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Background and aims: Clinical data regarding alendronate jelly are limited. We com-
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Methods: In this 6-month, open-label, prospective, observational study, Japanese

patients aged >60 years with primary osteoporosis were included from 14 primary
care centres in Japan. The effects of once-weekly alendronate oral jelly and tablet for-
mulations on bone mineral density (BMD), bone turnover markers, and quality of life
related to gastrointestinal symptoms were assessed at baseline and 6 months. Treat-
ment was allocated by patient preference. This potentially confounding factor was

adjusted for statistically.
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Results: In total, 170 patients were enrolled (jelly, n = 97; tablet, n = 73). Mean per-
cent changes in radius, lumbar spine, femoral neck, and hip BMD were similar in both
treatment groups at 6 months. Both formulations decreased tartrate-resistant acid
phosphatase 5b (TRACP-5b) and procollagen 1 N-terminal peptide (P1NP) between
baseline and 6 months (by about 50% and 60%, respectively); no significant differ-
ences in mean changes were noted in these markers between groups. At 6 months,
no significant differences were noted in visual analogue scale or EuroQOL five-
dimension questionnaire scores between groups. The jelly group had significantly
lower scores than the tablet group in the Izumo scale domains of heartburn (-0.81,
P = 0.0040), epigastralgia (-0.94, P = 0.0003), and epigastric fullness (-0.49,
P = 0.044). During treatment, more patients discontinued for upper gastrointestinal

Conclusions:

KEYWORDS

1 | INTRODUCTION

Osteoporosis is a metabolic bone disorder with skeletal fragility and
deterioration of bone structure that occurs most commonly in elderly
people.? The number of patients with osteoporosis, and those with
fragility fractures, is rapidly increasing as a consequence of the
increase in aging populations. This increasing prevalence, and the
resulting fragility fractures, represents a worldwide socio-economic
burden.®” Aging population growth is higher in Japan than in any
other country; 26% of the Japanese population is >65 years old, and
the average life span is 86.99 years for Japanese women and
80.75 years for Japanese men.®

Bisphosphonates remain among the most frequently prescribed
drugs for osteoporosis in clinical settings.” Of these, alendronate has
been globally used to treat patients with osteoporosis since the
1990s, reducing the risk of vertebral or hip fracture by approximately
50% compared with placebo during a 36-month observation period in
the Fracture Intervention Trial.1%*2 Although oral bisphosphonates
increase bone mineral density (BMD) by inhibiting osteoclast bone
resorption, and reduce fracture risk,*® an exact dosage must be taken,
and tablets must be swallowed with approximately 180 mL of plain
water at least 30 minutes before the first meal, drink, or medication
of the day. Additionally, patients cannot lie down for at least
30 minutes after taking them.

Although previous studies reported that patients taking oral
bisphosphonates develop upper gastrointestinal symptoms,#1¢
recent studies have failed to find a relationship between the use of
oral bisphosphonates and upper gastrointestinal symptoms.2”"2° Con-
versely, upper gastrointestinal symptoms were not associated with the
administration of oral bisphosphonates.?*2> The poor reported adher-
ence to oral bisphosphonates is attributable to adverse drug reactions
and the complexity of dosage, and around 50% of patients discontinue

within a year of initiating treatment.23° Previous reports indicate

symptoms in the tablet group (n = 4) than the jelly group (n = 1).
Once-weekly alendronate oral jelly 35 mg may be a suitable alterna-

tive therapeutic agent for primary osteoporosis in Japan.

alendronate, bone density, drug administration routes, elderly, Japanese, osteoporosis

that fracture prevention effects can only be achieved with good treat-
ment adherence or an approximate medication possession ratio of
>80%.31735

A bisphosphonate daily oral tablet formulation was first launched
in the 1990s, after which weekly and monthly oral tablet and injection
formulations were sequentially developed to increase therapeutic
options for patients, decrease adverse drug reactions, and improve
treatment adherence.34#* A weekly alendronate oral jelly formulation
was developed in Japan and approved and launched after a study
showed its bioequivalence to the weekly alendronate tablet.*?**
However, one of the previous bioequivalence studies involved healthy
participants.*? Until now, the clinical therapeutic effects of oral jelly
treatment have not been examined in patients with primary osteopo-
rosis. A recent study comparing alendronate in intravenous injection
and oral jelly forms found no significant differences in terms of effi-
cacy between both formulations.** However, clinical data on the
effects of alendronate oral jelly are scarce.

The purposes of this study were to compare once-weekly
alendronate oral jelly and once-weekly tablet formulations to clarify
the efficacy and safety of oral jelly for Japanese patients with primary
osteoporosis and to identify similarities and differences between the

two formulations.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a 6-month, open-label, prospective, nonrandomized, parallel-
group, observational study conducted in 14 primary care centres in
Japan between August 2013 and March 2016. The study was per-
formed in accordance with the Declaration of Helsinki. The protocol

was approved by the institutional review boards of all participating
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centres. Prior to commencing any study procedure, the purposes and
methods of this study were explained to all participants, who provided

written informed consent.

