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Background: While osteoporosis increases the risk of fragility fractures, bisphosphonate has been proven to increase bone strength
and reduce the risk of vertebral and non-vertebral fractures. In addition to its efficacy, substituting the brand with generic medication is
a strategy to optimize healthcare expenditures. This study aimed to evaluate the efficacy of generic alendronate treatment and assess
potential adverse events in patients with osteoporosis.

Materials and Methods: A retrospective review was conducted on 120 patients who met the indications for osteoporosis treatment,
received weekly generic alendronate (70 mg) for >1 year, and underwent evaluation through standard axial dual-energy X-ray
absorptiometry (DXA). The outcomes of this study were the percent change in bone mineral density (BMD) at the lumbar spine,
femoral neck, and total hip after one year of treatment. The major adverse events occurring during medication that led to the
discontinuation of drug administration were documented.

Results: Most patients were female (96.7%) with an average age of 69.0 = 9.3 years. The percent change in BMD increased at all sites
after one year of generic alendronate treatment (lumbar spine: 5.6 + 13.7, p-value <0.001; femoral neck: 2.3 + 8.3, p-value = 0.023;
total hip: 2.1 £ 6.2, p-value = 0.003), with over 85% of patients experiencing increased or stable BMD. Three patients discontinued the
medication due to adverse effects: two had dyspepsia, and one had persistent myalgia.

Conclusion: Generic alendronate may be considered an effective antiresorptive agent for osteoporosis treatment with a low incidence
of adverse effects.
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Introduction

Osteoporosis is a systemic bone disorder caused by the reduction of bone mass and diminished bone strength.' This
disease stands as one of the most significant risk factors for fragility fractures, which are associated with decreased
quality of life, disability, and premature mortality.” Currently, osteoporosis poses a considerable public health concern
due to an overall prevalence of 10.3%, with an estimated 27.5 million people in Europe, and 10.2 million in the USA
affected.®> It is anticipated that half of the women aged over 50 years are likely to be treated for osteoporosis at some
point in their lives.® The ongoing trend of an aging population is expected to further increase the number of patients, and
subsequently impact the economic burden on healthcare systems worldwide.” Projections indicate that this burden may
double or even triple by 2040.%

Bisphosphonate is an antiresorptive agent that inhibits osteoclastic activity, reduces bone turnover, and enhances bone
strength and bone mass.’ It represents the most prescribed treatment for osteoporosis.'® Alendronate is one of the most
common oral bisphosphonates that significantly reduces the risk of fragility fractures, including both vertebral and non-
vertebral fractures.'' In addition to the efficacy of alendronate in reducing fragility fractures, the cost-effectiveness of its
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use in postmenopausal women has become a topic of essential discussion. An analysis revealed that appropriate
osteoporosis screening and treatment with alendronate result in significant cost savings when the price is below US
$200 per year. However, the cost-effectiveness of preventing fragility fractures and associated morbidity, particularly in
low- to middle-income countries, remains unclear.'>

Alternatively, switching to generic medication is a strategy to optimize healthcare expenditure. Generally, generic
drugs are required to demonstrate bioequivalence to the original drugs. Some studies have demonstrated that medication
adherence, improvement in bone mineral density (BMD), and reduction in biochemical markers of bone turnover appear
similar among brand and generic alendronate.'>'® Although other studies have shown that patients taking generic
alendronate are significantly more likely to experience side effects, generic alendronate may still be considered
a reasonable option compared to the brand alendronate.'”'®

Therefore, this study aimed to evaluate the efficacy and safety of generic alendronate treatment in osteoporosis
patients. We hypothesized that using generic alendronate could improve the BMD of patients over a year and maintain

a good safety profile.

