


Cancer statistics 

• 12 million people diagnosed each year 

• 8 million people die each year from cancer 

• Cancer is on increase mostly due to growing 
and ageing population 

 









Cancer mortality trends from 1970–1974 to 2005–2009 and the 
predicted rates for 2013 in the EU 

Squares - men, circles - women  

Men: stomach (squares), intestines (circles), pancreas 
(triangles), lung (crosses), prostate (xs) and leukemias 
(diamonds). Women: stomach (squares), intestines 
(circles), pancreas (triangles), lung (crosses), breast 
(xs), uterus (diamonds) and leukemias (inverted 
triangles) 

Malvezzi, M. et al. (2013) European cancer mortality predictions for the year 2013. Annals of Oncology   
doi: 10.1093/annonc/mdt010 
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Why so little progress? 

• Profit structure in industry 

• Lack of financial resources 

• Adverse regulatory environment 

• Problems of early diagnostics 

• Very few really effective new drugs 

• Prohibitive cost of treatments 

• Disconnect between patients, doctors and 
science 





Adams, D.J. (2012) Trends in Pharmacological Sciences 33, 173-180. 

 





What should be done? 

• Prevention 

• Early detection 

• Effective primary treatment 

• Post-treatment monitoring 

• Handling of recurrent and resistant disease 



Financial reports as windows into the 
near future 

• Financial reports are some of the most reliable 
sources of information about drugs under 
development 

• Four most frequent cancer will be analysed 
(lung, breast, prostate, colorectal) 

• Top 20 pharmaceutical companies included in 
the analysis 



 Company  Revenue in US$ mln 

1 Pfizer  $57,747 

2 Novartis $47,935 

3 Sanofi $42,779 

4 Merck $41,289 

5 GlaxoSmithKline  $35,594 

6 AstraZeneca $32,981 

7 Johnson & Johnson $24,368 

8 Eli Lilly & Co. $22,608 

9 Abbott Laboratories $22,435 

10 Bristol-Myers Squibb $21,244 

11 Takeda Pharma $17,257 

12 Teva $16,689 

13 Boehringer-Ingelheim $14,058 

14 Bayer Schering $13,853 

15 Astellas $12,311 

16 Daiichi-Sankyo $11,338 

17 Otsuka Pharmaceutical $9,935 

18 Gilead Sciences $8,102 

19 EISAI  $7,710 

20 Mylan $6,106 
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Pharmaceutical research and development pipeline 

Cost of successful drug development – US$1.3 bn. 
Cancer drugs cost 20% more. 
Only large companies with capitalization level in billions US$ have realistic chances to  
deliver new treatments. 
Only clinical trials stage III drugs or filed drugs considered. 
67% of stage III anticancer drugs fail → drugs at stages I and II not included in the analysis. 
 
 





Lung cancer (19 compounds) 

Drug Phase Molecular Target Company Info 

Dacomitinib 3 Pan-HER inhibitor Pfizer Previously treated advanced NSCLC 

Xalkori (crizotinib) Appr.; 

3 

c-MET/ALK inhibitor  Pfizer Approved for ELM4-ALK fusion gene 

carriers (4% of LC cases); ALK-positive 1st 

and 2nd line NSCLC 

Motesanib 3 Antagonist of VEGFR 1-3, 

PDGFR, and SCFR. 

Amgen 1st line NSCLC 

Nintedanib 3 Anti-vascular agent 

(inhibitor of VEGFR, FGFR 

and PDGFR) 

Boehring

er Ing. 