2.2 | Patients and treatment

Patients were aged >60 years and had primary osteoporosis according
to the 2012 diagnostic criteria for primary osteoporosis of the
Japanese Society for Bone and Mineral Research.*®> Key exclusion
criteria were oesophageal abnormalities such as stricture or achalasia,
inability to stand or sit upright for at least 30 minutes, hypocalcaemia,
hypersensitivity to bisphosphonates, secondary osteoporosis, serious
cardiovascular disease, serious renal or hepatic dysfunction, and malig-
nant neoplasm.

We administered either alendronate oral jelly 35 mg or
alendronate oral tablet 35 mg once weekly to patients with osteopo-
rosis. Patients were treated and evaluated during a 6-month period.
The treatment drugs were selected according to the patient's prefer-
ence after the patient was informed of the drug characteristics. Impor-
tant risk factors were collected to account for potential confounders
in assessing differences between treatments. Concurrent use of
antiresorptive drugs other than the treatment drugs, such as selective
oestrogen receptor modulators, denosumab, or bisphosphonates, as
well as bone anabolic agents like teriparatide, was prohibited.

2.3 | Patient survey

At the time of providing written informed consent, patients concur-
rently answered a structured questionnaire in which they were asked
about the following: if they had ever taken the incorrect medication
due to confusion between similar forms, if they had ever experienced
the feeling of medicine lodged in the throat, and if they had any pref-
erence for treatment with medication in either a jelly or tablet formu-
lation. We also asked why they chose either formulation based on
several categories in the questionnaire given to both groups, includ-
ing “easy to swallow,” “high potential for therapeutic effect,” “new

» o«

formulation,” “clear distinguishability,” “lower frequency of forgetting
the medication,” “decreased frequency of adverse drug reactions,”
and “easy handling.” On the basis of their responses to the above
questions, we treated the patients with their preferred drug

formulation.

2.4 | Measurements of BMD and bone turnover
markers

BMD was measured at the distal 1/3 radius, lumbar spine, femoral
neck, or hip using dual energy X-ray absorptiometry at baseline and
6 months at each institution. Serum samples to measure bone turn-
over markers were collected at each site at baseline and at 3 and
6 months. The bone turnover markers were quantified by various
commercial vendors using immunoassay kits, according to the
manufacturers' instructions, to detect the bone resorption marker
serum tartrate-resistant acid phosphatase 5b (TRACP-5b; DS

Pharma Biomedical Co, Ltd, Tokyo, Japan; catalogue number

Open Access

22000AMX00076000) and the bone formation marker serum
procollagen 1 N-terminal peptide (P1INP; Roche Diagnostics K.K.,
Tokyo, Japan; catalogue number 22500AMX00891000). This allowed
us to investigate both bone resorption and formation from the same
samples.

2.5 | Assessment of QOL by the Izumo scale
questionnaire, visual analogue scale (VAS), and
EuroQOL five-dimension questionnaire (EQ-5D)

The Izumo scale is a useful disease-specific tool that comprehensively
evaluates patients' quality of life (QOL) based on gastrointestinal
symptoms; it has been validated among Japanese patients.*® The
questionnaire consists of five domains and 15 questions. In the pres-
ent study, three domains (heartburn, epigastralgia, and epigastric full-
ness) and nine questions were used to assess QOL derived from
upper gastrointestinal symptoms at baseline and at 1, 3, and
6 months. The EQ-5D*” was used to measure preference-based
and health-related QOL from baseline to 3 and 6 months. The
VAS*® was used to assess lower back pain from baseline to 3 and

6 months.

26 |
(AEs)

Treatment persistence and adverse events

After each QOL assessment (at baseline and 1, 3, and 6 months), we
asked patients additional questions to assess treatment persistence,
including whether they wished to change the alendronate formula-
tion being administered. If the answer was affirmative, we asked
them to provide reasons. We collected and aggregated all AEs,
regardless of whether they had a causal relationship with the treat-

ment drugs.

2.7 | Statistical analysis

All obtained data were analysed using SAS software, version 9.4 (SAS
Institute, Cary, North Carolina) by one author (Y.U.). All statistical tests
were two-sided, and statistical significance was set at P < 0.05.

We aggregated the number of patients per reply (yes,
occasionally yes, or no) for each question and calculated the
proportion of patients. After testing for normality, baseline character-
istics between groups were compared using Student's t test for
continuous variables and the chi-square test for categorical variables.
Comparisons of percent changes from baseline to each visit point in
BMD, changes in BMD, VAS scores, EQ-5D scores, and lzumo
scale scores between groups were also performed using Student's t
test. Comparisons of percent changes from baseline to each visit point
in bone turnover markers were compared using the Wilcoxon
rank-sum test.

Finally, to calculate the mean values of percent change in BMD,
the BMD values for each individual at baseline and 6 months after
treatment were used. Additionally, to compare mean QOL scores over
time between groups, we applied a mixed-model approach for

repeated measures using post-treatment QOL scores at each visit as
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response values. As the treatment drugs were allocated according to
patient preference, we adjusted potential confounding factors by
including them in the model as explanatory variables. For explanatory
variables, in addition to group and visit (time), age, history of fracture,
use of gastrointestinal drugs, use of nonsteroidal anti-inflammatory
drugs (NSAIDs), and baseline QOL scores were included to account
for confounding between groups. Additionally, patients were included
as a random effect in order to consider the correlation among patients.
The coefficient for each group represents the mean QOL difference
between the treatment drugs over the study period.

