USE OF ULTRARAPID ACTING INSULIN

CROSS-REFERENCE TO RELATED APPLICATIONS
[06001] This application claims benefit of priority under 35 U.S.C. §119(e) from United
States Provisional Patent Applications Serial Nos. 61/087,943 filed August 11, 2008,
61/097,495 and 61/097,516 filed September 16, 2008, and 61/138,863 filed December 18,
2008, the contents of each of these applications are incorporated herein by reference in their

entirety.

FIELD OF THE INVENTION

[06002] The present invention relates to methods for treating diabetes mellitus with an
ultrarapid acting prandial insulin. Particular embodiments of the invention relate to various
modes of administration which take advantage of the unique kinetic profile of such
formulations, as well as substitution of such an insulin for one or more oral antidiabetic

agents in the standard treatment regimen of diabetes mellitus, type 2.

BACKGROUND OF THE INVENTION

[0003] Diabetes mellitus (hereinafter, diabetes) currently afflicts at least 200 million
people worldwide. The two main sub-types of diabetes include types 1 and 2. Type 1
diabetes accounts for about 10% of the 200 million afflicted with diabetes. Type 1 diabetes
is caused by autoimmune destruction of insuiin-secreting B-cells in the pancreatic islets of
Langerhans. Type 2 diabetes accounts for the remaining 90% of individuals afflicted, and the
prevalence is increasing. Type 2 diabetes is often, but not always, associated with obesity,
and although previously termed late-onset or adult-onset diabetes, is now becoming
increasingly more prevalent in younger individuals. Type 2 diabetes is caused by a
combination of insulin resistance and inadequate insulin secretion.

The Physiological Role of Insulin

10004} in a non-stressed normal individual, the basal glucose level will tend fo remain
the same from day to day because of an intrinsic feedback loop. Any tendency for the
plasma giucose concentration o increase is counterbalanced by an increase in insulin
secretion and a suppression of glucagon secretion, which regulate hepatic glucose
production (gluconeogenesis and release from glycogen stores) and tissue glucose uptake
to keep the plasma glucose concentration constant. [f the individual gains weight or
becomes insulin resistant for any other reason, blood glucose levels will increase, resulting

in increased insulin secretion to compensate for the insulin resistance. Therefore the



glucose and insulin levels are modulated to minimize changes in these concentrations while

relatively normal production and utilization of glucose are maintained.

[0005] Five different phases of insulin secretion have been identified: (1) basal insulin
secretion wherein insulin is released in the postabsorptive state; (2) the cephalic phase
wherein insulin secretion is triggered by the sight, smell and taste of food, before any
nutrient is absorbed by the gut, mediated by pancreatic innervation; (3) early-phase insulin
secretion wherein an initial burst of insulin is released within the first 5-10 minutes after the
B-cell is exposed to a rapid increase in glucose, or other secretagogues; (4) second-phase
insulin secretion wherein the insulin levels rise more gradually and are related to the degree
and duration of the stimulus; and (5) a third-phase of insulin secretion that has only been
described in vifro. During these stages, insulin is secreted, like many other hormones, in a
pulsatile fashion, resulting in oscillatory concentrations in the blood. Osciliations include
rapid pulses (occurring every 8-15 minutes) superimposed on slower oscillations (occurring

every 80-120 minutes) that are related to fluctuations in blood glucose concentration.

[0006] insulin secretion can be induced by other energetic substrates besides glucose
(particularly amino acids) as well as by hormones and drugs. Of note is that the insulin
response observed after food ingestion cannot be accounted for solely by the increase in
blood glucose levels, but also depends on other factors such as the presence of free fatty
acids and other secretagogues in the meal, the neurally activated cephalic phase and
gastrointestinal hormones.

[0007] When an individual is given an infravenous glucose challenge, a biphasic insulin
response is seen which includes a rapid increase with a peak, an interpeak nadir and a
subsequent slower increasing phase. This biphasic response is only seen when glucose
concentration increases rapidly, such as after a glucose bolus or glucose infusion. A slower
increase in glucose administration, what is seen under physiologic conditions, induces a
more gradually increasing insulin secretion without the well-defined biphasic response seen

in response to bolus infusion of glucose.

[0008] Modeling of early-phase insulin responses under normal physiologic conditions
has demonstrated that, after a meal, glucose concentration increases more gradually (Cuax
reached in approximately 20 minutes) than seen with intravenous bolus injections of glucose

(Crmax reached in approximately 3-10 minutes).

[0009] Healthy pancreatic B-cells generate an early response to a meai-iike glucose
exposure that rapidly elevates serum insulin both in the portal circulation and in the
periphery. Conversely, defective B-cells, which have an impaired early-phase insulin

response, generate a sluggish response {o the meal-like glucose exposure.



[0010] increasingly, evidence indicates that an early relatively rapid insulin response
following glucose ingestion plays a critical role in the maintenance of postprandial glucose
homeostasis. An early surge in insulin concentration can limit initial glucose excursions,
mainly through the inhibition of endogenous giucose production. Therefore the induction of
a rapid insulin response in a diabetic individual is expected to produce improved blood

glucose homeostasis.

[06011] In a normal individual, a meal induces the secretion of a burst of insulin,
generating a relatively rapid spike in serum insulin concentration that then decays relatively
quickly (see Figure 1). This early-phase insulin response is responsible for the shut-off, or
reduction, of glucose release from the liver. Homeostatic mechanisms then match insulin
secretion (and serum insulin levels) to the glucose load. This is observed as a slow decay of

modestly elevated serum insulin leveis back to baseline and is second-phase kinetics.

Diabetes

{0012] A central characteristic of diabetes is impaired B-cell function. One abnormality
that occurs early in the disease progression in both type 1 and 2 diabetes is the loss of
eating-induced rapid insulin response. Consequently, the liver continues to produce glucose,
which adds to the glucose that is ingested and absorbed from the basic components of a
meal.

[0013]) Type 2 diabetics typically exhibit a delayed response to increases in blood
glucose levels. While normal individuals usually begin to release insulin within 2-3 minutes
following the consumption of food, type 2 diabetics may not secrete endogenous insulin until
blood glucose begins to rise, and then with second-phase kinetics, that is a slow rise to an
extended plateau in concentration. As a resuli, endogenous giucose production is not shut
off and continues after consumption and the patient experiences hyperglycemia (elevated
blood glucose levels). Another characteristic of type 2 diabetes is impaired insulin action,
termed insulin resistance. Insulin resistance manifests itself as both a reduced maximal
glucose elimination rate (GERmax) and an increased insulin concentration required to attain
GERmax. Thus, to handie a given glucose load more insulin is required and that increased
insulin concentration must be maintained for a longer period of time. Consequently, the
diabetic patient is also exposed to elevated glucose concentrations for prolonged periods of
time, which further exacerbates insulin resistance. Additionally, prolonged elevated blood
glucose levels are themselves toxic to p cells.

[0014] Type 1 diabetes occurs as a result of the destruction of the insulin-producing
cells of the pancreas (B-cells) by the body’'s own immune system. This ultimately resulis in a

complete insulin hormone deficiency. Type 2 diabetes arises from different and less well



understood circumstances. The early loss of early phase insulin release, and consequent
continual glucose release, confributes to elevated glucose concentrations. High glucose
levels promote insulin resistance, and insulin resistance generates prolonged elevations of
serum glucose concentration. This situation can lead fo a self-amplifying cycle in which ever
greater concentrations of insulin are less effective at controlling blood glucose levels.
Moreover, as noted above, elevated glucose levels are toxic to the B-cells, reducing the
number of functional B-cells. Genetic defects impairing the growth or maintenance of the
microvasculature nourishing the islets can also play a role in their deterioration (Clee, S.M.,
et al. Nature Genetics 38:688-693, 2006). Eventually, the pancreas becomes overwhelmed,

and individuals progress to develop insulin deficiency similar to people with type 1 diabetes.
Therapy

[0015] Insulin therapy is the standard treatment for type 1 diabetes. While incipient
type 2 diabetes can be treated with diet and exercise, most early stage type 2 diabetics are
currently treated with oral antidiabetic agents, but with limited success. Patients generally
transition to insulin therapy as the disease progresses. These treatments, however, do not
represent a cure.

[00186] In a typical progression the first oral antidiabetic agent used is metformin, a
supressor of hepatic glucose output. Use of metformin is not associated with weight gain or
hypoglycemia. If metformin treatment is insufficient to control hyperglycemia, an insulin
secretagogue, most typically a sulfonylurea, can be added to the treatment regimen.
Secretagogues raise the basal level of insulin in order to lower average blood glucose levels.
Use of sulphonylureas is associated with weight gain and can lead to hypoglycemia,
although severe hypoglycemia is infrequent. If this combination of two oral antidiabetic
agents is inadequate to control hyperglycemia either a third oral agent, such as a glitazone,
or a long-acting, basal insulin can be added to the regimen. As the disease progresses,
insulin therapy can be intensified by the addition of intermediate and short (rapid) acting
insulin preparations administered in association with at ieast some of the day's meals.

[0017] Current insuiin therapy modalities can supplement or replace endogenously-
produced insulin to provide basal and second-phase-like profiles but do not mimic early-
phase kinetics (see Figure 2). Additionally, conventional insulin therapy often involves only
one or two daily injections of insulin. However, more intensive therapy such as three or
more administrations a day, providing better control of biood glucose levels, are clearly
beneficial (see for example Nathan, D.M., ef al,, N Engl J Med 353:2643-53, 2005), but

many patients are reluctant to accept the additional injections. Use of these conventional



insulin preparations is associated with weight gain and a significant risk of hypoglycemia

including severe, life-threatening hypoglycemic events.

{0018] Until recently, subcutaneous (SC) injection has been the only route of delivering
insulin for self-administration by patients commercially available. However, SC insulin
administration does' not lead to optimal pharmacodynamics for the administered insulin.
Absorption into the blood (even with rapid acting insulin analogues) does not mimic the
prandial physiologic insulin secretion pattern of a rapid spike in serum insulin concentration.
Subcutaneous injections are also rarely ideal in proViding insulin to type 2 diabetics and may
actually worsen insulin action because of delayed, variable and slow rate of absorption into
the bloodstream. It has been shown, however, that if insulin is administered intravenously
with a meal, early stage type 2 diabetics experience the shutdown of hepatic glucose release
and exhibit increased physiologic glucose control. In addition their free fatty acids levels fall
at a faster rate than without msulin therapy. While possibly effective in treating type 2
diabetes, intravenous administration of insulin is not a reasonable solution, as it is not safe

or feasible for patients to intravenously administer insulin at every meal.

[0019] For a short period of time there was an inhalable insulin, EXUBERA® (Pfizer),
which was marketed for the treatment of diabetes. This insulin preparation had a
pharmacokinetic profile similar to the injectable rapid acting analogues and was used as a
substitute for short acting insulin in the standard treatment paradigm. While this insulin
preparation did allow patients using short acting insulins to avoid injections, it offered no
other notable advantage which contributed to its commercial failure. Moreover, because its
kinetic profile was so similar to subcutaneously administered regular and rapid-acting
insulins, that after accounting for differences in bioavailability, its dosing and modes of

administration could generally follow that of those subcutaneous insulins.

[0020] Though not yet commercially available, an ultrarapid acting insulin, insulin-
fumaryl diketopiperazine (FDKP) has been under development. Growing experience with the
use of this insulin formulation in human studies is showing that its unique kinetic broﬁte can
accommodate different dosing schemes and modes of administration as its use is applied to
various situations and patient populations in order to achieve improved glycemic control.

Such methods are the object of the present disclosure.

SUMMARY OF THE INVENTION

[0021]} Embodiments disclosed herein include methods useful for treating diabetes
mellitus including both type 1 and type 2 using an ulirarapid acting insulin formuiation. The
disclosed methods relate to procedures for determining dosages, the use of standard

dosages that are not adjusted from individual meal to meal, the use of split dosages wherein



the insulin formulation is administered at the beginning of the meal and at a subsequent
point in time. In certain embodiments, the insulin formulation is insulin-FDKP and is
administered by pulmonary inhalation. Such formulations can be advantageously used in the
treatment of patients with subcutaneous insulin resistance, and methods of selecting such

patients are also disclosed herein.

[0022] Embodiments of the method include administration of insulin in a manner that
mimics the mealrelated early phase insulin response. in mimicking early phase kinetics
peak serum insulin levels can be reached within about 12 to within about 30 minutes of
administration. Serum insulin levels can also return to approach baseline within about two or
three hours of administration. Insulin preparations mimicking early phase kinetics in this
manner are referred to herein as ulfrarapid acting insulins. In one embodiment a dose
sufficient to reduce or control glucose excursions is used. In one embodiment, insulin is
administered to a patient in need of insulin therapy at mealtime, that is, within about 10
minutes, preferably 5 minutes before, or 30, 25, 15, or 10 minutes after starting 2 meal. {The
shorter times after starting being preferred for patients with normal gastric emptying, the
longer times after starting being appropriate for patients with delayed gastric emptying). In
further embodiments, insulin is administered at least twice, initially at the beginning of the
meal (that is within 10 minutes plus or minus of starting a meal) and a second time such as
30-120 minutes after beginning the meal. '

[0023] In preferred embodiments, a pulmonary delivery is achieved by inhalation of a
dry powder formulation comprising fumaryl diketopiperazine (FDKP) associated with insulin.
in such usage the term “fumary! diketopiperazine” as used herein also inciudes the salts
thereof. One such embodiment comprises insulin and an FDKP sall. In another such
embodiment insulin is complexed with FDKP. For example insufin may be complexed
{bound) to the surface of self-assembled crystalline FDKP microparticles, referred o herein
generically as “insulin-FDKP”, but also as TECHNOSPHERE® insulin (TI, MannKind Corp.).
In other embodiments, FDKP is replaced by other C-substituted diketopiperazines, for
example 3,6-di(succinyl-4-aminobutyl)-2,5-diketopiperazine (“succinyl diketopiperazine”,
SDKP). In an aspect of these embodiments delivery is facilitated by use of a unit dose
inhaler such as the MEDTONE® inhaler system (MannKind Corp.) utilized in the examples
below and described in USPNs 7,305,986 and 7,464,706 which are incorporated herein by
reference in their entirety. Preferred dosages, based on fill for this system, are in the range
of about 7.5 1U to 120 [U, particularly 15 to 90 iU, or greater than 24 1U of insulin complexed
with fumary! diketopiperazine, or the equivalent. Dosages can also be expressed as the
dose emitied from the inhaler. These doses are preferably in the range of 6 U to 48 U per



inhaler cartridge for patient dosages of 6 U to 72 or 96 U. As explained below dosages can
be more universally expressed in subcutaneous equivalent (subQ eq) units. In these units
preferred dosages are in the range of 1-32 or more units, for example 3,6, 9 ... or 4, 8, 12...
subQ eq units. For example with an aliernative inhaler system as described in U.S. Patent
Application Nos. 12/484,125, 12/484,129, and 12/484,137, dosages of 3-4 subQ eq units are
obtained with cartridges filled with 20-22 1U.

[0024] In an embodiment, the insulin dose comprises a dose sufficient to control
glucose excursions. In another embodiment, the insulin reaches peak serum levels within
about 15 minutes of administration. In another embodiment, the peak serum insulin level is
at least 60 mU/L. In still another embodiment, the peak serum insulin concentration is at
least 60, 100, or 120 mU/L above the pre-dosing insulin concentration baseline. In one
aspect of this embodiment, the recipient has type 2 diabetes. In another embodiment, the
insulin dose is sufficient to control biood glucose levels. In yet another embodiment, the
insulin dose is sufficient to reduce or suppress glucose release from the liver. In one aspect
of this embodiment, the suppression lasts several hours (see FIG. 5). In one aspect of this
embodiment a nadir in endogenous glucose production is reached more quickly than
following subcutaneous administration of reguiar insulin or a rapid-acting insulin analogue,
preferably in <60 minutes, more preferably in 50 minutes, still more preferably in about 40
minutes. In still another embodiment the dose is sufficient to maximally suppress

endogenous glucose production.

[0025] Additional embodiments provide methods for improved freatment of patients
with diabetes comprising selecting a patient in need of improved glycemic control,
discontinuing current treatment, and routinely administering an ultrarapid acting insulin with

at least two meals each day.

[0626] In other embodiments, the need for improved glycemic control is determined
from HbA1c levels. In one embodiment, the level of serum HbA1c is 28%. In yet other
embodiments, the level of serum HbA1c is 27.5%, 27.0%, 26.5%, or 2 6.0%. In other
embodiments, the need for improved glycemic control is determined from elevated mean
amplitude of glucose excursions or elevated post prandial blood glucose levels. In yet
another embodiment, the patient has evidence of elevated oxidative stress and the oxidative
stress is measured by 8-iso PGF(2a) levels. Elevated oxidative stress is correlated with

elevated mean amplitude of glucose excursions.

[0027] in one aspect of these embodiments, the patient is further in need of avoiding
weight gain, and treatment with the ultrarapid acting insulin does not result in weight gain or

as much weight gain as expected from ancther mode of freatment. In a related embodiment,



the patient is obese and/or in need of losing weight and treatment with the ultrarapid acting
insulin results in weight loss, stable weight, or less weight gain as expected from another
maode of treatment. Such embodiments can further comprise a step for assessing weight loss
or less than otherwise expected weight gain. In one aspect of the invention the assessment
is conducted at 212 weeks of treatment with meal-time ultrarapid acting insulin. In another
aspect the assessment is conducted at 224 weeks. In yet other aspects the assessment is
conducted at 236 week or 248 weeks.

(0028} In various embodiments, the method further comprises assessment of an
improvement in glycemic control. in one embodiment, glycemic control is assessed as
HbA1c level. In another embodiment, glycemic control is assessed as postprandial glucose
excursion. In one aspect postprandial giucose excursion is assessed as postprandial blood
glucose level. In another aspect it is assessed as oxidative stress, e.g. as 8-iso PGF(2a)
levels or other indicators known in the art. In another embodiment, glycemic control is
assessed as fasting blood glucose. in further embodiments, these factors are assessed in
various combinations. In one aspect of embodiments, the assessment is conducted at 212
weeks of treatment with meal-time ultrarapid acting insulin. In another aspect, the
assessment is conducted at 224 weeks. In yet other aspects the assessment is conducted at
236 week or 248 weeks.

{00291 in one e‘mbodiment, ultrarapid acting insulin is routinely administered with at
feast two meals each day. In another embodiment, ultrarapid acting insulin is administered
with at least three meals each day. In another embodiment, ultrarapid acting insulin is
administered with each main or substantive meal each day. In another embodiment, the
ultrarapid acting insulin is administered with any meal containing more than 15 g of
carbohydrate.

[0030] Some embodiments comprise modifying a current standard of care treatment
regimen for diabetes by substituting prandial administration of an ultrarapid acting insulin

preparation for one or another of the advocated treatments.

[0031] One embodiment provides methods for more effectively combining an ultrarapid
acting insulin with a long acting insulin analog, for example insulin glargine. In this
embodiment prandial administration of the ultrarapid acting insulin is combined with a
morning dose of a long acting insulin analog administered within 6 hours of waking for a day.
In aspects if this embodiment the long acting insulin analog dose is administered within 1, 2,
3, or 4 hours of waking. In one aspect of this embodiment the long acting insulin analog is
insulin glargine. In another aspect of this embodiment the long acting insulin analog is insulin

detemir. In related aspects the long acting insulin analog is insulin glargine and a second



dose is administered from 8 to 14 hours after the morning dose. Alternatively the first dose is
the only dose administered in the course of the day. In still another embodiment instead of
using injections of a long acting insulin, an insulin pump is used to provide a continuous
infusion of an insulin, for example regular human insulin. In one embodiment the ultrarapid
acting insulin formulation comprises insulin and a diketopiperazine. In a particular

embodiment the ultrarapid acting insulin formulation comprises insulin-FDKP.

