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Aims To examine the effect of timing of a risedronate dose relative to food intake
on the rate and extent of risedronate absorption following single-dose, oral
administration to healthy male and female volunteers.
Methods A single-dose, randomized, parallel study design was conducted with
volunteers assigned to four treatment groups (31 or 32 subjects per group, 127
subjects total). Each subject was orally administered 30 mg risedronate. Group 1 was
fasted for 10 h prior to and 4 h after dosing (fasted group); Groups 2 and 3 were
fasted for 10 h and were dosed 1 and 0.5 h, respectively, before a high-fat breakfast;
and Group 4 was dosed 2 h after a standard dinner. Blood and urine samples were
collected for 168 h after dosing. Pharmacokinetic parameters were estimated by
simultaneous analysis of risedronate serum concentration and urinary excretion rate-
time data.
Results Extent of risedronate absorption (AUC and Ae) was comparable (P=0.4)
in subjects dosed 2 h after dinner and 0.5 h before breakfast; however, a significantly
greater extent of absorption occurred when risedronate was given 1 or 4 h prior to
a meal (1.4- to 2.3-fold greater). Administration 0.5, 1, or 4 h prior to a meal
resulted in a significantly greater rate of absorption (Cmax 2.8-, 3.5-, and 4.1-fold
greater, respectively) when compared with 2 h after dinner.
Conclusions The comparable extent of risedronate absorption when administered
either 0.5–1 h before breakfast or 2 h after an evening meal support previous clinical
studies where risedronate was found to have similar effectiveness using these dosing
regimens. This flexibility in the timing of risedronate administration may provide
patients an alternative means to achieve the desired efficacy while maintaining their
normal daily routine.
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decrease bone turnover and increase bone mass at the hip
Introduction

and spine in early postmenopausal women [2], reduce
pain and normalize biochemical indicators of diseaseRisedronate sodium (1-hydroxy-2-[3-pyridinyl] ethylid-

ene bisphosphonic acid monosodium salt) is a pyridinyl activity in patients with Paget’s disease of bone [3–5],
and prevent bone loss and fractures associated withbisphosphonate developed for the treatment of osteopor-

osis and other metabolic bone disorders, and has recently corticosteroid therapy for rheumatoid arthritis [6, 7].
Previous clinical pharmacokinetic studies havebeen approved for the treatment of Paget’s disease by the

United States Food and Drug Administration (FDA). It described risedronate absorption as relatively rapid
(tmax~1 h) and occurring throughout the upper gastro-is a highly potent antiresorptive agent that binds to

hydroxyapatite in bone and inhibits osteoclast-mediated intestinal tract when administered to different sites [8].
The serum concentration–time and urinary excretionbone resorption [1]. Risedronate has been shown to
rate–time profiles are multiphasic, and the rate and extent
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11], and the dosing instructions for some bisphosphonates developed by the Nutrition Coordinating Center (NCC),
University of Minnesota, Minneapolis, Minnesota, USAspecify that they be taken with water at least 30 min

before food intake, following an overnight fast [12]. (food database version 6A; nutrient database version 21).
All subjects received a single oral dose of 30 mg risedronateHowever, the recommended dosing regimen for risedron-

ate in phase II clinical studies was at least 2 h from (3×10 mg cellulose film-coated tablets, (Procter and
Gamble Pharmaceuticals, Cincinnati, OH, USA) withany meal, with evening dosing 2 h after dinner being

particularly convenient [2]. The regimen for the phase 240 ml of water.
Blood (serum) and urine samples were collected forIII clinical studies is dosing from 0.5 to 1 h before

breakfast [13]. Therefore, the purpose of this study was analysis of laboratory markers (i.e. clinical chemistry,
haematology, and urinalysis). Electrocardiograms wereto compare the rate and extent of risedronate absorption

in healthy volunteers following single-dose, oral adminis- performed at screening, prior to drug administration, and
7 days after dosing. Vital signs were assessed at screening,tration of a 30 mg dose using regimens in which the dose

was given 2 h after dinner followed by an overnight fast, prior to drug administration, and during the final physical
examination (day 8). Subjects were monitored continu-or 0.5, 1 or 4 h before a meal, after an overnight fast.
ously for adverse events. All reported and observed
adverse events, including clinically significant abnormali-

Methods ties in laboratory values, were followed to resolution or
until discharge from follow-up was warranted.

