guidelines and was approved by the Independent Ethics Committee Ile-de-France I, France. Written
informed consent was obtained from all patients. The study was designed and supervised by an executive
steering committee and was sponsored by Assistance Publique-Hopitaux de Paris, which had no role in
the decision to submit the manuscript for publication. An independent data and safety monitoring
committee reviewed the safety data. All the authors had full access to the data and vouch for the accuracy
and completeness of the data and attest that the trial was conducted in accordance with the protocol and
all amendments. This trial is registered with ClinicalTrials.gov, number NCT00475098.

Patients

Patients aged over 18 years with completely resected stage I, IT or IIIA NSCLC were included within
8 weeks of surgery. Detailed inclusion and exclusion criteria are provided in the supplementary appendix.
Stage classification was made according to the TNM staging in use at the time of inclusion, i.e. the sixth
edition until December 2008 and the seventh edition thereafter [16, 18].

Randomisation
Eligible patients were randomly assigned in a 1:1 ratio to receive either tinzaparin or no anticoagulants
according to a list of randomisation numbers with treatment assignments. This list was
computer-generated, used alternate blocks of small size (2, 4, 6) to make it unpredictable and was stratified
according to centre and tumour stage (I versus II-III). An internet application (CleanWeb) allowed central
randomisation.
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Interventions

In the experimental arm, tinzaparin (Innohep; Leo Pharma France, Vernouillet, France) was administered
at a dose of 100 IU-kg™" subcutaneously, once daily on top of usual care, for 12 weeks. The treatment was
started as soon as possible after the inclusion visit and less than 8 weeks after surgery. It was stopped in
patients with either a platelet count of less than 30000 per mm® or suspected heparin-induced
thrombocytopenia.

Usual care

In both groups, the decision to administer adjuvant chemotherapy was made during routine
multidisciplinary meetings at each centre. The decision depended mainly on pathological stage,
performance status, comorbidities and patient preferences, and was made independently of any proposal
to participate in the study. In patients who were given chemotherapy, platinum-based (preferably
cis-platinum) doublets for three or four cycles were recommended [19].

Patient management and follow-up

During the 12-week study treatment period, two additional visits specific to the trial were scheduled at 4
and 8 weeks after the start of study treatment in the tinzaparin group. These visits were optional in the
control group. A 16-week post-randomisation visit was scheduled in both groups. Afterwards, at least one
visit was scheduled each year in both groups, until the end of the study. When a patient did not attend a
visit, every effort was made to contact the patient by the local investigator. When it was not possible to
obtain relevant information, the patient’s vital status was obtained from birth and death registry of the
patient’s birthplace.

Outcomes

The study primary outcome was overall survival. Secondary outcome measures included serious bleeding
recorded during the 12-week treatment period in the tinzaparin group or the corresponding period in the
control group (supplementary appendix), recurrence-free survival, cancer-related mortality, and
symptomatic venous thromboembolic events recorded during the whole follow-up period (supplementary
appendix). All suspected outcome events and deaths were adjudicated by an independent clinical events
committee whose members were unaware of treatment assignment.

Sample size

The sample size estimate for the primary efficacy outcome was based on the anticipated mortality rate of
patients with completely resected stage I, II or IIIA NSCLC, estimated at 10% per year in the control
group [17]. To detect a hazard ratio (HR) of 0.66, with an 80% power, a 5% type 1 error and a 3-year
follow-up for each patient, inclusion of 800 patients was needed.

In June 2010, due to a slower than expected inclusion rate, and without knowledge of the events rate, the
decision was made to reassess the sample size. We decided to follow all patients up to a fixed end-of-study
date which was set at 3 years after inclusion of the last patient rather than a fixed duration of 3 years for
each patient. According to the recruitment rate, the expected median follow-up duration increased to
4 years. By increasing the number of expected events, with the same hypotheses, to detect a hazard ratio of
0.66, inclusion of 550 patients was needed. Calculations were made using the nQuery Advisor 4.0 software.