[0032] Some embodiments comprise modifying a current standard of care treatment
regimen for type 2 diabetes by substituting prandial administration of an ultrarapid acting
insulin for treatment with an insulin secretagogue. Other embodiments comprise modifying a
current standard of care treatment regimen for type 2 diabets;s by substituting prandial
administration of an ultrarapid acting insulin for treatment with an insulin sensitizer. Still other
embodiments comprise modifying a current standard of care treatment regimen for type 2
diabetes by substituting prandial administration of an ultrarapid acting insulin for treatment

with both an insulin secretagogue and an insulin sensitizer.

[0033] in one embodiment disclosed herein, a method is provided for treating diabetes
type 2, comprising: selecting a patient with diabetes type 2 currently being treated with a
suppressor of hepatic giucose output and an insulin secretagogue; discontinuing treatment
with the insulin secretagogue; and routinely administering an ultrarapid acting insulin
préparaﬁon with at least one established meal. In another embodiment, treatment with the

suppressor of hepatic glucose output is also discontinued.

[0034] in another embodiment, the patient is further selected for having an insulin
resistance at the lower portion of the insulin resistance spectrum. In yet another
embodiment, the patient is further selected for needing to reduce or avoid weight gain. In
yet another embodiment, the patient is further selected for having well or moderately
conirolled fasting blood giucose. in yet another embodiment, the patient is further selected
for having an HbA1c level 28. in yet another embodiment, the patient is further selected for

having an elevated mean amplitude of giucose excursions

[0035] In yet another embodiment, the administering step does not comprise an
injection and wherein patient is further a candidate for treatment with insulin and is further

selected on the basis of being needle-phobic or desiring to avoid frequent injections.

[0036] in another embodiment, the suppressor of hepatic glucose output is metformin
and the insulin secretagogue is a sulfonylurea. In one embodiment, the ultrarapid acting
insulin preparation is administered by inhalation, such as a dry powder. In another
embodiment, the ultrarapid acting insulin preparation comprises a fumaryl diketopiperazine
(FDKP) associated with insulin such as insulin-FDKP.



{6037] in another embodiment, the ultrarapid actihg insulin preparation is administered
with each meal containing more than 15 g of carbohydrate. In another embodiment,
ultrarapid acting insulin preparation is administered at a dosage sufficient to maximally
reduce hepatic glucose output within 60 minutes of administration. In another embodiment,
the ultrarapid acting insulin preparation is administered at a dosage within the range of 1 to

32 subcutaneous equivalent units,

[0038] In one embodiment, provided herein is a method of treating diabetes type 2,
comprising: selecting a patient with diabetes type 2 currently being treated with a suppressor
of hepatic glucose output who is in need of improved glycemic control and who wouid be a
candidate for combination treatment with said suppressor of hepatic glucose output and an
insulin secretagogue; and instead combining treatment with said suppressor of hepatic
glucose output with routinely administering an ultrarapid acting insulin preparation with at

least one established meal.

100391 In one embodiment provided herein is a method of treating diabetes type 2,
comprising: selecting a patient with diabetes type 2 currently being treated with an insulin
sensitizer and an insulin secretagogue; discontinuing ftreatment with the insulin
secretagogue; and roufinely administering an ulifrarapid insulin preparation with each meal.
in another embodiment, treatment with the insulin sensitizer is also discontinued. In yet
another embodiment, the patient is further selected for having an insulin resistance at the
~ higher portion of the insulin resistance spectrum. In another embodiment, the insulin

sensitizer is a thiazolidinedione (TZD) such as pioglitazone.

100401 in one embodiment, provided herein is an improved method of treating
hyperglycemia with a combination of an ultrarapid acting insulin and a long acting insuiin
analog comprising: prandial administration of the ultrarapid insulin, and administration of a
dose of the long-acting insulin analog within 6 hours of waking for a day. in another
embodiment, the hyperglycemia is resultant of diabetes type 2. In another embodiment, the
administration of the long acting insulin analog is within 3 hours of waking. In another
embodiment, the long acting insulin analog is insulin detemir or insulin glargine. In yet
another embodiment, the long acting insulin is insulin glargine and the method further
comprises administering a second dose of insulin glargine and the second dose is

administered from 8 to 14 hours after said morning dose.

[0041] In another embodiment, the ultrarapid acting insulin comprises a formulation
comprising insulin and a diketopiperazine, such as insulin-FDKP. In another embodiment,

the ultrarapid acting insulin is administered by inhalation into the lungs.
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[0042] In one embodiment, provided herein is an improved method of treating
hyperglycemia with a combination of an ultrarapid acting insulin and an exogenous basal
insulin comprising: prandial administration of the ultrarapid insulin, and continuous infusion
of a short acting insulin with an insulin pump. In another embodiment, the short-acting
insulin is regular human insulin or a rapid acting insulin analog. In another embodiment, the

ultrarapid-acting insulin formulation is insulin-FDKP.

{0043} In one embodiment, provided herein is a method of controlling giycemia related
to a daily meal without adjusting an insulin dose for meal content comprising the step of
administering a predetermined dosage of an ultrarapid acting insuiin formulation at mealtime
for each daily meal. In another embodiment, the meal content is 225%, 250%, <150%, or
£200% of a usual meal content as used in determination of the predetermined dose.

[0044] in one embodiment, provided herein is a method of controlling glycemia related
to a daily meal for a patient with delayed or prolonged nutrient absorption comprising the
steps of: selecting a patient with delayed nutrient absorption; administering 50% to 75% of a
predetermined dosage of an ulirarapid-acting insulin formulation at mealtime for the dai!y-
meal; and administering the remainder of the predetermined dosage 30 to 120 minutes after
beginning the daily meal. In another embodiment, the ultrarapid acting insulin formulation is
insulin-FDKP.

[0045] in another embodiment, the delayed nutrient absorption is related to a disease
state. In yet another embodiment, the delayed nutrient absorption is related to a meal
content high in fat or fiber. In yet another embodiment, the prolonged nutrient absorption is
related to a prolonged meal.

[0046] in one embodiment, provided herein is a method of conirolling glycemia related
to a daily meal wherein insulin dosage is adjusted to the glycemic load of the meal
consumed comprising the steps of: administering an initial predetermined dose of an
ultrarapid acting insulin formulation at mealtime for the daily meal; determining postprandial
blood glucose 1 to 2 hours after beginning the daily meal; and if the postprandial biood
glucose is >140 mg/dl administering a second dose of the ultra rapid acting insulin
formulation wherein the second dose is 25% to 100% of the initial dose. in another

embodiment, the ultrarapid acting insulin formulation is insulin-FDKP,

{00471 in one embodiment, provided herein is a method of treating diabetics with
subcutaneous insulin resistance comprising the steps of. selecting a patient with
subcutaneous insulin resistance on the basis of atypically high insulin dosage; discontinuing

treatment with subcutaneously administered rapid-, short-, or intermediate-acting insulin

11



formulations; and initiating treatment by adminisiration of pfandiai doses of insulin-FDKP by
inhalation effective for the control of postprandial hypoglycemia.

[0048] in another embodiment, the atypically high insulin dosage is 22 units/Kg/day. In
another embodiment, the selecting step further comprises selection of the basis that the
patient has normal or near-normal levels of endogenous basal insulin. In yet another

embodiment, the level of endogenous basal insulin is €50 pU/ml.

[00491 in another embodiment, the selecting step further comprises one of the
following: selection on the basis of injection site lipoatrophy or lipodystrophy; selection of the
basis of the patient having 2 HbA1c level determinations 29% in a 6 to 9 month period while
on an intensified insulin regimen; or selection of the basis of the patient having life
threatening glycemic instability characterized by periods of hyperglycemia and/or
hypoglycemia despite adherence to their insulin regimen and any diet or exercise regimen,

[0050] in another embodiment, the method further comprises the step of confirming the
patient has subcutaneous insulin resistance by determining that a similar or improved
degree of glycemic confrol is achieved with a substantially lower dosage of insulin after

adjustment based on relative bioavailability.

[0051] in one embodiment, provided herein is a method for determining an individual's
dosage of an ultrarapid acting insulin for a daily meal comprising the steps of: administering
a low dose of the ultrarapid acting insulin at meaitime for the daily meal for which the dosage
is being titrated each day for at least 3 days within a titration period of not more than a week;
iteratively increasing the dosage by the amount of the low dose in each subsequent fitration
period and administering at mealtime for the daily meal for which the dosage is being titrated

each of at least three days in the titration period until a titration endpoint is reached.

[0052] in another embodiment, the low dose is provided in a unit dose cartridge. In
another embodiment, titration period is 3 days or one week. In another embodiment, the low
dose is 1-5 subQ eq units. In ancther embodiment, the ulirarapid acting insulin formulation
is insulin-FDKP.

[0053] In another embodiment, the fitration endpoint is selected from: 1) achieving a 2-
hour post-prandial median glucose is between 70 and 110 mg/dl, 2) the dosage based on
subcutaneous equivalent (subQ eq) units is a maximal dosage, 3) an episode of severe
hypoglycemia with a confirmed SMBG <36 mg/dl occurs and the dosage is decreased by the
equivalent of one low-dose cartridge, and 4) an episode of mild to moderate hypoglycemia
with a confirmed SMBG of <70 mg/dl occurs, the dosage is decreased by the equivalent of

one low dose cartridge for one week and then the titration is resumed until it reaches any of
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said endpoints 1-3 or the dosage is set at the level below that which again produces the mild
to moderate hypoglycemia.

[06054] in another embodiment, the dosages for two or more daily meals are titrated
concurrently. In another embodiment the dosages for two or more daily meals are titrated
successively from the daily meal resulting in the highest 2-hour postprandial blood glucose
to the daily meal resulting in the lowest 2-hour posiprandial blood glucose.

[0055] In another embodiment, the maximal dosage is 24 subQ eg units or 2 subQ eq
units.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1 depicts the measurement of first-phase insulin release kinetics following

artificial stimulation by bolus glucose infusion.

[0057] FIG 2 depicts serum insulin concentration afier administration of subcutaneous
(SC) regular human insulin or SC fast acting insulin (NOVOLOG™). NOVOLOG™ is a
registered frademark of Novo Nordisk Pharmaceuticals, Bagsvaerd, Denmark.

[0058] FIG. 3. is a graph of data obtained from a study in which blood glucose
concentrations were measured at various times after a meal in patients with type 2 diabetes
who were treated with insulin lispro (HUMALOGS®, 1), EXUBERA® (2) and an insulin
formulation comprising fumaryl diketopiperazine (insulin-FDKP, 3) at the onset of the meal.
The graph also shows (line drawings at its bottom)} the exogenous glucose infusions
administered to the patienis as needed fo maintain euglycemic levels following

administration of each of the treatments and indicated as 1a, 2a and 3a, respectively.

[6059] FIG. 4 is a graph of data obtained from a study which measured the rate of
absorption of glucose for a period of time after a meal in patients with type 2 diabetes who
were treated with insulin lispro, EXUBERA® and an insulin-FDKP formulation at the onset of

the meal.

[0060] FIG. 5 is a graph of data obtained from a study in which endogenous glucose
production after a meal was determined in patients with type 2 diabetes who were freated
with insulin lispro, EXUBERA® and an insulin-FDKP formulation at the onset of the meal.

[0061] FIG. 6 is a graph of data obtained from a study which monitored for a period of
time the rate of glucose disappearance in patients with type 2 diabetes, who were freated
with insuiin lispro, EXUBERA® and an insulin-FDKP formulation at the onset of the meal.

[0062] FIG. 7 depicts the mean insulin concentration-time profiles for patients with type
2 diabetes who were treated with insulin lispro nd 60 U or 80 U of an insulin-FDKP
formulation at the onset of the meal from the glucose clamp study.
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[0063] FIG. 8 depicts the blood glucose concentration of patients with type 2 diabetes
who were treated with insulin lispro, 3), and 60 U (1) or 90 U (2) of an insulin-FDKP
formulation at the onset of the meal from the glucose clamp study. The time of glucose
infusion and amount of glucose infused is shown as 1a, 2a, and 3a respectively for 60 U and
80 U of an insulin-FDKP and insulin lispro.

[0064] FIG. 9 is a graph of data obtained from a glucose clamp study which shows the
rate of glucose absorption in the patients with type 2 diabetes treated with 60 U or 90 U of an
insulin-FDKP and insulin lispro immediately prior to the meal.

[0065] FIG. 10 is a graph of data obtained from a glucose clamp experiments in which
endogenous glucose production after a meal was determined in patients with type 2 diabetes

treated with 60 U or 90 U of an insulin-FDKP and insulin lispro at the onset of a meal.

[00686] FIG. 11 is a graph of data obtained from experiments that monitored the rate of
glucose disappearance for a period of time in subjects with type 2 diabetes treated with 60 U

or 90 U of an insulin-FDKP and insulin lispro at the onset of a meal.

[0067] Fig. 12 is a graph of data from a study comparing usage of insulin-FDKP and
insulin glargine fo insulin aspart and insulin glargine presenting 7-point blood glucose
profiles in the 52™ week of the study.

[0068] FIG. 13 is a graph depicting data from experiments measuring fasting blood
glucose levels in blood samples from subjects treated with subcutaneous injections of a
basal insulin (insulin glargine/LANTUS®) at bedtime, and insulin-FDKP administered
prandially by pulmonary inhalation. The graph alsc shows data of a comparison group, i.e.,
subjects freated with NOVOLOG® mix 70/30 (premix) at breakfast and dinner as
recommended by the manufacturer. The subjects were all diagnosed as patients with
suboptimally controlied type 2 diabetes, who had been previously treated with regimens of

subcutaneous insulins with or without anti-hyperglycemic agents.

[0069] FIG. 14 is a graph depicting data from experiments measuring mean blood
glucose levels from samples taken at seven points during the day, ie., fasting, post-
breakfast, pre-lunch, post-lunch, pre-dinner, post-dinner and bedtime for three days during
the indicated week, in subjects treated with insulin glargine at bediime and prandial insulin-
FDKP by pulmonary inhalation at the first week of treatment, (hatched lines; baseline) and
during the 52nd week (solid line) of treatment. The data show a rise in blood glucose
concentration in subjects with type 2 diabetes throughout the day, however, at 52 weeks, the
data indicate that the blood glucose levels were significantly lower that at the onset of the
treatments and better controlied.
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[0070] FIG. 15 depicts the trial design of a clinical study comparing prandial T1 (insulin-
FDKP) (Group 1) with metformin + a secretagogue (Group 2) and prandial T! + metformin
(Group 3).

[00G71] FIG. 16 depicts the baseline demographics of patients enrolled in the study of
FIG. 15.

[0072] FIG. 17 depicts lowering of HbA1c at 12 and 24 weeks after treatment with Tl
alone, Tl and metformin, or metformin and a secretagogue. The terms “stayed,”

LG

“transferred,” “non-transferred,” and “all transferred” are defined in Figure 15.

[0073] FIG. 18 depicts the proportion of patients reaching their HbA1c goal of <7% at
12 and 24 weeks after freatment with Tl alone, Tl and metformin, or metformin and a

secretagogue.

[0074] FIG. 19 depicts the proportion of patients reaching their HbA1c goal of <6.5% at
12 and 24 weeks after treatment with Tl alone, Tl and metformin, or metformin and a

secrefagogue.

[0075] FIG. 20 depicts blood glucose levels after 12 and 24 weeks of treatment with Tl

alone.

[0076] FIG. 21 depicts blood glucose levels after 12 and 24 weeks of treatment with

metformin and a secretagogue.

[0077] FIG. 22 depicts biood glucose levels after 12 and 24 weeks of treatment with Tl
and metformin.

[0078] FIG. 23 depicts 1- and 2- hour postprandial blood glucose levels after 12 and 24

weeks of treatment with T1 alone.

[0079] FIG. 24 depicts 1- and 2- hour postprandial biood glucose levels after 12 and 24
weeks of treatment with mefformin and a secretagogue.

[0080] FIG. 25 depicts 1- and 2- hour postprandial blood glucose levels after 12 and 24
weeks of treatment with T and metformin.

[6081] FIG. 268 depicts changes in postprandial glucose excursions (measured as
change in AUC levels (mg=hr/dL) after 12 and 24 weeks of treatment with metformin and a

secretagogue.

[0082] FIG. 27 depicts fasting blood glucose levels at 12 and 24 weeks after treatment

with T1 alone, Tl and metformin, or metformin and a secretagogue.

{0083] FIG. 28 depicts changes in weight at 12 and 24 weeks after treatment with TI

alone, Ti and metformin, or metformin and a secretagogue
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DEFINITION OF TERMS

[0084] Prior to setting forth the detailed disclosure, it may be helpful to provide an
understanding of certain terms that will be used hereinafter:

[06085] Dry powder: As used herein “dry powder” refers to a fine particulate
composition that is not suspended or dissolved in a propellant, cartier, or other liquid. It is

not meant to imply a complete absence of all water molecules.

[0086] First-Phase: As used herein, “first-phase” refers {o the spike in insulin leveis as
induced by a bolus infravenous injection of glucose. A first-phase insulin release generates
a spike in blood insulin concentration that is a rapid peak which then decays relatively
quickly.

[0087] Early phase: As used herein “early phase” refers to the rise in blood insulin
concentration induced in response to a meal which peaks within 20-30 minutes. The
distinction between early phase and first phase is not always carefully adhered to in the
general literature.

[0088] Excursion: As used herein, “excursion” refers to blood glucose concentrations
that fall either above or below a pre-meal baseline or other starting point. Excursions are
generally expressed as the area under the curve (AUC) of a plot of blood glucose over time.
AUC can be expressed in a variety of ways. In some instances there wili be both a fall below
and rise above baseline creating a positive and negative area. Some calculations wili
subtract the negative AUC from the positive, while others will add their absolute values. The
positive and negative AUCs can also be considered separately. More sophisticated
statistical evaluations can also be used. in some instances it can also refer to blood glucose
concentrations that rise or fall outside a normal range. A normal blood glucose
concentration is usually between 70 and 110 mg/dL from a fasting individual, less than 120
mg/dL two hours after eating a meal, and less than 180 mg/dL after eating.

[06089] Glucose elimination rate: As used herein, “glucose elimination rate” (GER) is
the rate at which glucose disappears from the blood. Using a giucose clamp it can be
determined as the glucose infusion rate required {o maintain stable blood glucose, often
around 120 mg/dL during a glucose clamp experimental procedure. This glucose elimination

rate is equal to the glucose infusion rate, abbreviated as GIR.

[0090] Honeymoon phase: As used herein, the “honeymoon phase” of type 1 diabetes
refers 1o the early stages of the disease characterized by loss of early phase insulin release
and the remaining p-cell function produces some insulin, which is released with second-

phase kinetics.
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[0091] Hyperglycemia: As used herein, “hyperglycemia” is a higher than normal fasting
blood glucose concentration, usually 126 mg/dL or higher. In some studies hyperglycemic
episodes were defined as blood glucose concentrations exceeding 280 mg/df_ (15.6mM).