Materials and Methods

This study was a retrospective chart review of patients who met the indication of osteoporosis treatment and received
generic alendronate for at least 1 year. The protocol of this study was approved by the Naresuan University Institutional
Review Board (approval no. 447/59). A waiver of consent was endorsed as it would not adversely affect the rights and
welfare of the subjects and all patients’ information was kept confidential. All procedures involved in this study were
following the ethical standards and compliance with the Declaration of Helsinki. According to the treatment guideline for
osteoporosis,'*?° bisphosphonate is considered in high-risk osteoporotic fracture patients, which have one of the
following indications: men age more than 50 years or postmenopausal women with either fragility vertebral or hip
fracture; bone mineral density (BMD) from a standard axial dual-energy X-ray absorptiometry (DXA) at the lumbar
spine, or femoral neck, or total hip with a T-score <—2.5; BMD with a T-score between —1 and —2.5 and the 10-year
probability of hip fracture >3% calculating from the fracture risk assessment tool (FRAX"™); BMD with a T-score
between —1 and —2.5 and a fragility fracture at either the proximal humerus, pelvis, or distal forearm.

All patients in this study received oral generic alendronate (Bonmax®; Apotex Incorporated, Toronto, Ontario,
Canada) at a dose of 70 mg/week, calcium carbonate 1,500 mg/day, and vitamin D, (ergocalciferol) 20,000 TU/week.
Patients attended scheduled follow-ups, including BMD measurements at the spine and hip, one year after initiating
generic alendronate treatment (Figure 1). Drug adherence was monitored by reporting the remaining drugs in each
follow-up interval and then calculated for the medication possession ratio (MPR).?! Patients without BMD data after
one year of treatment or with less than one year of follow-up were excluded from the study. The DXA scans in this study
were conducted using the Hologic® Discovery series protocol (Hologic Inc., Waltham, MA, USA).

The outcomes of this study were the mean increase in BMD and the percent change of BMD at the lumbar spine,
femoral neck, and total hip after one year of treatment. Patients’ BMD changes were categorized as increased, stable, or
decreased based on the percent change in BMD. Specifically, lumbar spine BMD was classified as increased if the gain
was >3%, stable if the change was between —3% and 3%, and decreased if the loss was >3%. For femoral neck and total
hip BMD, increased were defined as the gain >5%, stability as the change between —5% and 5%, and decreased as the
loss >5%."> Additionally, major adverse events occurring during medication that led to discontinuation of drug admin-
istration were reported.

The data were presented as mean =+ standard deviation (SD) for continuous variables and as percentages (%) for
categorical variables. A descriptive analysis was performed for the demographic data. The BMD between baseline and
post-treatment was compared using a paired samples z-test, with a p-value <0.05 considered statistically significant. The
data analysis was performed using SPSS Statistics version 18 (SPSS Inc., Chicago, IL, USA).

Results
A total of 134 charts of osteoporosis patients who received generic alendronate for at least a one-year duration were
reviewed. Out of the initial 134 patients, fourteen patients were excluded from the study. Five patients did not undergo
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Figure | Flow diagram of patients in this study.

a BMD measurement after one year of treatment, and three patients opted to discontinue medication due to severe
adverse effects, including two patients with dyspepsia and one patient with persistent myalgia in the first few weeks.
Other 6 patients were lost to follow-up (Figure 1). The demographic data of the remaining 120 patients are briefly
summarized in Table 1. The majority of the patients were female (96.7%) with ages ranging from 50 to 95 years (mean
69 + 9.3). Most of the patients did not have a previous history of vertebral or hip fractures (67.5%), while 27.5% had
experienced osteoporotic vertebral compression fractures, and 5% had a history of hip fractures.

The mean BMD increased from baseline to 1-year post-treatment at all sites (Table 2). Overall, the average percent
change of BMD increased by 5.6%, 2.3%, and 2.1% at the lumbar spine, femoral neck, and total hip, respectively, and the
BMD of all sites reached statistical significance. There were >85% of patients with increased or stable BMD. The
majority of patients were classified as having increased BMD in the lumbar spine, with stable BMD in the femoral neck
and total hip (Table 3). The average MPR of the patients was 93.4%, which demonstrated good adherence to the
treatment. The minor adverse effects that occurred during treatment included 2 patients with myalgia, and 1 patient with
fever after taking generic alendronate for the first time; however, these adverse effects improved afterward, and the
patients still tolerated the medication.

