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Parenteral anticoagulants 

 Indirect thrombin inhibitors

• Heparins

i. High Molecular Weight Heparin - Unfractionated Heparin (UFH)

ii. Low Molecular Weight Heparin (Enoxaparin, Dalteparin, Tinzaparin, 
Reviparin)

iii. Synthetic Heparin Derivatives (Fondaparinux)

 Direct thrombin inhibitors (lepirudin, Bivalirudin, Desirudin, 
Argatroban, Danaparoid, Rivaroxiban)



Tinzaparin

• Tinzaparin is a low molecular weight heparin (LMWH)

• Produced by enzymatic depolymerization of unfractionated heparin from 
porcine intestinal mucosa

• It is a heterogeneous mixture of with an average molecular weight between 
5500 and 7500 daltons

• Tinzaparin is composed of molecules with and without a special site for high 
affinity binding to antithrombin III (ATIII). This complex greatly accelerates the 
inhibition of factor Xa



Changes in risk for VTE in a typical cancer patient

JAMA 293: 715–722, 2005
Arch Intern Med 162: 1245–1248, 2002
Arch Intern Med 160:809-815, 2000

Metastasis

Chemotherapy (6.5-fold) 

4.1-fold increase 

Surgery

Risk factor assessment is an ongoing process



• LMWH is preferred over UFH for the initial 5 to 10 days of anticoagulation for the pt with cancer 
with newly diagnosed VTE who does not have severe renal impairment 

• For long-term anticoagulation, LMWH for at least 6 mo is preferred because of improved efficacy 
over VKAs

• Anticoagulation with LMWH or VKA beyond the initial 6 months may be considered for select 
patients with active cancer, such as those with metastatic disease or those receiving chemotherapy

• Use of novel oral anticoagulants for either prevention or treatment of VTE in patients with cancer 
is not recommended at this time



Not only for VTE treatment…

Inhibition of metastasis

Reversal of chemoresistance

Anti-angiogenic ability 



Pancreatic Cancer

Has an average 5-year survival rate of less than 10%

Is anticipated to become the second leading cause of cancer–related
mortality by 2020

Classical treatments such as chemotherapy, surgery and radiation
have been widely used but they have not exhibited any significant
improvements in clinical outcomes





The Renaissance of Immunotherapy

BCG, Bacille Calmette-Guerin; mABs, 
monoclonal antibodies; CA, cancer; 

IFN-α, interferon alpha; IL-2, 
interleukin-2  

Enthusiasm Phase Skepticism Phase Renaissance Phase

1978-1985 1985-1997 1997-

1973 
Discovery 

of the 
dendritic cell 
(Steinman)

1976
1st study 

with BCG in 
bladder CA

1978 
Discovery of 

tumor 
specific 
mABs

1985
1st study with 
adoptive T-cell 
transfer in CA

1990s 
Discovery the 

role of 
checkpoint 
inhibitors 

in CA

1986
IFN-α 

(cytokine) 
approved for 

CA

1992
IL-2 (cytokine) 

approved 
for CA

1997 
1st mAB

approved 
for CA

2010
1st cellular 

immunotherapy 
approved for CA

2011
1st checkpoint 

inhibitor 
approved 

for CA

1890s 
1st CA 

vaccine 
developed 

(Coley)

Adapted with permission from Lesterhuis WJ, et al2 and Kirkwood JM, et al. J Clin Oncol. 2008;26(20):3445-3455.
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Triple combination of Gemcitabine + Nab-paclitaxel + Tinzaparin leads to  a decrease 
in tumor size relative to control by 480% and relative to Nab-P + G  by 27%

NOD SCID mice



Triple combination of Tinzaparin with 1μΜ of NIVO / PEMBRO and IPILIMUMAB  decreases by around 35-40% cell viability, of  
pancreatic cancer cell lines, harboring mutant KRAS, through apoptosis
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 PC microenvironment is characterized by 
increased desmoplasia, several non-cellular 
components such as hyaluronic acid and 
various cells types such as cancer-associated 
fibroblasts (CAFs), pancreatic stellate cells 
(PSCs), muscle fibroblasts and immune cells

Due to the TME the penetrance of 
therapeutic regimes for the 

elimination of cancer cells is hindered



Lance L. Munn and Rakesh K. Jain, Science (365) 544-545



In triple combinatorial scheme PE+IPI+T, the protein levels of 
VEGFR2 were decreased in mtKRAS PC cell line (PANC1)

11 U/ml 2 U/ml2 U/ml 1 U/ml 2 U/ml3 U/ml 3 U/ml
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EUTHANASIA 
COLLECT BLOOD & 

XENOGRAFT

TINZAPARIN (daily subcutaneous injection 10 mg/Kg)  

DOSES : SIMPLE OR COMBINED
NAB-PACLITAXEL : 25 mg/kg
GEMCITABINE : 160 mg/Kg
NIVOLUMAB : 10 mg/Kg
PEMBROLIZUMAB : 10 mg/Kg
IPILIMUMAB : 10mg/Kg

107 cells 10 ml

IMMUNOTHERAPY PROTOCOL WITH NSG HUMANIZED MICE



Triple combination  of  PE + IPI + Tinzaparin leads to  a decrease in tumor size relative 
to control by 26%.  No decrease is observed when Tinzaparin is absent

0

200

400

600

800

1000

1200

1400

0days 4days 8days 12days 15days

CT

NI

IPI

NI+IPI

T+NI+IPI

Tu
m

o
r 

vo
lu

m
e

 m
m

^3



Next steps…

Check whether Tinzaparin interacts with chemokines

Test if there is an increase in Τregs levels

Investigate the effect of different concentrations  and dosage 
regimens in order to increase immunotherapy efficacy



Take Home Message

 Tinzaparin is efficient for tumor growth inhibition alone or in 
combination with chemotherapy

 A potential mechanism of action is through attenuation  of VEGF 
signaling pathway 

Other mechanisms of action can not be excluded but is seems that 
Tinzaparin affects TME, enhancing the efficiency of immunotherapy 
results in pancreatic cancer



Thank you for your 
attention!

University of Athens


