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Abstract: Numerous studies have shown that elements of coagulation reactions mediate tumor cell
proliferation, motility (invasiveness), tissue remodeling and metastasis. Coagulation activation is virtually
a universal feature of human malignancy that differs from the clotting response to injury in that it is self-
perpetuating rather than self-attenuating. Coagulation activation participates in tumor matrix deposition and
local inflammation, and predicts subsequent cancer risk and adverse cancer outcomes. Several clinical trials
of anticoagulants have shown improved outcomes in small cell carcinoma of the lung (SCCL) that have been
correlated with assembly on the tumor cells of an intact coagulation pathway. However, variable efficacy of
anticoagulant therapy has raised doubts about the coagulation hypothesis. Recently, initiators of coagulation
and fibrinolytic pathways have been identified that mediate tumor inception and progression. Notable
among these is oxidative stress driven by iron-catalyzed reactive oxygen species that may be the basis for
local coagulation activation, tumor matrix deposition, inflammation and aberrant properties characteristic
of the malignant phenotype. Recognition of important biological characteristics of individual tumor types,
disease stage, choice of standard therapy including chemotherapy and the iron status of the host may clarify
mechanisms. All of these are subject to modification based on controlled clinical trial design. Further tests of
the coagulation hypothesis may lead to novel, low cost and relatively non-toxic approaches to treatment of

malignancy including lung cancer that contrast with certain current cancer treatment paradigms.

Keywords: Blood coagulation; cancer treatment; iron

Submitted Apr 22, 2016. Accepted for publication Apr 23, 2016.
doi: 10.21037/tlcr.2016.05.06
View this article at: http://dx.doi.org/10.21037/tlcr.2016.05.06

The advent of anticoagulant treatment for cancer benefits were indeed due to drug interference with the
o . coagulation mechanisms (1,2). Reference to these earl
Beginning in the 1950’s and extending for over a half 5 (1,2) i i y
.o . studies has focused on the concept that intervention was
century thereafter, scores of studies in experimental

. . R “anti-metastatic”. Certain studies had shown reduction in
malignancies documented inhibition of tumor growth and

metastasis by manipulation of the coagulation mechanism.
The extensive literature on this subject has been reviewed in
detail in the past (1,2) and will be highlighted here briefly as
background for subsequent translational steps to treatment
of human malignancy.

Heterogeneity in responsiveness between experimental
tumor types to a variety of coagulation-regulatory
interventions was recognized from the outset. However,
extensive use of treatment controls had confirmed that
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metastatic takes (typically lung colonies following tumor
cell infusion) with treatment. A more faithful interpretation
of the pre-clinical evidence shows that the clotting
mechanism in broad context regulates cell proliferation,
motility and invasion, and tissue remodeling as well as
metastasis (1-5). Coagulation laboratory test abnormalities
and venous thromboembolism (VTE) that signal adverse
cancer outcomes invited translation of experimental

