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alternative to multiple daily injection (MDI) for those patients who &

unable to achieve the glycemic goals (1). Insulin pump therapy reprod
quite accurately the physiological insulin secretion combining a continuous
variable insulin basal rate with several bolus of insulin before meals or in resg
to elevated blood glucose values (2). Recent meta-analyses have show
HbAlc is lower using CSIl than MDI (3)The benefits of CSII are even higher i
patients on MDI with high HbAlc levels (4Additionally, severe hypoglycemia
is approximately 4 times less frequent on CSlI than on MDI Therefore, CSlI
is still needed as an option for intensive insulin therapy at least for the subst
percentage of patients who fail to achieve satisfactory control on MDI.
Intensive insulin therapy implicates self-administration of insulin based en

Continuous subcutaneous insulin infusion (CSII) should be considered

gquent home blood glucose monitoring (HBGM). Patients learn to calculate in
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doses according to the carbohydratadvance by physicians. Itis possible tthe advantages for patients of using
content of the meal, pre-meal glucosdefine even several glucosedets or regularly at least in our countrySince
values and anticipated activity after thelifferent carbohydrate insulin ratiosinsulin pump models with incorporatec
meal. Target glucose values before andlepending on the time of the dayBC were available, we use this functio
after meals should be set individuallyCompared with standard bolus techcurrently in our pump patients.The
Because patients have fdifent insulin niques, BC achieved similar postpranaim of this study was to assess the lev
sensibilities, an insulin sensitivity fac dial blood glucose values but withof satisfaction and impact of this nev
tor (ISF) must be found for eachfewer correction boluses and suppletechnology in a group of patients ol
patient, i.e. the amount of glucose-valmental carbohydrate (5). FurthermoreCSlI followed in our center
ues in mg/dl covered by 1 unit ofin the latest insulin pumps it is also pos
insulin. At the beginning of CSII ther sible to define the estimated duration of
apy, patients are usually instructed tonsulin action according to the type of Patients and methods
perform these calculations manuallynsulin used in the pump (human regu
before starting the meal. lar insulin or insulin analogues) and

other individual aspects (6). Then, This study was a cross-sectional stuc
Recently a bolus calculator (BC) orbefore a bolus is delivered, the pumperformed between May anc
"bolus wizard" has been incorporated iwvill calculate the remaining insulin September 2006. Only patients usir
some of the last pump insulin modelseffect from previous bolus or "insulin pumps models with incorporated BC
Alternatively, a hand-held pocket PCactive", which is substracted from thgParadigm® 512/712 and 515/71F
which includes a BC software is alsccalculated bolus.The "insulin active” Medtronic Inc., USA) were included in
available to be used with other pumpsoncept was developed to control théhe study Before, they were transferrec
This novel tool allows patients to findoverlapping dect of frequent bolusing, to these new pumps, a significant rc
the appropriate insulin doses introducwhich can render many patients at portion of patients (60.5%) were or
ing the current blood glucose value anthter risk of hypoglycemia. CSIll therapy but using earlier model
the amount of carbohydrates to be eaten without this function (Minimed 507C
(as exchange units or gramshjhe BC However many physicians are stilland 508, Medtronic Inc., USA).
should be programmed individually inreluctant to recommend a BC despite

Less 0.0‘34
Satisfaction 169 138
More _— 75.9
Less (0.0 6.9
Compliance 34 207
More: | ————— .0
Social Higher 8,8
concerns at 34 10
work Lower 82.8
Higher 0.0
Fear of 0.0 138
severe hypos 517
Lower | -/ - |
Less o0
Understanding 00 e "
how BC works #\69-0
] ] ] ]
0 20 40 60 80 100
Patients (%)