3 | RESULTS

3.1 | Patient disposition and drug formulation
preference

A total of 170 patients (jelly treatment group, n = 97; tablet treatment
group, n = 73) were enrolled in the present study, from 14 institutions.
Details of patient disposition at 1, 3, and 6 months per treatment
group are shown in Figure 1.

Table 1 shows the answers of patients based on their experiences
while taking medication in general and reasons for their preference of
drug formulation at baseline. In the jelly treatment group, 21.6% of
patients responded “yes” or “occasionally yes” when asked whether
they had experienced taking the wrong medicine, and 24.8% of

Patient selection

-Patients with primary osteoporosis

-Age 260 years

-Informed consent

-Excluded patients who met the exclusion criteria

|

Patient’s preference of treatment

-Jelly formulation

-Tablet formulation

"

patients experienced the sensation of having medicine lodged in the
throat. In the tablet treatment group, 6.9% of patients answered
“yes” or “occasionally yes” to both questions. Additionally, we asked
patients why they preferred the jelly or tablet formulation. The most
common answer was “easy to swallow,” and the proportion was
52.6% and 83.6% in the jelly and tablet treatment groups, respectively.
Regarding the reasons for patient preference for the alendronate jelly
formulation, 10.3% of patients responded that they preferred it for its
perceived high potential for therapeutic effects, 13.4% for its new for-
mulation, 32.0% for its clear distinguishability, 16.5% because they
forgot their medication less often, and 8.2% because of a perceived

lower risk of adverse drug reactions.

3.2 | Baseline characteristics

Table 2 shows baseline characteristics of patients in both treatment
groups. Patients in the jelly and tablet treatment groups had a
mean + standard deviation (SD) age of 76.47 + 8.00 years and
75.48 + 6.46 years, respectively. In both groups, most patients were
female (94.8% and 93.2%, respectively). The proportions of patients
with a history of any fracture (spine, hip joint, coccyx, wrist joint, or
others) in the jelly and tablet treatment groups were 74.2% and
64.4%, respectively. Regarding drugs acting on the gastrointestinal
tract, a total of 60.8% of patients in the jelly treatment group and

60.3% in the tablet treatment groups were using proton pump

Jelly treatment group
n=97

Tablet treatment group
n=73

v

v

n=91
Discontinuation, n=6
-No visit to the hospital, n=5
-Request for discontinuation, n=1

-Hives, n=1

n=65
Discontinuation, n=8
-No visit to the hospital, n=6
-Stomach pain, n=1

)

v

n=85
Discontinuation, n=6
-No visit to the hospital, n=3
-Changed to tablet, n=2
-Constipation, n=1

3 months

n=60
Discontinuation, n=5
-Stomach discomfort, n=2
-No visit to the hospital, n=1
-Feeling unwell, n=1
-Request for discontinuation, n=1

v

v

n=76
Discontinuation, n=9
-Changed to tablet, n=3
-No visit to the hospital, n=2

n=58
Discontinuation, n=2
-No visit to the hospital, n=1
-Stomach discomfort, n=1

-Right pubic bone fracture, n=1
-Stomach pain, n=1
-Sensation of cold, n=1
-Dental treatment, n=1

FIGURE 1 Study design and patient
disposition
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TABLE 1 Patient experience while taking medication and reasons
for preference of drug formulation at baseline

Jelly Tablet
n (%) n (%)
Experience of taking the Yes 1(1.0) 1(1.4)
wrong medication Occasionally yes 20 (20.6) 4 (5.5)
No 76 (78.4) 68 (93.2)
Experience of feeling Yes 6 (6.2) 1(1.4)
medication lodging Occasionally yes 18 (18.6) 4 (5.5)
in the throat No 73 (75.3) 68 (93.2)

51 (52.6) 61 (83.6)
10 (10.3) 2(2.7)

Reasons for preference
for jelly or tablet
formulation

Easy to swallow

High potential for
therapeutic effects

New formulation 13 (134) 1(1.4)

Clear distinguishability 31 (32.0) 1 (1.4)

Decrease in forgetting 16 (16.5) 1 (1.4)
to take medicine

Decrease of adverse 8(8.2) 0

drug reaction
Easy handling 7 (7.2) 8(11.0)
Others 4 (4.1) 6(8.2)

inhibitors, H2 blockers, or mucosal protectants. Further, 28.9% and
32.9% of patients in the jelly and tablet treatment groups, respec-
tively, were using NSAIDs.

There were no significant differences in baseline factors between
groups, except for hip BMD. The young adult mean (YAM) hip BMD in
the jelly treatment group was significantly lower than that in the tablet
treatment group (67.76 + 7.92% vs 73.3 = 11.48%, P = 0.04, t test).

TABLE 2 Baseline characteristics of patients by treatment group

Open Access

3.3 | Changes in BMD after 6 months of treatment

Table 3 shows the percent change in BMD in the radius, lumbar spine,
hip, and femoral neck from baseline to 6 months.

