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Abstract: Low Molecular Weight Heparin (LMWH) is approved for treatment of and secondary prophylaxis against
thromboembolic events in patients with cancer. However, its role in improving Overall Survival (OS) remains unclear. A
retrospective study to evaluate effect of LMWH on OS in advanced lung cancer was conducted by retrospectively identifying
patients with advanced lung cancer (stage IIIA, IIIB and IV) including non-small cell, small cell and rare histopathologic
subtypes from 2004 to 2014. Patients with early stage lung cancer and those with incomplete information were excluded. Data
on patient demographics (age, gender, ethnicity), histopathology, staging, medications (including chemotherapy and
anticoagulants) and patient outcome were collected. Death was considered as the final endpoint. Patients with and without
LMWH use were identified. This study did not find an improvement in OS with use of LMWH in advanced stage lung cancer
patients. Even though the results were not statistically significant, there was a trend towards higher mortality in patients treated
with LMWH for thrombosis compared to patients without thrombosis. Future prospective studies using a larger patient
population should evaluate the impact of prophylactic versus therapeutic LMWH on OS in advanced lung cancer.
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low molecular weight heparin (LMWH) is approved for and
has replaced intravenous unfractionated heparin in the
treatment of acute VTE. The long-term use of LMWH is
recommended to prevent the recurrence of VTE [3]. Despite
advances in the understanding of malignancy and
thromboembolic events, there are still limitations in clinical
management being that patients (cancer and non-cancer) still
die from vascular thromboembolic events even when
diagnosed and appropriately managed [4]. Venous
thromboembolism (VTE) incidence is around 40-100 cases
per 1000 person-years in lung carcinoma patients in contrast
to 1-2 cases per 1000 person-years in the general population
[5]. However, one of the challenges with vascular
thromboembolism is that true prevalence is underestimated
due to many cases being clinically unapparent [4]. The

1. Introduction

Lung cancer is the leading cause of cancer deaths among
both males and females in America [1]. It is also the leading
cause of cancer death worldwide, and has surpassed breast
cancer as the leading cause of cancer death among females in
more developed countries [2]. Since the time of Trousseau it
has been well established that cancer puts an individual in a
hypercoagulable state, thus increasing the risk for thrombotic
complications. As in any cancer, venous thromboembolism
(VTE) is common in lung cancer patients and may be
precipitated by venous stasis, activation of clotting cascades
by pro-coagulant tumor factors, and by vascular injury due to
chemotherapy and central venous catheters [3]. Subcutaneous
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prevalence of VTE in cancer patients has been estimated as
up to 15% antemortem, and higher postmortem owing to the
asymptomatic nature of many episodes of VTE [6]. This
poses a problem as VTE itself is not only a common
coexisting entity but a direct cause of death in cancer
patients, in fact it is the second leading cause of death in
patients with cancer [7].

2. Hypothesis

We hypothesized that the use of anticoagulation as LMWH
improves the Overall Survival (OS) in patients with advanced
lung cancer.

3. Aims and Method

The objective of this study was to assess the overall
survival (OS) of patients with advanced lung cancer
receiving LMWH. In a single academic-based institution via
an electronic medical record we retrospectively identified
patients with advanced lung cancer (stage IIIA, IIIB and IV)
including non-small cell, small cell and rare histopathologic
subtypes from 2004 to 2014. Patients with early stage lung
cancer and those with incomplete information were excluded.
Data was collected on patient demographics (age, gender,
ethnicity), histopathology, staging, medications (including
chemotherapy and anticoagulants) and patient outcome.
Death was considered as the final endpoint. Patients with and
without LMWH use were identified.

4. Statistical Analysis

Kaplan-Meier method was used to calculate median OS
and 95% CI. Cox model was used to test treatment effect
adjusted for age and gender. A subgroup analysis was
subsequently performed for patients on LMWH with history
of thrombosis. Data was analyzed using SAS® software Ver
9.4 (SAS Institute Inc., Cary, NC, USA).

5. Results

Of the 197 patients with advanced lung cancer that were
reviewed, 28 received LMWH. Their mean age at diagnosis
was 62.2 £ 10.8 years. The median OS of patients who
received LMWH was 15 months (460 days) (95% CI: 157,
1051) and that of the non LMWH group was 17.7 months
(539 days) (95% CI: 376, 916), hazard ratio (HR) 1.335 (p =
0.339).