Study design
Venous blood was obtained from each subject immedi-

ately prior to drug administration and at 0.5, 1, 1.5, 2, 3,This was a single-dose, randomized, parallel-design study
that followed Good Clinical Practice guidelines, 4, 5, 6, 8, 10, 12, 14, 16, 20, 24, 28, 32, 40 and 48 h,

and then every 12 h until 168 h after the dose. SerumDeclaration of Helsinki, and was approved by a local ethics
review committee (Besselaar Institutional Review Board, was harvested from the collected blood. A control urine

specimen was obtained from subjects prior to the start ofMadison, WI), with written informed consent obtained
from each subject prior to enrolment. The study population drug administration. Urine was pooled over time intervals

from 0–4, 4–8, 8–12, 12–16, 16–24, 24–32, 32–40, andconsisted of healthy 18–40 year-old male and female
volunteers. Subjects were assigned at random to one of 40–48 h, and then at 12 h intervals until 168 h after the

dose. Urine specimens were refrigerated at 4° C until thefour treatment groups: Group 1 fasted for 10 h prior to
risedronate administration and received the dose 4 h prior entire specimen was obtained. Serum and urine samples

were stored at −20° C until assayed for risedronateto lunch; Group 2 fasted for 10 h prior to drug adminis-
tration and received a high-fat breakfast 1 h after risedronate concentration.

Serum and urine risedronate concentrations wereadministration; Group 3 fasted for 10 h prior to risedronate
administration and received a high-fat breakfast 0.5 h after determined using a solid-phase extraction procedure

coupled with an enzyme-linked immunosorbent assaydrug administration; and Group 4 received risedronate 2 h
after a standard dinner. The high-fat breakfast consisted of (ELISA, procedures on file at Procter & Gamble

Pharmaceuticals). In this method, 1 ml of serum or urinetwo slices of white toast, two pats of butter, two eggs fried
in butter, two slices of bacon, 57 g of hash brown potatoes, is acidified with dilute hydrochloric acid, processed

through a cation exchange column, and the columnand 226 g of whole milk. This breakfast contained
approximately 30 g of protein, 46 g of fat, 50 g of eluate subjected to ELISA. The ELISA is based on

competitive inhibition between a solid-phase antigeniccarbohydrates, and 3066 kJ [14]. The lunch comprised
283 g of vegetable and beef soup with crackers, 85 g of risedronate equivalent and risedronate for the binding

sites on a constant amount of primary antibody. Using asmoked turkey on whole wheat bread with lettuce, 15 ml
of mayonnaise, 142 g of tossed salad with 12 g of light secondary antibody, the primary antibody is quantified

using absorbance detection of colour development. Thesalad dressing, 2 canned peach halves, and 283 g of
skimmed milk. This lunch contained approximately 38 g quantification range of the four-parameter standard curve

was 0.15–6.0 ng ml−1 for both serum and urine. At theof protein, 19 g of fat, 104 g of carbohydrates, and
2999 kJ [14]. The dinner consisted of 113 g of baked lower limit of quantification (0.15 ng ml−1), the

coefficients of variation for the quality control samplesboneless chicken breast, 28 g of light gravy, one baked
potato, one pat of margarine, 0.5 cup of carrot rounds, 0.5 were 19% for serum and 9% for urine. Serum or urine

quality control samples at three risedronate concentrationscup of apple sauce, one large peanut butter cookie, and
283 g of lemonade. The dinner contained approximately (0.20, 1.0, 5.0 ng ml−1) were included in each analysis

of study samples. Quality control interassay coefficient of40 g of protein, 16 g of fat, 103 g of carbohydrates, and
2919 kJ [14]. Nutrient calculations were performed using variation ranged 18–24% and 10–18% for serum and

urine assays, respectively.the Minnesota Nutrition Data System (NDS) software
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scale (a factor of 1.62 on the raw scale) at a 0.05
Pharmacokinetic analysis

significance level using analysis of variance (anova). This
allowed for detection of pairwise differences of at leastRisedronate serum concentration–time and urinary

excretion rate–time data were analysed simultaneously 0.402 on the log scale (a factor of 1.50 on the raw scale)
with 80% power using Fisher’s least significance differenceusing PCNONLIN (version 4.2) software [15]. Data

were analysed using the following equations: (LSD) test. In this study, the observed between subject
standard deviation (on the log scale) was 0.47 for AUC