2nd line NSCLC (trials LUME-Lung 1 and 

LUME-Lung 2) 

Yervoy 3 Immunotherapeutics: CTLA-

4 

BMS 1st line squamous NSCLC 

Nivolumab 3 Immunotherapeutics: Anti-

PD-1, reactivation of T cells 

BMS   

Necitumumab 3 Antibody, inhibitor of EGFR Eli Lilly Advanced Squamous NSCLC, 1st line 

Ramucirumab 3 Antibody to extracellular 

domain of VEGF receptor -2 

(blocks interactions with 

ligands and angiogenesis) 

Eli Lilly   

Tasisulam 3 (?) Induction of apoptosis by 

activating the 

mitochondrial cell death 

pathway 

Eli Lilly NSCLC, Suspended for metastatic 

melanoma 

Full table: www.wlassoff.com 



Lung cancer 

Target Number of companies working 

on this target 

VEGFR 4 

EGFR (HER-1) 3 

c-Met (HGFR) 3 

PDGFR 2 

SCFR 1 

FGFR 1 

PARP 1 

Clusterine 1 

Microtubules 2 

Immunotherapeutic targets (CTLA-4, PD-1, MUC-1) 2 

(GF, receptors and corresponding TKs considered as single target) 

 



Prostate cancer 

Drug Phase Molecular Target Company Info 

Xgeva 3 

Appr. 

Antibody, receptor activator for 

nuclear kappa (RANK) ligand 

Amgen 

GSK 

Delay or prevention of bone 

metastases in prostate 

cancer 

Radium-223 

dichloride 

Filed   Bayer Hormone refractory prostate 

cancer with bone 

metastases 

Yervoy 3 Immunotherapeutics: CTLA-4 BMS Post hormonal, post 

chemotherapy 

Zytiga Appr. 17,20 lyase Johnson 

and 

Johnson 

Castration resistant, chemo 

naive 

TAK-700 

(orteronel) 

3 Non-steroidal androgen 

synthesis inhibitor (17,20 lyase) 

Takeda   

TAP-144-SR 

(leuprorelin 

acetate) 

3 LH-RH agonist (GnRH receptor) Takeda Approved in Japan, Europe, 

Asia 

Degarelix Appr. GnRH antagonist Astellas   

Custirsen (OGX-

011/TV-1011) 

3 Inhibitor of clusterin 

production, antisense drug 

Teva Metastatic castration-

resistant PC 



Prostate cancer 

Target Number of companies working 

on this target 

RANK 1 

17,20 lyase 2 

GnRH receptors 2 

Clusterin 1 

Immunotherapy (CTLA-4) 1 



Colorectal cancer 
Drug Phase Molecular Target Company Info 

Vectibix 3 antibody to EGF receptors Amgen 1st and 2nd line colorectal 

cancer 

Nintedanib 2 Anti-vascular agent (inhibitor 

of VEGFR, FGFR and PDGFR) 

Boehringer 

Ing. 

Metastatic bowel cancer 

Regorafenib 

(stivarga) 

Filed Multi-kinase inhibitor 

(VEGFR2-TIE2 tyrosine kinase) 

Bayer Metastatic colorect. cancer 

Ramucirumab 3 Antibody to extracellular 

domain of VEGF receptor -2 

(blocks interactions with 

ligands, and angiogenesis) 

Eli Lilli   

Erbitux 

(Cetuximab) 

Approve

d 2012 

Anti-EGFR mAb Merck Metastatic colorect. cancer 

(KRAS wild-type) 

Avastin Filed mAb to VEGF-A Roche mCRC TML (extends OS) 

Zaltrap Approve

d 2012 

Angiogenesis inhibitor, VEGF-A 

and VEGF-B 

Sanofi 

Aventis 

mCRC, OS increased by 1.5 

months, RFS by 2.2 months 

Erlotinib (Tarceva) 3 HER1/EGRF tyrosine kinase 

inhibitor 

Astellas   

TAS-102 Filed; 3 Combination trifluridine and 

tipiracil (nucleoside 

analogues) 

Otsuka   



Colorectal cancer 

Target Number of companies working 

on this target 

VEGFR 5 

EGFR 3 

FGFR 1 

PDGFR 1 

TIE2 1 

Thymidine phosphorylase 1 

(GF, receptors and corresponding TKs considered as single target) 
 
 



Breast Cancer (17 compounds) 
Drug Phase Molecular Target Company Info 

Xgeva  3 

Appr. 