[0092] Hypoglycemia: As used herein, “hypoglycemia” is a lower than normal blood
glucose concentration, usually less than 63 mg/dL (3.5 mM).  Clinically relevant
“hypoglycemia is defined as biood glucose concentration below 63 mg/dL or causing patient
symptoms such as cognitive impairment, behavioral changes, pallor, diaphoresis hypotonia,
flush and weakness that are recognized symptoms of hypogiycemia and that disappear with
appropriate caloric intake. Severe hypoglycemia is defined as a hypoglycemic episode that
required glucagon injections, glucose infusions, or help by another party.

10693} In proximity: As used herein, “in proximity,” as used in relation {o a meal, refers
to a period near in time to the beginning of a meal.

[0094] Insulin composition: As used herein, “insulin composition” refers to any form of
insulin suitable for administration to a mammal and includes insulin isolated from mammals,
recombinant insulin, insulin associated or derivatized with other molecules, and insulin
molecuies with altered sequences, so long as they retain clinically relevant biood glucose
lowering activity. Also included are compositions of insulin suitable for administration by any
route including pulmonary, subcutaneous, nasal, oral, buccal and sublingual. Insulin
compositions can be formulated as dry powders, agueous solutions or suspensions, or non-
aqueous solutions or suspensions (as is typical for metered dose inhalers) for inhalation;
aqueous solutions or suspensions for subcutaneous, sublingual, buccal, nasal or oral

administration; and solid dosage forms for oral and sublingual administration.

[0095] Insulin-related disorder: As used herein, “insulin-related disorders” refers to
disorders involving production, regulation, metaboiism, and action of insulin in a mammal.
Insulin-related disorders include, but are not limited to, pre-diabetes, type 1 diabetes
mellitus, type 2 diabetes mellitus, hypoglycemia, hyperglycemia, insulin resistance, secretory

dysfunction, loss of pancreatic -cell function, and loss of pancreatic p-cells.

[0096] Non-insulin dependent patients having insulin-related disorders: As used herein
“non-insulin dependent patients having insulin-related disorders” refers o patients with
disorders for which therapy with exogenously-provided insulin is not the current standard
treatment upon diagnosis. Non-insulin dependent patients having insulin-related disorders
which are not treated with exogenously-administered insulin include early type 2 diabetes,
type 1 diabetes in the honeymoon phase, pre-diabetes and insulin-producing cell transplant
recipients.
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{0097] Insulin resistance: As used herein, the term “insulin resistance” refers to the
inability of a patient’s cells to respond to insulin appropriately or efficiently. The pancreas
responds fo this problem at the cellular level by producing more insuiin. Eventually, the
pancreas cannot keep up with the body's need for insulin and excess glucose builds up in
the bloodstream. Patients with insulin resistance often have high levels of blood glucose

and high levels of insulin circulating in their blood at the same time.

[0098] Insulin resistance spectrum: As used herein “insulin resistance spectrum” refers
to the range over which the degree to which a patient is resistant to insulin can vary. it is well
understood that from person fo person, and from one point in the progression of type 2
diabetes to another the degree of insulin resistance can differ. Although there are no
generally accepted units of insulin resistance it is well within the ability of one of ordinary skill
in the art to recognize a lower degree of insulin resistance as opposed to a higher degree of
insulin resistance. ldeally insulin resistance can be measured with euglycemic clamp
procedures, but these are not practical for routine use. Simpler assessments include HOMA
(see Matthew DR, Hosker JP, Rudenski AS, et al., Homeostasis mode! assessment: insulin
resistance and B-cell function from fasting plasma glucose and insulin concentrations in
man, Diabetologia 1985;28:412-419) and the related QUICKI (Katz A, Nambi SS, Mather K,
Baron AD, Folimann DA, Sullivan G, Quon MJ. Quantitative insulin sensitivity check index: a
simple, accurate method for assessing insulin sensitivity in humans. J Clin Endocrinol
Metab. 2000 Jul;85(7):2402-10). Fasting serum insulin levels themselves can also be used
as an indicator of the degree of insulin resistance with concentrations of 50-100 pmol/L
indicating resistance at the lower end of the spectrum and concentrations of 300 pmol/L
indicating resistance at the higher end of the spectrum. Finally, for patients already on an
insulin tréatment, the total daily dose is commonly taken as an indicator of whether the

subject has a high or low degree of insulin resistance.

[0099] intermediate acting insulin: As used herein, “intermediate acting insulin” or lente
insulin, refers to an insulin with an onset of action usually about two to four hours after
injection and peaks four to 12 hours after injection, and it keeps working for 10 to 18 hours.
Typical intermediate acting insulins are obfained by mixing regular insulin with a substance
that makes the body absorb the insulin more slowly. A non-limiting exampie is NPH insulin.

Intermediate acting insulin can provide many of the benefits of long acting insulin.

[06C100] Long acting insulin: As used herein, the term “long acting insulin” refers fo an
insulin formulation that starts working within about 1-6 hours and provides a continuous level
of insulin activity for up to 24 hours or more. Long-acting insulin operates at maximum

strength after about 8-12 hours, sometimes longer. Long-acting insulin is usually
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administered in the morning or before bed. Non-limiting examples of long acting insulin
include, but are not limited to, insulin glargine or insuiin detemir, which are insulin analogs,
and ultralente insulin which is regular human insulin formulated to slow absorption. Long
acting insulin is best suited fo provide for basal, as opposed to prandial, insulin

requirements.

100101] Meal: As used herein, “meal”, “meals”, and/or “mealtime”, etc. include traditional
meals and meal times; however, these also include the ingestion of any sustenance
regardiess of size and/or timing. As used herein “established meal” refers specifically to the
daily periods of primary food consumption such as the usual or traditional three daily meals.
Some diabetics are encouraged to eat four somewhat smaller daily meals to reduce peak
blood glucose levels; such meals are also included within the meaning of the term

established meal.

[o0102] Microparticles: As used herein, the term "microparticles” includes
microcapsules having an outer shell composed of either a diketopiperazine alone or a
combination of a diketopiperazine and one or more drugs. It also inciudes microspheres
containing drug dispersed throughout the sphere; particles of irregular shape; and particles

in which the drug is coated on the surface(s) of the particie or fills voids therein.

[00103] Prandial: As used herein, “prandial” relates something to a meal or a snack.
Depending on context in can refer to a period of time less than an hour after beginning a

meal, or for as long as consumption of food confinues.

[00104] Periprandial: As used herein, “periprandial” refers to a period of time starting
shortly before and ending shortly after the ingestion of a meal or snack.

[00105] Postprandial: As used herein, “postprandial” refers to a period of time, generally
an hour or more, after beginning a meal and after ingestion of a meal is completed. As used
herein, late postprandial refers fo a period of time beyond 2 hours after ingestion of a meal

or snack.

[00106] Potentiation:  Generally, potentiation refers to a condition or action that
increases the effectiveness or activity of some agent over the level that the agent would
otherwise attain. Similarly it may refer directly to the increased effect or activity. As used
herein, “potentiation” particularly refers to the ability of elevated blood insulin concentrations
to boost effectiveness of subsequent insulin levels to, for example, raise the giucose

elimination rate.

[00107} Pre-Diabetic. As used herein, the term “pre-diabetic” refers to a patient with

impaired fasting glucose impaired glucose tolerance, that is with a fasting blood glucose

19



level between 100 mg/dL (5.5 mmol/L) and 126 mg/dL (7.0 mmol/L), or a 2 hour post-
prandial blood glucose level between 140 mg/dL (7.8 mmol/L) and 200 mg/dL (11.1 mmol/L.).

[00108] Rapid acting insulin: As used herein, the term “rapid acting insulin” refers to an
insulin formulation that reaches peak blood concentration in approximately 45-80 minutes
and peak activity approximately one to 3 hours after administration. Rapid acting insulin can
remain active for about four to six hours. A non-limiting example of a rapid acting insulin is
the insulin analog insulin lispro (HUMALOG®). The withdrawn product EXUBERA® and the
experimental formulation VIAJECT® (Biodel Inc.), both based on regular human insulin, have
kinetic profiles falling within this definition.

{00109] Second-Phase: As used herein, “second-phase” refers to the non-spiking
release of insulin in response to elevated blood glucose levels. This is distinct from “second-
phase kinetics” which refers {o the slow decay of modestly elevated blood insulin levels back

{o baseline.

{00110} Short acting insulin: As used herein the term “short acting insulin® includes

regular insulin and the rapid acting preparations, typically used around mealtimes.

[00111] Snack: As used herein “snack” refers specifically to food consumed between
established meals,

[00112] Suppressor of hepatic giucose oufput: As used herein, the phrase “suppressor
of hepatic glucose output” refers to drugs which suppress hepatic giucose production
(hepatic gluconeogenesis, mobilization from glycogen stores). A non-limiting example of a

suppressor of hepatic glucose output is metformin.

100113} TECHNOSPHERE® Insulin:  As used herein, “TECHNOSPHERE® Insulin® or
“TI” refers to an insulin composition comprising regular human insulin  and
TECHNOSPHERE® microparticles, a drug delivery system. TECHNOSPHERE®
microparticles comprise a diketopiperazine, specifically 3,6-di(fumaryl-4-aminobutyl)-2,5-
diketopiperazine (fumaryl diketopiperazine, FDKP). Specifically, TECHNOSPHERE® Insulin
comprises a FDKP/human insulin composition. TECHNOSPHERE® Insulin is an ultrarapid
acting insulin as delivered by pulmonary adminisiration and mimics physiologic mealtime
early phase insulin release. This formulation is also referred to generically herein as “insulin-
FDKP”. In some contexts the product is referred to as insulin monomer human [rDNA origin]

inhalation powder.

[00114] As used herein, "diketopiperazine” or “DKP" includes diketopiperazines and
salts, derivatives, analogs and modifications thereof falling within the scope of the general

Formula 1, wherein the ring atoms E, and E; at positions 1 and 4 are either O or N and at
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least one of the side-chains R; and R, located at positions 3 and 6 respectively contains a
carboxylic acid (carboxylate) group. Compounds according to Formula 1 include, without

fimitation, diketopiperazines, diketomorpholines and diketodioxanes and their substitution

analogs.
O Eq R4
Ry s @]
Formula 1

[00115] Diketopiperazine microparticles, in addition fo making aerodynamically suitable
microparticles enabling delivery to the deep lung, also rapidly dissolve and release any drug
cargo further speeding absorption into the circulation. Diketopiperazines can be formed into
particles that incorporate a drug or particles onto which a drug can be adsorbed. The
combination of a drug and a diketopiperazine can impart improved drug stability. These
particles can be administered by various routes of administration. As dry powders these
particles can be delivered by inhalation to specific areas of the respiratory system,
depending on particle size. Additionally, the particles can be made small enough for

incorporation into an intravenous suspension dosage form. Oral delivery is also possible b

with the particles incorporated into a suspension, {ablets or capsules.

[006116] Iin another embodiment of the present invention, the DKP is a derivative of 3,6-
di{(4-aminobutyl)-2,5-diketopiperazine, which can be formed by (thermal) condensation of the
amino acid lysine. Exemplary derivatives include 3,6-di(succinyl-4-aminobutyl)-, 3,6-
di{maleyl-4-aminobutyl)-, 3,6-di(glutaryl-4-aminobutyl)-, 3,6-di(malonyl-4-aminobutyl)-, 3,6-
di{oxalyl-4-aminobutyl)-, and 3,6-di(fumaryi-4-aminobutyl)-2,5-diketopiperazine. The use of
DKPs for drug delivery is known in the art (see for example U.S. Patent Nos. 5, 352,461,
5,503,852, 6,071,497, and 6,331,318, each of which is incorporated herein by reference for
all that it teaches regarding diketopiperazines and diketopiperazine-mediated drug delivery).
The use of DKP salis is described in co-pending U.S. Patent Application No. 11/210,710
filed August 23, 2005, which is hereby incorporated by reference for all it teaches regarding
diketopiperazine salts. Pulmonary drug delivery using DKP microparticles is disclosed in
U.S. Patent No. 6,428,771, which is hereby incorporated by reference in its entirety.

[00117] TECHNOSPHERE®/Placebo: As used herein, “TECHNOSPHERE®/Placebo”
refers to TECHNOSPHERE® particies which are not associated with insulin or other active

agent.
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[00118] Tmax: As used herein, the term “Tmax” refers {o the time from administration for

a parameter (such as concentration or activity) to reach its maximum value.

[00119] Units of measure:  Subcutaneous and intravenous insulin dosages are
expressed in IU which is defined by a standardized biologic measurement. Amounts of
insulin  formulated with fumaryl diketopiperazine are also reported in IU as are
measurements of insulin in the blood. TECHNOSPHERE®/Insulin dosages are expressed in
arbitrary units (U) which are numerically equivalent to the amount of insulin formulated in the
dosage.

DETAILED DESCRIPTION OF THE INVENTION

(00120} Insulin-FDKP was discovered o be an ultrarapid acting insulin capable of
mimicking physiologic mealtime early phase insulin release. In exploring how an insuiin
preparation with this unique pharmacokinetic profile might be used advantageously in the
treatment of type 2 diabetes, it has up to now been evaluated in comparison to other insulin
preparations (see for example U.S. Patent Application Nos. 11/032,278, 11/329,686,
11/278,381, and 11/461,746, each of which are hereby incorporated by reference in their
entirety). Embodiments disclosed herein are concerhed with how specific dosages and
modes of administration for such insulin preparations can be chosen for individual patients
and applied to various patient populations for advantageous effect. Certain embodiments are
concemned with how such insulin preparations can be used in combination with and/or in
place of oral antidiabetic medications, particuiarly insulin sensitizers and insulin
secretagogues, {0 achieve similar or advantageous effect. Certain other embodiments are
concerned with how such insulin preparations can be used in combination with and/or in
place of exogenously provided basal insulins fo achieve similar or advantageous effect.
Similar disclosure is also found in U.S. Provisional patent application Nos. 61/087,943,
61/097,495, 61/097,516, and 61/138,863, each of which is incorporated herein by reference
in its entirety.

[00121] in general, various embodiments involve the use of prandial ultrarapid acting
insulin in defined populations. These populations may be referred to as being in need of,
capable of benefiting from, or desirous of receiving the benefit of one or another or more of
the advantages offered by the various methods described. Such advantages can be
expressed as receiving or seeking some stated clinical benefit. Such advantages can also
include elimination or avoidance of various side-effects, adverse outcomes,
contraindications, and the like, or reducing the risk or potential for them to occur. Similarly
the methods can involve a step of selecting a patient on the basis of being part of one or

another of populations. it should be understood that selecting can comprise a physician or
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other healthcare profeséiohai evaluating a patient in respect to the particular parameters but
can also comprise a self-selection by the patient to be treated on the basis of similar data or
in accepting the advice of the physician or other healthcare professional. In like manner,
administering steps of these methods can comprise the physical taking of a medicament (or
similarly discontinuing treatment with a medicament) by a patient but can also comprise a
physician or other healthcare professional prescribing or providing other specific instruction
to take (or discontinue) a medicament. Further embodiments of the invention include use of
ultrarapid acting insulin preparations, compositions, or formulations for such purposes, and

in the manufacture of medicaments for such purposes.

[00122] As used herein, mimicking physiologic mealtime early phase insulin release (or
similar terms) does not necessarily indicate exact replication of all features of the physiologic
response. it can refer fo insulin preparations and methodologies producing a spike or peak
of insulin concentration in the blood that constitutes both a relatively quick rise and fall in
concentration. In certain embodiments, the rise o peak concentration takes less than 30
minutes, preferably less than about 20 minutes or 15 minutes and in further embodiments
takes at least 5 or at least 10 minutes o peak; for example reaching a peak concentration in
12-14 minutes or 10-20 minutes, etc., frorﬁ administration or first departure from baseline. In
certain embodiments the fall from the peak insulin concentration involves descent through
half maximal by 80 minutes, alternatively 50 minutes, or alternatively 35 minutes after peak.
Typically insulin concentration will be approaching baseline with 2 to 3 hours of
administration. This is in contrast to insulin preparations and methods producing a more
gradual rise (from 30 minutes to several hours) to the maximal insulin concentration
achieved and a prolonged plateau near maximal concentrations. The rapid acting analogs
(RAA) do show a greater degree of peaking that regular human insulin, but even the fastest
of the commercially available RAAs, as disclosed in their prescribing information, insulin
lispro (HUMALOG®) reports a Tmax of 30-90 minutes. For comparison, insulin aspart
(NOVOLOG®) reports a median Tmax of 40-50 minutes in subjects with type 1 diabetes and
insulin glulisine (APIDRA®) reports a median Tmax of 60 and 100 minutes in subjects with
type 1 and type 2 diabetes, respectively with a range of 40-120 minutes in both popuiations.
Moreover the RAAs require approximately 6 hours for concentration to return to baseline.
Mimicking physiologic mealtime early phase insulin release can also refer to insulin
preparations and methodologies in which the spike in insulin concentration can be reliably
coordinated with the start of a meal. It can also refer to the achievement (and associated
methodologies) of a maximal glucose elimination rate (GERmax) within about 30-90
minutes, preferably around 45-60 minutes, after administration. insulin preparations with

such characteristics are referred fo herein as ultrarapid acting. In embodiments of the
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invention a methodology that mimics early phase release is generally also one that can be
practiced by diabetics upon themselves without special medical training, such as training in
intravenous injection. Special medical training would not include training to use medical
devices, such as dry powder inhalers, that are routinely used by persons who are not trained
medical professionals. In some embodiments ultrarapid acting insulin can be administered
with every ingestion of any sustenance regardless of size and/or timing. Nonetheless it is
preferred that insulin be administered only for a meal providing at least a threshold glycemic
load {which can depend on the insulin dose) so as to avoid a risk of hypoglycemia. Various
methods of assessing glycemic load are known in the art including “carb counting”
(calculating/estimating the number of grams of carbohydrate in a meal), the use of bread

exchanges, and consideration of the glycemic index of the foods fo be consumed.

[00123] The meaning of ultrarapid can also be understood by further comparison to
other insulin preparations. Regular human insulin preparations for subcutaneous injection
are considered short acting, referring primarily to their duration of action. Typically they will
take at least 1-2 hours to reach maximal blood insulin concentration and can take 2-4 hours
to reach maximal activity. Significant elevation or activity can last for as long as 10-12 hours.
Other short acting insulins include the rapid acting insulin analogs such as insulin aspart,
insulin glulisine, and insulin lispro. Because these insulin preparations more readily
dissociate from hexamer to monomer upon injection they reach peak blood concentrations
sooner (30-100 minutes) and consequently also have a faster onset of action than regular
human insulin. Insulin preparations for pulmonary administration, such as the now withdrawn
product EXUBERA® display pharmacodynamics similar to the rapid acting analogs. A
comparison of the pharmacodynamic profiles of several pulmonary formulations, insulin
lispro, and insulin-FDKP has been published showing that insulin-FDKP is distinctly faster in
reaching maximal activity and declines toward baseline sooner {(Heinemann et al. Br J Diab
Dis 4:295-301, 2004). Thus, whereas an ultrarapid acting insulin will have expended
approximately two thirds of its insulin lowering activity within 2 hours after administration
these other preparations will typically have expended about a third or less of their insulin
lowering activity in that same time frame. At the other end of the spectrum are the long
acting insulins, such as insulin glargine or insulin detemir which ideally provide a constant
level of insulin activity over long periods of time, for example up to 24 hours. These are
intended to provide basatl activity and are typically administered once or twice a day. As such
the rapidity of onset of action is not a critical parameter. Finally there are insulin
preparations, termed intermediate acting, with durations of action between the short and

long acting products.
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[00124] The potentiation of GER contributing to the rapid attainment of GERmax is
understood to depend not only on the rapidity of the rise in insulin concentration, but also on
achieving sufficient peak height. 'For type 1 diabetics this is a peak insulin concentration of at
least about 60 mU/L, preferably at least about 80 mU/L. For type 2 diabetics the insulin
resistance that is part of the condition can necessitate higher insulin concentrations; typically
at least about 100 mU/L, preferably at least about 120 mU/L, at least about 140 mU/L, or
more, depending on the degree of resistance. Thus in various embodiments the peak height
is at least 60, 100, or 120 mU/L above the pre-dosing insulin concentration baseline. These
peak insulin concentrations are substantially higher than those attained with typical doses of
non-spiking insulin products such as standard preparations for subcutaneous administration,
including those termed rapid- or fast-acting, and preparations for non-injected administration

having similar kinetics that have been described.