The patients with advanced lung cancer who needed the
LMWH due to thrombotic event (N = 19) had a lower OS
10.5782 months (322 days) (95% CI: 157, 1051) compared to
the patients who received LMWH at any point of their
disease without the presence of a thrombotic event. The
Maximum Likelihood Estimate for this subgroup after
controlling for covariates showed a HR 1.202 (p = 0.751).
None of the LMWH patients had a major bleeding event as a
cause of death.

6. Discussion

The association of cancer with VTE has long been
identified and studied. Between 1970 and 1982, 23,796
standardized autopsies were performed in an urban Swedish
population to investigate the presence of VTE in patients
with various types of cancer. The relationship between cancer
and PE was evaluated with logistic regression showing
overall PE prevalence was 23%, and 10% of the population
had a fatal PE [8]. Till this day there are still fatal pulmonary
embolisms in cancer patients. The importance of
understanding this association will not only aid in improving
overall survival but quality of life as well. Though the role of
LMWH on OS in patients with advanced malignancy and
known VTE has not been demonstrated thoroughly, many
studies show the overall benefit of LMWH in patients with
advanced malignancy without known VTE.

On review of the literature, Kakkar et al. showed for
patients with advanced malignancy who had a better
prognosis, alive 17 months after randomization, Kaplan-
Meier survival estimates at 2 and 3 years from randomization
were significantly improved for patients receiving dalteparin
versus placebo (78% v 55% and 60% v 36%, respectively, P
=.03). Although dalteparin administration did not
significantly improve 1-year survival rates, they suggest the
observed improved survival in the subgroup of patients with
a better prognosis shows a potential modifying effect of
dalteparin on tumor biology [9]. This study showed higher
OS in patients treated with LMWH without thrombosis
compared to the subgroup of patients treated with LMWH for
thrombosis.

Klerk et al. evaluated the effect of low molecular weight
heparin on survival in patients with advanced malignancy
without venous thromboembolism by randomly assigning
patients to receive a 6 week course of subcutaneous
nadroparin or placebo. In the a priori specified subgroup of
patients with a life expectancy of 6 months or more at
enrollment, the hazard ratio was 0.64 (95% CI, 0.45 to 0.90)
with a median survival of 15.4 and 9.4 months, respectively
[10]. Again, suggesting LMWH favorably influences survival
in patients with advanced malignancy.

Altinbas et al. sought to determine whether addition of
low-molecular-weight heparin (LMWH) to combination
chemotherapy (CT) would improve SCLC outcome
compared with CT alone. Overall tumor response rates were
42.5% with CT alone and 69.2% with CT plus LMWH (P =
0.07). Median progression-free survival was 6.0 months with
CT alone and 10.0 months with CT plus LMWH (P = 0.01).
Median overall survival was 8.0 months with CT alone and
13.0 months with CT plus LMWH (P = 0.01) [11].

Lebeau et al. randomized 277 patients with SCLC to either
receive or not to receive subcutaneous heparin injections for
5 weeks in addition to one of two chemotherapy regimens. In
comparison to the 139 patients who did not receive heparin,
the 138 patients who received anticoagulant treatment
obtained better complete response rates (37% vs. 23%, P =
0.004), better median survival (317 days vs. 261 days, P =
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0.01), and better survival rates at 1, 2, and 3 years (40% vs.
30%, 11% vs. 9%, 9% vs. 6%, respectively) [12].

7. Conclusion

Most of the reviewed literature aimed to determine the
benefit of LMWH on overall survival in patients with
advanced malignancy. This study is unique in that it sought
out to determine if LMWH had a benefit to OS for patients
with advanced lung malignancy with thrombosis compared to
without thrombosis. The other studies did not make this
distinction, however, but showed the benefit of LMWH on
patients with advanced malignancy even suggesting that it
may modify tumor biology. Perhaps with more research, the
addition of LMWH to a treatment regimen can be considered.

This study did not find an improvement in OS with use of
LMWH in advanced stage lung cancer patients. Even though
the results were not statistically significant, there was a trend
towards higher mortality in patients treated with LMWH for
thrombosis compared to patients without thrombosis. Our
findings further demonstrate the need for future prospective
studies using a larger patient population to evaluate the
impact of prophylactic versus therapeutic use of
anticoagulation as LMWH on OS in advanced lung cancer.
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