C= ∑
n

i=1
Cie

−li(t−tlag) (1) and 0.46 for Cmax and at least 31 subjects in each
treatment group were included in the analysis. This
resulted in at least 90% power to detect a difference of
0.48 on the log scale using anova and at least 90% power
to detect pairwise differences of at least 0.402 on the log

dAe

dt
=CL R ∑

n

i=1
Cie

−li(tmid−tlag) (2)
scale using Fisher’s LSD test.

Data were assessed for adherence to normality using
the Shapiro-Wilk normality test and were log-transformedCn=−1·A ∑

n−1

i=1
CiB (3)

as required to satisfy these assumptions. Data were
analysed using anova. If the overall test for treatmentwhere C is the serum concentration of risedronate at
effect was significant (P<0.05), Fisher’s LSD multipletime t, dAe/dt is the urinary excretion rate occurring at
comparison test was used for all pairwise comparisons.the midpoint of the collection interval, tmid is the

Non-parametric analyses were performed if the nor-midpoint time of the urine collection interval, tlag is
mality assumptions were not met for both raw and log-the lag time before onset of drug absorption, n is the
transformed data. The Kruskall–Wallis test was used tonumber of exponents necessary to characterize serum
assess treatment effects; if treatment effects were signifi-concentration-time and urinary excretion rate-time pro-
cant, the nonparametric analogue of Fisher’s protectedfiles, Ci is the ith coefficient, i is the ith exponent, CL R
LSD was used to perform multiple comparisons [19].is the renal clearance of risedronate, and Cn is the
The Wilcoxon–Mann–Whitney test was used to assesscoefficient associated with ln. Predicted serum concen-
gender effects.tration and urinary excretion rate weights were used in

the analysis (1, 1/p, or 1/p2, where p is the predicted
value for that function). Decisions on appropriate weight-
ing and number of exponents required to characterize Results
the serum concentration–time and urinary excretion

Study populationrate–time profiles were based on randomness of scatter of
observed data about the best-fit line and sum of weighted There were no statistically significant differences among
squared residuals [16]. the treatment groups in terms of demographic parameters

Estimated maximum serum concentration (Cmax) and (age, height, gender, body weight) or creatinine clearance.
time of occurrence of Cmax (tmax) were derived using
equation 1. Area under the serum concentration–time
curve (AUC), terminal exponential half-life (t1/2,z), oral Study completion
clearance (CLO), and terminal volume of distribution

Of the 127 subjects who entered the study, 126 completeduncorrected for bioavailability (Vz/F ) were calculated
the study. The one subject (Group 3) who did notfrom estimated coefficients and exponents using standard
complete the study experienced an adverse event ofequations [17, 18]. Cumulative urinary excretion (Ae) of
intermittent leg pain that was judged by the investigatorrisedronate was obtained from AUC and renal clearance
as having a doubtful relationship to the drug. Nevertheless,(CLR).
data from this subject were included in the analysis of
pharmacokinetic parameters. Risedronate concentrations

Statistical analysis
were quantifiable in serum and urine in all 127 subjects,
indicating that risedronate was absorbed after all dosingTreatment group sample size was based on the between

subject variability observed in the pharmacokinetic conditions. However, one subject in Group 3 who
completed the study was not included in the pharmaco-parameters from a previous study [Procter & Gamble

Pharmaceuticals, data on file]. The inclusion of at least kinetic analyses due to an inadequate amount of urine
data with quantifiable risedronate concentrations. This30 subjects per treatment group (120 subjects total) was

selected to provide at least 80% power to detect a subject’s urine output was 5–9 l day−1, compared with
1.5–2.5 l day−1 for the other subjects.difference of 0.48 for the mean AUC or Cmax on the log

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 536–542538



Dosing regimen and risedronate pharmacokinetics

by a 3- or 4-exponential function when fitted simul-
Pharmacokinetic parameters

taneously with a weighting of 1, 1/p, or 1/p2. The
observed and predicted serum concentration–time andMedian serum risedronate concentration–time profiles are

shown in Figure 1 and the median risedronate urinary urinary excretion rate–time profiles were in good
agreement.excretion rate–time profiles are depicted in Figure 2.

