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Introduction

Bariatric surgery,involving partial restriction of the
gastrointestina{Gl) tract, hasprovento be clinically
and cost effective for treating morbid obesity [1].
Oral drug bioavailability (BA) Is dependenton
physiological parameterssuch as gastric emptying,
pH, small intestinal transit (SITrans) and regional
abundancesf drug metabolisingenzymesand efflux
transporters[2]. These parametersare altered to
differing extents following surgery RouxenY
gastric bypass (RYGBP) and biliopancreatic
diversion with duodenalswitch (BPDDS) lead to a
reductionin gastricvolume, bypassof the proximal
small intestineanddelayedbile inlet, whereassleeve
gastrectomy(SG) [3], resultsin a reducedgastric
volume As a consequence®f theseevents,altered
oral drug exposure has been reported following
bariatricsurgeryj4].

The Advanced Dissolution Absorption Metabolism
(ADAM) model, incorporatedinto the population
based PKPD simulator Simcyp, i1s an in silico
mechanistiglatformfor integratingin vitro dataand
predictingoral BA. The modelconsidersall available
Informationrelatedto regionalintestinalabundances
of CYP3A andrelativedistribution of p-glycoprotein
(P-gp) efflux transportein additionto the segregated
bloodflows to eachregionof intestine(Figurel) [2].
ADAM might be used to assesexpectedBA In
variousGl surgeries
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Figure 1. Schematic of the Advanced Dissolution Absorption and

Results

Population Characteristics

The post RYGBP population template displayed a
gastricemptying of 7 (N3) minutes, restricting fluid

Intaketo 30 mL ascomparedo
obese GastricpH was setto 6.4.
bypasscorrespondedo ADAM

250 mL In morbidly
he small intestinal
model segmentDuo

and Je]l (88 cm); whereaghe bile inlet wasdiverted
to 112 segment(113 cm; Figure 1). Small intestinal
transitwassetto 2.5 and5.0 hours|[2,3,6,7].

In the post BPDDS population fluid intake was
restricted to 150 mL. SegmentsJejl and 2 were
bypassed132cm), whereaghebile inlet wasdiverted

to 114 (322cm) (Figure1). Small
setto 2.2 and3.3 hours[2,3].

Further,regionalabundancesf CYP3A wereadjusted

Intestinaltransitwas

In accordancdo the small intestinal bypass,through
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Figure 3. Observed Glomerular Filtration Rate following bariatric

surgery induced weight loss, calculated and simulated GFR utilising

Modification of Diet in Renal Disease (MDRD)-[2].
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Intensity refer to segmental length and regional abundance of CYP3A4,
respectively. Other intensity schemes applied for Pgp. St: stomach, Jej:
jejunum, Il: ileum, form: drug trapped in formulation, undiss: undissolvec
drug, diss: dissolved drug, ent: fraction absorbed drug in enterocyteq, kt

transit rate, Q blood flow, F;: fraction of drug escaping gut wall
metabolism, C|: hepatic clearance, CLbiliary: Biliary clearance [2].
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Figure 4. Observed serum concentrations of Human Serum Albumin
(HSA) in morbidly obese subject to bariatric surgery induced weight los

as compared to simulated HSA levels-{i&].

Thereductionin oral drugexposureof cyclosporinevasmore
extensive following BPDDS when comparedto RYGBP,
displaying a post/presurgical AUC ratio of 0.22-0.18 and
0.16-0.13at SIT of 3.3 and2.2 h, respectivelyDueto a more
extensivereductionin f_, simvastatindisplayeda reductionin

AUC at higher dose levels post surgery (Figure 5B).

Atorvastatin(40mgq) displayedanincreasan exposurd AUC:

1.77 fold) post BPDDS due to a higher F.. Overall, SG
displayed an unaltered pre to post surgery BA with the
exceptionof cyclosporinedisplayinga post/presurgeryAUC

ratio of 0.89 (ND.37) at a low therapeuticdose, becoming
more apparentat higher doselevels due to a reductionin f,
(Figure5C). Bariatricsurgeryhada limited impactontheoral
BA of theremainderof studieddrugs(Figure5A-C).
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Figure 5. Schematics of surgical procedures and median andqusatiles of
post/pre surgery AUC ratio of a set of drugs at low, medium and high therapeulic
dose, followingA: RYGBP SIT 5hB: BPDDS SIT 3.3h an€: SG, of simvastatin
IR at 10, 20 and 80 mg; omeprazole EC 10, 20 and 40 mg; diclofenac EC 25, 50
75 mg; cyclosporine IR 1 mg-kg2.125 mg-kd and 7.5 mg-kg; fluconazole IR
P50, 200 and 400 mg and ciprofloxacin IR 250, 500 and 750 mg.

