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High failure rate in oncology drug 
development

           
            

          
      



Failure rate is not financially sustainable



Amid flurry of new cancer drugs, how many offer real 
benefits?
By Liz Szabo, Kaiser Health News
Updated 4:01 AM ET

Story highlights
•Pushed by those who want earlier access to medications, FDA has approved a flurry of oncology 
drugs in recent years
•A few have been home runs, allowing patients with limited life expectancies to live for years
•But many more offer only marginal benefits, a researcher says

Overall cancer survival has barely changed over the past decade. The 
72 cancer therapies approved from 2002 to 2014 gave patients only 
2.1 more months of life than older drugs, according to a study in JAMA 
Otolaryngology-Head & Neck Surgery. And those are the successes.   
Two-thirds of cancer drugs approved in the past two years have no 
evidence showing that they extend survival at all.   The result: For 
every cancer patient who wins the lottery, there are many others who 
get little to no benefit from the latest drugs.

http://jamanetwork.com/journals/jamaotolaryngology/article-abstract/1891387


Reasons for Failure

Efficacy
66%

Safety
21%

Financial
7%

Other
6%



Most rodent models lack critical features of 
spontaneous neoplasia

 Many models use immunodeficient
mice that lack key microenvironment 
components

 Cancer typically develops in weeks in 
most models rather than over a long 
latency period

 Mouse cancers are relatively 
homogeneous when compared to 
human counterparts

 Mice are far more tolerant of therapies 
than people and don’t exhibit some 
toxicities (vomiting)

http://pixgood.com/pumpkin-throwing-up-beer.html
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.itsokaytobesmart.com/post/21383169793/a-nude-mouse-with-1-sad-tuft-of-hair-is-really-a&ei=fWDSVIfgG4T8yQSJrYKgAw&psig=AFQjCNEH6sWuER2YTEmFTuDlr2Jk-IKHsQ&ust=1423159803337654


Overestimation of Clinical Relevance
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BIAS

• 381 cases/100,000 dogs
• 264 cases/100,000 cats 

• 300 cases/100,000 people



Comparable genetic 
etiopathogenesis 

Greater synteny between dog/human vs. 
rodent/human
Similar gene expression alterations in cancer

Comparable signal 
transduction pathways 

Similar druggable targets identified
Similar angiogenic and apoptotic pathways

Spontaneous tumors, 
outbred  population 

Recapitulates heterogeneity in human tumors
Recurrence, metastasis, resistance to therapy 
common

Lower relative cost GMP quality material not always necessary
Pre-IND work highly valuable

Population less heavily 
pretreated

Higher patient performance status, more accurate 
AE assessment and less acquired resistance 

Body size of companion 
species 

Similar imaging and treatment modalities used
Opportunity for repeated tissue and fluid sampling 

Why study cancer in dogs?



Mifamurtide (trade name Mepact)



Emergence of targeted therapeutics:
Incorporation of canine cancers into drug 
development

 Activating KIT mutations identified in 
canine mast cell tumors consisting of 
internal tandem duplications in JM domain

 Induce constitutive activation of KIT similar 
to mutations found in human GIST 

 Associated with high risk of recurrence, 
metastasis and death

 Oncogenic driver of disease

1      2      3       4       5      6     7       8     

Mutant

Normal



Using canine cancers to optimize 
small molecule inhibitors

 Sunitinib (Sutent):  toceranib (Palladia) evaluated in dogs 
with cancer; mast cell tumors possessing KIT mutations 
used to demonstrate PK/PD relationship

 Selinexor (XPO1 inhibitor):  dogs with NHL used to validate 
target, PK/PD relationship, tolerability, and biologic activity; 
verdinexor being developed for veterinary patients

 RV1001 (PI3Kdelta inhibitor): dogs with NHL used to validate 
target, PK/PD relationship, tolerability, and activity in PTCL.