Discussion

Treatment of osteoporosis is important as it can significantly reduce the incidence of fragility fractures and improve
patients’ morbidity and mortality. Bisphosphonate, particularly alendronate, is a commonly prescribed antiresorptive
agent to prevent those fragility fractures.”'' Alendronate has been proven to reduce the incidence of spinal and hip
fractures by approximately 50% over 3 years in patients with previous vertebral fractures or patients with BMD T-score
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Table | Patients’ Demographic Data

Clinical Variables

Data (n = 120)

Age (years)
Gender (female, %)

Body mass index (kg/m?)

- 0-1
- 23
- >3
Previous fractures (%)
- None
- Hip
- Spine
Baseline BMD (g/cm?)
- Lumbar spine
- Femoral neck
- Total hip

Charlton comorbidity index (%)

69.0 + 9.3
116 (96.7%)
223 + 4.0

108 (90.0%)
1 (9.2%)
| (0.8%)

81 (67.5%)
6 (5.0%)
33 (27.5%)

0.72 £ 0.11
0.65 £ 0.11
0.53 £ 0.09

Note: Data are presented as mean * standard deviation for age, body mass

index, and baseline BMD.

Abbreviations: kg/m? kilogram/meter?; g/cm?, gram/centimeter?; BMD,

bone mineral density.

Table 2 Changes of BMD After
Treatment

One Year of Generic Alendronate

Location

BMD value (n = 120) p-value

Lumbar spine

- Baseline (g/cm?)

- | year (glcm?)

- Percent change at | year
Femoral neck

- Baseline (g/cm?)

- | year (g/cm?)

- Percent change at | year
Total hip

- Baseline (g/cm?)

- | year (g/cm?)

- Percent change at | year

0.72 = 0.11
0.77 £ 0.13 <0.001
5.6 £ 137

0.53 + 0.09
0.54 + 0.08 0.023
23+83

0.65 + 0.11
0.66 + 0.11 0.003
2162

Notes: Data are presented as mean * standard deviation except for percent change at | year.
p-value <0.05 indicates the statistically significant differences.

Abbreviation: g/cm?, gram/centimeter?.

Table 3 Patients with Stable, Increased, and Decreased
BMD After | Year of Generic Alendronate Treatment

Location

BMD

Increased

Stable Decreased

Lumbar spine® | 65 (67.0%)
Femoral neck® | 26 (25.5%)
Total hip® 26 (25.5%)

22 (22.7%) | 10 (10.3%)
63 (61.8%) | 13 (12.7%)
66 (64.7%) | 10 (9.8%)

Notes: Data are presented as numbers and percentages. “Lumbar spine BMD
was classified as increased if the amount of BMD gain was 23%, stable if the
percentage change was between —3 and 3%, and decreased if the amount of
BMD loss was 23%. Femoral neck and total hip BMDs were categorized as
increased if the amount of BMD gain was 25%, stable if the percentage change
was between —5 and 5%, and decreased if the amount of BMD loss was =5%.
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<-2.5 at the hip.?* The cost-effectiveness of treatment has become a topic of debate, leading to strategies like switching
from brand to generic medications to optimize healthcare expenditure. Unnanuntana et al'> reported similar efficacy and
no significant differences in adverse effects between brand and generic alendronate. In our study, we found that the BMD
of patients significantly increased from the baseline at all bone sites after continuing generic alendronate treatment for at
least one year. Moreover, more than 85% of patients in our study exhibited increased or stable BMD compared to their
baseline level.

Switching from brand to generic drugs offers a cost-effective option to patients, providing greater access to essential
medications once the patent protection for the original drug has expired. Nevertheless, generic drugs require rigorous
testing and regulation to ensure effectiveness and safety in alternative use to their brand-name counterparts. It is
noteworthy that even a 1% improvement in BMD can be a good predictor of treatment efficacy, as the relative risk of

fracture decreases by 0.03.%

Therefore, taking generic alendronate could be beneficial in reducing osteoporotic fractures.