Figure 2 shows the time course changes in mean BMD (% YAM) in
the radius, femoral neck, lumbar spine, and hip from baseline to
6 months. Changes in BMD in all sites were not significantly different

between the two treatment groups.

3.4 | Changes in bone turnover markers after 3 and
6 months of treatment

Baseline values of TRACP-5b and P1NP are shown in Table 2, and
time course changes in median (interquartile [IQR]) values of those
from baseline to 3 or 6 months, in Figure 3. Median (IQR) percent
changes in TRACP-5b decreased significantly (P < 0.0001) in the jelly
and tablet treatment groups, respectively, by 42% (22%, 56%) and
40% (24%, 51%) at 3 months and 47% (33%, 66%) and 50% (26%,
57%) at 6 months. Median (IQR) percent changes in PINP decreased
significantly (P < 0.0001) in the jelly and tablet treatment groups,
respectively, by 46% (33%, 61%) and 48% (39%, 60%) at 3 months
and 57% (38%, 69%) and 57% (46%, 69%) at 6 months, respectively.
No significant differences were noted between treatment groups in
the mean values of either TRACP-5b (P = 0.15, P = 0.24, and

Jelly (n = 97) Tablet (n = 73)
Characteristic n % or Mean % SD n % or Mean * SD P Value®
Sex, n (%) Female 92 94.8 68 93.2 0.62
Male 5 52 5 6.8 -
Age, years, mean * SD 97 76.47 £ 8.00 73 75.48 £ 6.46 0.39
Menopause, years, mean + SD 16 48.94 + 3.07 23 49.57 +1.73 0.42
Body mass index, kg/mz, mean = SD 95 22.45 + 3.70 73 2245 + 3.15 1.00
Radius, % YAM, mean + SD 41 66.95 + 11.30 7 70.57 + 14.09 0.45
Lumbar, % YAM, mean + SD 55 71.69 + 11.38 66 73.83 = 15.08 0.39
Femoral neck, % YAM, mean + SD 47 6243 +8.01 60 65.33 £ 11.01 0.13
Hip, % YAM, mean + SD 29 67.76 £7.92 30 73.3+11.48 0.04
TRACP5b, mU/dL, median (IQR) 97 463.0 (379.0, 611.0) 61 494.0 (394.0, 666.0) 0.15
PINP, ng/mL, median (IQR) 93 54.00 (40.50, 71.70) 60 57.85 (39.95, 74.20) 0.77
VAS, mm, mean + SD 96 41.46 + 27.59 73 37.20 + 25.68 0.31
EQ-5D, mean + SD 96 0.67 + 0.15 73 0.70 £ 0.16 0.27
History of all fractures, n (%) 72 74.2% 47 64.4% 0.17
History of vertebral fractures, n (%) 60 61.9% 38 52.1% 0.21
Number of vertebral fractures, n (%) 60 81% 38 54% 0.24
Use of proton pump inhibitor, n (%) 16 16.5% 10 13.7% 0.67
Use of H2 blocker, n (%) 9 9.3% 10 13.7% 0.27
Use of mucosal protectant, n (%) 37 38.1% 31 42.5% 0.32
Total use of gastrointestinal drugs %, n (%) 59 60.8% 44 60.3% 0.94
Use of NSAIDs, n (%) 28 28.9% 24 32.9% 0.33
Use of vitamin D3, n (%) 51 52.6% 40 54.8% 0.47

Abbreviations: EQ-5D, EuroQOL five-dimension (questionnaire); IQR, interquartile range; NSAID, nonsteroidal anti-inflammatory drug; PINP, serum
procollagen 1 N-terminal peptide; SD, standard deviation; TRACP-5b, serum tartrate-resistant acid phosphatase 5b; VAS, visual analogue scale; YAM,

young adult mean.

2Student's t test for continuous variables and the chi-square test for categorical variables.
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TABLE 3 Percent changes in BMD from baseline to 6 months

P Value
Jelly Tablet (Jelly vs Tablet)?

Radius 0.29

n 31 6

% change, mean + SD 1.1+27 -0.1+0.7

P value vs baseline? 0.028 0.79
Lumbar spine 0.31

n 44 49

% change, mean + SD 4.6 +7.2 33+47

P value vs baseline® 0.0001 <0.0001
Femoral neck 0.37

n 39 47

% change, mean + SD  1.5+77 23+49

P value vs baseline? 0.40 0.0028
Hip 0.70

n 22 18

% change, mean + SD 1.7 £ 3.2 22+53

P value vs baseline® 0.022 0.09

Abbreviations: BMD, bone mineral density; SD, standard deviation.
t test.

P = 0.12, Wilcoxon rank-sum test) or PAINP (P = 0.77, P = 0.86, and
P = 0.75, Wilcoxon rank-sum test) at baseline and 3 and 6 months,
respectively.

