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7.403 +3.472mg/ml*h in the 50, 100, and 150g mannitol dose groups, respec-
tively. Bioavailability was similar in the three dose groups and was just over 20%
(0.243 £0.073, 0.209+0.081, and 0.228 +0.093 in the 50, 100, and 150 g mannitol
dose groups, respectively). The present study showed that the bioavailability of
oral mannitol is just over 20% and is similar for the three tested doses (50, 100,
and 150g). The linear increase in C,,,,, AUC,_,, and AUC,,_,, must be considered
when choosing the oral mannitol dose for bowel preparation to avoid its systemic

osmotic effects.

Study Highlights

(PK) characteristics.

effect.

INTRODUCTION

Colonoscopy is the gold-standard method for thoroughly
examining the colonic mucosa.' The main indications for
colonoscopy are screening, diagnosis confirmation, and
surveillance,” with millions of examinations performed
annually.’

Good quality colonoscopy is required to achieve favor-
able outcomes.* Unfortunately, up to one-third of patients
have unsatisfactory bowel cleansing,>® with detrimental
effects on colonoscopy completion, endoscopic accuracy,
patient tolerance, and healthcare costs.” !

Many products for bowel preparation are available, with
polyethylene glycol (PEG)-based formulations the most
commonly used in United States and Europe. However,
PEG formulations have some disadvantages, including a
large volume of solution, unpleasant taste, complicated
timing, nocturnal problems (because of the split-dose reg-
imen), and high cost.* Despite the effectiveness of PEG
preparations, these disadvantages significantly reduce pa-
tient adherence to colon cancer screening programs and
to follow-up of more serious chronic inflammatory colon
diseases.

The availability of an easy-to-use bowel preparation
requiring the consumption of a smaller volume of solu-
tion with a pleasant taste is an important unmet medical

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Oral mannitol has been used for bowel preparation for colonoscopy for many
years. However, there is no adequate information about the pharmacokinetic

WHAT QUESTION DID THIS STUDY ADDRESS?

The PK profile of oral mannitol is administered at three different doses.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

The mannitol plasma concentrations are consistently dose-dependent.
Bioavailability is similar for the three doses (just over 20%).

HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT,
AND/OR THERAPEUTICS?

Mannitol 100g is the ideal dose for bowel preparation without systemic osmotic

need. Consequently, the provision of such a product could
favorably influence the diagnosis and follow-up of colon
diseases."?

Mannitol is a sugar alcohol partly absorbed following
oral administration. It acts as an osmotic laxative and
was widely used in the late 1970s and early 1980s as a
bowel cleansing agent for colonoscopy. Currently, man-
nitol is commonly used, although off-label, in some Latin
America countries, especially in Brazil where it is still
the most popular agent for bowel cleansing thanks to its
effectiveness, high patient acceptance, and lack of signif-
icant systemic side effects.'* In Europe and the United
States, mannitol is currently not used due to some cases
of intestinal explosion that, despite the absence of con-
trolled clinical trials, have been attributed to a mannitol-
induced increase of methane (CH,) and/or hydrogen
(H,) intestinal concentration during the execution of
diathermy-electrocautery or argon plasma coagulation."
However, other extremely rare cases of intestinal explo-
sion were also reported in patients prepared for colo-
noscopy using a standard enema,'® PEG, and sorbitol,'®
suggesting that the causes of the explosion may be other
than the drug used for bowel cleansing. Remarkably,
these events have no longer been described in recent
years, even in those countries where the use of mannitol is
widespread,'’ probably because the routinary maneuvers



2450 |

FIORI ET AL.