results to clinical trials. The blood coagulation mechanism
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is fundamentally deranged in cancer and, unlike the
physiologic response to injury, apparently incapable of self-
attenuation (3). Clinical trials were considered feasible
because anticoagulation of the blood had long been used to
prevent and treatment VTE in malignancy. Such treatment
had not yet been studied for effects on cancer outcomes.
Heterogeneity of responses between experimental tumor
types signaled the importance of defining mechanisms of the
coagulation-cancer interaction in human disease as clinical
trials with warfarin commenced. Consistency of responses
in given experimental tumors having malignant cells with
properties that varied according to tumor type, such as
dominant pro-coagulant versus pro-fibrinolytic enzymatic
pathways, led to cautious clinical trial design. Mechanisms
in human tumor types had to be elucidated individually.
Laboratory reagents suited to studies in human tumor
tissues disclosed assembly of blood coagulation pathways
in situ in various patterns on tumor, vascular endothelial
or inflammatory cells (1,2). Probes for the active serine
site of thrombin (6) and activated factor X (Xa) (7), and for
intact fibrinogen versus exposed thrombin cleavage sites on
fibrinogen (8) signified cell-specific coagulation activation
micro-anatomically within the tumor bed in intact tumor
tissues. Analyses were conducted on tumor types studied
in the original clinical trial of warfarin described below
(9,10) including colon, head and neck, prostate, non-small
cell lung NSCLC) and small cell carcinoma of the lung
(SCCL). Of these, only SCCL showed an intact coagulation
mechanism with generation of enzymatically active factor
Xa and thrombin, and chemically defined fibrin associated
with tumor cells in situ (6-8). Among these tumor types,
only SCCL appeared to respond favorably to warfarin
anticoagulation (9,10). Combined clinical and laboratory
findings in SCCL led to the hypothesis that warfarin may
alter human tumor growth by attenuating tumor cell-
initiated coagulation activation in SCCL. Benefits of
warfarin were not likely due to systemic anticoagulation
because such activation is common to many tumor types
and anticoagulants treated successfully DVT with various
malignancies but failed to alter outcomes in certain other
tumor types (3). An “anti-metastatic” mechanism was
considered unlikely because all tumor types metastasize,
all were apparently comparably anti-coagulated, and
survival curves by randomization overlapped for all tumor
categories—the exception being SCCL. Conclusion: the
occurrence of local coagulation activation may enhance
growth and dissemination of established disease in
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SCCL. Subsequently, two additional tumor type-specific
prospective randomized clinical trials were conducted with
warfarin (for a total of three trials of warfarin) and four with
heparins in SCCL. Although patterns of outcomes varied
between clinical trials, evidence suggested that SCCL
responded to anticoagulation.

Results from these trials in SCCL are reviewed
chronologically in the context of a recently completed trial
of the low molecular weight heparin (LMWH), dalteparin,
in which no effect on survival was found in either SCCL
or NSCLC. Anticoagulant effects on tumor response
and survival, salient design characteristics, confounders
potentially capable of impacting outcomes differentially and
incentives for future translational research are discussed.

1981

Zacharski er al. VA Cooperative Study #75 (9,10). Previously
untreated patients were randomized independently into six
separate clinical trials conducted concurrently in five different
tumor types. Each trial was designed separately according to
patient sample size requirement, organ of origin by histology,
disease stage, standard therapy and follow-up procedures.
Analysis was not of “sub-groups” of a heterogeneous
population of cancer patients entered to a single study. At
the time this study began (in the mid 1970s) the utility of
sorting NSCLC by disease stage and of distinguishing SCCL
from NSCLC were recognized but sorting according to
limited versus extensive SCCL was not. Each tumor category
was assigned appropriate standard treatment and followed
separately for outcomes. Survival was the primary endpoint.

A preliminary report (9) described fifty patients with
SCCL that received combination chemotherapy plus
radiation therapy and were randomized to warfarin
versus no anticoagulation. Warfarin was discontinued
with disease progression. Significantly improved time to
disease progression was observed with warfarin treatment
(P=0.030) and in survival in patients failing to achieve a
complete or partial response (P=0.033). Median overall
survival was doubled with warfarin, 50 versus 24 weeks in
controls (P=0.02), and in patients with extensive disease
at entry (P=0.049). The clinical trial of warfarin in SCCL
was terminated by the Data Monitoring Board because
results were statistically significant and adriamycin became
approved for SCCL treatment the addition of which would
require protocol modification. The results were considered
interesting and confirmation would be required.
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1984

Zacharski et al. VA Cooperative Study #75 (10). This final
report described 431 patients with limited or disseminated
NSCLC; advanced colon, head and neck, and prostate cancer;
and SCCL. Too few patients with limited extent NSCLC were
entered for evaluation. No effect of warfarin was observed
for any tumor type (survival curves were overlapping) except
SCCL. Improvement in SCCL of time to disease progression
(P=0.016) and survival with versus without warfarin
(49.5 versus 23 weeks, P=0.018) after longer follow-up
was confirmed. Survival in patients with extensive disease at
randomization also improved with warfarin (P=0.013).