Change in radius BMD

»
» '

—Jelly
=== Tablet

Mean BMD (%), YAM

0.35

0.30
Baseline
Jelly, mean = SD 0.435 * 0.073
Tablet, mean + SD  0.456 * 0.090

C) 4
0.95
09
0.85
08
0.75
0.7
0.65
06

& months
0.453 * 0.076
0.466 = 0.093

Change in lumbar spine BMD

—_

—Jelly

-=-= Tablet

Mean BMD (%), YAM

1
{
'
s

Baseline
Jelly, mean £ SD  0.757 + 0.121
Tablet, mean + SD 0.764 * 0.158

6 months
0.809 = 0.124
0.801 = 0.172

3.5 | Changes in QOL and VAS

Figure 4 shows changes in the Izumo scale scores from baseline to 1, 3,
and 6 months. The mean (£SD) change in the heartburn domain was
-0.08 (+1.58) and 0.88 (+2.38) at 1 month, -0.02 (+1.79) and 0.60
(¥1.77) at 3 months, and 0.09 (+1.41) and 0.50 (+1.71) at 6 months in
the jelly and tablet treatment groups, respectively. The mean (+SD)
change in the epigastralgia domain was -0.13 (+1.01) and 0.71 (+1.99)
at 1 month, -0.06 (+1.25) and 0.67 (x1.75) at 3 months, and 0.03
(£1.23) and 0.59 (£1.51) at 6 months in the jelly and tablet treatment
groups, respectively. The mean (+SD) change in the epigastric fullness
domain was 0.03 (+1.13) and 0.62 (+2.10) at 1 month, -0.17 (+1.40)
and 0.09 (+1.69) at 3 months, and 0.14 (+1.66) and 0.24 (+1.43) at
6 months, respectively. Significant differences between the two groups
were found in the heartburn domain at 1, 3, and 6 months (P = 0.0032,
0.041, and 0.14, respectively, t test) and in the epigastralgia domainat 1,
3, and 6 months (P = 0.0008,0.0044, and 0.021, respectively). No signif-
icant differences were observed in the epigastric fullness domainat 1, 3,
and 6 months (P = 0.029, 0.33, and 0.70, respectively, t test).

Changes in the VAS and EQ-5D scores are shown in Table 4. No

significant differences were noted between the two treatment groups

(B) 065 Change in femoral neck BMD
po —Jelly
= 060 »
£ -~ Tablet
T o0ss
c  — -
a
D 0.50
5
@
=
0.45 L
0.40
Baseline & months
Jelly, mean * SD  0.524 * 0.083 0.532 * 0.096
Tablet, mean *+ SD  0.529 * 0.090 0.528 *+ 0.082
(D) Change in hip BMD
0.75 — Jelly
-
i
= 070 i T —-- Tablet
< 1 i
£ i
£ 085
[=]
=
o 0.60
<
&
o
= 055
0.50
Baseline 6 months
Jelly, mean + SD 0.599 * 0.069 0.612 + 0.061
Tablet, mean + SD 0.639 * 0.094 0.637 + 0.074

FIGURE 2 Time course changes in mean values of BMD in the, A, radius, B, femoral neck, C, lumbar spine, and, D, hip from baseline to 6 months.
Abbreviations: BMD, bone mineral density; YAM, young adult mean; SD, standard deviation

Change in TRACP-5b

z

1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

—Jelly
-=~ Tablet

TRACP-5b (mU/dL)

Baseline

3 months

6 months

Jelly, median (IQR) 463.0 (379.0,611.0) 259.0(194.5, 359.0)
Tablet, median (IQR) 494.0 (394.0,666.0) 274.0(232.0, 406.0)

225.0(182.0,343.0)
289.0 (202.0, 356.5)

Change in PINP

(B)

— Jelly
-== Tablet

P1NP (ng/ml)

Baseline

3 months

6 months

Jelly, median (IQR)  54.0 (40.5,71.7)
Tablet, median (IQR)  57.9 (40.0, 74.2)

26.0 (19.4,39.8)
27.4 (19.7, 36.4)

22.8(16.1,33.2)
21.3(17.1,29.0)

FIGURE 3 Time course changes in median (IQR) values of, A, TRACP-5b and, B, PINP from baseline to 3 and 6 months. Abbreviations:
TRACP-5b, serum tartrate-resistant acid phosphatase 5b; PINP, serum procollagen 1 N-terminal peptide; IQR, interquartile range
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in VAS and EQ-5D scores. VAS scores showed significant lower back
pain reduction at 3 and 6 months in each group. In both the jelly
and tablet treatment groups, VAS scores were significantly different
at O vs 3 months (n = 82, P = 0.002; n = 58, P = 0.0008, respectively,
paired t test) and O vs 6 months (n = 73, P = 0.0197; n = 58,
P = 0.0002, respectively, paired t test). EQ-5D scores showed signifi-
cant improvements in health-related QOL at 3 and 6 months in both
groups; however, there were no differences between the groups. In
both the jelly and tablet treatment groups, EQ-5D scores were signif-
icantly different at O vs 3 months (n = 82, P = 0.0041; n = 58,
P < 0.0001, paired t test) and O vs 6 months (n = 73, P = 0.0039;
n = 58, P = 0.0356, paired t test).