An economic evaluation of alendronate for osteoporosis in Chinese postmenopausal women demonstrated that
alendronate is more cost-effective than no treatment group, considering both total healthcare costs and the number of
fractures.'* A cost-effectiveness analysis in the USA indicated that continuing alendronate for 5 years in postmenopausal
women and followed by 5 years of the drug holiday period is the most likely cost-effective approach.?* Typically, brand
medications are more expensive than the generic equivalents. At our hospital, generic alendronate costs approximately
70% less than the brand version. Moreover, evidence from cost-utility and budget impact analyses in Thailand supported
the cost-effectiveness of alendronate for primary osteoporotic fracture prevention in women aged over 65 years. The
generic alendronate had an Incremental Cost-Effectiveness Ratio (ICER) of 85,000 Baht (US$2,413) per Quality-
Adjusted Life-Year (QALY) gained, whereas the brand alendronate showed an ICER of 242,000 Baht (US$6,870) per
QALY gained.”

There were some adverse effects reported in our study such as myalgia, pyrexia, and dyspepsia. Myalgia and pyrexia
were generally mild to moderate in severity and usually resolved within 3 days.?® Dyspepsia might be attributed to slow
gastrointestinal (GI) transit time and bioadhesion in generic alendronate.'® To minimize the risk of GI irritation while
taking alendronate, it is essential to consume the medication with a full glass of water and remain upright for at least 30
minutes after taking the medication.

Medication adherence is another important issue when considering alendronate treatment, as it can significantly
impact the economic benefits of switching medications. Therefore, healthcare providers must follow the treatment
guidelines, accurately assess indications, and monitor potential adverse effects. In the present study, we found 3 patients
discontinued medication and 6 were lost to follow-up, which accounted for 6.7% of the enrolled patients. Nevertheless,
the drug adherence of the remaining patients was at a high level when evaluated by the MPR. A study by Duarte et al*’
identified medication effectiveness as the most crucial determinant of drug preference, followed by side effects,
medication costs, dosing frequency, and other factors such as formulation, timing on the market, and dosing procedure.
Furthermore, holistic care for patients is also crucial. Several studies have demonstrated the association between
depression and osteoporosis, as well as caregivers of these patients.”® A study by Chen et al*’ demonstrated that patients
with osteoporosis had 1.73 times higher rates of depressive symptoms. This might impact physical activities, exercises,
nutritional status, and treatment compliance. It would be beneficial for future studies to focus on holistic patient care
including mental status.

Many innovative treatment strategies for osteoporosis have gained more focus recently. The imbalance between
osteoblasts and osteoclasts, especially the decrease in osteogenic differentiation and increase in osteoclastogenesis,
contributes to the existence of osteoporosis. Any targeted therapy to these cells and mechanisms, particularly in those
with stem cells, might impact and be a future opportunity for osteoporosis treatment.>*!

This study has several limitations. First, this is a retrospective study, which may introduce inherent biases and lack of
some information. The absence of generalized across genders is another limitation of this study, as most patients were
female. Nevertheless, this issue demonstrated the characteristics of osteoporosis that occurs mostly in female patients.
Lack of disease awareness in males might lead to a lowered number of screening and treatment.* Second, the study did
not investigate biochemical bone markers during treatment, which could provide additional insights into the efficacy of
generic alendronate treatment. Third, the duration of treatment evaluation was relatively short. Future research should
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consider prospective studies with longer periods of generic alendronate continuation and extended follow-up for both
bone mineral density (BMD) and biochemical bone markers. Additionally, exploring issues related to cost-effectiveness
would be valuable topics for future literature. Finally, data collection on patients’ satisfaction and opinions regarding the
treatment is essential to gather feedback about acceptability, convenience, and satisfaction.

Conclusion

Generic alendronate can be considered an effective antiresorptive agent for osteoporosis treatment, with a low incidence
of adverse effects. Furthermore, patients with osteoporosis should be encouraged to undergo treatment following
a rigorous protocol and monitored carefully for potential adverse effects.
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