1989

Chahinian e 4/. Cancer and Leukemia Group B (CALGB)
protocol 8084 (11). A total of 294 evaluable patients with
extensive SCCL stratified for sex and performance status were
entered. Randomization was to one of two different advanced
combination chemotherapy regimens abbreviated here as
MACC and alternating MEPH/MACC. Patients receiving
MACC were than randomized to warfarin (MACC + W)
versus no warfarin anticoagulation. Complete and partial
tumor response rates were significantly increased in the
MACC + W regimen (17% and 50% respectively) when
compared to MACC alone (8% vs. 43%) or MEPH/
MACC, 10% versus 38% respectively (P=0.012). Complete
response rates doubled with addition of warfarin to MACC
chemotherapy. Two way comparisons showed improved
response rates with warfarin compared to MACC alone
(P=0.027) and compared to MEPH/MACC (P=0.005). No
differences in response rates were observed on comparison
of chemotherapy regimens without warfarin. Both
failure-free (P=0.054) and overall (P=0.098) survival were
increased with MACC+W compared to either combination
chemotherapy regimen without warfarin. The complex
design of these studies suggested that goals were to improve
outcomes with chemotherapy rather than to clarify the role
of the coagulation mechanism in SCCL progression.

1994

Lebeau ez al. “Petites Cellules Group” protocol 02-PC85 (12).
A total of 277 patients with SCCL received combination
chemotherapy and were randomized to receive or

not receive 500 IU/kg/day of unfractionated heparin
(UFH) daily in two or three divided doses for 5 weeks.
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Compete response rates were 37% with UFH versus 23%
without UFH, P=0.004. Median survival with UFH was
317 days versus 261 days without UFH, P=0.01. Survival
was also improved at 1, 2 and 3 years of follow-up. Improved
survival was observed with UFH in the subgroup of patients
with limited extent of disease at randomization, P=0.03.

1997

Maurer er al. CALGB protocol 8532 (13). Favorable
results in extensive SCCL in protocol 8084 prompted a
randomized clinical trial in previously untreated limited
extent SCCL. A total of 369 patients received an aggressive
alternating combination chemotherapy regimen with
randomization to warfarin versus no anticoagulation.
Unacceptable toxicity from combination chemotherapy
required modification of standard therapy during the
study. Patients treated according to the original protocol
plus warfarin experienced marginally improved failure-
free survival with warfarin (P=0.07). A landmark analysis
in complete responders at 8 months of follow-up showed
improved median survival with warfarin compared to no
warfarin (33 vs. 13.75 months, P=0.05).

2004

Altinbas et al. (14). Eighty-four previously untreated
patients with SCCL were admitted to a clinical trial in
which all patients received combination chemotherapy and
radiation therapy and then randomized to receive 5,000 U
of the LMWH, dalteparin, subcutaneously daily for 18 weeks
or standard therapy only. Overall tumor response rates
were 42.5% with standard treatment and 69.2% with
addition of dalteparin (P=0.07). Median progression-
free survival for the entire cohort was 6 months with
standard therapy alone versus 10 months with addition of
dalteparin (P=0.001). Overall median survival for the entire
cohort was 8 months with standard treatment alone versus
13 months with addition of dalteparin (P=0.01). Risk
of death in the dalteparin-treated group was 0.56, 95%
confidence interval (CI) (0.00-0.86), compared to standard
therapy alone (P=0.012). Overall survival was improved in
the dalteparin-treated group in patients with both limited
(P=0.007) and extensive disease (P=0.01) at entry.

2009

Green D, and Kwaan HC, editors: Coagulation and
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Cancer, Springer, NY (15). This book summarized the
extensive literature linking coagulation activation to the
epidemiology, pathogenesis and course of malignancy.
Optimism regarding the prospects of favorable outcomes
with anticoagulant, and particularly LMWH, treatment
of cancer was reflected in chapter 15 entitled “Effects of
anticoagulants on cancer: heparin” by Pineo and Hull.
Favorable effects of heparins and related compounds in
experimental and human malignancies were reviewed
together with the multiplicity of mechanisms by which this
class of drugs might exert their effect. Data from a number
of prior studies were reviewed, including one meta-analysis,
suggesting superior effects of LMWH on cancer outcomes.
Data from two large prospective randomized trials
comparing UFH with LMWH for VTE treatment were
subjected to post hoc multiple logistic regression analysis
by Green er al. (16) for comparative effects of heparins on
mortality in the subset of patients with malignancy having
VTE entered to these studies. Combined cancer mortality
was 31% (21 deaths among 67 patients) in UFH-treated
patients and 11% (7 deaths among 76 patients) in LMWH-
treated patients, P=0.005. While analysis was post hoc,
the survival advantage with LMWH was not considered
attributable to confounding by tumor stage or possible
detrimental effects of UFH. Both groups were comparably
anticoagulated suggesting that superior effects of LMWH
on the course of malignancy might best be explained by
non-anticoagulant mechanisms.