Table 5 shows a comparison of the mean Izumo scale scores over
time between groups, adjusting for confounding factors using a mixed-
model, repeated-measures approach. The jelly treatment group had sig-
nificantly lower scores than the tablet treatment group in all Izumo scale
domains: -0.81(95% Cl, -1.35 to -0.26; P = 0.0040) for heartburn, -0.94
(95% Cl, -1.44 to -0.44; P = 0.0003) for epigastralgia, and -0.49 (95% Cl,
-0.97 to -0.013; P = 0.044) for epigastric fullness, using linear mixed-
effects models. No significant differences in Izumo domain scores were
observed for other factors, including visit, age, history of vertebral frac-
ture, use of gastrointestinal drugs, and use of NSAIDs.
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3.6 | Treatment persistence and AEs

In terms of treatment persistence, when patients in the jelly treatment
group were asked (at baseline and 1, 3, and 6 months) if they wished
to switch to alendronate in tablet formulation, five patients (from
baseline to 6 months) chose to switch to the tablet formulation. The
reason given was that they experienced difficulty when swallowing
the jelly.

AEs that led to discontinuation are shown in Figure 1. In the first
month, the most common reason for discontinuation in both groups
(jelly treatment group, n = 5; tablet treatment group, n = 6) was “did
not attend hospital visit.” In the third month, the main reasons for dis-
continuation were “did not attend hospital visit” (n = 3) in the jelly
treatment group and “stomach discomfort” (n = 2) in the tablet treat-
ment group. At 6 months, the most common reason for discontinua-
tion in the jelly treatment group was “switched to tablet” (n = 3). In
the tablet group, two patients discontinued at this time: one for “stom-
ach discomfort” and one for “did not attend hospital visit.” Notably,
from baseline to 6 months, more patients discontinued for upper gas-
trointestinal symptoms (ie, “stomach discomfort” or “pain”) in the tab-
let treatment group (n = 4) than did patients in the jelly treatment

group (n = 1).

C

Change in epigastralgia of lzumo scale
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150
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FIGURE 4 Change in Izumo scale score domains: A, heartburn, B, epigastralgia, and, C, epigastric fullness from baseline to 1, 3, and 6 months

TABLE 4 Change in VAS scores and EQ-5D scores from baseline to 6 months

0-1 mo 0-3 mo 0-6 mo
Between- Between- Between-
P group P P group P P group P
n  Mean = SD Value® Value? n  Mean £ SD Value*  Value® n Mean £ SD Value* Value®
VAS Jelly 88 -3.85+18.70 0.0564 0.82 82 -7.61+21.26 0.002 0.69 73 -8.86 +30.35 0.0197 0.67
Tablet 64 -3.17+£17.91 0.1619 58 -9.01+19.31 0.0008 58 -10.80 + 20.43 0.0002
EQ-5D Jelly - - - - 82 0.04+0.12 0.0041 0.21 73 0.06 £0.10 0.0039 0.74
Tablet - - - - 58 0.05+0.14 <0.0001 58 0.04 £0.14 0.0356

Abbreviations: EQ-5D, EuroQOL five-dimension (questionnaire); SD, standard deviation; VAS, visual analogue scale.

t test.
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TABLE 5 Between-group comparison of the averaged Izumo scale scores over time adjusting for baseline factors using a linear mixed-effect model, repeated-measures approach

Epigastric Fullness

Epigastralgia

Heartburn

P Value

95% ClI

Coefficient Value

1.67
0.70

P Value

95% ClI

Coefficient value

1.33
0.87

95% Cl P Value

Coefficient Value

245
0.66

Variable

0.179
<0.0001

0.287 (-0.78, 4.13)

<0.0001

(-1.14, 3.80)
(0.697, 1.042)

0.093

(-0.37, 5.26)
(0.52, 0.81)

Intercept

(0.573, 0.823)

<0.0001

Baseline score

Reference
-0.49

Reference
-0.942

Reference
-0.81

Tablet
Jelly

Treatment

0.044

(-0.97, -0.013)

0.0003

(-1.44, -0.44)

0.0040

(-1.35, -0.26)

Reference
-0.16
0.090

Reference
0.13
0.24

Reference

0.007
0.12

1 month

Visit

0.12
0.41
0.

(-0.35, 0.04)
(-0.12, 0.29)

0.16

(-0.05, 0.32)
(0.05, 0.43)

0.95
0.34
0.15

(-0.23, 0.24)
(-0.13, 0.36)
(-0.07, 0.01)

3 months

0.014
0.30

6 months

28

(-0.051, 0.015)

-0.018

(-0.051, 0.01¢)

-0.018

-0.028

1 year
No

Age

Reference
0.036

Reference
0.09

Reference
0.39

History of vertebral fracture

0.89

(-0.46, 0.54)

0.72

(-0.41, 0.59)

0.18

(-0.18, 0.97)

Yes
No

Reference
0.134

Reference
0.29

Reference
-0.064

Use of gastrointestinal drug
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0.65

(-0.45, 0.71)

0.98

(-0.57, 0.59)

0.85

(-0.74, 0.61)

Yes
No

Reference
-0.05

Reference
0.28

Reference
-0.15

Use of NSAIDs

0.85

(-0.61, 0.50)

0.29

(-0.86, 0.26)

0.64

(-0.78, 0.48)

Yes

Abbreviations: Cl, confidence interval; NSAID, nonsteroidal anti-inflammatory drug.