[00125] The comparatively slow and shallow rise in insulin concentration and prolonged
period of action associated with insulin preparations that do not mimic early phase release
fimits their ability to control glucose excursions. The dose that can be given is generally
inadequate to control the rise in blood glucose following a meal due to the need to avoid
inducing hypoglycemia after the glycemic load from the meal has been abated. These
issues are further discussed in co-pending U.S. Patent Application No. 11/278,381, which is
incorporated herein by reference in its entirety. It is emerging that acute fluctuations in blood
glucose concenirations (measured for example as MAGE: mean ampilitude of glycemic
excursions) have a greater effect than chronic hyperglycemia (typically measured as Hb1Ac
level) on diabetes-associated oxidative stress, and thus is an important parameter to control
to avoid diabetic complications attributable to such siress (see Monnier, L., et al. JAMA
205:1681-1687, 2006: and Brownlee, M. & Hirsch, |. JAMA 295:1707-1708, which are
incorporated herein by reference in their entirety). It is the applicant's further understanding
that a high surge and rapid rate of change in insulin concentration suppresses glucagon
production, reducing hepatic glucose release. This results in lessened glycemic load and

consequently lessened demand for insulin and reduced glucose excursion.

[00126] Ultrarapid acting insulin is particularly well suited to the control of postprandial
blood glucose (PPG). (For a review of the significance of PPG see MannKind Corporation.
Postprandial hyperglycemia: Clinical significance, pathogenesis, and treatment. Valencia,
CA: MannKind Corporation; 2009:1-20). The ultrarapid kinetics not only enable betier
matching of insulin activity to the time when glucose is being absorbed from a meal, there is
also similarly quicker and advantageously timed suppression of hepatic glucose output (see

Example 1). Thus it addresses both sources of glucose contributing to postprandial
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hyperglycemia. Embodiments disclosed herein seek to constrain 1 and 2 hour PPG to £140
mg/dl, £180 mg/di, or £200 mg/dl. Surprisingly, it has also become apparent that control of
PPG levels has long term beneficial effects on fasting blood glucose levels as well. Through
consideration of these properties and the data from clinical use presented in the Examples
below, it is herein disclosed how ultrarapid acting insulins such as insulin-FDKP may be
advantageously used in particular patient populations alone or in combination with standard

oral antidiabetic medications and in contrast to current treatment paradigms.

{00127} Treatment of diabetes has traditionally focused on controlling average blood
glucose concentrations, as reflected by Hb1Ac levels. The presently disciosed methods are
designed to minimize not only Hb1Ac levels (average blood giucose concentration) and
attendant glucose toxicity; but also to control acute fluctuations in glucose concentration
(glucose excursions). The reduction of glucose excursions also relieves the general
inflammatory burden and oxidative damage fo microvasculature resulting from oxidative
stress. Thus even for patients in whom substitution of ultrarapid insulin for one or more oral
medications may result in only similar control of HbA1c levels the treatment can confer a
benefit over treatment with oral medications alone. indeed this is a benefit that is also not
attainable by addition of basal insulin to the ireatment regimen. Nor can the merely rapid
. acting insulins be expected to deliver this benefit in full measure, especially as compared to

an optimized dose of an ulirarapid acting insulin.

[00128] This benefit is accomplished by routinely administering an insulin preparation
that mimics eérly phase release, that is an ultrarapid acting insulin preparation, in
conjunction with at least one, preferably at least two or three meals a day, or with every
established meal, or with every meal including snacks. Such treaiment should be
maintained, in increasing preference and for increasing effectiveness, for any number of
days, weeks, months, and years, up to the remainder of the patient’s life (or until such time
as the underlying insulin-related disorder is cured or otherwise alleviated). By routinely it is
meant that the advocated schedule of administration is the ideal and usual usage, but real
world practice deviations from this protocol, such as occasional missed meals or missed
doses, do not depart from the scope of the claimed invention. In various embodiments
insulin is routinely administered with any meal or snack that would otherwise cause blood
glucose to exceed 140 mg/dL, or alternatively 180 mg/di; with any meal or snack constituting
1, 2, 3, or more bread exchanges; with any meal or snack containing more than about 15,
20, 30, or 45 g of carbohydrate.

U Embodiments of the methods disclosed herein include a variety of dosing

regimens including, but not limited to, dosing at every meal! or snack, dosing at every meal or
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snack having a carbohydrate content of more than 15 g, dosing at every meal or snack
having a carbohydrate content of more than 30 g, every meal or snack having a
carbohydrate content of more than 45 g. Dosages and desired insulin composition
concenirations may vary depending on the particular use envisioned. The determination of
the appropriate dosage or route of administration is generally within the skill of an ordinary
physician. However physicians are most commonly familiar with liquid formulations of insulin
which allow for the continuous variation of dose. insulin-FDKP is supplied as a dry powder in
premeasured unit doses. Therefore specific instructions for determining the appropriate
dosages of insulin-FDKP for an individual are disciosed herein. Furthermore the length of
treatment may vary on the particular use and determination of the length of treatment is

within the skill of an ordinary physician.

[60130] The rapid absorption and lack of a substantial tail in the activity profile of
ultrarapid acting insulin preparations, such as insulin-FDKP, alsoc mean that they pose a
reduced potential for inducing hypoglycemia as compared to other insulins. Snacking to
counteract late postprandial hypoglycemia is understood to contribute to the weight gain
associated with standard insulin therapies. In contrast, use of insulin-FDKP has been

associated with a lack of weight gain; indeed weight loss has been observed.

[00131] Intravenous injection of insulin can effectively replicate the first phase response
and approximate the early phase response, but is not a practical therapy for a lifelong
condition requiring multiple daily administrations. For these reasons, insulin for intravenous
injection is not contemplated by the term ulirarapid acting insulin preparations as used
herein. Traditional subcutaneous injections are absorbed into the bioodstream slowly by
comparison, even using fast acting formulations, which still take up to an hour to reach
maximal concentration in the blood and have a plateau lasting several hours. Many
pulmonary formulations that have been assessed are equivalent to subcutaneous insulin in
effectiveness and similarly fail to achieve the ultrarapid kinetics needed to mimic early phase
release, as defined above. Nonetheless, the potential does exist for truly fast absorption
using a non-intravenous based delivery, such as pulmonary and oral administration or
subcutaneous injection of formulations comprising absorption promoting excipients. As
described herein, pulmonary delivery using diketopiperazine-based dry powder formulations
have been utilized.

[00132] Thus, a preferred embodiment provides a method to achieve the desirabie early
phase-like kinetics through pulmonary administration of a dry powder insulin formulation
containing insulin complexed to diketopiperazine microparticles. This formulation is rapidly

absorbed reaching peak serum levels within about 10 to 15 minutes. This is fast enough to
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mimic the kinetics of the physiologic meal-related early phase insulin response. The short,
sharp rise to peak serum insulin concentration is critical to the rapid suppression of
endogenous glucose production and has the additional effect of compressing the bulk of
insulth action to the peri-prandial time interval, in confrast with slower acting formulations.
This reduces the magnitude and duration of any meal-related excursions from normal
glucose levels and associated glucose toxicity, as well as the risk of post-prandial
hypoglycemia. Such improved control of biood glucose levels obtainable with this dry powder
insulin is more fully described in co-pending U.3. Patent Application No. 11/278,381, filed
3/31/06, which is incorporated herein by reference in its entirety. As disclosed in U.S. Appl.
No. 11/329,686 and noted above, prior high insulin levels potentiate glucose elimination rate,
meaning glucose can be eliminated more quickly if there is a prior high insulin concentration

spike.

[00133] Diketopiperazine microparticle drug delivery systems and associated methods
are described in U.S. Patents 5,352,461 and 5,503,852, The use of diketopiperazine and
biodegradable polymer micropariicles in puimonary delivery is described in U.S. Patents
6,428,771 and 6,071,497. Details regarding various aspects of possible formulation and
manufacturing processes can be found in U.S. Patents 6,444,226 and 6,652,885; in U.S.
Patent 6,440,463; in co-pending U.S. Provisional Patent Application Nos. 60/717,524, filed
9/14/05; and 60/776,605, filed 4/14/06. The properties and design of a preferred breath-
powered dry powder inhaler system is disclosed in U.S. Patent Application No. 10/655,153.
Aspects of treatment using insulin complexed to diketopiperazine microparticles are
disclosed in U.S. Patent 6,652,885 as well as in co-pending U.S. Patent Application No.
11/032,278. Additionally U.S. Patent Application No.11/210,710 discioses the use of
diketopiperazine salts to formulate insulin for both pulmonary and oral delivery. Each of the
patents and patent applications mentioned in this paragraph is herein incorporated by

reference in ifs entirety.

[00134] Whether insulin-FDKP or another insulin mimicking early phase release is
administered alone or in conjunction with another agent, such as basal insulin, a suppressor
of hepatic glucose release such as metformin, or an insulin sensitizing medication for
example a thiazolidinedione (TZD), the ultrarapid acting insulin is administered in association
with established meals, at least once and preferably two to four times daily, or more times up'
to with every meal, depending upon need. In order to achieve the maximum benefit of the
treatment, it should be taken over an extended period of time, preferably at least 12 weeks,

more preferably at least 24 weeks still more preferably from about 6 months to about two
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years, and most preferably for the remaining life of the patient or uniil the underlying -
diabetes is cured.

[00135] Current treatment of diabetes generally aims to reduce HbA1c levels to 7% or
below. HbA1c levels above 8% indicate that patient’s current therapy should be re-
evaluated. It may be desirable to achieve normal HbA1c levels, but with the currently
marketed insulin products this could only be accomplished at an unacceptable risk of severe
hypoglycemia. Thus patients with HbA1c levels below 8% would not usually be considered
candidates for more intensive treatment, that is, for treatment with insulin especially the
current prandial insulins. Even those with HbA1c above 8% but not yet receiving basal or
mixed insulin would not be considered to be candidaies for treatment with a prandial insulin
regimen. In embodiments disclosed herein the risk of hypoglycemia is much reduced, in part
due to the lack of a tail of insulin activity exhibited by ultrarapid acting insulin, and it is
possible to treat patients with HbA1c below 7%. Additionally, benefit can be expected from
lowering blood glucose even at the high end of the normal range. For example one study
showed that the risk of cardiovascular disease events was 5-8 times higher for individuals
with HbA1c>7% as compared to those with HbA1c<5%, Another study showed a
progressive increase in risk of kidney disease as HbAlc went from <6% to >8%.
Accordingly, in some embodiments, patients with HbA1c levels < 6.5% or =6% are selected
for treatment. While the methods are generally discussed in reference to human patients
adapftation to non-human mammals is not beyond the scope of the disclosure or the abilities
of one of skill in the related arts.

[00136] Determination of individual dosage

[00137] Insulin-FDKP is a dry powder formulation for inhalation provided in cartridges
containing a premeasured amount of powder which are inserted into an inhaler. The insulin
is administered by inhaling through the inhaler to deliver the powder into the lungs.
Cartridges containing different doses can be provided and an individual dosage can be
obtained either by using a single cartridge containing the desired dosage or by using multiple

cartridges (one at a time).

[00138] The patient can be a diabetic with inadequately controlied hyperglycemia, for
example with HbA1c greater than 7%, or one with adequately controlied blood glucose levels
but desiring to take advantage of other advantages obtainable with ultrarapid acting insulin
(for example, weight loss or avoidance of weight gain, reduced risk of hypoglycemia,

reduced glucose excursions, etc.).

[060139] Determination of individual dosage starts with identification of the daily meal
(that is breakfast, iunch, dinner, regularly occurring snack, etc.) resulting in the highest 2-
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hour post-prandial blood glucose levels using 7 point SMBG (serum measured blood
glucose). One then titrates up the dosage for that meal. Once an appropriate dosage is
established for that meal the dosage for the daily meal leading to the next highest blood
glucose level is titrated, and so on until dosages for all daily meals have been determined. in
one embodiment the initial dosage is taken with the untitrated meals In an alternative
embodiment the fitration for all daily meals is carried our concurrently rather than
sequentially. Meals for which dose titration is being carried out are preferably “usual” for the

patient in terms of size and focd component content with littie variation in these parameters.

(00140} Titration begins by taking one low-dose cartridge with the meal(s) in question.
Low dose insulin-FDKP cartridges can provide an emitted dose of, for example, 6 or 12 U of
insulin. Most commonly the ftitration is carried out with 12 U cartridges but patients with
smaller body masses, with lesser degrees of hyperglycemia to control, and/or lower degrees
of insulin resistance may prefer to start the fitration at a lower dose and/or proceed through
the titration in smaller increments. For clarity the titration is described below with respect to
the 12 U dose but it should be understood that the titration could similarly be based ona 6 U
or other low-dose cartridge. Similarly even if titrating based on a cartridge that is not the
lowest dose available one can use a smaller dose low-dose cartridge to provide the last

increment (or decrease) in dosage as an alternative to the procedure described below.

[00141] One uses the initial dosage‘for a week. In each subsequent week the dosage for
the meal is increased by the dose of the low-dose cartridge (i.e. 12 U) until either 1) the 2-
hour post-prandial median glucose is between 70 and 110 mg/di, or 2) the dosage, based on
emitted dose, is 72 U, or 3) an episode of hypoglycemia occurs. For episodes of mild to
moderate hypoglycemia with confirmed SMBG of <70 mg/dl decrease dosage by one low
dose (i.e. 12 U) cartridge and hold at that dose for one week then resume the titration. For
an episode of severe hypoglycemia with confirmed SMBG <36 mg/dl decrease dosage by
one low dose (i.e. 12 U) cartridge, hold at this new dose, and begin ftitration for next meal. in
an alternative embodiment a pre-meal blood glucose between 70 and 110 mg/dl can aiso be
used as a fitration endpoint. In some embodiments the second criteria above for terminating

dose escalation specifies a higher terminal dose or the criteria is not used at all.

[00142] In an alternative embodiment the initial dosage can be estimated based on
relative biocavailability from the dosage of a subcutaneously administered insulin. This
becomes important in adapting the fitration scheme to other formulations and inhaler
systems than that used in the examples below. A more universal scale is obtained by
identifying'dosage according to the insulin exposure (that is the AUC of bicod insulin

concentration over time). As the titration is described above 12U emitied corresponds to 3-4
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subcutaneous equivaient units (subQ eq). Thus in various embodiments the low dose can
be, for example, about 1, 1.5, 2, 3, 4, or 5 subQ eq units. The limit for dose escalation can

be about 18, 24, 32 or more subQ eq units.

[00143] The expression of dose in subQ eq units also facilitates migration to use of an
ultrarapid acting insulin if the patient is already on an insulin regimen. If the patient is already
on a prandial insulin regimen they should start with the same subQ eq dose as they are
currently using which is then titrated up or down from there basically as described above. if
the patient is on a regimen with longer acting insulin alone or a mixture of short and longer
acting insulins then 50% of the total daily dose should be divided by the number of daily
meals and that amount of ultrarapid acting insulin in sub/Q eq units should be used as the
initial dose in the titration. In the case in which the ulfrarapid acting insulin is provided in form
that does not allow an exact maich to the current dosage one can round down or round to
the nearest (that is up or down) dose of the ultrarapid acting insulin to use as the initial dose.
in one embodiment this choice is left to the practitioner, but particular embodiments specify

one or the other choice.

[00144] Accordingly, provided herein is a method of determining an individual's dosage
of insulin-FDKP for a daily meal comprising the siep of administering an initial dosage
equivalent fo one low-dose cartridge with the meal each day for a week. In each subsequent
week the dosage is increased by the amount of one low-dose cartridge until a fitration
endpoint is reached wherein the titration is selected for the group of 1) achieving a 2-hour
post-prandial median glucose is between 70 (or allernatively 80) and 110 mg/di, 2) the
dosage based on emitted dose is 72 U, 3) an episode of severe hypoglycemia with a
confirmed SMBG <36 mg/di occurs and the dosage is decreased by the equivaient of one
low-dose cartridge, and 4) an episode of mild fo moderate hypoglycemia with a confirmed
SMBG of <70 (or alternatively 80) mg/dl occurs, the dosage is decreased by the equivalent
of one low-dose cartridge for one week and then the titration is resumed until it reaches one
of the other endpoints or the dosage is set at the level below that which produces the mild to

moderate hypoglycemia.

[00145] Embodiments disciosed herein comprise a method in which the dosage for each
daily meal is determined as described above for each of the daily meals in succession. This
embodiment comprises determining which daily meal results in the highest 2-hour
postprandial blood glucose level and titrating that meal first. in some embodiments this
determination ufilizes a 7 point SMBG. The daily meal resulting in the next highest 2-hour

postprandial blood giucose level is then titrated in turn. The initial dosage is administered
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with each meal not being titrated for with a dosage has not been determined. in alternative

embodiments dosages for all daily meals are titrated concurrently.

[00146] in one embodiment the low-dose cartridge provides an emitted dose of 3-4
subQ eq units of insulin. In another embodiment the low-dose cartridge provides an emitied
dose of 1.5-2 subQ eq units of insulin. In some embodiments the group of titration endpoints

further comprises a premeal blood glucose level between 70 and 110 mg/dl.

[00147] In various alternative embodiments the titration is based on at least three
consecutive daily measurements as opposed to being carried out daily over a week as
described above, or in a further alternative 3-6 daily measurements over the course of a
week. In other alternative embodiments the titration is based on preprandial/pre-bedtime
SMBG instead of 2 hour postprandial SMBG. That is the pre-lunch measurement is used to
determine the breakfast dose, the pre-dinner measurement is used to determine the lunch
dose, and the pre-bedtime measurement is used o determine the dinner dose.

[00148] Use of a Standard Dose

[00149] Traditional prandial insulin tfreatment has involved carefui adjustment of insulin
dosage to the expected glycemic load of the individual meal based on its size and content.
The need for this can be avoided, or at least reduced through the use of an ultrarapid acting
insulin formulation. Traditional prandial insulin formulations, whether administered by
subcutaneous injection/infusion or by inhalation, exert their effect on blood glucose level
largely by elevating the glucose elimination rate over a relatively extended period of time.
The total glucose elimination brought about is generally proportional to the dose
administered. In contrast ultrarapid acting insulin formulations exert their effect over a
relatively constrained period of time and a greater proportion of their effect on blood glucose
level is the result of rapidly reducing hepatic glucose release to basa!.levels. The rapid rise
of blood insulin level obtained with ultrarapid insulins potentiates a rapid rise in glucose
elimination activity and also provide a signal to the liver to reduce glucose release. However
the high concentrations of insulin achieved to bring about these effects exceed the range in
which glucose elimination rate (GER) is proportional to insulin concentration. Thus while
further increasing insulin dosage does lengthen the period of time over which GER is
elevated this is brought about by increasing the period of time in which the insulin
concentration exceeds the range in which GER is proportional to insulin concentration,
Therefore total glucose elimination with ultrarapid acting insulins is much iess sensitive to
dose. Moreover insulin concentrations return to baseline levels sooner after administration
so the effect is also constrained in time and homeostatic mechanisms reassert themselves

much sooner than with the reiatively longer acting traditional short-acting formulations,
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thereby reducing the potential for late postprandial hypoglycemia due to the activity of the
exogenous insulin.