ASCPT

of insufflation and washing to optimize bowel cleansing
contribute to an effective gas exchange with the ambient
air and equalize the distribution of combustible gases,
overcoming the compartmentalization of the colon.'®"
The above considerations lead us to believe that mannitol
may represent an optimal choice for bowel cleansing as,
with equal efficacy with PEG-based preparations, it may
be better accepted by patients because of its ease of use,
small solution volume to be taken, pleasant taste, and
rapidity of action, without a real increase of the intesti-
nal explosion risk. These hypotheses were evaluated in
the SATISFACTION study, a phase II/I11, international,
multicenter, randomized, parallel-group, endoscopist-
blinded, dose-finding/noninferiority study. In the phase
IT dose finding part of the study, three single doses of
mannitol (50, 100, and 150g), including the lowest and
highest doses reported in the literature, were compara-
tively evaluated for bowel cleansing. The choice of doses
used in the phase II part of the study was discussed and
agreed with the European Regulatory Authorities. When
used for bowel preparation, mannitol can be considered
a topical drug, as its effectiveness is based on an osmotic
effect with fluid retention in the intestinal lumen. The
systemic osmotic effects associated with the absorption
of mannitol are unwelcome in this context as they could
cause adverse events.’*?! Therefore, it is important to
study the pharmacokinetics (PKs) of mannitol admin-
istered orally in order to identify the optimum dose for
bowel preparation.

The current PK study was a substudy of the phase
IT dose-finding part of the SATISFACTION study. The
aim was to define the PK profile of the different doses
of oral mannitol used in patients undergoing elective
colonoscopy, and to provide data for choosing, also from
a safety point of view, the dose to be used in the sub-
sequent phase III comparison study with a PEG-based
preparation.

MATERIALS AND METHODS
Study design

The PKs of mannitol were evaluated in a substudy as
part of a phase II dose-finding, international, multi-
center, randomized, parallel-group, endoscopist-blinded
study. The PK substudy was conducted in accordance
with the Declaration of Helsinki in four Italian centers
and approved by the Research Ethics Committee of each
center. All enrolled patients provided written informed
consent. The inclusion criteria were: ability of the patient
to consent and provide signed written informed consent,
age greater than or equal to 18years, men and women

scheduled for elective (screening, surveillance, or diag-
nostic) colonoscopy to be prepared and performed ac-
cording to European guidelines, and patients willing and
able to complete the entire study and to comply with in-
structions. The main exclusion criteria were pregnancy
or breast feeding, severe renal failure (estimated glo-
merular filtration rate [eGFR] <30 ml/min/1.73 m?), se-
vere heart failure (New York Heart Association [NYHA]
Class III-1V), severe anemia (Hb< 8 g/dl), severe acute
and chronically active inflammatory bowel disease,
chronic liver disease (Child-Pugh class B or C), electro-
lyte imbalance, recent (<6 months) symptomatic acute
ischemic heart disease, a history of significant gastroin-
testinal surgery, and use of laxatives or colon motility-
altering drugs.

All patients included in the phase II study were con-
secutively enrolled between June 2020 and November
2020 and randomized in a 1:1:1 ratio to three doses of
oral mannitol: 50, 100, and 150g dissolved, respectively,
in 500, 750, and 1000 ml of room temperature water; the
dilution volumes were determined according to the man-
nitol powder solubility, so that it was easy for the patient
to obtain the solution to take. The osmolarity of the three
doses was 0.605, 0.787, and 0.908 Osmol/Kg, respectively.
Patients who agreed to be included in the PK substudy
were enrolled sequentially until the required sample size
(at least 10 evaluable patients in each dose group) was
reached.

Patients had to drink the prepared mannitol solution
on the day of the colonoscopy within 30 min for the 50 and
100g doses and 60min for the 150g dose and complete
the self-administration at least 4 h before the endoscopic
procedure.

Plasma mannitol assay

Mannitol plasma concentration was evaluated be-
fore mannitol self-administration at baseline (7,), and
at 1 h+5 min (T;), 2 h+5 min (T,), 4 h+10 min (T,),
and 8 h+10 min (Tg) after completion of mannitol
self-administration.

As some foods contain mannitol, patients were re-
quired to restrict their diet (to avoid potential interfer-
ence) for 24 h before drug self-administration, and to fast
overnight and for up to 8 h after mannitol intake.

After blood was collected, the tubes containing the
blood samples (3 ml) were gently tilted 8-10 times for
complete mixing with the anticoagulant (K,EDTA). The
samples were then processed into plasma within 150-
180 min after collection by centrifuging at 3000 revolutions
per minute (rpm) for 20min in a refrigerated centrifuge
(Eppendorf 5702R with rotor A-4-38) at +4°C to achieve
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a clear plasma layer over the red cells. Two equal aliquots
of plasma of at least 0.5 ml each were immediately trans-
ferred into two 1.8 ml NUNC storage tubes, which were
frozen and maintained at —20°C or colder until shipment
to a central bioanalytical laboratory (Aptuit, Verona, Italy).