 Ganetispib (HSP90 inhibitor): dogs with cancer used to 
develop PD assay, demonstrate link between PK and 
activity, and develop dosing regimen



Challenges with small molecule 
inhibitors
While responses are dramatic, resistance is very common, often 
within 1-2 years

Mechanisms of resistance are variable and can be challenging to 
address given level of heterogeneity

PFS:
Median 6.7 mo (95%CI; 5.5 - 7.8 mo)
PFS at 6 mo 54% (95% CI; 45 - 63%)

Response to vemurafenib



Re-emergence of Immunotherapy

Broad anti-tumor efficacy of anti-PD-L1/PD-1 inhibitors



Leveraging Canine Cancer to Advance 
Immunotherapy

 KIT as a target for immunotherapy

Modulating the microenvironment in 
metastatic osteosarcoma



KIT Mutations Detected in Dog MCTs

 Activating KIT mutations occur in over 50% of humans with 
gastrointestinal stromal tumors (GIST)

 Similar KIT mutations occur in 30% of dogs with mast cell tumors (MCT)
 Dogs with MCT are a good model to study KIT dysregulation and KIT 

directed therapeutics

Dogs as a model for KIT dysregulation



Several small molecule inhibitors of KIT have demonstrated activity 
in KIT driven malignancies such as gastrointestinal stromal tumors 
(GIST)

KTN0158 is a humanized anti-KIT IgG1 mAb being developed as a 
potential therapy for cancer and mast cell-related diseases

Clinical trial of another humanized anti-KIT mAb had been halted 
due to anaphylaxis events

KTN0158 properties:

Binds canine, feline, non-human primate and human KIT with high affinity; 
does not bind mouse KIT 

Potent inhibitor of wild-type and some oncogenic variants of KIT

Modulates mast cell function and survival in vivo in dogs, cynomolgus
monkeys and cats

KIT as a Target for Immunotherapy



• KTN0158 binds the Ig-like Domain 4 (D4) of the KIT 
extracellular domain and blocks KIT homodimerization and 
ligand binding

• KTN0158 is a more potent inhibitor of SCF-dependent cell 
proliferation than imatinib or nilotinib

KTN0158 Mechanism of Action and Activity
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KTN0158 inhibits Dog KIT Activation In Vitro and 
Decreases Mast Cell Numbers in Dog Skin In Vivo



Dogs with measurable MCT were enrolled into this open-label clinical 
trial

Three dose levels and 2 schedules were evaluated
One Dose Schedule: 10 or 30 mg/kg given on Day 0 only
Two Dose Schedule: 1 or 10 mg/kg given on Days 0 and 21

Serial tumor biopsies and blood samples for PK and PD analysis were 
collected pre- and post-treatment throughout the study. 

Weekly assessments included physical examination and standard 
laboratory tests (serum chemistries, hematology profiles, and UA) for 
clinical toxicities and response.  

Evaluation of KTN0158 in dogs with MCT



Tumor response and target modulation
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Response to KTN0158 Treatment

Day 15Day 1



Response to KTN0158 Treatment

Lack of Neoplastic Mast Cells in a Subset of Primary Tumors and 
Metastatic Lymph Nodes after KTN0158 Treatment

Dose
Group

Patient 
No.

KIT
Mutation

Best 
Response

(% Change)

Primary Tumor
Post-treatment  
Histopathology

Lymph Node
Pretreatment 

Cytology

Lymph Node 
Post-treatment 
Histopathology

10 mg/kg 
(Day 0)

1 Negative -23.3 MCT Not Done Not Done

2 Negative -29.2 NED Metastatic NED
3 Negative -34.3 MCT Metastatic NED

30 mg/kg 
(Day 0)

4 Exon 11 -11.3 NED Not Done Not Done

5 Negative 1.3 MCT Not metastatic Not Done

7 Exon 11 -43.2 Not Done Metastatic Not Done

10 mg/kg 
(Day 0 & 21)

6 Negative -46.1 MCT Not Done MCT

8 Negative -56.8 MCT Not Done Not Done

9 Negative -27.3 MCT Not metastatic Not Done

1 mg/kg 
(Day 0 & 21)