Figure 1: Selection of items evaluated in a 5-point Lilsrale (rated 1 tlough 5)

questionnaie assessing diffent aspects influenced by a bolus calculator

Only five selected andgpresentative questionsofn an eighteen-item questionraire shown. The figerrepesents the
percentage of patients who answédreach question using a 5-point Likecale (rated 1 tlwugh 5). See text for neor
details
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To assess the level of satisfactiorysed routinely the BC. Most of themmajority of patients (93%) answerel
impact, social concern, concern abowere women (30 of 51 patients), with dahat the BC was easy or very easy
diabetes and understanding of the BC,rmean age of 36.8 £ 8.5 years (mean understand how it works (figure 1)
specific questionnaire was developedsD) and a body mass index of 24.3 interestingly at least 76% of patients
The questionnaire was delivered to thd8.6 kg/m2. They were patients with afelt that the concept of "insulin active’
patients after they complete a strudong history of diabetes (18.7 + 8.9was easy or very easy to understand.
tured teaching and training pump proyears), who were on CSIl therapy for
gram (STTPP).The STTPRvas devel 2.83 + 1.89 years.At the time when Discussion
oped to introduce patients into pummuestionnaires were filled, patients
therapy Four diferent sessions of 20-were using BC for mean time of 8.89 +
30 min, one week apart, were designesl18 months. No data on HbAlc wadhis small cross-sectional stud
to review the dffierent aspects of inten presented now in this papdrecause showed how appreciated the BC is &
sive insulin therapy with pump#t the the analysis of the impact of the BC ornsulin pump patients. Before BC wa
end of the first session, individualHbAlc in this population will be pre available, patients were instructed t
parameters for the BC were prosented in the next EASD meetingmake calculations of insulin doses b
grammed allowing patients to use itvhich will be held inAmsterdam in themselves. Howeverthese recom
from the first day with the pump. In theSeptember 2007. mendations tend to be relaxed wit
following sessions, changes in BC were time and patients begin to be less acc
made if necessaryAlthough all ses Questionnaire: rate in the calculations of insulin bolus
sions were performed ambulatory In contrast, a BC may simplify pre-
patients were allowed to contact byRegarding satisfaction with the BCmeal bolus calculations improving
phone, 24 hours a day 90% of users were very satisfied or-saadherence of patients to the diabet

isfied with this pump utility (figure 1). plan.
Questionnaire: This function was found to be very easy

or easy to manage by all patientsThe need to perform a pre-meal finge
From the total pump population in ouMore important, 83% were verystick and to estimate the carbohydra
outpatient clinic, only subjects using gleased with the degree of blood -glucontent of the meal before the BC i
pump with BC were asked to completeose level control achieved by the BCused may have also beneficiafeets
an eighteen-item questionnaireThe on glycemic control.There is only one
guestionnaire was designed to explorBelating to the impact of the BC, 69%randomized, cross-over study in whic
the level of satisfaction (3 items),of patients used it always before meala BC was used by means of a PDA
impact (9 items), social concern (2while only 21% employed it almostcomparison with the standard trea
items), concern about diabetes (2 items)ways before meals (figure 1). Ninetyment, but only during a 7-day perio
and understanding of the "insulinthree percent of patients considered théh). Although there were no dérences
active" concept (2 items).A 5-point using the BC hypoglycemia occurredn the control of 2-h post-prandial glu
Likert scale (rated 1 through 5) wagarely or occasionallybeing for 85% of cose values, patients on BC used few
developed specifically for each blockpatients blood glucose values almostorrection boluses and supplement
of questions, when necessaryThe always more predictable. Furthermoregarbohydrate as during the control per
questions were answered by patienthe majority of patients said that usingd (5). Interestinglysubjects reported
alone, mainly at home, and then comthe BC they never or almost never hadnly after 7-day use that the BC wa
pleted questionnaires were sent by de restrict their diet (90%), miss work easy to manage and that they were-cc
mail. ing time (90%) or skip free-time activi fident in the bolus doses suggested |

ties (86%). Therefore, 90% would rec the device (5).

ommend this utility to other insulin

Satistics: pump users, while 10% would almostt is important to underline that patient
always recommend it. in our survey were using the BC abot
Data from questionnaires were put in ~ 9 months before the questionnai

an excel spreadsheefhe descriptive In relation to social concerns of diawas fulfilled. In other words, the
statistical analysis was performed wittbetes, 90 and 93% of patients answerethswers in the questionnaire wer
SPSS 12.0. Data were expressed usitigat this utility may reduce the burderbased on an extended experience
mean + SD or as percentages wheof the disease at the working place {figpatients with the BC in every day life
appropriate. ure 1) or in holiday respectively The reasons why 15.7% of our patien
Regarding concerns about the diseasgo not use the BC are diverse: son
86% of patients said that the BQpatients did not learn carbohydrat
Results reduced their worries to daf severe counting in the past and were not ab
hypoglycemias (figure 1), althoughto use BC appropriately; others thin
only 55% were released about chronithey can tailor insulin doses much be
Patient characteristics complications using it. ter than the BC, etc.