Quantitative measurement of free mannitol in human
plasma samples was performed using a validated bioana-
lytical liquid chromatography-tandem mass spectrometry
(LC-MS/MS) method previously validated at Aptuit.

This study consisted of analytical runs containing a
complete set of clinical study samples with an appro-
priate number of calibration standards (range 0.75-
750 pg/ml) in a duplicate set. Quality control (QC)
samples prepared from human mannitol-free plasma,
where “mannitol-free” refers to plasma obtained from
donors verbally screened as free of exogenous man-
nitol (i.e., from their diet) in the previous 36 h before
blood collection, using D-mannitol (also referred to as
mannitol, supplied by Sigma-Aldrich) as the reference
standard. Calibration data were deemed acceptable if
the back-calculated concentration did not deviate from
the nominal by more than 15% (20% at the lower limit
of quantification [LLOQ]) and if no more than 25% of
the calibration standards were rejected or lost for any
other reason. A calibration standard was omitted from
the regression if the back-calculated concentration
deviated from the nominal by more than 15% (20% at
LLOQ). Individual QC results were deemed acceptable
if the calculated concentration deviated by less than 15%
from the nominal concentration. The analytical run was
approved if no more than one-third of the QC results
exceeded the acceptable limit and at least 50% of the re-
sults at each concentration were within the acceptable
limit. A control blank with and without the internal
standard (i.e., D-mannitol-UL-13C6 supplied by Santa
Cruz Biotechnology, Inc.) was included in each run to
evaluate the selectivity and the carryover (by injection
of one or more blank samples after a high concentration
standard).

After the initial analysis was completed and results
were reviewed, additional runs were included to evaluate
incurred sample reproducibility (incurred sample reanal-
ysis [ISR] of 24 samples, which provided representation
across patients and period, with selected timepoints near
the time to maximum observed concentration [Ty,,,] and
elimination phase). In order to demonstrate acceptable
ISR, at least 66.7% of the repeat results had to be within
20% of the mean (of the original and repeat result).
Concentrations of mannitol in human plasma samples
were determined from the appropriate calibration line
using the software application BioLims.

The laboratory technician who performed the analysis
was in a blind condition.

ASCPT

Statistical analysis

The phase II dose-finding study sample size (50 patients
in each dose group) was based on the precision of the es-
timate within each treatment group, that is, the 95% con-
fidence interval (95% CI) half-width of the proportion of
patients in each treatment group with adequate bowel
cleansing (Boston Bowel Preparation Scale [BBPS] total
score >6, with BBPS >2 for each segment).

For example, a sample of 50 patients gives a 95% CI
width of 12%, 11%, and 10% in the case of adequate bowel
cleansing percentages of 75%, 80%, and 85%, respectively.

Based on the obtained concentrations of mannitol
in plasma samples, the PK parameters (i.e., the manni-
tol maximum observed concentration [Cp,.], the Ty
the terminal elimination half-life [¢;/,], the area under
the concentration-time curve from T, to the last blood
sampling timepoint with a measurable concentration
[AUC,_,] and from T, to infinity [AUC,_.], and the bio-
availability of each mannitol dose) were calculated as de-
scribed below:

o Cpax (ng/ml) was calculated as the maximum concen-
tration at the four timepoints (T}, T,, Ty, and Ty).

o Tpax (min) was calculated as minutes (7;) at the earliest
occurrence of C,,.

« Ty, (i.e, the time in minutes required for C,,, to reach
half of its original value) was estimated as In(2)/4,,
where 1, is the terminal phase elimination rate con-
stant, estimated by linear regression analysis of loga-
rithmically transformed concentration versus time data.

« AUC,_,, measured in ng/ml*h, was calculated using
a linear trapezoidal rule for increasing concentrations
and the logarithmic trapezoidal rule for decreasing con-
centrations (linear-up/log-down).

« AUC,_,, measured in ng/ml*h, was calculated accord-
ing to the trapezoidal rule until T,; then, the area after
the last available concentration (Tg) was calculated
under the mono-exponential model, generally accepted
as suitable for the elimination phase of a drug, by taking
into account the mannitol ¢, ;, (as the mean of the values
obtained for each dose group).