2013

Lecumberri et al. the ABEL study, ClinicalTrials.gov
identifier: NCT00324558 (17). Thirty-eight patients with
previously untreated limited disease SCCL were entered.
All patients received standard combination chemotherapy
and radiation therapy. Patients were randomized to receive
standard therapy alone or the LMWH, bemiparin, 3,500 units
once daily for the 26 week duration of standard therapy.
Median progression-free survival in the control group was
272 versus 410 days with addition of bemiparin (hazard ratio,
2.58; 95% CI, 1.15-5.80; P=0.022). Median overall survival
was 345 days with standard therapy alone and 1,133 days in
the bemiparin group (hazard ratio, 2.96; 95% CI, 1.22-7.21;
P=0.028). After 1 year of follow-up, 90% of bemiparin-
treated versus 41% of control patients were alive (P=0.040).
After 2 years of follow-up, 71% of bemiparin-treated
versus 35% of control patients were alive (P=0.042). Tumor
response rates were similar in both study arms.
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2016

Macbeth et al., the FRAGMATIC trial (18,19). A randomized
phase III clinical trial was conducted in which 2,202 patients
with newly diagnosed NSCLC or SCCL received
standard therapy and were randomized to receive either
no experimental treatment or the LMWH, dalteparin,
5,000 U once daily subcutaneously, for 24 weeks. Patient
randomization was stratified according to cell type, SCCL
or NSCLC, sex, performance status, extent of disease and
medical center. Analysis of the total cohort showed an
anticoagulant effect of treatment with a significant reduction
in risk of DVT (P=0.001). No difference in overall or
progression-free survival was found. Entry of 150 patients
with limited extent SCCL and 242 patients with extensive
SCCL permitted analysis of LMWH effects on survival.
Post hoc analysis showed no difference in hazard ratios for
mortality or in survival on Kaplan Meier analysis for SCCL
patients randomized to dalteparin versus control.

Current status of anticoagulant effects on
cancer outcomes

In 2011, Lebeau ez a/. (20) surveyed retrospectively outcomes
in 239 patients with SCCL seen between 1990 and 2002
in an oncology practice setting at a single center. Of these,
55% received a form of heparin in addition to standard
therapy. Outcomes were sorted for this report according
to the combination chemotherapy used, age at diagnosis,
sex, smoking status, extent of disease and heparin use.
Opverall, stage-specific survival was approximately doubled
with heparin on univariate (P=0.01) and multivariate
(P=0.018) analysis. In 2014, Altinbas er al. (21) reviewed
retrospectively data on patients reported previously (14)
including 67 patients with SCCL treated with combination
chemotherapy plus dalteparin. Circumstantial evidence
favoring prolonged dalteparin therapy was presented. Data
from a phase II trial of combination chemotherapy plus an
infusion of pro-fibrinolytic urokinase plasminogen activator
in 27 patients with limited extent SCCL reported an 85%
complete response rate. Urokinase infusion in 24 patients
with extensive disease resulted in a 71% complete response
rate (22). Median survival with urokinase treatment was
26.3 months with limited and 13.3 months with extensive
disease SCCL. A randomized trial of standard therapy plus
aspirin versus no aspirin showed no effect of this treatment
on cancer outcomes in SCCL (23).