[00150] As a result it can be feasible to set a standard dosage for each of the daily
meals and use that dose without regard for variation in caloric content or glycemic load from

meal to meal. Because so much of the blood giucose lowering effect is related to reduction

of hepatic glucose release, effective reduction is achieved without careful matching of-
dosage to glycemic or caloric load even if a larger meal than usual is consumed. Because

the eievation of GER is comparatively shori-lived and generally well-maiched in time to the

period during which a meal will increase blood glucose levels there is a low risk of
hypoglycemia even if a smaller meal is consumed. Nonetheless in preferred embodiments

the caloric content and/or glycemic load of the meal is maintained within a range of from 25,

50, or 75% to 125, 150, 200 or 250%, of that of the usual meal (used in determining the

standard dose). Since insulin resistance, and therefore responsiveness to insulin, does vary
with circadian cycle it will generaily be preferred to set a standard dose for each daily meal,

though as a practical matter the standard dosage determined may be the same for different

daily meals. This method can be particularly well-suited to diabetics with significant residual

ability to produce insulin and regutate blood glucose levels, such as type 2 diabetics earlier
in the progression of the disease.

[00151] Accordingly, provided herein are methods for treating diabetes with
standardized doses that are not adjusted based on individual meal content. The method
comprises prandial administration of a predetermined standard dosage of an ultrarapid
acting insulin formulation without adjustment of the dosage based on meal content. In
various embodiments any or all daily meals are treated according to this method; that is for
example breakfast, or breakfast and lunch, or breakfast and dinner, or breakfast, lunch, and
dinner, etc. In some embodiments a single predetermined dosage is used for all meals.
Preferred embodiments utilize predetermined dosages for each daily meal; that is for
example, for breakfast, for lunch, for dinner, etc. In some embodiments meal content is
assessed as caloric content. In other embodiments meal content is assessed as glycemic
joad. In preferred embodiments meal content is maintained within a range of from 28, 50, or
75% to 125, 150, 200 or 250% of a usual meal used in determining the predetermined

insulin dosage.

[00152] In one embodiment the ultrarapid acting insulin formulation is insulin-FDKP. In

another embodiment the administration is by inhalation into the lungs.
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[60153] Use of split, supplemental, and delayed dosages

[00154] With traditional prandial insulin regimens a dosage is selected based on an
expectation of how much food will be consumed and then an attempt is made to conform
consumption to the advance expectation. If more food is consumed, or its proportion of
carbohydrate, fiber, and fat differs from usual or anticipated, it is not possible to improve
glycemic control by administering & secondary dose subsequent to the meal when these
factors are known with greater certainty, because of the delay between administration and
onset of action with traditional formulations. In contrast ultrarapid acting insulin formulations
take effect so quickly it can be advantageous to adjust the dosage of insulin to the meal by
administering a secondary dose subsequent to the meal. Use of split dosages can be
particularly well-suited to diabetics other than type 2 diabetics with good endogenous insulin
production and only moderate insulin resistance, for example type 1 diabetics (past the
‘honeymoon” stage of the disease) and type 2 diabetics later in the progression of the
disease

[00155] in one application of this mode of administration split dosage is applied to meals
in which delayed absorption is expected. The delay can be due {o disease state — fong-ferm
diabetes is associated with delayed nutrient absorption; or can be due to meal content -
higher fat and fiber content tend to delay food absorption. . Use of split dosages can also be
advantageously used in conjunction with multi-course or other prolonged meals such as at
holiday celebrations and banquets. Even if the individual limits total consumption in
accordance with their usual meals the fact that consumption extends over a longer than
usual period of time will also lead to a prolongation of nutrient absorption. Split doses
provide a way to address this prolonged profile of nutrient absorption. As compared to the
dosage of insulin that would be used with the meal as a single dose one-half to three-
quarters, for example two thirds, of the dose is administered at the beginning of the meal

and the remainder of the dosage is administered 30 to 120 minuies later.

[00156] Accordingly, additional embodiments provide a method of treating diabetes
comprising selecting a patient expected to have delayed nutrient absorption, administering
an initial dose of ¥4 o % of a predetermined dosage of an ultrarapid acting insulin formulation
at the beginning of a meal, and administering the remainder of the predetermined dosage
30-120 minutes later. In one embodiment the initial dose is 2/3 of the predetermined dosage.
In some embodiments delayed adsorption is related to a state of the disease (diabetes). In
other embodiments delayed adsorption is related to meal content. In further aspects of these
embodiments meal content comprises high fiber content. In other aspects of these

embodiments meal content comprises high fat content. In a further aspect the high fact
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content constitutes 225% of the meal content. In a further aspect the high fat contént
constitutes 235% of the meal content. In one embodiment the ultrarapid acting insulin
formulation is insulin-FDKP. In another embodiment the administration is by inhalation into
- the lungs.

[00157] in another application of this mode of administration, split dosage is used fo
adjust the insulin dosage fo the actual glycemic load. An initial dose is administered af the
beginning of the meal, blood glucose level is determined 60 to 120 minutes later, and a
secondary or supplemental dose is administered if blood glucose exceeds 140 mg/dl. In
some embodiments the secondary dosage is equal to 50 -100% of the initial dosage. In

some embodiments blood glucose is determined by continuous glucose monitoring.

[00158] Accordingly, additional embodiments provide a method of treating diabetes
comprising administering an initial dose of an ulirarapid acting insulin formuilation at the
beginning of a meal, determining a blood glucose level 60-120 minutes after beginning the
meal, and if the blood glucose level exceeds 140 (or alternatively 150) mg/d! administering a
second dose of the ultrarapid acting insulin formulation wherein the dosage of the second
dose is 25% or 50% to100% of the dosage of the initial dose. in onhe embodiment the
ultrarapid acting insulin formulation is insulin-FDKP. In another embodiment the

administration is by inhalation into the lungs.

[00159] In a variation on this mode of adminisiration no dose is administered at the
initiation of the meal. instead administration is delayed for example until 10, 15, 20, or 30
minutes after beginning the meal. This variation is particularly suitable when delayed nutrient
absorption is expected.

[00160] Accordingly, embodiments disclosed herein provide a method of treating
diabetes comprising administering a dose of an ulirarapid acting insulin formulation
subsequent o the beginning of a meal o a patient expecting delayed nutrient absorption. In
one embodiment delayed absorption is due fo higher fat and fiber content as compared to a
usual meal as used in determining dosage. In another embodiment delayed absorption is
due to long standing diabetes. In one embodiment the ultrarapid acting insulin formulation is

insulin-FDKP. In another embodiment the administration is by inhalation into the lungs.

[00161] Treatment of patients of with subcutaneous insulin resistance

[co162] Many of the advantages of insulin-FDKP are related to its ultrarapid kinetics.
However insulin-FDKP is typically administered by inhalation of a dry powder preparation.
There is a class of patients who can receive an additional benefit from this formulation due fo
its route of administration, namely patients with subcutaneous insulin resistance. This

phenomenon is distinct from and unrelated to the insulin resistance typically associated with
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type 2 diabetes, which is generally understood to result from a reduced responsiveness of

cells throughout the body to insulin.

[00163] The phenomenon of subcutaneous insulin resistance is not universally accepted
by experts in diabetes as a bona fide physiological state. Certainly its etiology is not well
understood and indeed there may be muitiple factors that can lead to this condition.
Nonetheless experience with inhaiabie insulin has demonstrated the clinical reality of this
phenomenon. There are patients who have required substantially greater doses of insulin
than might otherwise be expected when treated with subcutaneously administered insulin
who upon switching to a pulmonary insulin require an amount of insulin more in line with
what would be expected based on their medical condition. Subcutaneous insulin resistance
can also contribute to difficulty in establishing reasonable contro! of hyperglycemia and in

variability in the response to insulin.

[00164] To prospectively identify diabetes patients having subcutaneous insulin
resistance several factors can be considered. First of all the patient will be using high doses
of insulin, especially compared to what would typically be required based on their medical
condition including body weight and state of progression of the disease. For example a high
dose of insulin is one greater than 2 units/Kg/day. This criterion can further be paired with
the patient having normal or near-normal basal levels of endogenous serum insulin, for
example <50 pU/mi of insulin. Such patients typically will have type 2 diabetes in an early
stage in the progression of the disease. Alternatively high insulin usage can be paired with
lipoatrophy or lipodystrophy as diagnostic criteria.

[60165] in yet other alternative embodiments high insulin usage can be paired with very
poorly controlled hyperglycemia as the selection criteria.  Very poorly controlled
hyperglycemia can be evidenced by three HbA1c level determinations 29% in a 12 month
period despite treatment with an intensified insulin regimen, for example basal-bolus
therapy, or continuous subcutaneous insulin infusion (CSIi; that is, an insulin pump), etc.,
over a period = 6 months. Commonly HbA1c levels are determined quarterly. It is preferred
that the three HbA1c level determinations 29% be consecutive. In alternative embodiments
very poorly controlied hyperglycemia can be evidenced by two HbA1c level determinations
=9% in a 6-9 month period.

[00166] in still further alternative embodiments high insulin usage can be paired with life
threatening glycemic instability as the criteria for selection. Life threatening glycemic
instability can be characterized by periods of hyperglycemia and/or hypoglycemia despite

adherence to diet, exercise, and insulin regimens.
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[00167] Accordingly embodiments herein provide methods of treating diabetics with
subcutaneous insuiin resistance. These methods include a step for the selection of patients
with subcutaneous insulin resistance on the basis of atypically high insulin dosage. In some
embodiments the insulin dosage is 22 units/Kg/day. In some embodiments the selection is
further based on the patient having normal or near-normal levels of endogenous insulin. In
some of these patients the basal level endogenous insulin is <50 pU/mi In other
embodiments the selection is further based on the patient being on an intensified insulin
regimen and having three HbA1c level determinations 29% in a 12 month period. In still
other embodiments the selection is further based on the patient having life threatening
glycemic instability characterized by periods of hyperglycemia and/or hypoglycemia despite
adherence to their insulin regimen and any diet or exercise regimen.

[00168] These methods also include a step of discontinuing treatment with
subcutaneously administered rapid-, short-, or intermediate-acting insulin formulations. Note
that patients who cannot produce sufficient insulin to meet basal requirements need fo
continue taking basal insulin even if it is adminisiered subcutaneously. Presently the only
basal (long-acting) insulin formulations commercially available are for subcutaneous
administration. However other long acting insulins are being developed which could
potentially be administered by other routes of administration and their use in the methods
herein is contemplated. These methods also include the step of (initiating) treatment by
administration of prandial doses of insulin-FDKP by inhalation.

[00169] Further embodiments can include a step for confirming the diagnosis of
subcutaneous insulin resistance by determining that a similar or improved degree of
glycemic control is achieved with a substantially lower dosage of insuiin. In some
embodiments glycemic control is assessed as HbA1c level. In other embodiments it is
assessed as post-prandial and/or fasting blood glucose levels. In various embodiments the
insulin dosage (exclusive of any basal reguirement) is reduced by 210, 220, or 250%, or
more. In some embodiments the reduced dosage is assessed from measurements of serum
insulin levels. In other embodiments it is based on the dosage used and the relative

bioavailability of the insulin formulations.

[00170] Combined use of ultrarapid acting insulin and long acting insulin analogs

[00171] One mode of use of ultrarapid acting insulin is to use it in combination with a
long acting insulin in a basal-bolus regimen. In basal-bolus therapy a long acting insulin is
used to provide or supplement a basal level of insulin and a bolus of short acting insulin is

administered in conjunction with meals to handle the resultant increased glucose load. The
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various advantageous characteristics of ultrarapid acting insuiin make it an ideal choice for

use as the short acting insulin in such regimens.

100172} Many long acting insulins are administered twice a day, but insulin glargine (sold
as LANTUS® by Sanofi-Aventis) is approved and marketed for once a day administration.
According to the manufacturer's prescribing information (March 2007 revision) insulin
glargine provides relatively constant glucose lowering activity over a 24-hour period and may
be administered any time during the day provided it is administered at the same time every
day. Additionally, insulin detemir (sold as LEVEMIR® by Novo Nordisk) is approved and
marketed for administration either twice a day or once a day with the evening meal or at

bedtime (manufacturer’s prescribing information, Version 3 issued May 16, 2007).

[00173] In clinical trials it was found that an ulirarapid acting insulin formulation
comprising insulin-FDKP used in combination with insulin glargine was effective in managing
glucose excursions. In 7 point glucose measurements insulin-FDKP was able to flatten the
jagged pattern resuiting from post-prandial glucose excursions, but over the course of the
day baseline blood glucose levels tended o rise. Similar behavior was observed in type 1
(See Example 2 and FIG. 12) and type 2 diabetics (see FIG. 13). There are several factors
that may contribute to this rise. Insulin resistance tends to rise over the course of the day.
Additionally the insulin glargine used in the study was administered in the evening before
bedtime as contemplated in the.manufacturer’s prescribing information, Thus the greatest
demand for insulin activity is occurring late in the period of effectiveness of the insulin

glargine dose when it is weakening.

[00174] In typical combinations insulin glargine is used in combination with either a
prandial short acting insulin or mixes of short and intermediate acting insulins administered
before breakfast and dinner. Intermediate acting insulins are intended to provide glucose
lowering activity for both meal and between-meal periods. Even the marketed short acting
insulins exert the majority of their activity after most of a meal's nutrients have been
absorbed. Thus in commonly used regimens involving combinations of insulin glargine and
shorter acting insulins, the other insulins provide supplementary activity during waking hours.
In contrast insulin-FDKP has a short duration of action, well maiched io the time period in
which a meal produces an increased glucose load, but not providing substantial insulin
activity for baseline control. Thus when combined with an ultrarapid acting insulin such as
insulin-FDKP any insufficiency of insulin glargine dose or duration will be exacerbated as
compared to established regimens. Insulin detemir has a shorter duration of action than
insulin glargine so that when used once a day such deficiencies should be even more

pronounced. To remediate such effects regimens combining the use of ultrarapid acting
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insulins and & long acting insulin analog should specify that the long acting insulin analog be
administered early in waking hours, for example at breakfast time or within 1, 2, 3 or 4 hours
of waking. In some embodiments an early dose of the long acting insulin analog is the only
dose given in the course of the day. In other embodiments the long acting insulin analog is
insulin glargine and it is administered twice a day, an early dose and a late dose
approximately 8 to 14, preferably 10-12, hours later, for example around dinnertime. A
typical cycle of sleeping and waking, in which a person sleeps for an extended period,
usually at night, and then wakes and becomes active for the remainder of a day, naps
notwithstanding, is assumed. Thus phrases such as within a certain time after waking, early
in waking bours, and similar terminology refer to the point at which a subject wakes and
initiates their daily activities.

[00175] Combined use of ultrarapid acting insulin and basal insulin provided by infusion

[00176] Insulin pumps are compact devices that deliver various forms of insulin at
appropriate times to help control the blood glucose level. Used correctly, these devices
improve blood glucose control with fewer hypoglycemic episodes and better long-term
control. The pumps are programmable and give patients a degree of freedom to vary what,
when or how much they eat by allowing insulin delivery rates to be adjusted for different
times of day. The latest models of insulin pumps are relatively easy to use and convenient
to carry. Thése newer pumps have buili-in dosage calculators that manage the complex
insulin dosage calculations previously performed by patients. Patients are able to program
bolus doses to coincide with a meal as well as different basal insulin delivery rates for
different times of day, depending on changing needs. These pumps also calculate how
much insulin is still working from the previous bolus dose. Some pumps have additional
smart features such as programmable reminders and alerts, information and download
capabilities that allow the patient to save information to a computer for accurate record-
keeping, a carbohydrate database for calculating the amount of carbohydrate ingested in a

meal, and certain safety features.

(001771 As an alternative to subcutaneous bolus injection of long acting insulin it is also
possible to provide basal insulin by continuous infusion. This approach obviates the need for
long acting insulin since insulin is continually provided. This approach can also avoid any
drawbacks associated with such preparations, for example increased immunogenicity or
binding to receptors for insulin-like growth factors that can occur with analogs. As the rate of
infusion can be changed throughout the day with this approach, the profile of basal insulin
activity can be more readily adjusted to variations in diet and individual physiology. (The

capabilities of insulin pumps are more fully discussed in the section dealing with artificial
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pancreas systems, below). A common methodology with insulin pumps is to aim to cover
both prandial and basal needs by using one of the rapid acting analogs. When the pump is
only being used to provide basal insulin — as with a prandial non-pumped ultrarapid acting
insulin — regular human insulin can be used. However for patients with less stable basal

need the more rapid kinetics of the rapid acting analogs can offer an advantage.

[60178] Accordingly embodiments provide a method of treating diabetes comprising
infusing insulin with an insulin pump to meet basal insulin needs and administering an
ultrarapid acting insulin to meet prandial needs. In some embodiments the pumped insulin is
regular human insulin. In other embodiments the pumped insulin is a rapid acting insulin
analog. In one embodiment the ultrarapid acting insulin formulation is insulin-FDKP. In
another embodiment the administration of the ultrarapid acting insulin is by inhaiation into

the lungs.

[060178] Use of ultrarapid acting insulin in combination with or in place of oral antidiabetic

medications

[60180] Standard of care in the treatment of type 2 diabetes is defined and regularly
updated in consensus statements published jointly by the American Diabetes Association
and the. European Association for the Study of Diabetes. The general course of treatment
advocated, summarized below, has remained fairly stable in recent years (compare for
example Nathan et al. Diabetes Care 29:1963-1972, 2006;lNathan et al. Diabetes Care
31:173-175, 2008; and Nathan et al. Diabetes Care 32:193-203, 2008) with the most
significant change in the most recent update being the addition of GLP-1 agonists 1o the
treatment algorithm.

[00181] The course of freatment as advocated in these consensus statements begins
with lifestyle changes plus the drug metformin at diagnosis (Step 1). Lifestyle changes
inciude improved diet and increased exercise. Metformin is a drug classified as a biguanide.
Although historically these drugs have been described as insulin sensitizers, there primary
effect is to reduce hepatic glucose output. This activity appears {o be dependent on the
presence of insulin and metformin freatment can be associated with somewhat increased
sensitivity to insulin. However avoided herein is applying the term “insulin sensitizer” to the
biguanides as the mechanism of action is different from that of the thiazolidinediones which
are now more commonly intended by the term and for which the primary effect to increase
insulin sensitivity. As metformin is present throughout the day its effect is observed as a
reduction in fasting blood glucose levels (FBG). Approximately 30% of patients cannot
tolerate metformin, at least at dosages adequate for acceptable glycemic control, with

gastrointestinal side-effects being a primary issue. The prescribing information (January
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2009 revision) for metformin (sold as GLUCOPHAGE® by Bristol-Myers Squibb) includes
contraindications for use in patients with renal disease or dysfunction, hypersensitivity fo the

drug, or metabolic acidosis, as well as other precautions.

[60182] If adequate glycemic control is not atfained {(generally HbA1c remains 2 7%)
with Step 1 treatment Step 2 treatment calls for the addition of a second agent. This can be
basal insulin, a sulfonylurea, pioglitazone, or a GLP-1 agonist. If the two agents (the second
agent not being basal insulin) still do not establish adequate glycemic control the consensus
calls for either switching the second agent to basal insulin, our using a combination of a
sulfonylurea and pioglitazone as the second agent. If the combination of a sulfonylurea and
pioglitazone still does establish adequate glycemic control the consensus calls for switching
the second agent to basal insulin. By any of these paths the consensus advocates that the

first insulin regimen used be basal insulin.