« Bioavailability was calculated by dividing the AUC,_,,
corrected for the patient’s body weight by the AUC,_,,
after i.v. administration of mannitol 1 g/kg body weight,
as reported by Rudehill et al.*

Descriptive statistics of the above quantitative vari-
ables (mean, SD, minimum, first quartile, median, third
quartile, and maximum) have been reported for each treat-
ment group; 95% ClIs have also been calculated. Statistical
analysis was performed using SAS release 9.4 or later (SAS
Institute, Inc., Cary, NC).
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RESULTS
Patient characteristics

The PK population, defined as all randomized patients
who completed the mannitol treatment and had at least
one PK assessment, included 42 patients: 15 in the 50g
dose group, 11 in the 100g dose group, and 16 in the 150g
dose group.

Demographic data for the PK population are summa-
rized in Table 1. Overall, patients who participated in the
PK substudy were ~56 years old, all but two (i.e., 40 out of
42) were White, and 19 (45.24%) were women, of whom
the majority (68.42%) were menopausal. After mannitol
self-administration, all punctual sampling for the calcu-
lation of mannitol t,, were satisfied in only 31 of the 42
patients in the PK population (i.e., 13, 7, and 11 patients in
the 50, 100, and 150 g dose groups, respectively).

Plasma mannitol concentrations

Mannitol concentrations (mg/ml) in plasma samples for
each blood collection timepoint are summarized by treat-
ment group in Table 2.

At T,, before mannitol self-administration, mannitol
was basically absent in plasma samples in all treatment
groups. However, the average+SD mannitol concentra-
tion at T, was slightly above zero in all groups, possibly

TABLE 1 Demographic characteristics of the study population

50g mannitol
(N =15)
Age at study entry (years)
n 15
Mean (SD) 59.8 (11.47)
Median 58.0
Q1;Q3 51.0; 69.0
Min; max 40; 81
Sex, n (%)
Male 9 (60.00)
Female 6 (40.00)
Ethnicity, n (%)
Hispanic or Latino 0
Not Hispanic or Latino 15 (100.00)
Female reproductive status,* n (%) 6
Childbearing potential 1(16.67)
Menopause 5(83.33)

due to the dietary intake of a small amount of mannitol
the day before by a few patients, despite the required di-
etary restrictions.

Of note, at Tg, the plasma sample for one patient in
the 50g mannitol dose group was collected outside the
protocol-defined time window, and therefore the sample
result was excluded from the calculation of summary sta-
tistics for the respective nominal timepoint.

The time/concentration curves for each treatment
group are shown in Figure 1. Mannitol reached its C,,
in plasma at the first sampling point after drug self-
administration, that is, at T; (1 h+5 min after completion
of mannitol self-administration), followed by a substan-
tially linear decrease at the following timepoints in all
treatment groups.

PK parameters

A summary description of mannitol PK parameters is pro-
vided in Table 3 by treatment group.

Chax after mannitol self-administration increases
linearly with dose (0.630+0.145, 1.024+0.278, and
1.359 +0.391 mg/ml in the 50, 100, and 150g dose groups,
respectively).

Like C,,,, mean AUC,_alsoincreases linearly with dose
(2.231+£0.521, 4.159+1.348, and 5.590+2.181 mg/ml*h in
the 50, 100, and 150g dose groups, respectively). A simi-
lar increase was also observed for AUC,_,, (2.667+0.668,

100 g mannitol 150 g mannitol Total
(N=11) (N =16) (N =42)
11 16 42
52.4(11.17) 56.1(11.35) 56.4 (11.45)
55.0 54.5 55.0
42.0;61.0 47.5;65.0 49.0; 66.0
33;68 37,78 33;81
5(45.45) 9 (56.25) 23 (54.76)
6 (54.55) 7 (43.75) 19 (45.24)
0 2(12.50) 2(4.76)
11 (100.00) 14 (87.50) 40 (95.24)
6 7 19
2(33.33) 3(42.86) 6 (31.58)
4 (66.67) 4(57.14) 13 (68.42)

Abbreviations: Q1, first quartile; Q3, third quartile; SD, standard deviation.