Antibody, receptor activator for 

nuclear kappa (RANK) ligand 

Amgen, 

GSK 

Delay or prevention of bone 

metastases in breast cancer 

Sorafenib 3 inhibitor of several Tyrosine protein 

kinases (VEGFR and PDGFR) and Raf 

kinases (more avidly C-Raf than B-

Raf) 

Bayer   

Ramuciruma

b 

3 Antibody to extracellular domain of 

VEGF receptor -2 (blocks interactions 

with ligands, and angiogenesis) 

Eli Lilly   

Tasisulam 3 (?) Induction of apoptosis by activating 

the mitochondrial cell death pathway 

Eli Lilly Suspended for metastatic 

melanoma 

Tyverb/Tyke

rb (lapatinib) 

3; 

Filed 

(for  

mBC) 

Her2 and EGFR dual kinase inhibitor GSK Adjuvant therapy of breast 

cancer; metastatic breast cancer 

in combination with trastuzumab 

Denosumab  3 Anti-RANKL antibody Daiichi Sankyo Adjuvant therapy 

Afinitor Approv

ed (US, 

EU) 

mTOR inhibitor Novartis Under devt. for HER2 positive 

breast cancer 

BKM120 3 PI3K inhibitor Novartis Expected 2015 

Trastuzumab 

Emtansine 

(T-DM1) 

Filed Antibody (trastuzumab, anti-HER2 

Ab) -Cytotoxic drug (DM1) conjugate, 

one of the first drugs of this kind 

Roche HER2+ metastatic breast cancer, 

2nd line (EMILIA trial successful – 

32% lower risk of death, 6 months 

longer survival) 



Breast cancer 

Target Number of companies working 

on this target 

VEGFR 3 

EGFR (HER-1) 1 

HER2 3 

RANK/RANKL 2 

PDGFR 1 

Raf kinases 1 

mTOR 1 

PI3K 1 

GnRH receptors 1 

Microtubules 1 

Androgen receptors 1 

(GF, receptors and corresponding TKs considered as single target) 
 



General trends 

• Popularity of certain targets: many companies 
work on the same or similar ideas 

• Increasing attention to the late stage / 
metastatic disease 

• 2nd line treatment: tackling of resistant and 
recurrent disease 

• Combination therapies get developed: 
simultaneous attack on cancer cells, lower 
chances of resistance 



Under-represented in the pipelines: 

• Natural compounds/leads work better but the 
focus is still on small molecules 

• Cytotoxic compounds are not fashionable 

 

 

   Where are the fruits of recent great ideas? 

 



A bit of recent history 

• MMP inhibitors (1990s): only few not 
particularly successful drugs 

• Hypoxia-activated drugs 

• Angiogenesis inhibitors  

• Viral delivery vectors 

• Each big idea has delivered some small 
improvements, but nothing revolutionary 

 



MMP inhibitors 

JF Fisher (2006 ) Recent advances in MMP inhibitor design. Cancer Metastasis Rev 25: 
115–136 
 

Matrix metalloproteinases are key enzymes in the development of metastases 
MMP inhibitors were under development from 1990s 

Merimastat                                                            Cipemastat 

http://upload.wikimedia.org/wikipedia/commons/b/b1/Marimastat.png
http://en.wikipedia.org/wiki/File:Cipemastat.svg


Virus directed therapeutics 

• Promising experimental results 

• Limited success in humans 

• Investor’s mentality: 

 

http://en.wikipedia.org/wiki/File:I_am_legend_teaser.jpg
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Some potentially big ideas 

• Targeted delivery/activation (T-DM1 – approved in Feb 
2013 for HER+ breast cancer; ADEPT) 

• Immunotherapy (Yervoy – activates cytotoxic T-
lymphocytes) 

• Chemokine receptors and direction of metastatic spread 
• Cancer stem cells  
• Old techniques with big potential: 
 - Photodynamic therapy (impressive results with lung 
mesothelioma) 
 - Hyperthermia (excellent in combination with 
radiotherapy/chemotherapy) 

 
 



Prevention 

• Unhealthy lifestyle 
choices account for 
approximately 30% of 
all cancers 

• Screening for genetic 
predisposition 
followed by regular 
monitoring or 
preventive measures 