[00183] The sulfonylureas are insulin secretagogues, that is, they enhance insulin
secrefion. Included in this class are the drugs chlorpropamide, glyburide, gliclazide,
glimepiride and glipizide. A major issue with these agents is an increased risk of
hypoglycemia, especially great with chlorpropamide and glyburide. Use of these agents has
also been implicated in increased mortality from cardiovascular disease. Weight gain is
common with these agents. Contraindications, precautions, and drug interactions typical of
the sulfonylureas can be found in the prescribing information for glipizide (sold as
GLUCOTROL® by Pfizer; September 2006 revision). Concern has also been raised that
insulin secretagogues increase demand on an already overtaxed pancreas contributing to
the progressive decrease in B-cell function and limiting their long term usefuiness. Other
insulin secretagogues are known such as the glinides, for example repaglinide and
nateglinide. The risk of weight gain with these agents is similar to the suilfonylureas, but the
risk of hypoglycemia may not be as elevated. GLP-1 agonists and DPP-4 (dipeptidyl
peptidase-4) inhibitors can aiso be considered insulin secretagogues. As used, insulin
secretagogues provide their activity throughout the day so that their effect is readily seen as
a reduction in FBG.

[00184] Pioglitazone (sold as ACTOS® by Takeda Pharmaceuticals) is a
thiazolidinedione (glitazone, TZD) which increase the sensitivity of muscle, fat, and liver to
insulin thereby counteracting the insulin resistance aspect of type 2 diabetes, and are
therefore commonly referred to as insulin sensitizers. TZDs have been associated with fluid
retention and congestive heart failure and also with increased rates of bone fracture,
especially in women with osteoporosis. The TZDs also include the drug rosiglitazone (sold
as AVANDIA® by GlaxoSmithKline) which has been further associated with myocardial
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ischemia. These and other side-effects, precautions, etc., such as weight gain are reporting
in the manufacturer's prescribing information for ACTOS® (August 2008 version) and
AVANDIA® (October 2008 version)..

[00185] The third (and last) step in the consensus algorithm is reached if — or when as
type 2 diabetes is a progressive disease — adequate glycemic control is not attained by
freatment including basal insulin under the second step. The third step advocates that the
lifestyle changes and metformin treatment of the previous stages be continued along with
intensified insulin treatment. As described intensified treatment can include prandial use of

rapid acting insulin analogs, but definitely involves the continued use of basal insulin. .

[00186] Patient populations treated according to the embodiments herein disclosed are
distinct from those most commonly receiving insuiin therapies. Indeed the factors that might
impel a clinician to prescribe insulin to individuals according to current paradigms do not
shed any light on the relative effectiveness of an ultrarapid acting insulin as compared to oral
antidiabetic agents especially given the distinct pharmacokinetic profiles of the insulin
preparations available. Moreover, as seen above use of insulin typically begins with basal
insulin, with prandial insulins being added only after the failure of basal insulin alone. In
contrast the methods disclosed herein involve use of prandial ultrarapid acting insulin early

in the progression of treatment.

[060187] Patients with early stage insulin disorders can be divided into various
subpopulations and treated according o various embodiments of the present invention.
Some persons make sufficient insulin to maintain a non-hyperglycemic fasting blood glucose
level but cannot avoid acute fluctuations in blood glucose after eating. Early type 2 diabetics
can often use diet and exercise to control even substantial hyperglycemia, but will have
already lost their early phase insulin release. In current practice patients failing diet and
exercise are most often next treated with a suppressor of hepatic glucose output, such as
metformin, with the goal of overcoming insulin resistance and improving the effectiveness of
the insulin that is produced. In embodiments disclosed herein, these patients are
administered a prandial, early phase-mimicking insulin preparation instead of, or in addition
to, the insulin sensitizer. Less often (and previously) the first oral medication offered
diabetics was an insulin secretagogue, such as a sulfonylurea, to increase insulin secretion.
More commonly (and currently) such agents are used in combination with a suppressor of
hepatic glucose output as a subsequent step in treatment if use of the sensitizer alone does
not provide the desired level of glycemic control. However, use of secretagogues can also

lead to weight gain and hypoglycemic events so, in @ one embodiment, a prandial, early
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phase-mimicking insulin preparation is used instead of a secretagogue in such combination

freatments.

[060188] Both fasting and postprandial blood giucose levels contribute to elevation of
HbA1c levels. Ultrarapid acting insulin preparations can advantageously impact both fasting
and postprandial blood glucose levels. It was initially appreciated that they are particularly
well suited to addressing control of postprandial blood glucose in contrast with basal insulins
or insulin secretagogues, or even short acting insulins. This is understood to be due in part
to their more rapid suppression of endogenous glucose production (see Example 1). Thus
embodiments disclosed herein are directed to patients with poorly controlied postprandial
blood glucose or in whom the lack of glycemic control is more strongly associated with
elevated postprandial blood glucose. For exampie patients with a lesser degree of insulin
resistance may be able to produce sufficient insulin to provide substantial control of fasting
biood glucose and in some embodiments can be selected for treatment with ultrarapid insulin
alone. In comparison patients with a higher degree of insulin resistance may have poor
control of both fasting and postprandiai blood glucose and in embodiments would be

selected for treatment with ultrarapid insulin and an oral antidiabetic agent in combination.
[00189] Ultrarapid acting insulin and suppressors of hepatic glucose output

[00190] Both ultrarapid acting insulin and biguanide drugs such as metformin act as
suppressors of hepatic giucose release. However as used the drugs exert their effect around
the clock whereas prandial ulfrarapid acting insulin exerts this effect more particularly
following meals. Thus ultrarapid acting insulin can substitute for or augment the activity of

the oral suppressors of hepatic glucose oufput.

[00191] Accordingly in one embodiment ultrarapid acting insulin is used in freating a
subject with type 2 diabetes in need of improved glycemic confrol with well or moderately
controlied FBG but poorly controlled PPG. In various aspects of the embodiment need for
improved glycemic controi is determined as HbA1c level, 1- or 2- hour PPG, or oxidative
stress. In some embodiments well controlled FBG is FBG £110 or €130 mg/dL. In some
embodiment moderately controlied FBG is FBG < 154 mg/dL, <180, or €192 mg/dL. Studies
have determined that at HbA1c levels £8.4% at least half of overall hyperglycemia is due to
PPG (Monnier, L. et al. Diabetes Care 26:881-885, 2003). Thus in some embodiments a
subject with well or moderately controlled FBG but poorly controlled PPG is a subject with
HbA1c =8.4%. (An HbA1c of 8.4% corresponds to a mean plasma glucose level of
approximately 192-198 mg/dL; see Diabetes Care 32, suppl.1:513-S61, 2009, especially
tables 8 and 9). In various embodiments a subject with poorly controlied PPG in one with 1-
or 2-hour PPG 2140, or 2180, or 2200 mg/dL. It should be noted that subjects whose 2-hour
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PPG following a 75g glucose challenge was 2200 mg/dl. had an almost doubled risk of
mortality than those whose 2-hour PPG was <200 mg/dL regardless of their FPG (Lancet
354:617-621, 1999). In one embodiment the subject is not currently receiving any drug
treatment and ultrarapid insulin is used as the sole pharmacoiogic agent. In another
embodiment the subject is undergoing treatment with an oral suppressors of hepatic glucose
output and prandial ultrarapid insulin is added to their treatment regimen. In one embodiment
the oral suppressors of hepatic glucose output is metformin. In one embodiment the
ultrarapid acting insulin formulation is insulin-FDKP. In another embodiment the

administration of the ultrarapid acting insulin is by inhalation into the lungs.

1001921 In other embodiments, a subject with type 2 diabetes in need of improved
glycemic control could benefit from treatment with a suppressor of hepatic glucose output,
but such oral agents are contraindicated or not tolerated, and ultrarapid acting insulin is used
instead. In a variation the oral agent is not tolerated in sufficient dosage and ultrarapid acting

insulin is used to supplement its activity.
[00183] Ulirarapid acting insulin and insulin secretagogues

100194} Insulin secretagogues such as the sulfonylureas and the glinides increase
insulin secretion and thereby insulin concentrations in circulation. Ultrarapid acting insulin
preparations also increase insulin concentrations in circulation. However as used the drugs
exert their effect around the clock whereas prandial ultrarapid acting insulin exerts this effect
more particularly following meals. Thus ultrarapid acting insulin can substitute for the activity
of the insulin secretagogue. in one embodiment the ultrarapid acting insulin formulation is
insulin-FDKP. In another embodiment the administration of the ultrarapid acting insulin is by

inhalation info the lungs.

[00195] Accordingly in one embodiment, a patient under treatment with a suppressor of
hepatic glucose output and an insulin secretagogue discontinues treatment with the
secretagogue and institutes freatment with an ultrarapid acting insulin. In a related
embodiment a patient under treatment with a suppressor of hepatic glucose oufput who is a
candidate for treatment with an insulin secretagogue and instead institutes treatment with an
ulfrarapid acting insulin rather than with a secretagogue. in one embodiment the patient is in
need of improved glycemic control. In various aspects of the embodiment need for improved

glycemic control is determined as HbA1c level, 1- or 2- hour PPG, or oxidative stress.

[00196] In other embodiments a subject with type 2 diabetes could benefit from
treatment with an insulin secretogogue, but such oral agents are contraindicated or not
tolerated, and ultrarapid acting insulin is used instead. In other embodiments the patient is in

need of reducing the risk of hypoglycemia or weight gain.

44



[00197]  Ultrarapid acting insulin and insulin sensitizers

[00198] Insulin sensitizers, such as pioglitazone and the other TZDs improve insulin
utilization in various tissues thereby reducing insulin resistance and leading to a reduction in
circulating insulin levels. Treatment with TZDs results in notable decreases in FBG.
Treatment with prandial ulirarapid acting insulin leads to a reduction in FBG. This is despite
the fact that there is no direct glucose eliminating activity due to prandial ultrarapid acting
insulin during fasting periods. The impact of ultrarapid acting insulin preparations on fasting
blood glucose levels was unexpected and suggests that they can reduce insulin resistance
or act as an insulin sensitizer. Inferestingly the rapid insulin concentration peak obtained with
ultrarapid acting potentiates subsequent insulin activity. This is particularly noticeable in type
2 diabetics in the time frame immediately following administration however the effect may be
longer lived. Thus treatment with prandial ultrarapid acting insulin has effects similar to

insulin sensitizers.

[06198] Accordingly, in some embodiments, patients are selected for tfreatment
comprising an ultrarapid acting insulin on the basis of having a high degree of insulin
resistance. In other embodiments patients who would benefit from treatment with an insulin
sensitizer, such as a TZD, but have a sensitivity to the drug or are otherwise contra-
indicated, are treated with an ultrarapid acting insulin in place of the drug. For example TZDs

can be contraindicated in women with osteoporesis.

[006200] Patients who can benefit from freatment with prandial ultrarapid acting insulin
according to various embodiments include those who obtain inadequate glycemic control
with an insulin sensitizer and would otherwise have an insulin secretagogue added to their
treatment regimen, or those who obfain inadequate glycemic control with a combination of
an insulin sensitizer and an insulin secretagogue. Subsets of these groups include those
who further are needle-phobic or would otherwise want to avoid injections, and those who
further are obese, overweight, or otherwise desire fo avoid or minimize weight gain or need
to lose weight. Additionally elevated insulin levels are associated with a greater occurrence
of breast cancer. Thus persons with an elevated risk of breast cancer can particularly benefit
from a lowering of insulin resistance. In one embodiment the ultrarapid-acting insulin
formulation is insulin-FDKP. In another embodiment the administration of the ultrarapid

acting insulin is by inhalation into the lungs.

{00201} Prandial ultrarapid insulin versus basal insulin

[00202] When treatment with two oral medications does not provide adequate glycemic
control standard of care offers paths to the use of basal insulin or use of a third oral

medication. The choice to add a third oral medication instead of adding insulin is often
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influenced by reticence to accept daily injections even in the absence of an outright needle
phobia, the risk of hypoglycemia, and the likelihood of weight gain. Thus embodiments of the
invention provide a successor treatment to combination oral therapy that includes insulin, but
is needle-free and minimizes or eliminates weight gain. The inhalable insulin EXUBERA®,
because of its subcutaneously delivered insulin-iike kinetics, would not be expected to confer
the same benefits as an ultrarapid acting insulin preparation. This use shows that prandial
ultrarapid insulin offers a unique alternative to the early use of basal insulin generally, and
that offers particular advantage to patient populations in which needie use, the risk of
hypoglycemia, or the prospect of weight gain are particularly problematic.

[00203] Patients who can benefit from treatment according o various embodiments
disclosed herein include those who obtain inadeguate glycemic control with an oral
suppressors of hepatic glucose output and would otherwise have an insulin secretagogue
added to their treatment regimen, or those who obtain inadequate glycemic control with a
combination of an oral suppressor of hepatic glucose output and an insulin secretagogue.
Subsets of these groups include those who further are needie-phobic or would otherwise
want to avoid injections, and those who further are obese, overweight, or otherwise desire to

avoid weight gain or need to lose weight.

EXAMPLES

EXAMPLE 1

[00204] The experiments were conducted to identify the effect of an ultrarapid acting
insulin, specifically a formuslation for inhalation comprising insulin-FDKP, when compared to
subcutaneously administered insulin lispro (lispro, HUMALOG®, Eli Lily & Co.) and an
inhaled recombinant human insulin (EXUBERA®, Pfizer Inc.) on endogenous glucose
production after a meal challenge and during a euglycemic giucose clamp procedure in
subjects with type 2 diabetes. The insulin-FDKP formulation is administered to the subjects
by oral inhalation using a MEDTONE® dry powder inhaler (MannKind Corp.).

[60205] Following the completion of the meal challenge, the data was analyzed as per
the statistical analysis plan. Total insulin exposure was found to be approximately 40%
greater following the administration of 12 U lispro than following either 45 U insulin-FDKP
(TH or 4 mg EXUBERA®. Hence, the study was redesigned, and subjects did not proceed to
the euglycemic glucose clamp portion of the study under the original protocol and treatments
(4 mg EXUBERA®, 45 U Tl and 12 U lispro). The study was amended (A1) and included 12
subjects (10 were reenrolled from the first meal challenge), and only two treatments, which
were 10 U lispro and 60 and 90 U Ti. The doses were selecied based on the relative

bioavailability observed following the first meal challenge (OP), where under an assumption
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of linear kinetics, 10 U lispro and 60 U T! would result in similar exposure. The 90 U dose
group was included to assess the effect of the highest dose group of Tl studied in Phase 3
trials. Six of the 12 subjects received 60 U Tl and the other 6 subjects received 90 U T1. All

12 subjects received 10 U lispro in a crossover fashion.

[00206] Methods and results below are described in terms of the Original Protocol (OP),
which includes the meal challenge in 18 subjects with three treatments (EXUBERA®, lispro
and T1) and Amendment 1 (A1), which includes 12 subjects treated with only Tl and lispro.

100207} Subjects with insulin-treated type 2 diabetes participated in the study. The
subjects were screened and evaluated before, during and after the experiments and their
data analyzed as described below. Subjects were selected based on several key inclusion
criteria, including, male and female, having z 18 and < 70 years of age with clinical diagnosis
of type 2 diabetes mellitus for 2 12 months. The subjects selected for the study also had
stable anti-diabetic regimen with insulin for the previous 3 months; HbA1c < 8.5%; Body
Mass Index (BM!) between < 34 kg/m? and = 25 kg/m?, urine cotinine < 100 ng/mL; PFTs of
FEV1 2 70% of predicted value, single breath CO diffusing capacity (DLco uncorrected) 2
70% of predicted. Subjects had also been treated with oral antidiabetic medication within
the previous 3 months; total daily insulin requirement of = 1.2 1U/kg body weight. Criteria for
exclusion from the study also included unstable diabetes control and/or evidence of serious
compliéations of diabetes (e.g., autonomic neuropathy); serum creatinine > 1.8 mg/dL in
female subjects and > 2.0 mg/dL in male subjects. Other clinically important pulmonary

disease was confirmed by documented history or pulmonary function testing.

[00208] Under OP, the study was planned to be a randomized, open label, 3-way cross-
over study. The visits comprised an initial screening visit, 3 sequential treatment visits for the
meal challenge test foliowed by a minimum 8-week (up to a maximum of 12 weeks) blood-
loss recovery period, an interim safety visit, 3 sequential visits for the glucose clamp
procedure, and a final close-out visit. At this analysis all patients at least had completed the
meal challenge visits and only those data have been used. The screening visil(s) (V1)
occurred 1 fo 21 days before the first treatment visit (V2) with 7 to 21 days elapsing between
treatment-visits (V2, V3, and V4) for the meal challenge test. A minimum of 8 weeks
elapsed between V4 and the next treatment visit, (V6). An additional safety visit (V5) was
scheduled 1-3 days prior {o the first of 3 glucose clamp procedures (V6). The glucose clamp
procedure occurred at 3 visits, Visits V8, V7, and V8, with 7 to 21 days elapsing between the
visits. A final visit (V8) occurred 2 to 10 days after V8, to assess physical examination such
as body weight and height.
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[00209] Under A1, the study was planned to be a randomized, open label, 2-way cross-
over study. The visits comprised an initial screening visit, 2 sequential treatment visits for the
meal challenge test followed by a minimum 4-week (up to a maximum of 12 weeks) blood-
loss recovery period, an interim safety visit, 2 sequential visits for the glucose clamp
procedure, and a final close-out visit. The screening visit(s) (V1) occurred 1 to 21 days
before the first treatment visit (V2) with 7 to 21 days elapsing between treatment-visits (V2
and V3) for the meal challenge test. A minimum of 4 weeks elapsed between V3 and the
next treatment visit, (V5). An additional safety visit (V4) was scheduled 1-3 days prior {o the
first of 3 glucose clamp procedures (V5). The glucose clamp procedure occurred at 2 visits,
Visits V5 and V7, with 7 to 21 days elapsing between the visits. A final visit (V8) occurred 2
to 10 days after V7, to assess physical examination such as body weight and height.

[060210] Each treatment visit during the meal challenge had the subjects hospitalized in
the clinical unit the night before initiation of treatment. At the first treatment visit (V2) for the
meal challenge test, subjects were randomly allocated o a treatment order for insulin-FDKP,
insulin Lispro or EXUBERA® (OP) and insulin-FDKP and lispro (A1) based on a cross-over
design. Each subject followed the same randomization order for the glucose-clamp

procedures as for the meal challenge tests.

[06211] During the study, periodic biood draws for determination of pharmacokinetic
and/or pharmacodynamic parameters, and safety were taken beginning at 12 hours prior fo
onset of the treatment regimens and meal challenge, and thereafter for a period of 8 hours.
Screening festing and all 3 meal challenge tests required in combination a total of 409.5 mL
of blood for analysis and evaluation of the treatments (OP) and 279 mL blood for A1. The
glucose clamp procedure visits, final visit, and the interim safety visit required a total of 514.2
mL of blood (OP) and 365 mL blood for A1 for the analysis and evaluation of the treatments.
The total blood voulume needed for A1 studies was 644 mL per subject. Radiolabeled Do~
glucose infusion was administered fo subjects 12 hours prior to onset of the meal challenge

and insulin freatment.

