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McGuigan Group Mission

HIV/AIDS Hepatitis B/C

VV/Smallpox

Innovative small molecule drug discovery, particularly for viruses and cancer

VZV

HSV

CMV

Cancer flu

1

2

All nucleosides
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FV100 Shingles

Completed phase 2:
safe and effective (2010).
Phase 3 to start 2015.
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INX-189 HCV (180M patients)

Most potent agent in class
Completed phase 2a
safe and effective (2011).

$2.5Bn buyout Jan 2012
2 NCEs: both from Cardiff
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NUC-1031 Pancreatic cancer.
Registration trials in 

ovarian, pancreas, 
lung and biliary

First in man. Oct 2012.
Early positive data ASCO 2013, 2014.

NCEs from McGuigan lab that have entered human trials

NUC-3373

First in man. mid 2015
Colon cancer.
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Antivirals
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acyclovir
Zovirax
herpes
GSK

ganciclovir
Cymevene
CMV
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Half of them are nucleosides.

20/41 approved antivirals are 
nucleoside analogues.
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Nucleoside Drugs

Thymidine Telbivudine
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Nucleoside Drugs
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Nucs: Mechanism of Action

All nucleoside drugs require metabolic activation in their target 

cell to the bio-active phosphate forms:

In general - this requirement is a disadvantage. 
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(Often) poor metabolism to the active triphosphates

Rapid deactivation

Active transport needed

Toxicity common

Structure based / RDD ‘difficult’

Emergence of resistant virus (tumour)
transporter

kinase

polymerase

Problems of Nucleoside Drugs
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Often linked to poor clinical 
responses to therapy.
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Jennifer Spratlin, Randeep Sangha, Darryl Glubrecht, et al.

Clin Cancer Res 2004;10: 6956-6961.
Without transporter:
Mean survival 4 months

And same for kinase.

And same (inverse) for 
cytidine deaminase.

With 
transporter:
Mean survival 
13 months
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Why not use the pre-
formed phosphate?
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X
Lets try masking the 

charges?
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X
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XX
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“ProTides”
Properties of the blocking groups?

Requirements:
 Lipophilic
 Stable in plasma
 Hydrolyse in cells
 Byproducts non-toxic

Desirable:
 More rapid hydrolysis in target cells.?
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d4T: Stavudine
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Enhanced anti-HIV?

Our lead: So324

GB Patent appl. 9505025, Mar 13 1995 
McGuigan, J Med Chem, 1996, 39, 1748
.
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Anti-HIV Activity in Cells:
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So324	



But - does it work by phosphate 
delivery into cells?
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So324 became an 
important lead for us.
The EU Descartes 
Prize 2001 was 
awarded in part for 
this collaboration.

0.075

Jan Balzarini, Leuven
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Mechanism of Action 
(proposed)
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Some Evidence for This 
Mechanism

All data for HIV-1 in CEM cells.
Courtesy of Rega Institute.n    Cpd    EC50

1    Cf866   6
       
2    Cf1197 
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80-fold worse than Ala!

>250
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SGF
pH 1.2
37 C

OP

O

2h:
ca 90-95% 

Acid stability 
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Elements of a ProTide

 A tunable delivery motif for any bio-active nucleoside.
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Nucs and ProTides
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Transporter dependent Transporter independent

Kinase dependent Kinase independent

Subject to degradation Resistant to degradation
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 >250,000 analogues possible per nucleoside with proven 
variations; we have ppd ca. 5000 to date.

 Works on free deoxy and ribo purines and pyrimidines.

 Purification can be lengthy.

 Sometimes Nuc protection useful.
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McGuigan et al, J. Med. Chem., 2006, 49, 7215.
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Hepatitis C virus HCV
ca 170M infections worldwide: ca 
3% of the World’s population.

ca 3-4M in USA, 250K in UK.

Standard therapy Rbv / peg-INF 
plus PIs

PEG-INF Ribavirin
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Roche Palo Alto / Cardiff Collaboration

4’-AZU
Inactive!
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2’-C-MeG 10µM

32Wednesday, 15 April 15



NH

N

N

O

NH2
N

O

OHOH

HO

Me

2’-C-MeG
HCV EC50 10µM

N

N

N

O

NH2
N

O

OHOH

O

Me

P

O

O

NH

HC Me

OO Cf2761
First shipped 11 Nov 2008
INX-08189
HCV EC50 10nM

HCV replicon with 14d 
treatment with INX-189

1000x in vitro
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Clinical candidate 
INX-189

INX-189 was a novel 
dual pro-drug.

in vivo
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Agreement signed - 2007
INX-189 first prepared - Nov 2008 
First into man - May 2010
Efficacy in patients - Mar 2011

18 mos from synthesis 
to first in man

POC in 2.5yrs

Collaboration
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Clinical 
Trial
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http://www.youtube.com/watch?v=R4Za8OZWfHY
http://www.youtube.com/watch?v=R4Za8OZWfHY
http://www.youtube.com/watch?v=R4Za8OZWfHY


Summer 2012
Major phase 2b 
combination study.
Probability of success 
ca 50%.