11 Negative -27.2 MCT Not Done Not Done

12 Negative -35.7 MCT Metastatic NED
13 Exon 11 -4.0 MCT Metastatic MCT

NED = no evidence of disease; MCT = mast cell tumor 



• Dose-related increases in exposure were observed after the first 
and second doses of KTN0158

• Anti-KTN0158 antibodies were detected in 10 of 12 dogs by Day 14 
and all dogs at study completion

Pharmacokinetics of KTN0158 in dogs with MCT



KTN0158 results and summary

♦ KTN0158 demonstrated good single agent activity in dog MCTs

♦ Downregulation of KIT phosphorylation occurred in vitro and in 
vivo; exon 11 KIT ITD appears to be particularly sensitive

♦ Hematologic toxicities were identified in treated dogs that were 
not observed in non-human primates or normal dogs

♦ These data were included in the KTN0158 IND application

♦ First human patients safely dosed: drug refractory GIST

♦ Human Phase 1 study is ongoing 



 STAT3 exhibits constitutive 
activation in many human cancers.

 This typically occurs through 
cytokine receptor and growth 
factor receptor signaling 
(gp130/JAK, EGFR, etc).

 The role of STAT3 in epithelial 
cancers and hematologic cancers 
has been well described.  In 
contrast, less is known regarding 
STAT3 dysregulation in sarcomas

STAT3 and Cancer



STAT3 and Osteosarcoma

 OS cell lines exhibit constitutive STAT3 phosphorylation

 Downregulation of STAT3 inhibits proliferation and induces 
apoptosis

 Small molecule inhibitors of STAT3 reduce proliferation and 
induce apoptosis in OS cell lines

 Oncostatin M/IL-6 is a driver of STAT3 phosphorylation 
through gp130 signaling in OS

 gp130 signaling stimulates MMP2 and VEGF production and 
induces invasive behavior

Fossey et al. BMC Cancer, 2009  
Fossey et al. BMC Cancer, 2011  



OS17-Ctr OS17-STAT3M (Y705F)  

Day 1

Day 15

Dominant negative STAT3  inhibits metastatic seeding 
but may not inhibit primary tumor growth

Courtesy of Hakan Cam



Clinical application of STAT3 inhibition

• FLLL32 insoluble in most substances including cremephor
- significantly limits in vivo application
- probable off target effects

• LLL12 has very poor oral bioavailability and short half life
- unable to sustain plasma levels sufficiently to inhibit STAT3
- probably off target effects

• LY5 has excellent oral bioavailability and long half life
- toxicity associated with chronic dosing
- off target effects identified that precluded development

 STATs have traditionally been very 
difficult to target with small molecules
- need to block dimerization
- difficult to target specific family members

 Targeting upstream drivers (gp130)  
may be feasible

Fossey et al, BMC Cancer Research, 2011
Couto et al, BMC Vet Res 2012
Hu et al, submitted, PLOS 



Metastasis to lung enriches for expression of 
IL6 and IL8

Human FFPE samples from matched primary-metastasis pairs

Courtesy of Ryan Roberts MD
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Paoloni et al, BMC Genomics, 2009

Canine OSA can predict genes linked to an 
aggressive phenotype in human OSA



Courtesy of Ryan Roberts MD

OS cell lines carry differential metastatic 
potential associated with IL6 and IL8



ΔNp63 as a driver of IL-6/IL-8/pSTAT3 in OS

 Alternative splicing/use of alternative promoters results in multiple 
transcript variants encoding different isoforms that vary in their 
functional properties. 

 p63 mutations are associated with ectodermal dysplasia, and several 
syndromes including and cleft lip/palate syndrome 3 among others

 ΔNp isoforms have been associated with neoplasia



Expression and function of ΔNp63

Cancer Res. 2014 Jan 1;74(1)

https://www.ncbi.nlm.nih.gov/pubmed/24154873


ΔNp63 expression correlates with lung 
metastasis

Cancer Res. 2014 Jan 1;74(1)