Statistical analysis

Analyses were performed according to the intention-to-treat principle, with the use of data updated on
June 15, 2016. Survival was calculated from the randomisation date to the date of death (overall survival),
date of recurrence (recurrence-free survival), or the date of last contact in case of censoring. Data for
patients who did not reach the primary outcome or were lost to follow-up were censored at the last known
follow-up visit. The per-protocol population was defined as all patients without major deviation in the
inclusion and exclusion criteria (supplementary appendix) and who received >30 days of tinzaparin in the
experimental group.

Time-to-event curves were constructed using the Kaplan-Meier method and were compared by the
log-rank test, with hazard ratios and 95% confidence intervals estimated with the Cox model. The
proportional hazards assumption was checked using Schoenfeld residuals. For estimating the cumulative
incidence of recurrence, deaths unrelated to the index lung cancer were considered as competing risk, with
the use of cumulative incidence curves. Between-group comparisons were done using the Gray test and the
Fine and Gray model was used to estimate the subdistribution hazard ratios (SHRs) [20]. The proportional
hazards assumption for the Fine and Gray model was checked graphically [21]. Models were adjusted on
the tumour stage.
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Pre-specified subgroup analyses included tumour stage (I versus II-III) and adjuvant chemotherapy (yes or
no). Interaction between the treatment and stage and between treatment and adjuvant chemotherapy was
tested using the Cox model to investigate whether the treatment effect on the primary outcome differed in
the pre-planned subgroups of interest. All tests were two-sided. Analyses were performed with SAS
software, version 9.3, or R software, version 2.14.0 (survival and cmprsk packages). Presentation of results
is made in accordance with the CONSORT statement [22].

Role of the funder

The study was supported by two grants issued by the French Ministry of Health (PHRC AOMO05185 and
PHRC AOM12612). The funder had no role in study design, data collection, data gathering, data
interpretation, or writing of the manuscript. Leo Pharma provided the study drug and a complementary
grant but had no role in the study design, conduct of the study, data analysis and decision to submit the
manuscript.

Results

Patients

From August 2007 to June 2013, 553 patients were included at 35 centres in France (supplementary
appendix). Four patients withdrew their consent (three tinzaparin and one control) for both study
participation and use of their data. The remaining 549 patients were included in the intention-to-treat
analysis, 280 in the control group and 269 in the tinzaparin group (figure 1). Baseline demographic and
disease characteristics were well balanced between the two study groups (table 1).

In the tinzaparin group, eight (3.0%) patients did not receive any dose of study drug, an additional 19
(7.1%) patients received <30 days of study drug and 224 (83.3%) patients received >8 weeks of treatment.
Median follow-up was 5.7 years (interquartile range 5.4-5.9 years). Vital status was available in all but two
patients on June 15, 2016.

Primary outcome
79 and 89 patients died in the control and tinzaparin groups, respectively. Overall survival was not
significantly different between the two groups (HR 1.24, 95% CI 0.92-1.68; p=0.17) (figure 2). The 5-year

Randomised (n=553)

v v

Allocated to tinzaparin (n=272)

Allocation
[ ] Allocated to standard treatment (n=281)

3 excluded
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Withdrew consent (n=3) |
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A

A A 4

1 lost to follow-up [
Born in (and moved to) foreign country (n=1)
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Analysed (n=269)
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29 excluded from analysis
Did not receive tinzaparin (n=8)
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Indication for anticoagulation at therapeutic

Analysed (n=279)
1 excluded from analysis

‘ Per-protocol ’
Other cancer in previous 2 years (n=1)
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FIGURE 1 CONSORT flow diagram of trial participants. The intention-to-treat population included all the patients who had undergone
randomisation minus the four patients who withdrew consent. The per-protocol population was defined as all patients without major deviation in
the inclusion and exclusion criteria and who received >30 days of tinzaparin in the experimental group.
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TABLE 1 Demographics and characteristics of 549 patients at baseline

Control (n=280) Tinzaparin (n=269)