“Percentages were computed on female patients belonging to the pharmacokinetics (PKs) population.
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TABLE 2 Summary of mannitol
concentrations by timepoint

Mannitol plasma concentrations (mg/ml)

T,
n
Mean (SD)
Median
Q1;Q3

Min; max

n
Mean (SD)
Median
Q1; Q3
Min; max

T,

n

Mean (SD)

Median

QL; Q3

Min; max
T,

n

Mean (SD)

Median

Q1;Q3

Min; max

n
Mean (SD)
Median
Q1;Q3

Min; max

ASCPT

50g mannitol 100g mannitol 150 g mannitol
(N =15) (N=11) (N =16)

15 11 16

0.0006 (0.00193) 0.0002 (0.00062) 0.0001 (0.00033)
0.0000 0.0000 0.0000

0.0000; 0.0000 0.0000; 0.0000 0.0000; 0.0000
0.000; 0.007 0.000; 0.002 0.000; 0.001

15 11 16

0.6218 (0.14869) 0.9777 (0.28581) 1.2996 (0.38100)
0.6387 0.9201 1.2922

0.4951; 0.7018 0.8375;1.2190 0.9655; 1.6511
0.402; 0.951 0.532;1.617 0.715;1.798

15 11 16

0.4689 (0.12169) 0.8647 (0.26881) 1.1747 (0.40002)
0.4408 0.8498 1.2887

0.3881; 0.5886 0.6217;1.0242 0.7649; 1.4889
0.274; 0.673 0.499; 1.392 0.520; 1.700

15 11 16

0.2734 (0.08228) 0.5606 (0.22477) 0.7339 (0.35330)
0.2661 0.6241 0.7427

0.2123; 0.3086 0.3269; 0.8144 0.4220; 0.9672
0.160; 0.472 0.238; 0.845 0.241;1.281

14* 11 16

0.0931 (0.05362)
0.0761

0.0640; 0.0818
0.032;0.215

0.1889 (0.09435)
0.2374

0.0987; 0.2619
0.050; 0.316

0.2754 (0.16519)
0.2605

0.1266; 0.4063
0.070; 0.629

Note: T, = baseline before mannitol self-administration; T, =1 h, T, =2 h, T, = 4 h, Ty = 8 h after
completion of mannitol self-administration.

Abbreviations: Q1, first quartile; Q3, third quartile; SD, standard deviation.

“The plasma sample for one patient was collected outside of the protocol-defined time window, and
therefore the sample result was excluded from the calculation of summary statistics.

4.992+1.706, and 7.403 +3.472mg/ml*h in the 50, 100, and
150g dose groups, respectively).

To test the linearity, we carried out three regression
analyses with dosage as the independent variable and
AUC,_,, AUC,_s, and C,,,, as the respective dependent
variables. The statistical significance is p <0.0001 for all
the analyses with a slope of 2.106 for AUC,_,, 1.741 for
AUC,_, and 0.0364 for C,,,,,-

Conversely, mean T, is similar in the three dose
groups and is just over an hour with median value

(range) of 1.000h (0.920-2.000h), 1.000 (0.920-2.080h),
and 1.000h (0.920-2.030h) in the 50, 100, and 150g dose
groups, respectively.

Mean t,,, is similar in the three dose groups and is
~2.5h (2.584+0.840h, 2.419+0.579h, and 2.678 +0.489h
in the 50, 100, and 150 g groups, respectively).

Bioavailability is similar in the three dose groups
and is just over 20% (0.243+0.073, 0.209+0.081, and
0.228+£0.093 in the 50g, 100g, and 150g dose groups,
respectively).



N
B
d
B

FIORI ET AL.

ASCPT

- FIGURE 1 Mean mannitol
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Tolerability Furthermore, the absorbed mannitol fraction is obviously

At least one treatment-emergent adverse event (TEAE)
related to the study drug was reported for two out of 65
patients (3.1%) in the 50 g dose group, six out of 57 (10.5%)
in the 100g group, and 12 out of 57 (21.1%) in the 150g
group. The most frequent TEAE related to the study drug
were vomiting (one patient in the 50g dose group, 2 in
the 100g group, and 8 in the 150g group) and nausea (4
patients in the 100 g group and 3 in the 150 g group).

No deaths were reported, and only one patient in the
highest dose group experienced a treatment-emergent se-
rious adverse event (TESAE,; i.e., a syncope not related to
the study drug).