OS17 OS25 

https://www.ncbi.nlm.nih.gov/pubmed/24154873


Canine OS overexpresses ΔNp63

Oncotarget. 2016 Jul 6



Oncotarget. 2016 Jul 6

ΔNp63 activates VEGF secretion through 
STAT3 and IL-8



Oncotarget. 2016 Jul 6

ΔNp63 modulates invasion, cellular motility and 
progression of lung metastasis in canine OS



Targeting IL-6 (gp130) and IL-8 (CXCR1/2) 
signaling in vivo

Courtesy of Ryan Roberts MD

Control: vehicle
SC144: gp130 inhibitor
DF2156A:  CXCR1/2 inhibitor



Effects of gp130/CXCR1/2 Inhibition

Courtesy of Ryan Roberts MD



Validation with doxycycline inducible  
lenti-sh constructs

Courtesy of Ryan Roberts MD



Validation of gp130 and CXCR1/2 targeting 
across species

Courtesy of Ryan Roberts MD



gp130/CXCR1/2  inhibition does not affect 
proliferation of OS cells

Courtesy of Ryan Roberts MD



gp130 downregulation blocks colony formation

Courtesy of Ryan Roberts MD



Translation of gp130 and CXCR1/2 
inhibition to dogs with OS

 Reparixin/DF2156A (Dompe):

- CXCR1/2 (IL8R) inhibitor
- has been evaluated in human cancer patients in 
combination with chemotherapy; PK is established in 
healthy dogs

 gp130 inhibitor sc144 not a clinical candidate

 Oclacitinib, JAK1/JAK3 inhibitor developed to treat canine 
atopic dermatitis, can possibly be repurposed to block 
gp130 signaling





JAK1/JAK3
Atopic dermatitis

Development of Apoquel (oclacitinib)
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Effects of oclacitinib on cytokine signaling

Plasma concentration  
oclacitinib 0.6 mg/kg BID

Plasma concentration  
oclacitinib 0.6 mg/kg SID

JAK1 dependent 
cytokines  IC50s

JAK2 dependent 
cytokines IC50s
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Tofacitinib inhibits rhOSM
induced STAT3 phosphorylation 
on both Y705 and S727

It also blocks rhOSM induce 
scattering of MCF-7 cells in vitro

Lore Lapeire et al. Cancer Res 2014;74:6806-6819

Treatment with α-OSM antibody or tofacitinib
inhibits OSM-induced effects in MCF-7 
xenografts. 

Effects of Tofacitinib on mammary tumor growth



Oclacitinib inhibits pSTAT3 in canine OSA cells
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• Phase 1 study of DF2156A to establish MTD and 
pharmacodynamics.

• Oclacitinib and DF2156A in combination in metastatic OS to 
establish tolerability and activity

• Oclacitinib, DF2156A, carboplatin combination in metastatic 
OS to establish tolerability and activity

• Oclacintib, DF2156A, carboplatin in microscopic metastatic 
disease (post amputation) to evaluate effects on PFS and OS

Ongoing/Planned Clinical Trials in Dogs



1. Tumor is technically self
- Tolerance to self-antigens
- Lack of classic danger signals
- May have deleted centrally deleted relevant T cells capable 

of recognizing tumor (hole in the repertoire)

2.  Direct immunosuppression by the cancer cells
- Production of immunosuppressive cytokines
- Expression of PD-L1/2 and other receptors to turn off 

immune response
- Expression of ligands that induce death in responding T 

cells (FASL, etc)

3.  Immunosuppression by cells in microenvironment  
- MDSCs, Tregs, TAMs, etc
- Immunoediting

Why is immunotherapy so challenging?



Immunoediting



Microenvironment of Immunosuppression



Enhance T cell effector functionEnhance APC function

Induce immunogenic cancer cell deathEliminate immune suppression

Combination therapies likely to be needed for 
most cancers
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