Age years 61.6+8.8 61.619.0
Males 189 (67.5) 167 (62.1)
Performance status (n=535)
0 179 (65.6) 168 (64.1)
1 93 (34.1) 89 (34.0)
2 1(0.4) 5(1.9)
Past or current smokers 256 (91.4) 239 (88.8)
Smoking history pack-years (n=497) 40 (30-50) 40 (30-51)
Body mass index kg-m~2 24.5+4.5 24.9+4.9
Creatinine level pmol-L~" (n=533) 72 (60-82) 71 (62-84)
Antiplatelet therapy (n=544) 61(21.9) 62 (23.4)
Neo-adjuvant chemotherapy (n=548) 17 (6.1) 24 (9.0)
Neo-adjuvant radiotherapy (n=548) 2(0.7) 0(0.0)
Type of surgery
Segmentectomy 17 (6.1) 6(2.2)
Lobectomy (or bilobectomy) 241 (86.0) 235 (87.4)
Pneumonectomy 22 (7.9) 28 (10.4)
Histology®
Squamous cell carcinoma 80 (28.6) 68 (25.3)
Adenocarcioma 183 (65.4) 172 (63.9)
Large cell carcinoma 7 (2.5) 18 (6.7)
Others 10 (3.6) 11 (4.1)
Cancer stage™
Stage 0 185 (66.1) 174 (64.7)
Stage Il 64 (22.9) 71 (26.4)
Stage Il 31 (11.1) 24 (8.9)
Duration of post-operative LMWH prophylaxis days (n=542) 11.72+7.78 10.84+7.34
Adjuvant chemotherapy 110 (39.3) 110 (40.9)
Stage | patients 27 (9.6 35 (13.0)
Stage Il patients 83 (29.6) 75 (27.9)
Adjuvant radiotherapy 15 (5.4) 16 (5.9)
Time from surgery to randomisation days 37.5£13.4 37.7£14.1

Data are presented as meanssp, n (%) or median [(interquartile range). The 549 patients represent the
intention-to-treat population (553 included patients minus four patients who withdrew consent and removal
of their data from the database]. There were no significant differences (p<0.05) between arms for any of
the baseline characteristics. LMWH: low molecular weight heparin. *: one patient had two different
histological types in the control group; : TN categories ypTN or pTN; *: one patient had stage ypTONO in
the tinzaparin group and one patient had stage IlIB in the control group.

overall survival was 74.2% (95% CI 68.9%-79.9%) and 68.2% (95% CI 62.5%-74.4%) in the control and
tinzaparin groups, respectively.

Secondary outcomes

The index lung cancer was the cause of death in 46 (16.4%) and 50 (18.6%) patients in the control and
tinzaparin groups, respectively (SHR 1.17, 95% CI 0.78-1.74; p=0.46) (table 2). The cumulative incidence
of recurrence was not significantly different between the two groups (SHR 0.94, 95% CI 0.68-1.30; p=0.70)
(figure 3). The 5-year cumulative incidence of recurrence was 27.8% (95% CI 22.4%-33.2%) and 25.9%
(95% CI 20.6%-31.3%) in the control and tinzaparin groups, respectively. Two patients in the tinzaparin
group (versus none in the control group) experienced a serious non-fatal bleeding event during the
treatment period. Minor bleeding events occurred in one patient (0.4%) and 19 patients (7.1%) in the
control and tinzaparin groups during the treatment period, respectively (p<0.001). Symptomatic venous
thromboembolism occurred during the whole follow-up period in 20 (7.1%) patients in the control group
and 18 (6.7%) patients in the tinzaparin group (SHR 0.95, 95% CI 0.68-1.32; p=0.75).