Early detection 

• Breast cancer – mammography 
• Prostate cancer – PSA (prostate specific antigen, 

potential of overtreatment) 
• Colorectal cancer – CEA (carcinoembryonic 

antigen) 
• Lung cancer - ??? 
• Breath tests might be the answer (stomach 

cancer breath tests already developed; use of 
sniffer dogs) 

• Problem of overdiagnosis and incorrect diagnosis 



Cost of treatment 

• The newest drugs are very expensive 
• Criticism of industry, but why companies charge 

so much for new drugs? 
• Transfer of manufacturing and R&D to the 

cheaper countries (BRICS, 3rd world). This leads to 
cheaper drugs but also means loss of 
employment in industrialised countries (Roche – 
new manufacturing facilities in Shanghai, Rio de 
Janeiro; Takeda – manufacturing in all BRIC 
countries and beyond (Indonesia, Colombia, 
Mexico etc.) 





Correct choice of drugs 

• Particularly important due to high cost and 
high risk associated with treatments 

• Heterogeneity of cancers (various genetic 
alterations can lead to the same disease): 
genetic screening tests become mainstream 

• Full sequencing of individual genomes is an 
ultimate solution 



Cost of genome sequencing 

Wetterstrand KA. DNA Sequencing Costs: Data from the NHGRI Genome Sequencing 
Program (GSP) Available at: www.genome.gov/sequencingcosts. Accessed [March 6th 

2013]. 

http://www.genome.gov/sequencingcosts


Funding of research 

• New ideas rarely come from industry.  

 However: 

• Implementation is usually done by industry 

• Reason: huge (up to 90%) failure rate of new 
drugs 





Pressure of Wall Street 

• IRESSA: 20% drop in AstraZeneca share prices 
in 2005 after drug failure, followed by long 
bear market 

 

• Lessons: a) tighter risk management needed; 

b) money can be saved by exploiting more 
reliable leads 



Market capitalization: US$ 42.38 bn 



New leads: combinatorial chemistry or nature? 

 Lipinski’s rule of five: 

• Not more than 5 hydrogen bond donors 
(nitrogen or oxygen atoms with one or more 
hydrogen atoms) 

• Not more than 10 hydrogen bond acceptors 
(nitrogen or oxygen atoms) 

• A molecular mass less than 500 daltons 

• An octanol-water partition coefficient  log P 
not greater than 5 

 



Imagination of nature seems to exceed 
ours by orders of magnitude 

Problems: 

- Multiple active ingredients are common. 
Difficult to establish which one is important.  

- Clinical trials problematic to arrange in 
standard conditions – hard to compare (Green 
tea: no drugs despite established effect) 



http://www.sciencedirect.com.ezproxy01.rhul.ac.uk/science/article/pii/S1367593108000574


A Ganesan (2008) The impact of natural products upon modern drug discovery 
Curr Opin Chem Biol. 12(3):306-17 





Imagination of nature seems to exceed 
ours by orders of magnitude 

Problems: 

- Multiple active ingredients are common. 
Difficult to establish which one is important.  

- Clinical trials problematic to arrange in 
standard conditions – results are hard to 
compare (Green tea: no drugs despite 
established effect) 



Rare cancers 

• No chances for industry to make profits 

• Difficult to arrange proper clinical trials. Most 
treatments remain experimental 

• Orphan cancers often have specific genetic 
alterations – possibility of finding a very 
specific target (CML: success story; specific 
genetic changes in Ewing sarcoma and lung 
mesothelioma) 



Communication gap between science 
and patients 

• Many patients don’t have full information 
about treatment options 

• Many clinicians don’t know about new 
developments in their fields 

• Many patients are unaware of the side effects 
and/or limited usefulness of anticancer drugs 

 





Conclusions 

• Better drugs will be developed in the next few 
years, but no game changers so far 

 

 However: 

• Even with existing methods of cancer 
treatment there is a lot of avenues and 
possibilities to improve clinical outcome 



Thank you for your attention! 

Additional information about the drugs under 
development – on my website 
(www.wlassoff.com) 

Email: info@wlassoff.com 

http://www.wlassoff.com/