100212} Meal Challenge Test: BOOST PLUS® (12 fl. oz.) consisting of 67.5 g
carbohydrate, 21 g protein, 21 g fat, energy content 540 kcal was used for the meal
challenge test. The BOOST PLUS® was enriched with U-"*C-glucose to determine the
amount of absorbed glucose. Concurrent enriched continuous infusion of 6,6-°H, glucose
was used to assess endogenous glucose production EGP. Sampling for fasting EGP (f-
EGP) occurred before the start of an intravenous insulin lispro infusion, i.e., at the end of a
7-hour period of enriched infusion of 6,6-°H, glucose under OP. In A1, the continuous

insulin infusion was conducted using either insulin lispro (for subjects treated with T1) or
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regular human insulin (for subjects treated with lispro). Baseline biood glucose
concentrations of 90 mg/dL (OP) and 110 mg/dL (A1) were established and maintained by
variable infusion of insulin and 20% glucose enriched with 6,6-?H, glucose over a period of
at least 5 hours prior to dosing with insulin-FDKP, insulin lispro, or EXUBERA® (OP) or
insulin-FDKP and lispro under A1. insulin Lispro infusion rate (OP) and iispro or RHi
infusion rate (A1) was fixed at the lowest possible level 90 minutes prior to treatment dose.
Foliowing dosing, blood glucose concentrations were kept from falling below 90 mg/dL (OP)
and 75 mg/dL (A1) by a glucose infusion.

[00213] Dosing with the test freatments was performed with administration of a dose of
45 U of Insulin-FDKP, 12 U of subcutaneous insulin lispro, or 4 mg of recombinant human
insulin (EXUBERA®) administered by oral inhalation at time point 0 (OP), or 10 U
subcutaneous lispro and 60 or 90 U T! (A1) immediately prior to BOOST PLUS® ingestion.
Under OP, the dose for insulin lispro was selected based on information obtained from the
regulatory label. The dose selected for EXUBERA® was obtained by means of back
calculation of the most commonly used dose information presented to the FDA Advisory
Committee in the EXUBERA® Briefing Document. The insulin-FDKP dose was derived from
results in compieted phase 2 and 3 clinical studies carried out by MannKind Corporation, the
. assignee of the application. Under A1, the doses were caiculated based on insuiin exposure
observed under OP. Biood giucose concentrations were measured at regular intervals from
arterialized venous blood samples. The amount of orally absorbed glucose was estimated
by determination of U-"C-giucose. EGP was determined by measurement of 6,6-°H,
glucose applying the modified calculations for the non-steady state (R. Hovorka, H.
Jayatillake, E. Rogatsky, V. Tomuta, T. Hovorka, and D. T. Stein. Calculating glucose fluxes
during meal tolerance test: a new computational approach. Am.J.Physiol Endocrinol. Metab
293 (2):E610-E619, 2007). C-peptide concentrations were measured pre- and posi-dose to
assess endogenous insulin secretion. In addition, glucagon and free fatty acid

concentrations were also determined.

[00214] Glucose-clamp Procedure: An enriched continuous infusion of 6,6-°H,
glucose was used to assess EGP. Blood samples to determine fasting EGP (f-EGP) were
taken before the start of an intravenous insulin infusion, i.e., at the end of a 7-hour period of
enriched infusion of 6,6-H, glucose into the subjects. Baseline blood glucose
concentrations of 90 mg/dL (OP) and 110 mg/dL (A1) were established and maintained by
variable infusion of insulin and 20% glucose enriched with 6,6-°H, glucose by means of a
Biostator device over a period of at least 4 hours prior to dosing with insulin-FDKP, insulin
lispro, or EXUBERA® (OP) and either lispro or Tl under A1.
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[00215] Dosing with the test treatments was performed by administering a dose of 45 U
of Insulin-FDKP, 12 U of sc Insulin Lispro, or 4 mg of recombinant human insulin
(EXUBERA®) under OP, and lispro or 60 or 90 U of TI (A1) in the same order as for the meal
challenge test for each individual subject. EGP was determined for each subject by
measuring 6,6-°H, giucose in the blood samples and applying the modified calculations by
Hovorka et al. (ibid) for the non steady-state. Serum C-peptide concentrations were
measured pre- and post-dose to assess endogenous insulin secretion. In addition, glucagon
and free fatty acid concentrations were determined at regular intervals. All subjects were

returned to their prior anti-diabetic treatment regimens at the end of each treatment visit.

1002186} The results of the OP portion of the study are presented in FIGs. 3-6. FIG. 3 is
a graphical representation of data plotted from blood sample values obtained from patients
in this study. In particular, FIG. 3 shows measured blood glucose concentrations at various
times after the meal challenge in patients with type 2 diabetes who were treated with insulin
lispro (1), EXUBERA® (2) and an insulin formulation comprising fumary! diketopiperazine
(insulin-FDKP, Tl, 3) at the onset of the meal. The time poinis in the data plots of each
treatment curve represent the mean value for all samples analyzed in the study. The graph
also shows the exogenous glucose infusions administered to the patients as needed during
the experiments to maintain euglycemic (remain above 90 mg/dl of blood glucose) levels
following administration of each of the treatments and represented in the graph as 1a, 2a,
and 3a, respectively for insulin lispro, EXUBERA® and insulin-FDKP. As seen in FIG. 3, the
giucose levels differ for all three treatments. |t is evident from the data that the insulin lispro-
treated subjects were overdosed due to the need to give the patients repeated glucose
infusions to remain above 90 mg/dL. The graph also shows that subjects treated with
insulin-FDKP had reduced glucose levels much earlier than the other treatments, with some
subjects under this treatment requiring glucose infusions to remain above 90 mg/dL at early
stages of the study. However, the insulin-FDKP treated subjects did not require further
glucose infusion until about six hours after onset of treatment, which indicate that this
treatment was effective at maintaining glycemic control for an extended period of time. The
data also show that the glucose concentration was controlied in all subjects by all
treatments, however, in subjects treated with insulin-FDKP, glucose conirol occurred more
effectively from onset to about 120 minutes after treatment. Minimal glucose infusions were
needed (following the initial phase) until after six hours following insulin-FDKP administration
(when glucose demand is likely driven by the baseline insulin infusion) as compared to
EXUBERA® and lispro treated subjects who were infused with glucose at about 4 and 3
hours respectively, post-treatment. The data indicate that patients treated with lispro and

EXUBERA® may have reached hypoglycemic levels post-dosing if giucose were not infused.
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Hence, insulin-FDKP may be able to maintain the blood glucose above hypogiycemic levels

more efficaciously than the other treatments for a longer period of time.

[00217] FIG. 4 is a graph of data obtained from the patients in the study described
above showing the rate of absorption of glucose for a period of time after a meal in patients
with type 2 diabetes who were treated with insulin lispro, EXUBERA® and an insulin-FDKP
formulation immediately prior to of the meal. The iime points in the data plots of each
treatment curve represent the mean value for all samples analyzed in the experiments. The
data in FIG. 4 show that the subjects treated with the three treatments all exhibited similar
patterns for the rate of glucose absorption from the meal taken. Therefore, the data indicate
that the treatment did not alter the rate of glucose absorption in the subjects treated from a

meal.

{00218] FIG. 5 is a graph of data obtained from experiments in which endogenous
glucose production after a meal was determined in patients with type 2 diabetes who were
treated with insulin lispro, EXUBERA® and an insulin-FDKP formulation at the onset of the
meal. The time points in the data plots in each treatment curve represent the mean value for
all samples analyzed in the experiments. The data curves for the three treatments show that
all three treatments were effective in inhibiting endogenous glucose preduction in the treated
subjects to a similar degree, suggesting a physiologic maximum for this effect. Notably
subjects treated with insulin-FDKP exhibited peak inhibition of. endogénous glucose
production at a much faster or earlier time (at about 40 minutes) after treatment as
compared to insulin lispro {at about 80 minutes) and EXUBERA® (at about 125 minutes).

[00219] FIG. 6 is a graph of data obtained from experiments that monitored the rate of
giucose disappearance for a period of time in subjects with type 2 diabetes, who were
treated with insulin lispro, EXUBERA® and an insulin-FDKP formulation at the onset of the
meal as described above. The time points in the data plots for each ftreatment curve
represent the mean value for all sampies analyzed in the experiments. In addition, the
glucose disappearance rate was standardized to account for each subject’'s body weight by
dividing the rate of glucose disappearance by the body weight of the subject. The data show
that the rate of glucose disappearance or utilization for the subjects was different for ali
treatments. Notably, the glucose disappearance rate for insulin-FDKP was evidently much
sooner than for insulin lispro or EXUBERA®, It was substantial at the first measurement after
dosing, about 10 minutes post dosing, whereas the glucose disappearance rate for the

others did not significantly depart from baseline until about 30 minutes. The glucose
| disappearance rate for insulin-FDKP peaked at about 40 minutes after dosing, much earlier

as compared to insulin lispro (at about 120 minutes) and EXUBERA® (at about 150 minutes).
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[060220] The study also indicated that measurements of C-peptide (data not shown)
clearly show that an increase in C-peptide concentrations was delayed in the Tl group when
compared to lispro and EXUBERA®. This later increase in C-peptide (and endogenous
insulin production), is related to the ability of each of the exogenous insulins fo control the
glucose absorbed from the meal, and appears to be related fo the shape of the insulin
profiles for each treatment group. The slow rise in insulin concentrations following
EXUBERA® and lispro (median tm.c of 113 and 75 minutes, respectively, versus a tma of 20
minutes in the Tl group, results in a decreased ability to control glucose early following the
meal, and therefore, in an earlier increase in the patients’ endogenous insulin response.
The delay of endogenous insulin production in the Tl group, however, indicates better control

of blood glucose early in the study, when T! concentrations are high.

[00221] in summary, the data from the study indicate that insulin-FDKP was a markedly
and surprisingly more efficacious treatment in patient with type 2 diabetes than existing
treatments, i.e., insulin lispro and EXUBERA®, in that the insulin-FDKP treatment was faster
at inhibiting endogenous glucose production and faster at inducing the glucose
disappearance or utilization rate. It is surprising that EXUBERA® is so much slower in these
parameters than even insulin lispro, to which it is otherwise kinetically similar. This further
emphasizes the non-equivalence of these two inhalable insulin preparations (i.e. insulin-
FDKP and EXUBERA®) already evident from their different kinetics.

f00222] The results of the A1 portion of the study are presented in FiGs. 7-11. FIG. 7 is
a graphical representation of data plotted from blood samples vaiues obtained from subjects
in this study. In particular, FIG 7 shows the mean insufin concentration-time profiles for the
three treatments. Total insulin concentrations {the sum of regular human insulin and lispro
concentrations at each time point) are shown, as all of the insuiin in the system is associated
with the elicited response. Foliowing both 60 and 90 U of insulin-FDKP administration,
observed peak insulin concentrations are much higher (196 and 216 uU/mL following T}
versus 83 pU/mlL following lispro) and occur much earlier (median tn. of 15 and 17.5
minutes following Tl versus 60 minutes following lispro) when compared fo peak insulin
concentrations following lispro treatment. However, average exposure was very similar
between the three groups, with total insulin AUC of 24,384, 18,616 and 19,575 pU/mL*min
for the two T1 dose groups and lispro, respectively.

[00223] FIG. 8 shows measured blood glucose concentrations at various times after the
meal challenge in patients with type 2 diabetes who were freated with either 60 or 90 U of
insulin formulation comprising fumaryl diketopiperazine (insulin-FDKP, 2, 3), and insulin

lispro (1) at the onset of the meal. The time poinis in the data piots of each treatment curve
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represent the mean value for all samples analyzed in the study. The graph alsé shows the
exogenous glucose infusions administered fo the patients as needed during the experiments
to maintain euglycemic (to remain above 75 mg/dL of blood glucose) levels following
administration of each of the treatments and represented in the graph as 1a, 2a, and 3a,
respectively for 80 and 90 U of insulin-FDKP, and insulin lispro, respectively. As seen in
FIG. 7, the glucose profile shapes differ for all three treatments, however, maximal glucose
levels are very similar, and glucose was controlled by all three treatments. The graph aiso
shows that subjects treated with either dose of insulin-FDKP had reduced glucose levels
- much earlier than following lispro administration, with more efficacious giucose control
occurring within the first 120-180 minutes post-dose. Subjects treated with both 90 U
insulin-FDKP and lispro required some additional glucose infusions o maintain blood
glucose at or above 75 mg/dL. Following 90 U Tl, some subjects required additional glucose
infusions in the earlier post-dose period, and following lispro, these infusions were needed in
the latter period. This phenomenon can be due to the rapid glucose clearance rate observed
in the patients treated with 90 U of insulin FDKP. Minimal glucose infusions were needed
{following the initial phase) until the end of the study following insulin-FDKP administration
(when glucose demand is likely due to the bassline insulin infusion) as compared to lispro
treated subjects, who were infused with glucose between 5 and 8 hours post-treatment.
This result is indicative of an elevated insulin presence and activity following lispro treatment
in a timeframe well beyond expected glucose absorption following a meal. Additionally, it is
evident that the 90 U insulin-FDKP group controlled blood giucose levels more efficiently
than the group treated with the 60 U dose of insulin-FDKP, resulting in lower blood glucose
levels in the 0-180 minute time period. Due to the better control, less endogenous insulin
was secreted by the patients receiving the 90 U insulin-FDKP dose, and thus endogenous
insulin contributed a small portion of the total insulin profile of the individuals in this group.
Moreover, the data indicate that more endogenous insulin contributed to the total insulin
profile of the group treated with 60 U dose of insulin-FDKP, making the average insulin

profiles similar for the two groups tested.

[00224] FIG. 9 is a graph of data obtained from the patients in the study described
above showing the rate of absorption of glucose for a period of time after a meal in patients
with type 2 diabetes who were treated with 10 U insulin lispro, and 60 and 90 U of an insulin-
FDKP formulation immediately prior to the meal. The time poinis in the data plots of each
freatment curve represent the mean value for all samples analyzed in the experiments. The
data in FIG. 9 show that the subjects treated with the three treatments all exhibited similar

pattern of the rate of glucose absorption from the meal taken. Therefore, the data indicate
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that the treatment did not alter the rate of glucose absorption in the subjects treated from a

meal.

[00225] FIG. 10 is a graph of data obtained from experiments in which endogenous
glucose production after a meal was determined in patients with type 2 diabetes who were
treated with 10 U of insulin lispro and either 60 or 90 U of an insulin-FDKP formulation at the
onset of the meal. The time points in the data plots in each treatment curve represent the
mean value for all samples analyzed in the experiments. Two subjects treated with 80 U
insulin-FDKP were excluded from the analysis due to difficulty in interpreting the modeled
results. The data curves for the three treatments show that all three treatments were
effective in inhibiting endogenous glucose production in the treated subjects, to a similar
degree between the 60 U insulin-FDKP and 10 U lispro freatments. The data also indicate
that the 90 U insulin-FDKP treatment has a greater and faster effect on inhibiting
endogenous glucose production. Notably subjects treated with insulin-FDKP exhibited peak
inhibition of endogenous glucose production at a much faster or earlier time (at about 40 and
80 minutes for the two freatments) following dosing, than insulin lispro (at about 100

minutes).

[00226] FIG. 11 is a graph of data obtained from experiments that monitored the rate of
glucose disappearance for a period of time in-subjects with type 2 diabetes, who were
treated with 10 U of >insuEin lispro and either 60 or 90 U of an insulin-FDKP formulation at the
onset of the meal as described above. The time poinis in the data plots for each treatment
curve represent the mean value for all samples analyzed in the experiments. In addition, the
glucose disappearance rate was standardized to account for each subject’s body weight by
dividing the rate of glucose disappearance by the body weight of the subject. The data show
that the rate of glucose disappearance or uiilization for the subjects was different for all
treatments. Notably, the glucose disappearance rate for both the 60 U and 90 U insulin-
FDKP dose groups was evident much earlier than for insulin lispro. The glucose
disappearance rate of the insulin-FDKP treated groups was substantial at the first
measurement after dosing, about 5 minutes post dosing, and peaked at about 30-50 minutes

after dosing, much earlier as compared to insulin lispro (at about 100 minutes).

[00227] in summary, the data from the study indicate that insulin-FDKP was markedly a
more efficacious treatment in patient with type 2 diabetes than existing treatments, ie.,
insulin lispro, in that the insulin-FDKP treatment was faster at inhibiting endogenous glucose
production and faster at inducing the glucose disappearance or utilization rate in patients
with type 2 diabetes. Insulin-FDKP effect on EGP and glucose utilization appeared to

increase with increasing dose.
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EXAMPLE 2
A Prospective, Multi-Center, Open-Label, Randomized, Controlied Clinical Trial
Comparing the Efficacy and Safety in Subjects with Type 1 Diabetes Receiving SC
Basal Insulin and Prandial inhalation of insulin-FDKP Versus SC Basal and Prandial
Insulin Over a 52-Week Treatment Period and a 4-Week Follow-up

[006228] This was a prospective, multi-country, multicenter, open label, randomized,
controlled clinical trial comparing glycemic control in subjects with type 1 diabetes receiving
basal insulin and prandial insulin-FDKP (TI) inhalation Powder (TI inhalation Powder group)
with subjects receiving basal insulin and SC rapid-acting insulin aspart (comparator group).
This study included a 52-week treatment phase and a 4-week follow-up phase. During the 4-
week follow-up phase, pulmonary function and select clinical laboratory assessments were
scheduled.

[00229] The study began with enroliment at Week -3. Subjects received a complete
battery of safety and eligibility assessments, including HbA1c and fasting plasma glucose
(FPG).
[00230] At Week -1, subjects were randomized to one of the following 2 treatments:
Basal insulin + prandial Tl Inhalation Powder
Basal insulin + prandié! SC rapid-acting insulin

[00231] At Week -1, subjects again completed the first three components of the Insulin
Treatment Questionnaire (ITQ) for the purpose of assessing test-retest reliability only). After
completing the questionnaire, subjects randomized to the Tl Inhalation Powder group were
trained on the MEDTONE® Inhaler using TECHNOSPHERE®/insulin (insulin-FDKP)
inhalation powder; subjects in the comparator group were trained in the use of the
NOVOLOG® pens; all subjects were trained in administration of LANTUS®, Additionally, all
subjects were trained on a blood glucose monitoring (HBGM) meter provided at the
beginning of the trial and diary and received diabetes education. Any training was repeated
at Week 0, if needed.

[00232] At the beginning of the treatment phase, subjects had several titration/dose
evaluation visits to adjust insulin therapy. Titration visits occurred once a week for the first 4
weeks. During Weeks 4 through 10, there were three telephone "visits” (at Week 6, Week 8,
and Week 10) to titrate dose, if necessary. However, dose fitration was allowed throughout
the trial.

[00233] All subjects completed a 7-point blood glucose profile on any 3 days during the

week immediately preceding each visit from Week 0 to Week 52. The 7 time points included
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samples from before breakfast and 2 hours after breakfast, before the mid-day meal and
2 hours after the mid-day meal, before the evening meal and 2 hours after the evening meal
and at bedtime (7 time points a day, over 3 days). These blood glucose (BG) values were
recorded in the HBGM diary that was collected at clinic visits. The diaries for Weeks 4
through 10 (during dose titration) which were discussed over the telephone were collected at

the next office visits.

[00234] A meal challenge test was performed at Week 4 (during dose fitration),
Week 26, and Week 52. Meal challenge venous blood sampling times were: -30, 0, 30, 60,
90, 105, 120, 180, 240, 300, and 360 minutes. Blood giucose (BG) was also measured
using HBGM glucose meters to aid the Investigator in {reatment decisions and values were
obtained at -30, 0, 60, and 120 minutes during the meal challenge.