In the present study, a total of four AEs (right pubic bone fracture
[n = 1], stomach pain [n = 1], sensation of cold [n = 1], and constipation
[n = 1]) occurred in the jelly treatment group. Eight AEs (rib bone frac-
ture [n = 1], L4 fracture [n = 1], stomach pain [n = 1], stomach discom-
fort [n = 3], feeling unwell [n = 1], and hives [n = 1]) occurred in the
tablet treatment group.

AEs possibly related to the study drug were three in the jelly
treatment group and six in the tablet treatment group. Those possibly
related to the study drug in the jelly treatment group were stomach
pain (n = 1), sensation of cold (n = 1), and constipation (n = 1). In the
jelly treatment group, the patient with constipation discontinued at
3 months, and the other two patients (one with stomach pain and
the other with sensation of cold) discontinued at 6 months
(Figure 1). The six AEs related to the study drug in the tablet treatment
group were stomach pain (n = 1), stomach discomfort (n = 3), feeling
unwell (n = 1), and hives (n = 1). Of these, the patient with stomach
pain and the other with hives discontinued the study at 1 month;
two patients with stomach discomfort and one who felt unwell
discontinued at 3 months; and one patient with stomach discomfort
discontinued at 6 months (Figure 1). Three patients presented with
fractures. One in the jelly treatment group presented with a right
pubic bone fracture and discontinued the study drug. In the tablet
treatment group, two patients experienced fractures: one a rib bone
fracture and the other an L4 fracture. Both patients continued the tab-
let treatment. These fractures were not considered causally related to

either of the study drugs or formulations.

4 | DISCUSSION

The main purpose of the present study was to verify the efficacy and
safety of once-weekly alendronate oral jelly 35 mg and to clarify sim-
ilarities and differences compared with once-weekly alendronate
35 mg tablet for patients with primary osteoporosis in routine clinical
practice. Alendronate oral jelly 35 mg was developed in Japan to pre-
vent gastrointestinal symptoms and reduce the choking hazard associ-
ated with the tablet formulation and was shown to be bioequivalent to
the alendronate 35-mg tablet.*?*® There are no apparent differences
in terms of efficacy between the formulations.

In the present study, when patients were asked to select a pre-
ferred treatment, some patients preferred the jelly formulation over

the tablet formulation. The perceived reasons for this were “high

n o« » o«

potential for therapeutic effects,” “new formulation,” “clear distin-
guishability,” “forgot medication less often,” or “fewer adverse drug
reactions,” but not “easy to swallow” according to the questionnaire.
From these findings, we infer that patients may hesitate when choos-
ing a new drug because they occasionally forgot to take their medicine
and experienced adverse drug reactions when using previous drug
treatments.

In the present study, at baseline, the hip BMD was significantly
lower in the jelly group versus the tablet group, and the BMD at all
other sites tended to be lower in the jelly group versus the tablet
group. The percentage increase in both the hip and femoral neck
BMD from baseline to 6 months was lower in the jelly group versus

the tablet group (hip, 1.7% vs 2.2%; femoral neck, 1.5% vs 2.3%).
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The between-group differences were not statistically significant. How-
ever, the percentage increase in the radius and lumbar spine BMD was
higher in the jelly group versus the tablet group (radius, 1.1% vs 0.1%,;
lumbar spine, 4.6% vs 3.3%) and was increased significantly in the jelly
group, although the between-group differences were not significant.
We presume that the differences observed between hip + femoral
neck and radius + lumbar spine were a result of the relatively small
sample size and may not be related to the effectiveness of the jelly
or tablet. Further study is needed to evaluate the differences in effec-
tiveness between the two formulations. Kunisaki et al recently per-
formed a comparative study of sodium alendronate in intravenous
injection and oral jelly form in gastric cancer patients.** They found
that BMD increased in both groups, and there were no significant dif-
ferences between groups in terms of efficacy.

Additionally, we assessed the effects of the once-weekly treat-
ment with the alendronate jelly and tablet formulations on bone turn-
over markers. Although the time course changes in the mean values of
bone turnover markers (TRACP-5b and P1NP) did not differ signifi-
cantly between the two treatment groups in this study, both treat-
ment formulations significantly decreased the level of TRACP-5b by
approximately 50% and that of PINP by approximately 60% from
baseline to 6 months (both P < 0.0001). Similarly, in the study by
Kunisaki et al,** both treatments decreased TRACP-5b and PANP over
time. On the basis of these results, we consider that the jelly formula-
tion has an equivalent potential to achieve similar therapeutic effects
compared with the tablet formulation. Further, these first results in
patients with primary osteoporosis support the findings of the bio-
equivalence study performed in healthy subjects.42

Regarding the QOL outcomes, although EQ-5D and VAS scores
significantly improved in time with both treatment formulations,
changes in EQ-5D and VAS scores were not significantly different
between the two groups. However, there were notable changes in
Izumo scale scores between the two groups. The scores of all domains
in the jelly treatment group remained almost unchanged at all assess-
ment time points; however, in the tablet treatment group, Izumo scale
scores increased sharply at 1 month and gradually decreased at 3 and
6 months. Additionally, in the jelly treatment group, significantly more
favourable results were observed throughout the study compared
with those in the tablet treatment group in the heartburn and
epigastralgia domains of the Izumo scores.