Forty-three out of 51 users (84.3%Asking about BC functioning, the The results of our study were very eor
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sistent. Using the BC was taken byhe associated risk of hypoglycemia, ntic collaboration in this project of Lara
patients with high satisfaction levelsstudy until now has been designed t8orribes and Pepa Gabaldon, both die
BC was employed almost alwaygest this hypothesis. tians and diabetes educators, is al
before meals by patients, who felt that acknowledged.
their blood glucose values were mor@his study has some limitationslhis
stable and predictable with it.questionnaire was delivered for patients References
Confidence on BC was expressed bgttending one centem which we are
most patien_ts by _I(_ess fear _to b_e_compr_omoting high levels of flexibility 1 Pickup JC. Is continuous subcut:
hypoglycemic.Additionally, this utility ~with pump therapy such as "the beacheous insulin infusion still needed:
will reduce social and disease relatedlgorithm™ (7) or "pump holidays” dur ay piabetol. 2007: 23:167-71.
concerns about diabetes, although ihg the summer time (8). Patients wh@ ampudia FJ. Gomis Barbera R, edito
will not eliminate the fears of chronicinitiated pump therapy in our centeroptimizacién del tratamiento insulinicc
complications. Interestingly the were highly selected and motivated angn la diabetes. Perspectivas actuales d
majority of them would recommendwere followed always by the samenfusién subcutanea continua de insulin
this on-board pump function to othemphysician. These factors among other2000; 1 ed., 1, 1-29. Barcelons
patients. This is important becausecan explain why less than 5% of ouEdiciones Doyma SL. B-18892-2000
about two thirds of patients were usingatients stopped pumping in the last 8.
previous models of MiniMed pumps,years of follow-up (data not published)3. Pickup JC, Mattock MB, Kerry S.
that do not incorporate this function inlt is possible that these considerationglycaemic control with continuous sub
the pump. may have influenced, in some ways, theutaneous insulin infusion compared t
results of the questionnaire in thigntensive insulin injection therapy in type
The issue on "insulin active" orenthusiastic and highly motivated! diabetes: meta-analysis of randomis
"remaining insulin dkct" deserves a group of pump patients. controlled trials. BMJ 2002; 324:705-8
commentary apart. Certainlihe pos 4. Retnakaran R, Delés H, Hanaire-
sibility to define for each patient theln conclusion, for insulin pump Broutin H, Heine RJ, MelkV, Zinman
estimated insulin duration has severaiatients, the use of the BC is associatdy Continuous subcutaneous insuli
advantages. First, itis possible to transvith a high level of satisfaction,'nfus'o_n Versus multiple da.uly.lnjectlo_ns:
late in the pump function ddrences in improved flexibility at meals, reducedmc_’de“ngbpre(lj_'CteT bengﬂti in relation
PK/PD among several insulin preparasocial impact and reduced perception OI(I)OS'tOZS'iZZI;ZA c. labetes Care
tions such as human regular insulin athe risk of severe hypoglycaemikhis o ‘ :

) . . . - . o 5. GrossTM, Kayne D, KingA, Rother
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Inhaled Insulin: Promises and Concerns

J.L. Selam, Diabetes Reseg&h Center, Tustin,
California, USA

ability without promoters (3). ing fear of injections and hypo

nhaled insulin is now available forln addition, alveolae surface is 14@lycemias (5).
I clinical use in the United t&tes sqm. and wall thickness only 2.2

(US) and some European Uniormicrons, which facilitates absorption.The inhaled insulin projects: physic
countriesAs with any major change in The only major problem specific to this logical and technical
therapythere is a growing debate aboutoute is the respiratory tract and the differences
the usefulness and safety of inhaledeed for particles to have a precise size
insulin (1,2). The recent decision of of 1-3 microns to be able to reach thén the Exubera project, directed b
Pfizer to discontinue the marketing ofalveolae. Bigger size particles ardfizer, inhaler delivers 3 microns parti
Exubera, confirms the need for a eritistopped at the throat site, smaller sizeles of human insulin by generating

cal review particles are exhaled without deposi'standing cloud” of insulin in the inhal
tion. The rationale for inhaled insulin ining chamber of the device. Insulir