DISCUSSION

Mannitol is a sugar alcohol with an osmotic effect due to
fluid retention in the intestinal lumen and is commonly
used in Latin America (mainly in Brazil) as an off-label
formulation for bowel cleansing before colonoscopy.'”***
Oral mannitol for bowel preparation is cheap and has a
pleasant taste, low volume (<1 L), and very early onset of
action, which allows same-day bowel preparation even for
a morning colonoscopy.'? As a result, mannitol is an easy-
to-use bowel preparation with high patient acceptability.
Mannitol used for bowel preparation can be considered
a topical drug, as its effectiveness is based on an osmotic
effect with fluid retention in the intestinal lumen. The
systemic osmotic effects resulting from mannitol absorp-
tion, potentially useful for other indications, are undesir-
able in this context as they could lead to adverse effects.

not useful for bowel preparation. Consequently, it is im-
portant to determine the PKs of mannitol administered
orally at doses that significantly modify intestinal transit
times so that the optimal dose for bowel preparation can
be chosen.

Therefore, we conducted a phase II dose-finding, in-
ternational, multicenter, randomized, parallel-group,
endoscopist-blinded study with a substudy to define the
PK profile of different doses of oral mannitol in patients
undergoing colonoscopy in a real-life clinical setting.

The results of the present study showed that the bio-
availability of mannitol is just over 20% and is similar for
the three doses used (50, 100, and 150g). We know that
over 50g of oral mannitol induces osmotic diarrhea and
reduces intestinal transit time. In contrast, lower doses of
oral mannitol (0.5-2 g) do not have any significant osmotic
effects and have a higher absorption rate (up to 60%).>

The similar bioavailability for the three doses tested
explains the linear increase in C.,,, AUC,_4, and
AUC,_,, observed as the administered dose increased.
This linear increase should be considered when choos-
ing the dose to be used for bowel preparation. The ef-
fects of the 100 g dose (equal to 1.5 g/kg of body weight
for a weight of 65kg) are the closest to those produced
by the venous route (i.v.) to obtain systemic osmotic ef-
fects (1 g/kg of body weight in a 20% solution). The dif-
ference between the mean AUC,_,, obtained (4.992mg/
ml*h) with the 100 g dose and that reported by Rudehill
et al.”* after i.v. administration of 1 g/kg of body weight
(16.076 mg/ml*h) suggests that clinically relevant sys-
temic osmotic effects are unlikely. With the highest dose
of 150g, even though bioavailability is substantially the
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TABLE 3 Summary of PK parameters

Cinay (mg/ml)
n
Mean (SD)
95% CI
Median
Q1;Q3
Min; max
Trax ()
n
Median
QL; Q3
Min; max
AUC,_; (mg/ml*h)
n
Mean (SD)
95% CI
Median
Q1;Q3
Min; max
AUC,_,, (mg/ml*h)
n
Mean (SD)
95% CI
Median
QL; Q3
Min; max
t, ()
R
Mean (SD)
95% CI
Median
Q1;Q3
t2 ()
Min; max
Bioavailability”
n
Mean (SD)
95% CI
Median
Q1;Q3

Min; max

50g mannitol (N = 15)

15

0.630 (0.145)
0.550; 0.711
0.644

0.505; 0.702
0.402; 0.951

15

1.000

0.920; 1.000
0.920; 2.000

15
2.231(0.521)
1.943; 2.520
2.130

1.830; 2.690
1.300; 3.160

15
2.667 (0.668)
2.297; 3.037
2.515

2.161; 3.241
1.523;4.020

13

2.584 (0.840)
2.076; 3.091
2.470

2.070; 2.530

1.840; 4.690

15
0.243 (0.073)
0.202; 0.283
0.230

0.209; 0.254
0.144; 0.435

100g mannitol (N = 11)

11
1.024 (0.279)
0.836; 1.211
0.944

0.850; 1.219
0.532; 1.617

11

1.000

1.000; 2.000
0.920; 2.080

11
4.159 (1.348)
3.253; 5.065
4.390

2.890; 5.300
2.010; 6.360

11
4,992 (1.706)
3.846; 6.139
5.421

3.384; 6.560
2.270; 7.560

7
2.419 (0.579)
1.883;2.954
2.320

1.990; 2.850

1.800; 3.480

11
0.209 (0.081)
0.154; 0.264
0.197

0.129; 0.286
0.103;0.326

ASCPT

150g mannitol (N = 16)