These profiles illustrate the dependence of Cmax and tmax Significant differences in AUC and Ae were observed
between treatment groups (P<0.0001; Table 1), althoughon the time of dosing relative to meals (Figure 1) and the

multiphasic elimination of risedronate (Figure 2). Serum there was considerable variability within the treatment
groups. The values of AUC and Ae for subjects receivingconcentration–time and urinary excretion rate–time pro-

files for individual subjects were adequately characterized the dose 4 h before lunch and 1 h before breakfast (Groups
1 and 2, respectively) were significantly larger than for
subjects who received the dose 0.5 h before breakfast and
2 h after dinner (Groups 3 and 4, respectively). Additionally,
AUC and Ae for subjects who received the dose 4 h before
lunch (Group 1) were significantly greater than for subjects
who received the dose 1 h before breakfast (Group 2).
Median CLR was not significantly different among the four
groups (P=0.123).

Differences in Cmax among the four treatment groups
were also statistically significant (P<0.0001; Table 1). In
common with AUC and Ae, considerable variability was
also observed with Cmax. The Cmax values for subjects
who received the dose before a meal (Groups 1–3) were
significantly larger than for subjects who received the
dose 2 h after dinner (Group 4). In addition, Cmax for
subjects who received the dose 4 h before lunch (Group
1) was significantly larger than for subjects who received
the dose 0.5 h before breakfast (Group 3).Time (h)
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The tmax for subjects who received the dose 2 h afterFigure 1 Median risedronate serum concentration-time profile
following single-dose oral administration of 30 mg risedronate to dinner (Group 4) was significantly longer than for
healthy volunteers, 4 h prior to a meal (Group 1; $), 1 h prior the other treatment groups (Groups 1–3) (Table 1).
to a meal (Group 2; #); 0.5 h prior to a meal (Group 3; ,); and Additionally, the tmax for subjects who received the dose
2 h after dinner (Group 4; (). 4 h before lunch (Group 1) was significantly longer than

for subjects who received the dose 0.5 and 1 h before
breakfast (Groups 2 and 3, respectively).

The t1/2,z was significantly different among the treat-
ment groups (P=0.0231; Table 1). The t1/2,z for subjects
who received the dose 0.5 h before breakfast (Group 3)
was significantly shorter than for those subjects who
received the dose 1 or 4 h prior to a meal (Groups 2 and
1, respectively). The observed difference in t1/2,z may
have been due to the inability to quantify risedronate for
equivalent time periods after dosing in serum or urine
samples in order to provide an accurate assessment of this
half-life.

No significant differences in gender were observed for
any of the pharmacokinetic parameters (AUC, Cmax,
tmax, CLR, V z/F, Ae), except within one treatment
group (Group 3) for half-life. Since the difference inTime (h)
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half-life was not consistently observed across the other
Figure 2 Median risedronate urinary excretion rate-time profile

treatment groups (Groups 1, 2 and 4), nor was there afollowing single-dose oral administration of 30 mg risedronate to
trend towards a difference in half-lives within the otherhealthy volunteers, 4 h prior to a meal (Group 1; $), 1 h prior
treatment groups, it was concluded that no genderto a meal (Group 2; #); 0.5 h prior to a meal (Group 3; ,); and

2 h after dinner (Group 4; (). difference existed in half-life.
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Table 1 Risedronate pharmacokinetic parameters after single-dose oral administration of 30 mg risedronate (n=31–32 per group).