The concept that the coagulation mechanism may
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support cancer progression remains unfamiliar to many.
Coagulation activation in malignancy is easily dismissed
as an annoying “paraneoplastic” phenomenon of no
further consequence. Earlier studies of anticoagulant
effects on survival in SCCL have been faulted as “under-
powered” owing to the small number of patients entered.
This criticism may require reconsideration. Coagulation
reactive drugs may not seem like other anti-cancer agents—
primarily because they are not like others. The clotting
mechanism may mediate malignant progression by multiple
mechanisms (1-4) and individual drugs may have a variety
of mechanisms of effect (5,15). Blood coagulation is a
precariously balanced system that may be tipped toward
either too much or too little (coagulation) with seemingly
minimal provocation. Persistent elevation of markers of
systemic coagulation activation has been shown to be
strong predictors of subsequent long-term cancer risk (24).
Chemotherapeutic agents induce tumor cell procoagulant
activity that may negate attempts to attenuate their
reactivity (25). Such effects may account for the apparently
reduced efficacy of warfarin in CALGB protocol 8532 (13)
compared to 8084 (11). Markers of coagulation activation
predict subsequent tumor responsiveness in SCCL (26-28).
Regardless of disease stage, elevated levels of fibrinogen
and D-dimer before treatment and after two cycles of
chemotherapy were independent predictors of unfavorable
progression-free and overall survival (28). Markers of
systemic thrombin activation are normally counterbalanced
by a proportionate increase in markers of compensatory
fibrinolysis. The ratio of markers of thrombin to fibrinolysis
is disproportionately elevated with SCCL (29). The
degree of thrombin relative to fibrinolytic activity predicts
subsequent poor tumor response in SCCL. Patients in long-
term remission had a near normal ratio.

Tumor stage may also influence outcomes with
anticoagulant therapy. In 2000, von Tempelhoff ez /. (30)
reported long-term pelvic and breast cancer outcomes from
a prospective randomized double-blind trial of LMWH
(140 evaluable patients) versus UFH (147 evaluable
patients) for inter-operative VTE prevention. Evaluation
at 650 days showed significant long-term improvement
in survival with LMWH compared to UFH (P=0.006)
particularly in pelvic cancers but also in breast cancer
patients with adverse markers of risk. In 1983, Kohanna
et al. (31) reported a retrospective analysis of a cohort of
230 patients with resected Dukes B and C colon cancer
seen at a single institution from 1973 through 1977. Of
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these, 180 received of pre-operative prophylactic UFH for
VTE prevention continuing daily until hospital discharge
and 50 demographically comparable patients received no
anticoagulation. On long-term follow-up overall mortality
was 54% in the control group and 35% with UFH. Life
table analysis revealed a consistently lower overall mortality
in the UFH-treated group throughout the follow-up period,
P<0.05, although cause-specific mortality was not different.

Variability in outcomes with anticoagulants in SCCL, and
particularly the negative results by Macbeth et /. (19), invite
consideration of potentially contributory factors to systemic
coagulation activation besides use of chemotherapy (25).
Most intriguing is evidence for interactions with elevated
levels of body iron that parallel markers of coagulation as
indicators of cancer risk (32-35). Iron-catalyzed hydroxyl ion
activates coagulation (36) and results in tumor deposition of
a modified fibrin that adversely effects cancer outcomes (37)
and resists physiologic thrombolysis (38). Notable effects
include the ability of iron to trigger tissue procoagulant
activity (39) and tumor cell urokinase expression (40).
Delivery of an iron load may explain why blood transfusion
has a negative impact on malignant growth (41,42).
Aberrant tumor cell iron handling is central to its toxicity
(43,44). Studies underway should clarify effects of iron in
experimental (45-47) and human (48-50) malignancy. Little
information is available on effects of iron reduction on
blood coagulation.

Conclusions

The potential importance of anticoagulant effects in cancer,
while variable, should not be discounted. The challenge
may be to consider explanations for findings that may not be
obvious at first glance, but nonetheless signal unprecedented
opportunities for progress in cancer prevention and
treatment. New peptide anticoagulants with specificity for
the active serine site of factor Xa and thrombin should gain
access readily to the extravascular environment of cancer (51)
needed for inhibition of tumor progression (52). Clinical
trials may be indicated in tumor types, such as malignant
melanoma (6,7,53-56) and renal cell carcinoma (6,7,57),
having tumor cell induced coagulation activation similar to
that of SCCL. Transition from the dominant “search-and
destroy” paradigm to less toxic and expensive translational
strategies offer the prospect of improved cancer prevention
and treatment and even the possibility of increased self-
management (58).

Transl Lung Cancer Res 2016;5(3):280-287



Translational Lung Cancer Research, Vol 5, No 3 June 2016

Acknowledgements

None.