In the study by Yoshioka et al,*’ comparing oral minodronate with
oral alendronate tablets, scores in the alendronate group were signifi-
cantly elevated at some time points, starting at 2 weeks of treatment
administration. However, in the minodronate group, none of the
scores for heartburn, epigastralgia, and epigastric fullness differed sig-
nificantly from baseline during the treatment period, which is similar to
the present findings in the jelly treatment group. De Groen et al
reported that patients taking oral alendronate developed upper gas-

16 and it was recom-

trointestinal disorders such as oesophagitis,
mended that bisphosphonate should be taken with >180 mL of
water.>*® The differences in changes in Izumo scale scores in this
study may imply that the jelly caused less stimulation of the upper gas-
trointestinal tract mucosa compared with the tablet. Thus, our findings
suggest good tolerability of the novel jelly formulation among patients

with primary osteoporosis.

Open Access

We expected that patients taking the jelly formulation would
experience greater ease in swallowing the jelly, which was the case
for most patients in that group. However, five patients experienced
difficulties when swallowing the jelly and switched to the tablet for-
mulation during the treatment period, while no patients in the tablet
group switched to the jelly formulation. In Japan, tablets and capsules
are the most popular presentations, and most patients do not have
experience with taking medication in a jelly formulation. It is possible
that patients were not accustomed to taking the jelly formulation;
thus, this may have been why they switched formulations. Originally,
a similar jelly formulation was developed for administration to patients
with dysphagia, to enable easier swallowing of the medication.>° With
a similar intent, Okabe et al developed a film formulation that turns
into jelly when the film absorbs saliva or water in the mouth. In their
study comparing the oesophagus passage time of the film formulation
drug and a gelatin capsule in healthy subjects,”* they found that the
passage time of the film formulation was shorter than that of the gel-
atin capsule.® In our study, it is likely that the passage time of the jelly
through the oesophagus was shorter compared with the tablet.

This was a non-randomized study, and patients were given the
opportunity to select their preferred formulation; thus, our study
closely reflects the real clinical setting in Japan. Further, the five
patients who chose to switch to tablet formulation continued their
treatment up to the end of the study period. Nonetheless, this study
has several limitations. First, patients were allocated to the jelly or tab-
let treatment groups according to their preference. Although both
groups were well balanced in terms of baseline characteristics (except
for hip BMD), and despite adjusting for potential confounding factors
using the mixed model, the study may be subject to bias because we
did not quantify serum 25-hydroxyvitamin D levels, and we did not
assess family history of fracture, smoking, or other relevant factors.
Second, the sample size was relatively small, which may have led to
a lack of statistical power in some outcomes, such as percent changes
in BMD in the radius, hip, femoral neck, and lumbar spine from base-
line to 6 months; time course changes in the mean BMD in all sites;
time course changes in the mean levels of TRACP-5b and P1NP; some
Izumo domain scores; and VAS and EQ-5D scores. Third, there is a
two-fold difference in the cost of the jelly compared with that of the
tablet. After applying the elderly health care subsidy, the actual differ-
(jelly-tablet [brand
200 JPY/month, which might be considered a small difference in cost

ence in cost version]) for patients is
by patients, considering the advantages of the drug. However, we
consider that this factor might have been a source of bias at the time
our patients chose the medication to be used during this study. Fur-
ther, this difference in cost may have been another reason why five
patients in the jelly group switched to the tablet group. Fourth, the
answer options in the questionnaire were fixed and may have influ-
enced the patients' responses, which may not reflect their actual expe-
riences. Fifth, the Izumo scale consists of three domains for upper
gastrointestinal tract evaluation (heartburn, epigastralgia, and epigas-
tric fullness) and two domains for lower gastrointestinal tract evalua-
tion (constipation and diarrhoea). As bisphosphonate use is
specifically associated with upper gastrointestinal tract symptoms,
we only included the domains for upper gastrointestinal tract symp-

toms. Finally, the study was a short-term trial. We observed patients
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under treatment for only 6 months. In general, intervention trials of
osteoporosis should be designed to follow up patients for longer than
12 months, %1241 although short-term trials on minodronic acid have
been conducted.*”>? As the observation period of the present study
was shorter than usual, further studies with longer observation
periods (> 12 months) are needed to validate our results.

In conclusion, in this comparative study between the once-weekly
oral alendronate jelly and tablet formulations, we found that the ther-
apeutic effects in BMD and bone turnover markers were almost
equivalent; however, the amount of change in lzumo scale scores
was significantly different between the two treatment groups. Though
our results cannot readily be generalized in view of the study limita-
tions, the findings comprise the first clinical evidence of the efficacy
and safety of once-weekly alendronate oral jelly 35 mg for the treat-
ment of patients with primary osteoporosis in routine clinical practice.
Alendronate oral jelly may be a suitable alternative therapeutic agent
to treat osteoporosis.
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