Estimate of central tendency (95% confidence intervals)

Group 1 Group 2 Group 3 Group 4
Dosed 4 h Dose 1 h Dosed 0.5 h Dosed 2 h
before lunch before breakfast before breakfast after dinner Overall Multiple
(n=32) (n=31) (n=31) (n=32) P value comparisons*

AUC 15.28 10.44 6.71 7.35 0.0001 3 4 2 1
(ng ml−1 h) (12.74, 18.32) (8.69, 12.54) (5.60, 8.03) (6.16, 8.78)
Cmax (ng ml−1) 3.93 3.38 2.68 0.97 0.0001 4 3 2 1

(3.28, 4.71) (2.82, 4.06) (2.24, 3.20) (0.82, 1.16) —
tmax (h) 0.58 0.38 0.31 1.64 0.0001 3 2 1 4

(0.43, 0.74) (0.22, 0.53) (0.16, 0.47) (1.49, 1.79)
t1/2,z (h)† 88.8 92.8 65.8 74.3 0.0231 3 4 2 1

(82.2, 121.0) (82.9, 107.4) (57.7, 90.0) (70.5, 116.9) —
CLR 0.0743 0.0732 0.0816 0.0677 0.1232 4 2 1 3
( l h−1 kg−1) (0.0704, 0.0835) (0.0675, 0.0818) (0.0724, 0.0945) (0.0628, 0.0759)
Ae (mg) 86.7 49.6 39.2 33.8 0.0001 4 3 2 1

(76.9, 105.8) (46.3, 72.3) (31.6, 55.9) (30.4, 50.0)

AUC: area under the serum concentration–time profile from time 0 to infinity; Cmax: maximum serum concentration; tmax: time that the
maximum serum concentration occurs, corrected for lag time (tlag ); t1/2,z: half-life of the terminal exponential phase; CLR: renal clearance; Ae:
cumulative amount of drug excreted in urine from time 0 to infinity.
*Groups are ordered from smallest to largest using either mean, geometric mean, or mean rank score, in accordance with the statistical analysis
used. Underlined treatments indicate no significant difference between treatments.
†Mean rank scores are the basis for treatment comparisons in the non-parametric analysis. In the case of t1/2,z, the ordering for mean rank scores
differs from the ordering for medians.

dinner (Group 4) than when given prior to a meal
Adverse events

(Groups 1, 2 and 3, respectively). These results are similar
to those reported previously for tiludronate [20]. TheFifty-three of the 127 enrolled subjects (42%) experienced

one or more adverse events. One subject did not 75% reduction in Cmax of risedronate when given 2 h
after dinner (Group 4) as compared with 4 h before lunchcomplete the study due to intermittent leg pain. This

event was judged by the investigator to have a doubtful (Group 1) was similar to the 80% reduction in Cmax

observed for tiludronate given 2 h after a meal asrelationship to the drug.
The four treatment groups were comparable with compared with fasting [20]. However, the significant

(32%) reduction in Cmax for risedronate when adminis-respect to the number of participants reporting clinical
adverse events (Table 2). Overall, the most frequently tered 0.5 h before breakfast with respect to 4 h prior to

a meal was not as large as that reported for tiludronatereported adverse events were headache, nausea, dizziness,
diarrhoea and myalgia. These were primarily mild in given just before breakfast (80% decrease in Cmax) [20].

The tmax was three to five-fold greater when subjectsnature. No clinically relevant changes were observed in
clinical chemistry parameters. received the dose 2 h after dinner (Group 4) compared

with the other three treatment groups. Since similar rates
of absorption of risedronate solutions administered to

Discussion
stomach, duodenum and terminal ileum have been
reported [8], the greater tmax is probably due to slowerBisphosphonates have generally demonstrated low

bioavailability [10], which is significantly inhibited by absorption in the presence of food (Figure 1). In contrast
to these results, administration of tiludronate 2 h after afood. The purpose of this study was to compare the rate

and extent of risedronate absorption in healthy volunteers normal meal is reported to result in a shorter tmax [20].
Based on AUC and Ae, the extent of risedronatefollowing oral administration of a single 30 mg dose using

regimens of dosing 2 h after dinner followed by an absorption for subjects receiving a dose 0.5 h before
breakfast and 2 h after dinner (Groups 3 and 4,overnight fast, or an overnight fast followed by dosing

0.5, 1 or 4 h before a meal. respectively) was reduced by 55% when compared with
subjects given the dose 4 h before lunch (Group 1) andThe value of Cmax was significantly lower (approxi-

mately threefold) when risedronate was given 2 h after by 30–35% when compared with subjects given the dose

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 536–542540
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Table 2 Summary of adverse events.