Abandoned due to 
serious cardiotox in a 
combination study 
with another 
experimental agent.
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ProTide PSI 7977
• Pharmasset Primary Asset – Phase II

• $11.2 billion cash acquisition – Jan 2012

4

Technology Adoption

FDA	
  approval	
  6th	
  
Dec	
  2013.
Predicted	
  sales:	
  
$40Bn
Sofosbuvir	
  
(‘Sovaldi’).
1st	
  year	
  sales	
  
$10Bn
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Anti-cancer ProTides

39Wednesday, 15 April 15



N

NN

N

NH2

O

OH

HO
Cl

cladribine N

NH2

ON

O OH

OH

HO

cytarabine
N

NN

N

NH2

O

OH

HO
F

OH

fludarabine

NH

O

ON
H

F

FU

clofarabine

NH

NN
H

N

S
MP
(also TG)

also capecitabine
gemcitabine

N

NN

N

OMe

O

OH

HO
NH2OH

nelarabine Some Anticancer 

Nucleosides

N

NH2

ON

O F

OH

HO

F

About 1 in 5 approved anti-cancer drugs are 
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Gemzar (Gemcitabine) $2Bn anti-cancer 

drug from Lilly.

Used in therapy of lung and pancreatic 

cancer, also for bladder cancer.

Nucleoside Drugs
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Cancer ProTides

42Wednesday, 15 April 15



Mycoplasma insensitive

DNA

Mycoplasma sensitive

1
Gem

OHO

HO

F
N

N

NH2

O

F
Active transport

2

OHO

HO

F
N

N

NH2

O

F

NUC-1031

OO

HO

F
N

N

NH2

O

F

P

O

O

NH
O

O

Passive diffusion
>1,000 times more lipophilic

OO

HO

F
N

N

NH2

O

F

P

O

O

NH
O

O

GemMP

dCK needed

3

OO

HO

F
N

N

NH2

O

F

P

O

HO

OH

CDA

Deactivation

4

43Wednesday, 15 April 15



 Hammersmith Hospital, London

 Advanced Solid Tumours

 Two Parts:
 Dose Escalation 
 Expansion Cohort – Safety & Efficacy

 Opened Oct 2012

ProTide Phase I/II Study 
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• Patients treated to date include:

• Pancreatic, ovarian, colorectal, breast...

• No unexpected adverse events 

• PK data confirm ProTide significant advantage 

over parent nucleoside: enhanced NTP release.
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Strong efficacy signals

 

Trial now closed with 37 patients treated and strong 
efficacy signals. Data to be presented at ASCO this 

Spring. Phase 2 trials now started.

All patientsAll patients Evaluable patients*Evaluable patients*
n % n %

Total 36 100 25 100
Partial response 5 14 5 20
Stable disease 17 47 17 68
Disease control 22 61 22 88

*	
  ≥2	
  cycles
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Issues??? Chirality? Naphthol?
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NEW:
Phosphorodiamidates: 
A new motif.

Cf2917
INX-09134
HCV EC50 30nM

The next generation of ProTides
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Same intermediate as 
regular ProTide

One amino acid (ester) is 
important for activity.
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Conditions: 5.0 mg of diamidate in 200µl of Acetone-d6 + 400µl of Trizma buffer 
(pH 7.4), 0.3- 0.5 mg of Carboxypeptidase Y in 200µl of Trizma buffer (pH 7.4)

Diam
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diester

identical chemical 
shift as for ProTide
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McGuigan Labs Pipeline: April 2015
Project Hit 

finding
Hit to 
lead

Candidate 
selection

pre-clin 
workup Phase 1 Phase 2 Phase 3 Sponsor

shingles
FV100 

HCV
INX-189

Cancer 
NUC1031

Cancer 
2nd in class

Osteoarthritis

Pox / 
measles

HIV

Flu

MS

X
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Key collaborators
Cardiff University
Andrea Brancale, Andy Westwell, Joachim Bugert, 
Malcolm Mason, Wen Jiang, Rob Nicholson, Huw 
Mottram, Arwyn Jones, Alan Clarke and team, Tim 
Maughan, Alan Burnett, Beth Walsby, Ned Powell, 
Amanda Tristram, Bruce Caterson and team, Yves 
Barde, Ken Broadley.

Rega Institute, Leuven
Jan Balzarini, Johan Neyts, Lieve Naesens.

GSK, RTP
Susan Daluge and Co-workers

Roche Pala Alto
Dave Smith, Klaus Klumpp

Inhibitex GA
Geoff Henson and team.

Nucana UK
Chris Wood, Hugh Griffith & Morvus team.
Plus Sarah Blagden and Hammersmith team
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McGuigan Group, 2014-15

and ca 100 former PhDs and researchers
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£15M. 100 new 
drug discovery 

projects

£100M. So far 7 
deals incl UKs 

1st proton 
beam unit.

mcguigan@cardiff.ac.uk
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