Curr ent and personal type 1 patients is the reduction of injecexcipients are well known and includ
experience tions to basal insulin injection only citrate, mannitol and glycerine. Blister:

when currently recommended numbecontain 1 or 3 mg insulin powder equiv
The PfizerExubera project involved of injections are > 4 dailyplus supple alent to 3 and 8 units of injectabls
over 3,600 patients, some followed fomental injections if the patient is undeinsulin. The patient may need to cem
more than 7 years. More than 43,008 so - called "flexible insulin therapy"bine 1 or more of each blister to attai
lung function tests were performedprogram. The rationale for type 2 the desired dose, i.e. several manipul
Three other projects are in phase 3: thgatients is that insulin use remains lowions and breathe$heAERX project,
AERX Novo Nordisk project, the in the US despite an average HbAlc afirected by Novo Nordisk, uses a mor
Technosphere Mannkind project, and.9% (4).The current proliferation of sophisticated devicelThrough a LCD
the AIR Lilly project. Others, such asoral agents available is contributing tscreen, the patient may dial a dose by
the Generex, the Duran, the Kos and titbe problem. Indeed, 28% of patientsinit incrementThe screen features «
Elan projects are less advancedvould be unwilling to begin insulin if breath guidance system, time since le
Personal experience includes 9prescribed, for various reasons includdose, and last doses delivered. Insul
patients, some followed for more than 4

years, in 8 studies with the Pfizel
device, 2 with the Novo Nordisk and 2 Without Without pr omoter
with the Mannkind inhaler

Rationale Nasal 2 5 - 40

Rationale for the pulmonary route ig
well known: this is the only route that
currently allows to avoid injections
without the addition of absorption pro Buccal 0.7 25
moters (table 1)With promoters e.g.
surfactants, absorption from various
routes e.g. rectum, nose, mouth or-cot Conjonctival 0.3-6.6 40
junctiva may reach 25 - 40% (3).
However without surfactant, they only
reach a small  percentage Pulmonary 8-30 100
Unfortunately all surfactants have beer;

poorly toleratedThe lung is the only Table 1:Bio-availability of insulin with alternativeautes of administratian
route that attains 10% or more bioavail

Rectal 3 40
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[ ~ and a lower insulin stabiliyfHowever
for the patient, the most important dif
ferences (see table 2) may instead
| = | the size and weight of device, the uni

incrementation, and the type of insuli
large heavy small small storage

Pfizer Novo Nordisk| Mannkind Lilly

Device

Pharmacokinetics and pharmaced:

Units 3 1 5 2 namics data shows for most inhale
increment insulin, a fast response comparable
fast-acting insulin, but a slower retur

Insulin _ . . . to baseline comparable to regule
o ambient fridge fridge ambient insulin, even longer if high doses e.g

1U/kg. Technosphere pharmacokinetic
is very diferent, with a peak within the
first 30 min. and a return to baselin

Table 2: Practical diffeences between devices

strips contain 2 - 6 mg of liquid insulinvided as 2 and 6 units capsules. Patienvegthm 2. X B_,_hogrs. Intra and m_ter sub
formulation and can deliver 2 - 10thus need to combine one or more-calct variability is unfortunatelyin all
units. Insulin excipient includestridges. cases, not better than subcutanec
polysorbate, glycil-glycerine and phe In summary dry powder and liquid insulin (6).

nol. The unused insulin is lost since théechnologies have specific advantages
strip is for single-use. and disadvantages: for dry powder/drug
The Technosphere project, directed byarrier inhalers, advantages include sta
Mannkind, uses a small device and drile particle size, increased stability an
insulin powder generated as low-densiess sophisticated devices Ished so far have enrolled npn-smoke
ty particles. Cartridges contain eitheDisadvantages are a complex formula’ ex-smok_ers, non asthmatlg a_nd nor
15 or 30 units of insulin, which aretion, a possibly higher immunogenicityco,pD pat_lents.They also ehmmatt_ed
equivalent to 5 and 10 units absorbednd the drug-carrier own toxicologypatIents with abnormal lung functior
since bioavailability is 29%. PatientsLiquid technology advantages are ées_ts or X-rays. .