Group 1 Group 2 Group 3 Group 4
Dosed 4 h before lunch Dosed 1 h before breakfast Dosed 0.5 h before breakfast Dosed 2 h after dinner

(n=32) (n=31) (n=32) (n=32)
n (%) n (%) n (%) n (%)

13 (40.6) 13 (41.9) 11 (34.4) 16 (50.0)Number of subjects with
adverse eventsa

Number of adverse events 24 25 31 20
reported

Number and incidence of
most frequently reported
adverse eventsa

Headache 3 (9.4) 7 (22.6) 2 (6.3) 1 (3.1)
Nausea 3 (9.4) 1 (3.2) 3 (9.4) 0
Dizziness 4 (12.5) 0 3 (9.4) 0
Diarrhoea 2 (6.3) 1 (3.2) 1 (3.1) 3 (9.4)
Myalgia 0 1 (3.2) 2 (6.3) 3 (9.4)

aPatients who experienced one or more adverse events were counted only once.

1 h before breakfast (Group 2). These results suggest that study ranged 66–93 h. Half-lives for other bisphospho-
nates include 12.8 h for clodronate [24, 25], 27.2 h forthe change in the dosing regimen will result in a similar

systemic exposure to risedronate if administered approxi- pamidronate [26], 50 h for tiludronate [27, 28], 17 days
for etidronate [29] and 10 years for alendronate [30].mately 0.5 h before breakfast or 2 h after an evening

meal. However, if risedronate is administered 1 h before Estimation of a t1/2,z for many bisphosphonates is difficult
due to an inadequate duration of drug quantification inbreakfast, an approximately 1.5-fold increase in systemic

drug exposure could occur relative to dosing 0.5 h before serum, plasma, or urine samples, and the use of more
conventional methods of analysis. Therefore, manybreakfast or 2 h after dinner. The decrease, relative to

fasting, in extent of absorption of risedronate administered pharmacokinetic parameters reported for bisphosphonates
should be viewed with caution until the analytical0.5 h before breakfast is similar to that reported for

alendronate administered 0.5 and 1 h before a meal [21]. methodology improves to allow monitoring of serum or
urine drug concentrations for a time period equal to twoAdministration of oral risedronate 2 h after an evening

meal results in a 50% decrease in the extent of absorption or three half-lives, or alternatively by using simultaneous
analysis if serum concentrations are not quantifiable forrelative to 4 h prior to a meal. In contrast, the extent of

alendronate absorption has been reported as essentially two or three half-lives [31].
As seen in previous clinical trials, risedronate was wellzero following oral administration 2 h after a meal [22],

and tiludronate absorption has been shown to be reduced tolerated [3–6, 8, 32, 33]. The number of adverse events
was similar among the four risedronate dosing regimens.by 80% relative to fasting [20].

The implications of these results have been demon- Only one subject in the present study discontinued
risedronate therapy. This subject reported intermittentstrated in clinical studies where similar safety and efficacy

profiles in the treatment of Paget’s disease were observed leg pain that was judged to have a doubtful relationship
to the drug.using dosing regimens of 2 h after meals ( phase II) [3–5]

and 0.5–1 h before breakfast ( phase III) [13]. These In conclusion, the comparable extent of risedronate
absorption when administered either 0.5–1 h beforestudies demonstrated the same percentage decrease

(~80%) in excess alkaline phosphatase (a pharmaco- breakfast or 2 h after an evening meal support previous
clinical studies where risedronate was found to havedynamic marker elevated in Paget’s disease), relative to

baseline, when risedronate was administered 2 h after a similar effectiveness using these dosing regimens. This
flexibility in the timing of risedronate administration maymeal or in the morning, 0.5–1 h before breakfast. Since

the pharmacodynamic results correlate with the extent of provide patients an alternative means to achieve the
desired efficacy while maintaining their normal dailyabsorption (AUC and Ae), these results suggest that the

amount of drug absorbed, not the peak serum concen- routine.
trations (Cmax), is related to the efficacy of risedronate in
the treatment of Paget’s disease [23]. The authors wish to thank Frank van den Ouweland MD, PhD

for his assistance in the monitoring and evaluation of safety data.The median t1/2,z for the four treatment groups in this
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