Footnotes

Conflicts of Interest: The author has no conflicts of interest to

declare.

References

1.

10.

11.

Zacharski LR. Anticoagulants in cancer treatment:
malignancy as a solid phase coagulopathy. Cancer Lett
2002;186:1-9.

Zacharski LR. Basis for selection of anticoagulant drugs
for therapeutic trials in human malignancy. Haemostasis
1986;16:300-20.

Zacharski LR, Engman CA. Coagulopathy of Cancer.
In: Schwab M, editor. The Encyclopedia of Cancer. 2nd
edition. Heidelberg: Springer, 2008.

Zacharski LR. Controlling cancer growth from within
the blood coagulation mechanism. ] Thromb Haemost
2011;9:1804-6.

Zacharski LR, Lee AY. Heparin as an anticancer
therapeutic. Expert Opin Investig Drugs 2008;17:1029-37.
Zacharski LR, Memoli VA, Morain WD, et al. Cellular
localization of enzymatically active thrombin in intact
human tissues by hirudin binding. Thromb Haemost
1995;73:793-7.

Zacharski LR, Dunwiddie C, Nutt EM, et al. Cellular
localization of activated factor X by Xa-specific probes.
Thromb Haemost 1991;65:545-8.

Zacharski LR, Memoli VA, Rousseau SM. Thrombin-
specific sites of fibrinogen in small cell carcinoma of the
lung. Cancer 1988;62:299-302.

Zacharski LR, Henderson WG, Rickles FR, et al. Effect
of warfarin on survival in small cell carcinoma of the
lung. Veterans Administration Study No. 75. JAMA
1981;245:831-5.

Zacharski LR, Henderson WG, Rickles FR, et al. Effect
of warfarin anticoagulation on survival in carcinoma of the
lung, colon, head and neck, and prostate. Final report of
VA Cooperative Study #75. Cancer 1984;53:2046-52.
Chahinian AP, Propert KJ, Ware JH, et al. A
randomized trial of anticoagulation with warfarin and
of alternating chemotherapy in extensive small-cell lung
cancer by the Cancer and Leukemia Group B. J Clin
Oncol 1989;7:993-1002.

© Translational lung cancer research. All rights reserved.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tlcr.amegroups.com

285

Lebeau B, Chastang C, Brechot JM, et al. Subcutaneous
heparin treatment increases survival in small cell lung
cancer. "Petites Cellules" Group. Cancer 1994;74:38-45.
Maurer LH, Herndon JE 2nd, Hollis DR, et al.
Randomized trial of chemotherapy and radiation therapy
with or without warfarin for limited-stage small-cell lung
cancer: a Cancer and Leukemia Group B study. J Clin
Oncol 1997;15:3378-87.

Altinbas M, Coskun HS, Er O, et al. A randomized clinical
trial of combination chemotherapy with and without low-
molecular-weight heparin in small cell lung cancer. ]
Thromb Haemost 2004;2:1266-71.

Pineo GE, Hull RD. Effects of anticoagulants on cancer:
heparins. In: Green D, Kwaan HC, editors. Coagulation
and Cancer. NY: Springer, 2009:259-75.

Green D, Hull RD, Brant R, et al. Lower mortality in
cancer patients treated with low-molecular-weight versus
standard heparin. Lancet 1992;339:1476.

Lecumberri R, Lépez Vivanco G, Font A, et al. Adjuvant
therapy with bemiparin in patients with limited-stage small
cell lung cancer: results from the ABEL study. Thromb
Res 2013;132:666-70.

Macbeth F, Noble S, Evans J, et al. Randomized Phase IIT
‘Trial of Standard Therapy Plus Low Molecular Weight
Heparin in Patients With Lung Cancer: FRAGMATIC
Trial. J Clin Oncol 2016;34:488-94.

Macbeth F, Carte B, Noble S, et al. Further results of the
FRAGMATIC trial of thromboprophylaxis in lung cancer.
Transl Lung Cancer Res 2016;5:347-9.

Lebeau B, Baud M, Masanes MJ, et al. Optimization

of small-cell lung cancer chemotherapy with heparin: a
comprehensive retrospective study of 239 patients treated in
a single specialized center. Chemotherapy 2011;57:253-8.
Altinbas M, Dikilitas M, Ozkan M, et al. The effect of
small-molecular-weight heparin added to chemotherapy
on survival in small-cell lung cancer - A retrospective
analysis. Indian J Cancer 2014;51:324-329.