Subgroup analysis

Among the 220 patients who received adjuvant chemotherapy, the use of tinzaparin was associated with a
significantly decreased overall survival (HR 1.78, 95% CI 1.13-2.81; p for interaction=0.03) whereas no
difference was observed between treatment groups among the 329 patients who did not receive adjuvant
chemotherapy (figure 4). Treatment group was the only significant predictor of death in patients who
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TABLE 2 Causes of death (clinical events committee adjudications) according to treatment arm
in pre-planned subgroups analyses by pathological stage and adjuvant chemotherapy

Control Tinzaparin
Total deaths n/n 79/280 89/269
Stage
Stage | 47/185 43/174
Index lung cancer 22 21
Other cancer 5 8
Serious bleeding 2 2
Cardiovascular disease 5 2
Respiratory disease 2 1
Other 6 3
Unknown 5 6
Stage I1-IlI 32/95 46/95
Index lung cancer 24 29
Other cancer 4
Serious bleeding 1 1
Cardiovascular disease 1
Respiratory disease 3 1
Other 4 5
Unknown 5
Adjuvant chemotherapy
Yes 30/110 49/110
Index lung cancer 22 33
Other cancer 5
Serious bleeding 1 1
Cardiovascular disease 2
Respiratory disease 1 1
Other 4 3
Unknown 2 4
No 49/170 40/159
Index lung cancer 24 17
Other cancer 5 7
Serious bleeding 2 2
Cardiovascular disease 5 1
Respiratory disease 4 1
Other 6 5
Unknown 3 7
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received adjuvant chemotherapy (supplementary appendix, table A1). The initial lung cancer was the cause
of death in 22 patients (20.0%) and 33 patients (30.0%) in the control and tinzaparin groups, respectively
(table 2) and the cumulative incidence of recurrence was not significantly different between the two
treatment groups (SHR 1.17, 95% CI 0.76-1.83; p=0.47) (figure 5).

Among the 190 patients with stage II-III disease, the use of tinzaparin was associated with a decreased
overall survival (HR 1.61, 95% CI 1.03-2.54; p-value for interaction 0.13), whereas no difference was
observed between treatment groups among the 359 patients with stage I disease (figure 4). There were no
potential predictors of death in patients with stage II-III lung cancer (supplementary appendix, table A2).
The initial lung cancer was the cause of death in 24 patients (25.3%) and 29 patients (30.5%) in the
control and tinzaparin groups, respectively (table 2) and the cumulative incidence of recurrence was not
significantly different between groups (figure 5).

Per-protocol analysis

The per-protocol study population consisted of 519 patients; 279 in the control group and 240 in the
tinzaparin group (figure 1). No significant difference in overall survival was observed between groups,
neither in the overall population, nor in the stage I or stage II-IIT subgroups, but the difference remained
significant in patients who received chemotherapy (supplementary appendix, figure Al). The cumulative
incidence of recurrence was not significantly different between groups neither in the total per-protocol
population, nor in the two subgroup analyses (supplementary appendix, figure A2). Adjustment for
confounding factors did not modify these results.

Discussion
In this large multicentre randomised trial, tinzaparin given as an adjuvant therapy in addition to standard
of care in patients with completely resected stage I-IIT NSCLC was not associated with either an improved

Tinzaparin Control

p-value for
Subgroup Patients n Deaths n (%)  Patients n Deaths n (%) HR (95% ClI) interaction
Primary end-point 269 89 (33) 280 79 (28) -t 1.24 (0.92-1.68)
Cancer stage 0.11
Stage | 174 43 (25) 185 47 (25) —_————— 0.97 (0.64-1.47)
Stage II-11l 95 46 (48) 95 32(34) < 1.61 (1.03-2.54)
Adjuvant chemotherapy 0.03
Yes 110 49 (45) 110 30 (27) — 1.78 (1.13-2.81)
No 159 40 (25) 170 49(29) @ ————— 0.90(0.59-1.37)

0.50 1.0 1.5 20 2530
«— Tinzaparin better Control better —»

FIGURE 4 Overall survival in the two pre-planned subgroup analyses on the use of adjuvant chemotherapy and on tumour stage (I versus II-I11)
(intention-to treat analysis). HR: hazard ratio.
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FIGURE 5 Cumulative risk of recurrence of the index lung cancer in the two pre-planned subgroup analyses on the use of adjuvant chemotherapy
and on tumour stage (I versus II-111) (intention-to-treat population). Death from causes other than the index lung cancer is the competing risk. HR:

hazard ratio.

overall survival or a decreased risk of tumour recurrence. The large sample size, the homogeneous study
population with a single cancer type, the high compliance with the study drug, the long follow-up period
with a very low rate of patients lost to follow-up and the robust primary end-point of overall survival all
support the reliability of the study results.