[060235] Treatments for glycemic control used in the trial were the following: prandial
insulin-FDKP (T1) inhalation powder, prandial insulin aspart, and basal insulin glargine.
Subjects assigned to the T! inhalation Powder group (71 Inhalation Powder in combination
with basal insulin therapy) received sc basal insulin glargine (LANTUS®) once daily (at
bedtime) and inhaled T! Inhalation Powder 3 io 4 times a day, immediately before main
meals or a snack as based upon clinical need. Adjustment of the Tl inhalation Powder dose
and frequency of use to greater than 3 times a day was at the discretion of the Investigator.
Subjects in the comparator group received SC basal insulin glargine once daily (at bedtime)
and SC injection of rapid acting insulin (NOVOLOG®) 3 to 4 times per day, immediately

before main meals (no later than 10 minutes before meals).

[00236] The primary objective of this trial was to compare the efficacy over 52 weeks of
Tl Inhalation Powder + basal insulin versus insulin aspart + basal insulin as assessed by
change from baseline in HbA1c (%). A total of 565 subjects were studied in sites in the
United States, Europe, Russia, and Latin America. A total of 283 subjects received Tl

inhalation Powder + basal insulin, and 272 subjects received insuiin aspart + basal insulin.

[00237] The primary efficacy endpoint was assessed using pre-specified ANCOVA and
Mixed Mode!l with Repeated Measures (MMRM) analyses. Due to disproportionate dropouts
between the T! Inhalation Powder + basal insulin treatment arm and the insulin aspart +
basal insulin treatment arm, the assumption of missing completely at random for the
ANCOVA model was violated. As such, the MMRM was used as a secondary confirmation.
Tl Inhalation Powder met the primary endpoint of non-inferiority in the MMRM model,
although not in the ANCOVA model. The mean change from baseline over 52 weeks was
comparable in both treatment groups, with a Least Square Means treatment difference of

-0.25% in favor of insulin aspart. Based on results from both models, there was not a
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clinically significant difference between treatment groups in mean change from baseline in
HbA1c. Indeed, a comparable percentage of subjects reached HbA1c target levels in the
2 treatment groups. There were no statistically significant differences in the percentage of
subjects whose HbA1c level decreased to £8.0% (50.99% for the Tl Inhalation Powder
group, 56.16% for the comparator group);, =7.0% (16.34%, Ti inhalation Powder group;
15.98%, comparator group); and =6.5% (7.43%, Tl Inhalation Powder group; 7.31%,

comparator group).

[60238] The reduction in HbA1c was comparable between groups and sustained over
52 weeks. Subjects in the Tl arm dropped to 8.21 (SD 1.15) % at Week 14 from a baseline
of 8.41 (SD 0.92) %; the reduction was maintained at Week 52 (8.20 [SD 1.22] %). Subjects
in the insulin aspart arm dropped fo 8.07 (SD 1.09) % at Week 14 from a baseline of
8.48 (SD 0.97) %; the reduction was maintained at Week 52 (7.99 [SD 1.07] %).

[00239] When the analysis of the change from baseline in HbA1c was corrected for the
last 3 months of insulin glargine exposure in an ANCOVA model, no effect due to glargine
exposure was found.

[00240] Over the 52-week treatment period, fasting plasma glucose (FPG) levels
decreased significantly (p = 0.0012) in the T Inhalation Powder group compared to FPG
levels in subjects using insulin aspart, despite similar dose levels of basal insulin in both
groups at both start and end points of the ftrial. in the Tl Inhalation Powder group, mean
FPG decreased 44.9(SD 104.7) mg/dL from 187.6(SD 85.1) mg/dL. at baseline fo
140.1 (SD 72.1) mg/dL at the end of the treatment period, compared to a smaller drop of
23.4 (SD 103.1) mg/dL from 180.8 (SD 86.9) myg/dl. at baseline to 161.3 (SD 68.2) mg/dL

over the same period in the comparator group.

[00241] A secondary efficacy endpoint was the percentage of subjects with a 2-hour
postprandial plasma glucose (PPG) <140 mg/dL and <180 mg/dL after a meal challenge.
Subjects with 2-hour PPG values in both categories were comparable in each treatment
group at Weeks 26 and 52. Absolute values for PPG C,, at Baseline and Week 52 were
the same in both treatment groups.

[60242] Subjects in the Tl Inhalation Powder group lost an average of 0.5 kg over the
52-week treatment period compared to an average gain of 1.4kg observed in the
comparator group. The difference between groups was statistically significant (p<0.0001)
with a treatment difference of -1.8 kg. The mean change from Baseline (Week 0) in body
weight was not statistically significant for the Ti arm (p = 0.1102), while the mean body
weight gain for the insulin aspart arm was significant (p<0.0001).
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[00243] Overall, comparable levels of HbA1c and postprandial blood giucose levels were
achieved in both arms of the trial; however Tl Inhalation Powder-treated subjects did so in

the context of weight neutrality and with more effective control of fasting blood glucose.

[00244] Tl Inhalation Powder was well-tolerated over 52 weeks of treatment. The safety
profile of Tl Inhalation Powder was similar to that observed in earlier trials in the Tl Inhalation
Powder clinical development program; no safety signals emerged over the course of the trial.
No pulmonary neoplasms were reported. There was no statistical difference between Tl
Inhalation Powder treatment and comparator with respect to change from baseline in FEV,
{forced expiratory volume in one second), FVC (forced vital capacity), and TLC (fotal lung
capacity). The most common adverse events in the trial in T! Inhalation Powder-treated

subjects were mild to moderate hypoglycemia and transient, mild, non-productive cough.

[00245] Seven-point BG profiles were derived from HBGM,; data collected at all specified
time points are presented in FIG. 12 for the ITT and PP Populations, respectively. No

inferential statistics were performed.

[002486] FIG. 12 presents the 7-point BG profile at Week 52 for both treatment arms.
Pre-breakfast baseline values were jower in the Tl arm as expected from the Week 52 FPG
values: 139.1 (SD 72.6) mg/dL for the Tl arm vs. 49.5 (SD 80.2) mg/dL for the aspart arm.
From pre-breakfast to pre-lunch, BG values were lower in the Tl arm. However, from post-
lunch through bedtime, mean daily BG values were similar in both freatment groups.
Concordant results were observed in the PP Population (data not shown). There was a
parallel and steady increase in BG from pre-dinner {o bedtime in both treatment arms that
was likely a result of the suboptimal dosing with insulin glargine. Bedtime dosing with insulin
glargine may not provide full 24-hour coverage in all subjects with type 1 diabetes (Barnett
A. Vascular Health and Risk Management 2:59-67, 2006;) (LANTUS® was administered
once daily by label). Although there was a rise in underlying baseline blood glucose in both
treatment arms both in the evening and throughout the day the effect is more pronounced in

the Ti treatment arm.
EXAMPLE 3

A Prospective, Multi-Center, Open-Label, Randomized, Controlled Clinical Trial
Comparing the Efficacy and Safety in Subjects With T2 DM Receiving SC Basal insulin
and Prandial Inhalation of Tl vs. SC Premixed Insulin Therapy Over a 52-Week
Treatment Period and 4-Wk Follow-up

[00247] This trial compared the efficacy as expressed by change in HbA1c over a 52-
week period of prandial administration of Tl Inhalation Powder in combination with basal

insulin therapy (Tl group) versus a premix of intermediate-acting and rapid-acting insulin
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(comparator group) in subjects with suboptimally controlled type 2 diabetes, previously
treated with regimens of sc insulins + oral anti-hyperglycemic agents. The reduction in
HbA1c was comparable between Tl + basal insulin and premixed insulin. The percent of
responders for an end of study HbA1c £7.0% was comparable and not statistically different
between the Tl + basal insulin and premixed insulin groups. Notably fasting blood glucose
was reduced significantly by treatment with Tl + basal insulin as compared to premixed
insulin (see FIG. 13) Additionally both fasting blood glucose and glucose excursions were
reduced for the Tl + basal insulin group between the beginning and end of the treatment
period (See FIG. 14). As noted in Example 2 baseline blood glucose levels trended upward
over the course of the day for Tl + basal insulin (see FIG. 14).

EXAMPLE 4

[00248] This study was a phase 3, 24-week, open-label trial designed to evaluate the
efficacy and safety of prandial TECHNOSPHERE®/Insulin (insulin-FDKP, TI) alone or in
combination with metformin versus metformin and a secretagogue, a current standard of
care regimen, in subjects with type 2 diabetes mellitus sub-optimally controlled on
combination metformin and secretagogue. FIGs. 15 and 16 depict the trial design of the
clinical study and the baseline demographics of patients enrolled in the study. Subjects
were randomized 1:1:1 to one of the 3 treatment groups and received anti-diabetic freatment
based on their randomization group for the first 12 weeks; the subsecf;uent 12 weeks of the
{rial were considered an observational period.

[00249] The trial design was unusual in that there was not a formal run-in period fo
titrate study medications. Subjects had a total of only 12 weeks of treatment to titrate to an
effective dose of study medication before an assessment of the primary efficacy endpoint
was conducted. Subjects with continued sub-optimal control after 12 weeks of therapy, in
any of the 3 freatment groups, were required to either switch to Tl + metformin or
discontinue participation in the trial. The fotal duration of the treatment period was 24
weeks.

[00250] This was not a treat-to-target trial and investigators were not given a specific
HbA1c or fasting plasma glucose (FPG) goal to treat to. Investigators were allowed to titrate
T1 at their clinical discretion with upper limits specified for preprandial, postprandial, and
bedtime blood giucose, but without a fixed dose schedule. Although the protocol allowed
titration of up to 90 U Tl per meal, the mean per meal dose of Tl was ~65 U at trial endpoint,

suggesting that investigators may have been reluctant to titrate upward.

[00251] In a head-to-head comparison of prandial Tl alone or in combination with

metformin vs. a commonly used antihyperglycemic regimen. All three treatment groups
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showed statistically and clinically significant reductions in HbA1c levels over the course of
the study. Tl was comparable with respect to HbA1c and FPG reduction and significantly
more effective with respect to postprandial control - both in formal meal challenges and in
self monitored glucose profiles. Subjects treated with prandial Tl alone or in combination with
metformin over 24 weeks had mean weight loss. The ultrarapid pharmacokinetics of TI may
synchronize insulin levels with the post-meal rise in blood glucose, thereby preventing over-

insulinization and concomitant weight gain.

[00252] Tl alone or in combination with metformin was well-tolerated over 24 weeks of
freatment. FiGs. 17- 28 depict the results of the study. The safety profile of Ti was similar to
that observed in earlier trials in the Ti clinical development program; no safety signals
emerged over the course of the trial. Very low rates of severe hypoglycemia were observed
in all treatment groups with no cases occurring in patients freated with Tt alone or with oral
hypoglycemics and in 2% of patients when Tl and metformin were combined. Even with such
marked reductions in HbA1c overall, no increases in weight were seen. Detailed assessment
of pulmonary safety including FEv1 and DLCO over the 24 weeks of the study showed no
difference in pulmonary function between patients inhaling Tl and those on oral therapy

alone.
[00253] Tl + Metformin

[00254] For those subjects that completed the trial, prandial Tl + metformin provided a
clinically significant mean reduction from baseline in HbA1c (-1.68 [1.0] %) after 24 weeks of
treatment, comparable to that of a standard anti-hyperglycemic regimen. However, Tl +
metformin provided statistically superior postprandial control compared to metformin +
secretagogue after 12 and 24 weeks of treatment and a comparable mean reduction from
baseline in FPG after 24 weeks. There was mean weight loss (-0.75 kg) over 24 weeks in

this treatment group and an overall incidence of mild-to-moderate hypoglycemia of 35.0%.
[06255] Tl Alone

[00256] For those subjects that completed the trial, prandial Ti alone was successful in
providing & clinically significant mean reduction from baseline in HbA1c (1.82 [1.1] %) after
24 weeks of treatment. The change from baseline was numerically superior to the standard
anti-hyperglycemic regimen of metformin + secretagogue. At trial endpoint, Tl alone
provided significantly more effective postprandial control than comparator with a comparable
mean reduction from baseline in FPG. There was net weight loss (-0.04 kg) over 24 weeks

in this treatment group and an overall incidence of mild-to-moderate hypoglycemia of 27.6%.
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[060257] Metformin + Secretagogue

[00258] For those subjects that completed the trial, metformin + secretagogue was
successful in providing a clinically significant mean reduction from baseline in HbA1c (1.23
[1.1] %) after 24 weeks, but with significantly less effective postprandial control than the T!
arms (FIGs. 17 and 18). The mean reduction from baseline in FPG and body weight was
similar o that observed for the Tl + metformin arm (FiGs. 21 -22). The overall incidence of

mild-to-moderate hypoglycemia was 20.8%.

[00259] Prandial T! alone or in combination with metformin significantly lowers HbA1c
levels over the course of 12 and 24 weeks (FIGs. 23-25). This is achieved by controlling
biood glucose levels over a 24 hour period as demonstrated by 7-point blood glucose levels.
TP's main effect is by reducing post-prandial blood glucose excursion as evidenced by
reductions in 1 and 2- hour post-prandial glucose levels, AUC and Cmax. The data from this
trial support the use of prandial Tl in combination with metformin in subjects with type 2
diabetes who require improvements in both postprandial and FPG (FiGs. 26-28). They also
indicate a potential for use of prandial Tl as monotherapy in subjects with type 2 diabetes
who require an improvement in postprandial glycemic control but who have adequate control
with respect to FPRG.

[002860] The majority of patients with type 2 diabetes will eventually require treatment
with insulin in order io maintain glycemic control. Treatment with prandial Tl alone or in
combination with metformin provides effective glycemic control with no weight gain. This is
particularly important for patients with type 2 diabetes who are often overweight or obese.

[00261] Summary

[00262] The data demonstrate that Tl alone or in combination with metformin clinically
and significantly reduced HbA1c over 12 and 24 weeks without weight gain. T! alone or in
combination with metformin controls overall daily blood glucose levels betier than metformin

+ secretagogue based on 7-point blood glucose levels.

[060263] The data also demonstrate that T! alone or in combination with metformin
controls postprandial glucose excursions betier than metformin + secretagogue (1) at 1-hr
and 2-hr in meal challenge tests; (2) AUC levels at 12 and 24 weeks; (3) 1-hr and 2-hr
postprandial glucose levels (< 180 mg/dL) al 12 and/or 24 weeks; and (4) 1-hr and 2-hr
postprandial glucose levels (< 140 mg/dL) at 12 and/or 24 weeks.

[00264] In addition, Tl alone or in combination with metformin lowers fasting blood

glucose at 12 and 24 weeks.

[00265] Overall, incidence of hypoglycemia was low in all treatment groups.
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[00266] Moreover, mean changes from baseline in lung function tests including FEV1,
FVC, TLC and DLco-HB1 for the Tl alone and Tl + metformin groups ‘were not significantly
different from the metformin + secretagogue group at week 12 or week24

[00267] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth used in the
specification and claims are to be understood as being modified in all instances by the term
“about.” Accordingly, unless indicated {o the conirary, the numerical parameters set forth in
the following specification and atftached claims are approximations that may vary depending
upon the desired properties sought to be obtained by the present invention. At the very
least, and not as an attempt to limit the application of the doctrine of equivalents to the scope
of the claims, each numerical parameter should at least be construed in light of the number
of reported significant digits and by applying ordinary rounding techniques. Notwithstanding
that the numerical ranges and parameters setling forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are reported as
precisely as possible. Any numerical value, however, inherently coniains certain errors
necessarily resulting from the standard deviation found in their respective ifesting
measurements.

[00268] The terms “a” and “an” and “the” and similar references used in the context of
describing the' invention (especially in the context of the following claims) are to be construed
to cover both the singular and the plural, uniess otherwise indicated herein or clearly
contradicted by context. Recitation of ranges of values herein is merely intended to serve as
a shorthand method of referring individually to each separate value falling within the range.l
Unless otherwise indicated herein, each individual value is incorporated into the specification
as if it were individually recited herein. All methods described herein can be performed in
any suitable order uniess otherwise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary language (e.g. “such as”) provided
herein is intended merely to better illuminate the invention and does not pose a limitation on
the scope of the invention otherwise claimed. No language in the specification should be

construed as indicating any non-claimed element essential to the practice of the invention.

[062869] Groupings of aliernative elements or embodiments of the invention disclosed
herein are not to be construed as limitations. Each group member may be referred to and
claimed individually or in any combination with other members of the group or other
elements found hersin. It is anticipated that one or more members of a group may be
included in, or deleted from, a group for reasons of convenience and/or patentability. When

any such inclusion or deletion occurs, the specification is herein deemed fo contain the
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group as modified thus fulfilling the written description of any and all Markush groups used in
the appended claims.

[00270] Preferred embodiments of this invention are described herein, including the best
mode known fo the inventors for carrying out the invention. Of course, variations on those
preferred embodiments will become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the invention to be practiced otherwise
than specifically described herein. Accordingly, this invention includes all modifications and
equivaienis of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention uniess otherwise indicated herein or

otherwise clearly contradicted by context.

00271} Specific embodiments disclosed herein may be further limited in the claims
using consisting of or consisting essentially of language. When used in the claims, whether
as filed or added per amendment, the {ransition term “consisting of” excliudes any element,
step, or ingredient not specified in the claims. The transition term “consisting essentially of’
limits the scope of a claim to the specified materials or sieps and those that do not materially
affect the basic and novel characteristic(s). Embodiments of the invention so claimed are

inherently or expressly described and enabled herein.

[00272] Furthermore, references have been made to patents and printed publications
throughout this specification. Each of the above cited references and printed publications

are herein individually incorporated by reference in their entirety.

[00273] In closing, it is to be understood that the embodiments of the invention disclosed
herein are illustrative of the principles of the present invention. Other modifications that may
be employed are within the scope of the invention. Thus, by way of example, but not of
limitation, alternative configurations of the present invention may be utilized in accordance
with the teachings herein. Accordingly, the present invention is not limited fo that precisely

as shown and described.
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What is claimed is:

1. Use of an inhalable insulin formulation comprising human insulin and 3,6-
di(fumaryl-4-aminobutyl)-2,5-diketopiperazine in the manufacture of a medicament for the
treatment of hyperglycemia, wherein an initial predetermined dose of 15 to 90 Units of the
inhalable insulin formulation is to be administered by oral inhalation at mealtime, and wherein
a second dose of 25% to 100% of the initial dose is to be administered if postprandial blood
glucose level is determined to be greater than 140 mg/dl 1 to 2 hours after beginning a meal.

2. The use of claim 1, wherein the inhalable insulin formulation is an ultrarapid
acting insulin formulation.

3. The use of claim 1 or claim 2, wherein the inhalable insulin formulation is
provided in a dose cartridge comprising 4, 8, or 12 subcutaneous equivalent (subQ eq) units.

4. The use of claim 3, wherein the dose cartridge comprises 4 subQ eq units.

5. The use of claim 3, wherein the dose cartridge comprises 8 subQ eq units.

6. The use of claim 3, wherein the dose cartridge comprises 12 subQ eq units.

7. The use of claim 2, wherein the medicament is to be administered to a patient

in combination with a dose of a long acting insulin analog which is to be administered within 6
hours of waking for a day.

8. The use of claim 1, wherein the initial predetermined dose is 15 Units.

9. The use of claim 1, wherein the medicament is formulated as a dry powder.

10. The use of claim 1, wherein the inhalable insulin formulation is not to be
administered by injection.
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