Calvo FA, Hidalgo OF, Gonzalez F, et al. Urokinase
combination chemotherapy in small cell lung cancer. A
phase II study. Cancer 1992;70:2624-30.

Lebeau B, Chastang C, Muir JF, et al. No effect of an
antiaggregant treatment with aspirin in small cell lung
cancer treated with CCAVP16 chemotherapy. Results from
a randomized clinical trial of 303 patients. The "Petites
Cellules" Group. Cancer 1993;71:1741-5.

Miller GJ, Bauer KA, Howarth D], et al. Increased
incidence of neoplasia of the digestive tract in men with
persistent activation of the coagulant pathway. ] Thromb

Transl Lung Cancer Res 2016;5(3):280-287



286

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Haemost 2004;2:2107-14.

Lysov Z, Dwivedi DJ, Gould 'T]J, et al. Procoagulant effects
of lung cancer chemotherapy: impact on microparticles
and cell-free DNA. Blood Coagul Fibrinolysis 2016. [Epub
ahead of print].

Meehan KR, Zacharski LR, Moritz TE, et al. Pretreatment
fibrinogen levels are associated with response to
chemotherapy in patients with small cell carcinoma of the
lung: Department of Veterans Affairs Cooperative Study
188. Am ] Hematol 1995;49:143-8.

Zhu LR, LiJ, Chen P, et al. Clinical significance of plasma
fibrinogen and D-dimer in predicting the chemotherapy
efficacy and prognosis for small cell lung cancer patients.
Clin Transl Oncol 2016;18:178-88.

Zhu JE, Cai L, Zhang XW, et al. High plasma fibrinogen
concentration and platelet count unfavorably impact
survival in non-small cell lung cancer patients with brain
metastases. Chin J Cancer 2014;33:96-104.

Milroy R, Douglas J'T, Campbell ], et al. Abnormal haemostasis
in small cell lung cancer. Thorax 1988;43:978-81.

von Tempelhoff GF, Harenberg J, Niemann F, et al. Effect
of low molecular weight heparin (Certoparin) versus
unfractionated heparin on cancer survival following breast
and pelvic cancer surgery: A prospective randomized
double-blind trial. Int J] Oncol 2000;16:815-24.

Kohanna FH, Sweeney J, Hussey S, et al. Effect of
perioperative low-dose heparin administration on the
course of colon cancer. Surgery 1983;93:433-8.

Zacharski LR. Hypercoagulability preceding cancer. The
iron hypothesis. ] Thromb Haemost 2005;3:585-8.

Kell DB, Pretorius E. The simultaneous occurrence of
both hypercoagulability and hypofibrinolysis in blood and
serum during systemic inflammation, and the roles of iron
and fibrin(ogen). Integr Biol (Camb) 2015;7:24-52.

Evans CE, Bendahl PO, Belting M, et al. Diverse roles of
cell-specific hypoxia-inducible factor 1 in cancer-associated
hypercoagulation. Blood 2016;127:1355-60.

Lipinski B, Pretorius E. Hydroxyl radical-modified
fibrinogen as a marker of thrombosis: the role of iron.
Hematology 2012;17:241-7.

Pretorius E, Bester J, Vermeulen N, et al. Oxidation
inhibits iron-induced blood coagulation. Curr Drug
Targets 2013;14:13-9.

Lipinski B. Iron-induced parafibrin formation in tumors
fosters immune evasion. Oncoimmunology 2014;3:e28539.
Lipinski B. Modification of fibrin structure as a possible
cause of thrombolytic resistance. ] Thromb Thrombolysis
2010;29:296-8.

© Translational lung cancer research. All rights reserved.

Zacharski. Altering blood coagulation and lung cancer therapy

39.

40.

41.

42.

43.

46.

47.

48.

49.

50.

S51.

52.

