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Many options for cancer immunotherapy today
Which pathways to target, which drugs to use?



What we’ll cover today: 
Three concepts, 3 repurposed drugs

• Concept 1:  Exploiting tumor immune vulnerabilities 
with reformatted osteoporosis drugs

• Concept 2:  Using blood pressure medications as cancer 
immunotherapy

• Concept 3:  Back to the medicine cabinet: Heart meds, 
stress and cancer 



Concept 1:  Exploiting the vulnerabilities of 
macrophages to treat histiocytic sarcoma



Clodronate (old osteoporosis drug) for targeted killing of 
histiocytic sarcoma cells

If you put clodronate in liposomes, it effectively poisons 
macrophages and MH cells while avoiding other cells



Occasional dramatic responses in dogs with 
histiocytic sarcoma treated with lip clodronate

Hafeman et al; Cancer Immunol Immunother, 2007



Why didn’t liposomal clodronate work more 
consistently for histiocytic sarcoma?

Failure to address the immune suppressive tumor 
microenvironment (TME) ?



Tumor microenvironment determines tumor response to 
immunotherapy, chemotherapy, and radiation therapy



TME = Macrophages, fibroblasts, endothelium, Tregs, stroma



If you can only target one of these cell 
populations in the TME, which one makes the 

most sense?



How to target macrophages in the TME to activate 
cancer immunity?

• Approach 1:  Kill macrophages in tumors directly

• Approach 2.  Deplete tumor macrophages over time by 
depriving them of replacements

• Approach 3.  Block mobilization of their replacements from 
the bone marrow



Concept 2:  Using blood pressure medication (losartan) to block 
replacements (monocytes) from getting to tumor, eventually 

depleting the tumor of macrophages
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(Regan, et al, J Immunol, 2019)



Combining losartan with second repurposed drug (sunitinib) 
effectively suppresses tumor metastasis in osteosarcoma



CSU-005 
10 mg/kg 

cohort

Combined losartan/toceranib (Palladia) immunotherapy
clinical trial in dogs with OS lung metastases



Response 
(RECIST)

Toceranib
(n = 24) 

LOS 1 mg/kg + 
toceranib (n=8)

LOS 10 mg/kg + 
toceranib (n=14)

Complete response 0 0 0 

Partial response 0 0 4 (29%)
Stable disease 

(> 8 weeks) 3/14 (21%) 3/8 (37.5%) 3/14 (21%)

Progressive disease 18 (75%) 5 (62.5%) 7 (50%)

Overall response rate 
(PR and CR) 0 0 29%

Biologic response rate 
(SD, PR, and CR) 12.5% 37.5% 50%

Clinical responses in dogs treated with toceranib alone 
or with combination losartan/toceranib immunotherapy



Concept 3: Sympathetic nervous system stress 
linked to tumor metastasis

• Stress (lack sleep, temperature, anxiety) activates the 
sympathetic nervous system (and cortisol response)

• Norepinephrine released, binds receptors on immune and 
tumor cells, triggering immune suppression

• Non-selective beta-blockers (ie, propranolol) block 
norepinephrine activity, reverse tumor immune suppression



Two responses to stress:  Sympathetic nervous system may 
be most important regulator of tumor immunity



Tumors have many nerve fibers and receptors to 
respond to sympathetic stimulation

(more malignant tumors = greater nerve supply)

Green = nerve fibers
White = blood vessels



Stress promotes tumor metastasis: 
The effect can be reversed with propranolol



Effects of blocking both pathways with losartan + propranolol 
in canine brain cancer

Canine brain cancer immunotherapy trial

Pre-treatment 6 months treatment Overall treatment responses



Summary of 3 Concepts:
Using repurposed drugs to modify the TME to restore 

tumor immunity

• Macrophage depletion:  Osteoporosis drugs (lip clodronate)

• Block monocyte recruitment: Angiotensin receptor blockers 
(losartan, others)

• Block MDSC mobilization: Beta-blockers (propranolol)



Current canine cancer trials with losartan and/or 
propranolol

• Metastatic bone cancer trial:  losartan + prop + Palladia

• Brain cancer trial:  losartan + propranolol + vaccine

• Hemangiosarcoma trial:  propranolol, dose escalation

• Metastatic cancer, all comers:  losartan + propranolol

• Histiocytic sarcoma trial (planned): losartan + propranolol + 

liposomal clodronate



Berners and their cancers:  
New opportunities for immunotherapy?

• Histiocytic sarcoma: 
• - exploit unique properties of cell of origin (macrophages)

• B cell lymphoma
• - awaiting launch of anti-CD20 mAb

• Osteosarcoma
• - losartan/Palladia/propranolol for cancer immunotherapy

• Hemangiosarcoma
• - endothelial cell targeted immunotherapy (eBat)
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The stress and cancer connection
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