thus need to combine one or more-casimpler formulation, easier dosing andzfﬂcacy datz_a on type 2 patients poorl
tridges.TheAlIR project, directed by E. possibly  lower immunogenicity controlled with oral agef“s have ShOW
Lilly, use theAlkermes inhalera small Disadvantages include the need fof clear and expected Improvement
device that generates dgr (5 microns) sophisticated device, dependence &verall glycemic control (7). However

low density dry particles. Insulin is pro particles on humidity and temperatureHbAlC values rarely went lower thai

7%, and there is no comparison aval

Efficacy of inhaled insulin

Il large phase 3 &€acy studies pub
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able yet vs. bed time insulin. In studie
involving insulin treated type 2 sub
jects, inhaled insulin did not do bette
than SC injections and again HbAl
rarely attained values lower than 79
(8). Notably all current dicacy studies

were designed as non - inferiority trials
Most type 1 lage eficacy trials used

NPH as basal insulin and regula
insulin as comparator vs. inhalec
insulin. Again, most studies were
designed as non - inferiority studies an
HbAlc levels achieved were rarely

M

Percentage Glucose Infusion Rate
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<7%. Indeed, inhaled insulin did no

show superiority to SC insulin (9). Figure 1: Pharmacodynamics of inhaled insulin vs sc insulinengfr
Though data on ongoing subgroup triHeinemann).

als e.g. asthmatic and pediatric patienfgyestigations

and

confirmations.transient, immediately after inhalation

expected with great interest, it seemgoygh is a frequent sidefett with all  However these numbers gradually ten
that there is no studies planned curenjynaled insulins, though generally mildto equal numbers found in control sut

ly that would have in type 1 patients

jects after 3-4 months. Cough resulte

in discontinuation of Exubera in only
1.2% of the study patients.

Pfizer also conducted a 24 month
HRCT follow-up in 71 and 73 Exubera
and SC insulin type 2 patients, an
found no significant dferences.

Incidence of malighant neoplasms i
overall Pfizer patients was 3 in Exuber
groups and 1 in control groups, i.e nc
significantly diferent, and comparable
to expected cases for such populatio
Lung function tests showed a mild, no
progressive and reversible feifence

between both groups for FEV1 an
DLCO. FEV's decrease which occurre

Figure 2: Hypoglycemias with inhaled Exubera wsgular insulin in type 2

diabetes.

early within the first several weeks o
treatment, was small in magnitude (4
ml at 2 years, for a baseline of 3 L), di

comparators including current analogg, the Pfizer studies, 16% and 10% ofiot progress over the 2 years, ar

only, and/or CSllI, and/or pens, and "iype 1 and 2 patients respectiveype

reversed after 6 weeks discontinuatic

type 2 patients bed-time insulin cemjenced minor cough, usually dry ancf therapy in patients with type 2 dia

parisons. Such comparisons, in additi

»]

to more intensive glycemic goals would
indeed be very important for clinicians
to better evaluate the figlacy of this
new route of insulin administration.

Safety of inhaled insulin

Hypoglycemic events frequency anc
severity seem no dédrent with inhaled

insulin, again when compared with
regular + NPH insulin, both in type 1
and type 2 insulin treated patients (9-8
Intriguingly, Pfizer reported less weight
gain with inhaled than SC insulin in
type 2 subjects observed over 2 yea

(8). Average diference at 24 months
was 1.3 kg.This data deserves furthel

Figure 3: Prevalence of cough with Exubera insulin.
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betes (10).

Changes in DLCO were even smalle
and less significant, given the gres
variability of DLCO parameter

However those changes deserve longg 02 1
and further analyses. Pfizer is currentl
conducting a 5 - year long-term safet
studies and shorter studies e.g bronch
lavage and excipient testing$he

FDA currently recommends that all

Change From Baseline in
FEV: (L) (Mean = SD)

(approx 3L) (o] L_¢

O EXUBERA || Oral agent

patients should have spirometry 2'4 3'6 5'2
assessed prior to initiation of therap

with Exubera. Exubera is not recem
mended in patients with baseline FEV
or DLCO < 70% predicted. Follow up

Comparative Phase

.|
Washout Phase

spirometry assessment is recommend: Figure 4: Effect of Exubera insulin on FEV1 lung function

at 6 months after initiation, and annual

ly thereafter and even more frequentlyrial in Lancet some years ago: twansulin in comparison with sc injected insulir

in cases of pulmonary symptoms or-furcheers only for inhaled insulin 1.

ther declines in pulmonary functions.
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