53.

tlcr.amegroups.com

Day SM, Duquaine D, Mundada LV, et al. Chronic iron
administration increases vascular oxidative stress and
accelerates arterial thrombosis. Circulation 2003;107:2601-6.
Ornstein DL, Zacharski LR. Iron stimulates urokinase
plasminogen activator expression and activates NF-

kappa B in human prostate cancer cells. Nutr Cancer
2007;58:115-26.

Goubran HA, Elemary M, Radosevich M, et al. Impact

of Transfusion on Cancer Growth and Outcome. Cancer
Growth Metastasis 2016;9:1-8.

Porter JB, de Witte T, Cappellini MD, et al. New insights
into transfusion-related iron toxicity: Implications for the
oncologist. Crit Rev Oncol Hematol 2016;99:261-71.
Guo W, Zhang S, Chen Y, et al. An important role of the
hepcidin-ferroportin signaling in affecting tumor growth
and metastasis. Acta Biochim Biophys Sin (Shanghai)
2015;47:703-15.

Chanvorachote P, Luanpitpong S. Iron induces cancer
stem cells and aggressive phenotypes in human lung cancer
cells. Am J Physiol Cell Physiol 2016;310:C728-39.

. Moody TW, Cuttitta F. Growth factor and peptide receptors

in small cell lung cancer. Life Sci 1993;52:1161-73.

Vostrejs M, Moran PL, Seligman PA. Transferrin synthesis
by small cell lung cancer cells acts as an autocrine regulator
of cellular proliferation. J Clin Invest 1988;82:331-9.

Lui GY, Obeidy P, Ford S], et al. The iron chelator,
deferasirox, as a novel strategy for cancer treatment:

oral activity against human lung tumor xenografts

and molecular mechanism of action. Mol Pharmacol
2013;83:179-90.

Manz DH, Blanchette NL, Paul BT, et al. Iron and cancer:
recent insights. Ann N'Y Acad Sci 2016;1368:149-61.
Zacharski LR, Chow BK, Howes PS, et al. Decreased
cancer risk after iron reduction in patients with peripheral
arterial disease: results from a randomized trial. ] Natl
Cancer Inst 2008;100:996-1002.

Zeidan AM, Hendrick F, Friedmann E, et al. Deferasirox
therapy is associated with reduced mortality risk in a
medicare population with myelodysplastic syndromes. J
Comp Eff Res 2015;4:327-40.

Short NJ, Connors JM. New oral anticoagulants and the
cancer patient. Oncologist 2014;19:82-93.

Rossi C, Hess S, Eckl RW, et al. Effect of MCMO09, an
active site-directed inhibitor of factor Xa, on B16-BL6
melanoma lung colonies in mice. ] Thromb Haemost
2006;4:608-13.

Wojtukiewicz MZ, Zacharski LR, Memoli VA, et al.

Malignant melanoma. Interaction with coagulation

Transl Lung Cancer Res 2016;5(3):280-287



Translational Lung Cancer Research, Vol 5, No 3 June 2016 287

and fibrinolysis pathways in situ. Am J Clin Pathol Low molecular weight heparin treatment for malignant
1990;93:516-21. melanoma: a pilot clinical trial. Thromb Haemost
54. Ornstein DL, Zacharski LR. Treatment of cancer with 2003;89:405-7.
anticoagulants: rationale in the treatment of melanoma. 57. Wojtukiewicz MZ, Zacharski LR, Memoli VA, et al.
Int ] Hematol 2001;73:157-61. Fibrinogen-fibrin transformation in situ in renal cell
55. Sampsel JW, Macivor M, Barbera-Guillem E. Cure of carcinoma. Anticancer Res 1990;10:579-82.
metastatic melanoma with surgery, low-dose methotrexate 58. Mangan PD, editor. Dumping Iron: how to ditch this
and heparin: a case report. Melanoma Res 2004;14:425. secret killer and reclaim your health. Santa Rosa, CA:
56. Wojtukiewicz MZ, Kozlowski L, Ostrowska K, et al. Phalanx Press, 2016.

Cite this article as: Zacharski LR. Anticoagulation, ferrotoxicity
and the future of translational lung cancer research. Transl Lung
Cancer Res 2016;5(3):280-287. doi: 10.21037/tlcr.2016.05.06

© Translational lung cancer research. All rights reserved. tler.amegroups.com Transl Lung Cancer Res 2016;5(3):280-287



