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OverviewOverview

• Addressing unmet clinical need• Addressing unmet clinical need

• Scientific rationale

• Current approaches

• Considerations for therapeutic• Considerations for therapeutic 
development

• Regulatory Issues



Ecce: Insulin ex pancreas Ecce: Insulin ex pancreas humanihumani
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Insulin:Insulin:
Hard to improve on Mother Nature 

• Because normally, insulin is secreted in—
Just the right time (high and low frequency)– Just the right time (high and low frequency)

– Just the right place
h i h di i– Just the right condition

– Just the right cost and effort

• And, insulin, the peptide has 
– Just the right affinity for insulin and other g y
receptors 
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Traditional reasons for trying to 
h limprove on human insulin:

• ConvenienceConvenience 

• Needleless administration

b li l b d i h ff• Better metabolic control, body weight effects

• Less risk of hypoglycemia

• Less other safety concerns

• AffordabilityAffordability
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Addressing unmet clinical need 
f l d lfor insulin delivery

• Convenience of non‐injected insulin approaches Co e e ce o o jected su app oac es
becoming less important

• Injected insulin therapy very effective but safety j py y y
depends on the glycemic goal

• The clear unmet clinical need is to improve the 
safety of insulin use—
not just hypoglycemia but 
–weight gain, 
– dyslipidemia
– other adverse effects 



A long held hope: 
Oral delivered insulin could improved therapeuticOral delivered insulin could improved therapeutic 

index of insulin therapy

• Oral insulin could correct under exposure of 
liver to insulinliver to insulin 

• Absorption of insulin from the GI tract and 
transport through the portal venous systemtransport through the portal venous system 
control both hepatic glucose output and 
peripheral glucose uptakeperipheral glucose uptake 
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Insulin



Caution:  Unanticipated consequences

Subcapsular hepatic steatosis associated with 
intraperitoneal insulin

Copyright © 2006 by the American Roentgen Ray Society
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Oral Insulins Under DevelopmentOral Insulins Under Development

• Multiple programs still active– both humanMultiple programs still active both human 
insulin and insulin analog

• Challenges include low bioavailability and• Challenges include low bioavailability and 
consistent performance

M idl i d• Most are very rapidly acting—targeted at 
prandial coverage only

• Convenience of administration probably not 
enough but may offer some clinical benefits
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Ultra
Fast Acting
Insulins

•Potential to result 
i l i k fin less risk of 
hypoglycemia
•Provide better•Provide better 
glycemic control
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Fast Acting InsulinsFast Acting Insulins
• Multiple insulin development programs aimed at 
prandial coverage
– Injected, monomeric Biodel

I h l d M ki d– Inhaled Mannkind

– Fast SQ release Halozyme

– Nasal CPEX– Nasal CPEX

• PK profile appears more physiologic than current 
injected insulinsinjected insulins

• Will clinical benefits justify the additional costs as 
injected fast acting analogs become “generic”?j g g g
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Ultra Long Acting InsulinsUltra Long Acting Insulins

• Multiple insulin development programsMultiple insulin development programs 
aimed at >24 hour duration Flamel, Novo, 
et alet al

• Some reports of lower day‐to‐day variability 
compared to glarginecompared to glargine

• Will rates of hypoglycemia and compliance 
f bl il bl l icompare favorably to available long‐acting 

insulin products?
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Smart Insulins DESIGN OF ZINC-STAPLED INSULIN
HEXAMERS AS A LONG ACTING DEPOT*□S
JBC Papers in Press 2010JBC Papers in Press, 2010, 

Nelson B. Phillips‡1, Zhu-li Wan‡1, Linda Whittaker‡,
Shi-Quan Hu‡, Kun Huang‡, Qing-xin Hua‡, Jonathan 
Whittaker‡,
Faramarz Ismail-Beigi§, and Michael A. Weiss‡§2
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Pump insulinsPump insulins

18



Challenge: Clinical Design
d l l iand Regulatory Evaluation



Challenge: Clinical Design
d l l iand Regulatory Evaluation

• Conventional insulin paradigmConventional insulin paradigm
– Open label

Non inferiority comparison to another insulin– Non‐inferiority comparison to another insulin 
product

– Aimed at T1 and T2DM– Aimed at T1 and T2DM

• Oral agent paradigm
D bl bli d– Double blind

– Add on to background therapy

– Comparison to placebo

– Aimed at T2DM



Safety concerns/opportunities for 
l dinsulin products

• Hypoglycemia…hypoglycemia…hypoglycemia…

• Weight gain and dyslipidemiaWeight gain and dyslipidemia

• Risk of increased cancer risk

A i i i• Antigenicity



SummarySummary

• Currently available insulin products still allowCurrently available insulin products still allow 
room for improvement of new insulin 
productsproducts

• New insulin products will need to show 
substantial advantages to be successfulsubstantial advantages to be successful

• Progress is likely to be incremental



Re‐Engineering Insulin: 
Can We Improve on Mother Nature?

We need to try.
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