16

1.359 (0.391)
1.150; 1.567
1.510

1.031; 1.695
0.716; 1.798

16

1.000

1.000; 1.920
0.920; 2.030

16
5.590 (2.181)
4.428;6.752
6.065

3.515; 7.420
2.270; 8.570

16
7.403 (3.472)
5.618;9.189
7.928
4.434;9.715
2.650; 15.751

11
2.678 (0.489)
2.350; 3.007
2.600

2.260; 3.240

2.010; 3.370

16
0.228 (0.093)
0.180; 0.276
0.229

0.169; 0.294
0.095; 0.391

Abbreviations: AUC,_,, area under concentration-time curve T,_,; AUC,_,, area under concentration-time curve T,-Tg; CI, confidence interval; Cp,,,,
maximum concentration; PK, pharmacokinetic; Q1, first quartile; Q3, third quartile; SD, standard deviation; t, ,, terminal elimination half-life; T,,,, time to

reach maximum concentration.

?Only 31 patients of the 42 patients in the PK population (13, 7 and 11 patients in the 50, 100, and 150 g dose groups, respectively) satisfied all punctual

sampling for the calculation of mannitol ¢,,.

PBioavailability has been calculated by dividing the AUC,_,, corrected for the patients’ average body weight by the AUC,_,, after i.v. administration of mannitol

1 g/kg body weight, as reported by Rudehill et al.'®
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ASCPT

same, the absolute amount of mannitol reaching the
systemic circulation is greater, with a mean AUC,_,
(7.403 mg/ml*h) that is closest to that reported after i.v.
administration of the therapeutic dose of 1 g/kg body
weight, as reported by Rudehill et al. In this case, the
quantitative relationship between AUC,_, after oral
and i.v. administration does not allow osmotic systemic
effects, even if of reduced intensity, to be ruled out.
Therefore, the 50 and 100 g doses of oral mannitol have
the optimal relationship between the absolute quantity
of drug that remains in the intestinal lumen, useful for
bowel preparation, and the absolute quantity of drug
that reaches the systemic circulation and is potentially
capable of causing unwanted systemic osmotic effects.
Interestingly, the three doses of oral mannitol tested in
the present study were also found to have a comparable
mean plasma f,, of about 2.5 h. As expected, this result
is in line with the conclusions reported by Rudehill et al.
after administration of i.v. mannitol (2.44 +0.85h), as this
parameter is independent of the route of administration.
This finding related to the elimination of mannitol has
two clinically relevant consequences. First, any systemic
osmotic side effects from 50, 100, or 150g oral mannitol
are unlikely, and, if they do occur, are of limited extent
and of short duration. Second, oral mannitol is completely
eliminated in less than 24h. Therefore, patient surveil-
lance for any adverse events related to systemic osmotic
effects can be limited to the day of the colonoscopy.

Study limitations

PK sampling was limited as the study was pragmati-
cally conducted in patients who were undergoing bowel
preparation for a colonoscopy; under these conditions,
and particularly in the first 2 h after taking mannitol, the
scheduling of repeated sampling at fixed times while the
patient has repeated bowel discharges is not possible; a
sampling schedule compatible with the patient’s clinical
situation was therefore adopted.

The study was carried out in patients with an indi-
cation to colonoscopy, for whom there was no ethical
justification for the i.v. administration of mannitol in re-
lation to the intense pharmacological effects and the not
infrequent adverse events associated with this treatment,
which is only justified in patients with a specific critical
indication (endocranial hypertension, renal insufficiency
in the anuric phase, and acute glaucoma). For this rea-
son, the bioavailability assessment was not performed in
the same patients with a cross-over study, but with refer-
ence to PK data reported in the literature for i.v. adminis-
tration of mannitol in patients who were candidates for
neurosurgery.

In conclusion, the present PK study showed that 50,
100, and 150g doses of oral mannitol have 20% bio-
availability and a mean plasma t,, of 2.5 h with un-
likely systemic osmotic effects. This evidence suggests
that either 50 or 100 g of oral mannitol could be safely
adopted for bowel cleansing solutions for colonoscopy
preparation.
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