To examinethe impact of bariatric surgeryon oral
BA of drugs in morbidly obese patients through

Incorporation of post

physiological and biological

surgery anatomical,
changes into a

mechanistic modelling framework, and to assess
trendsin AUC, f_ (fraction of doseabsorbedpandF
(fractionescapinggutwall metabolism)

Methods

An extensive literature searchwas carried out to
obtain anatomical, physiological and biological
parameterscorrespondingto bariatric surgery The
ADAM model of the Simcyp Simulator (v10) was
adaptedto mimic the identified changesin the Gl

tract

Due to conflicting literature data regarding Sl

rans

following surgery,two scenariosvere evaluatedpne
correspondindo areductionin SlTransandrelatedto
the extent of bypass,and the other reflecting an
Increasedransittime recordedfollowing RouxenY

with total gastrectomy5].

Simulationswere carried out for 3 therapeuticdose
levels (low, medium and high) of simvastatin
[Immediaterelease(IR)], omeprazolgenteric coated

(EC)], diclofenac [EC],

cyclosporine [IR],

fluconazolgIR] andciprofloxacin[IR], in 100virtual
morbidly obese postsurgical (RYGBP, BPDDS and

SG)patients

The SG condition displayed a

restriction of
concomitantfluid intaketo 80 mL and a reductionin

gastric emptying time to 14 (N12) minutes whereas

gastricpH wasassumedo remainunchangeds].

Recovery of renal clearancein the post surgical

populationswere well describeautilising Modification
(MDRD) equation,
accountingfor postsurgicalweight loss (Figure 3) [9-

of Diet In Renal Disease

12]. Plasmaprotein concentrationof Human Serum
Albumin (HSA) were within the 95% confidence

Intervalof predictedevels(Figure4) [13-16].

Simulating oral drug exposure
Following RYGBP (SIT=5h)

simvastatin (low
solubllity, eliminatedvia CYP3A) [17,18] displayedan

Increasan AUC atalow therapeutiaose with a mean

post/presurgeryratio of 1.18, becominglessapparent _ |
at higherdoselevels,with a ratio of 1.09 at 80 mg; due Authors wish to thank Protf. Darren Ashcroft, Mr Basll

to an increasein F; by 22% counteractedby a AmmoriandDr NicolaWard

reductionin f_ (19-31%) (Figure5A). Theincreasewas
lessappareniat a SIT of 2.5h dueto a more extensive

reductionin f_,
Cyclosporine (low solubility,

0.22 atahightherapeuticdose

low permeabillity,
metabolisedy CYP3A4) [19] displayeda reductionin
AUC post RYGBP, with a simulatedratio in AUC of
0.43 atlow doselevel furtherreducingto 0.35 at a high
doselevel dueto a 56-62% reductionin f_ (Figure5A).
Assuminga reducedSIT post RYGBP, this reduction
becamemore pronouncedwith an observedratio of
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Discussion and Conclusions

Simvastatindisplayedthe most significant increasein BA,
due to reduced exposureto Intestinal CYP3A; whereas
cyclosporine showed the most extensivereduction in BA
following surgery,as a possibleconsequencef delayedbile
Inlet [20]. The latter was consisteniwith a reportedreduction
In AUC following jejunoileal bypass|[21]. The results
provide insight into factorsinfluencingthe BA of eachdrug
following surgery (solubllity, reducedabsorptivearea,time
for absorptionandalteredgut wall metabolism) The impact
of eachof thesefactorsis specificto eachtype of surgery
Hence the consequentiathangan BA Is acomplexinterplay
betweendrug characteristicand modificationsto the Gl tract
In eachsurgery ADAM maybeanidealtool to estimatahese
In theabsencef clinical data
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