Previous clinical trials exploring the role of heparins as anticancer agents were performed mostly or only
in patients with locally advanced or metastatic disease, and therefore could not answer the question of the
role of heparins in early stage cancers suggested by some experimental results. The TILT study, with its
unique homogeneous population of NSCLC patients who had no detectable metastases at the time of
inclusion, was designed to address this question. Combined with the negative results obtained in advanced
cancer, the present results strongly advocate against any clinically significant effect of LMWH as
anti-cancer treatment.

In the present trial, the treatment was to be started within 2 months of surgery and prolonged for
3 months, paralleling eventual adjuvant chemotherapy when indicated. An “intermediate” (neither
prophylactic nor therapeutic) dose of tinzaparin was selected in order to parallel some experimental results
suggesting a dose—response relationship of the anti-cancer effect [23], and to take into account the results
from previous studies suggesting that prophylactic doses are generally not associated with an increased
survival [9, 13, 14], while avoiding the bleeding risk associated with therapeutic doses. Whether higher
doses and/or longer treatment durations would have produced different findings is unknown, but the
present results do not provide support for such research. Finally, in the animal models showing a
reduction in the metastatic spread, heparin was administrated before the intravenous injection of tumour
cells [5]. Therefore, the question of a different timing of heparin administration (e.g. starting tinzaparin
sooner after, or even before, the surgery) could make sense and merit further investigation. This
hypothesis is currently tested in a trial of colorectal cancer patients (NCT01455831).

The results of the pre-planned subgroup analyses by tumour stage and the use of adjuvant chemotherapy
are unexpected and should be interpreted with caution in the context of a negative trial. In the analysis by
tumour stage, the interaction test did not reach statistical significance, and the survival difference observed
in stage II-TII disease between arms was no longer significant in the per-protocol population. In patients
who received adjuvant chemotherapy, of whom 71% had stage II-III tumours, the use of tinzaparin was
associated with a lower survival and the difference remained significant in the per-protocol population.
However, unlike stage, randomisation was not stratified on adjuvant chemotherapy, which may have
resulted in unidentified imbalances between arms. No difference was observed in the cumulative risk of
recurrence between arms in this subgroup, advocating against a direct negative interaction between
tinzaparin and chemotherapy. In addition, in vitro experiments suggest that tinzaparin reverses cisplatin
resistance of human ovarian cancer cells [24]. Thus, the reasons for the excess of deaths observed in the
tinzaparin arm of adjuvant treated patients are difficult to ascertain. In any case, these subgroup analysis
findings, although intriguing, can be regarded only as hypothesis-generating.

The study limitations include the open-label design, the 6 years needed to complete inclusions, the lower
than expected death rate and the use of post-operative prophylactic LMWH in both groups. Regarding the
open-label design, the main study outcome was overall mortality, which minimises the probability of bias,
and all clinical end-points, including the cause of death, were blindly adjudicated. As for the long
inclusion and follow-up periods, the 5-year survival rate remains a reliable end-point to compare cancer
treatments, and the large number of patients still at risk at 5 years strengthens the study results. Also,
adjuvant therapy for resected NSCLC remained unchanged over the entire inclusion and follow-up
periods, making the reference treatment a valid comparator. The higher than expected survival rate is
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likely explained by the inclusion of a large proportion of stage I patients (65%) and the use of modern
staging tools, including positron emission tomography scanning and brain magnetic resonance imaging
that improve staging accuracy and, artificially, prognosis [25]. Finally, the short (11 days) post-operative
administration of LMWH in both groups, as per current guidelines, is unlikely to explain our negative
findings.

This study could not demonstrate any clinical benefit from tinzaparin as an adjuvant treatment for
resected early stage NSCLC. Combined with the negative findings of a recent trial in advanced lung cancer
[13], these results suggest that, whatever the role of coagulation in cancer progression, further exploration
of heparins as anti-tumour agents, at least in lung cancer, should no longer be considered a clinically
relevant approach.
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