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Background: This study analyzed the FDA’s Adverse Event Reporting System
(FAERS) data to investigate the correlation between oral bisphosphonates (BPs)
and oesophageal adverse events (AEs).

Methods: We systematically extracted data on adverse reactions to oral
alendronate, risedronate, and ibandronate from the FAERS database, covering
the period from the 2004 Q1 to the 2023 Q4. The role_code of AEs mainly
includes primary suspect (PS), secondary suspect (SS), concomitant (C), and
interaction (I). This study targeted reports with a role_code of “PS.” According
to the FDA deduplication rule, the latest FDA_DT is selected when the CASEID is
the same, and the higher PRIMARYID is selected when the CASEID and FDA_DT
are the same. Our analysis leveraged four statistical methods, including the
reporting odds ratio (ROR), proportional reporting ratio (PRR), Bayesian
confidence propagation neural network (BCPNN), and the multi-item gamma
Poisson shrinker (MGPS), to assess the relationship between oral
bisphosphonates and oesophageal AEs. The Kaplan-Meier method was utilized
to evaluate the cumulative incidence of oesophageal toxicity, while the log-rank
test examined the temporal onset profiles of these toxicities. Additionally, the
Pearson chi-squared test was employed to identify any significant differences in
mortality and hospitalization rates associated with the oesophageal AEs caused
by these medications.

Results: The FAERS database had 41,590 AE reports for oral BPs, with 3,497
(8.41%) related to oesophageal AEs. Our findings indicate that oral BPs are
disproportionately associated with an increased incidence of gastrointestinal
system AEs at the system organ class (SOC) level. The adverse events
identified at the preferred terms (PTs) level encompassed conditions such as
gastroesophageal reflux disease, oesophagitis, and oesophageal pain. A
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significant divergence in the cumulative incidence of oesophageal AEs was
observed among patients treated with the three different oral bisphosphonates,
as confirmed by the log-rank test (p < 0.0001). Hospitalization rates varied
significantly among patients receiving different BPs (p < 0.05), but no significant
difference in mortality rates was found.

Conclusion: The study establishes a significant link between oral BPs and
oesophageal toxicity, highlighting the need for further research into the
mechanisms of BP-induced oesophageal toxicity and potential preventive
measures.
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Introduction

Bisphosphonates (BPs) are a class of compounds analogous to
pyrophosphate, characterized by the presence of two
phosphonate groups being linked to a central carbon atom
(Lambrinoudaki et al., 2006). They are currently among the
most extensively utilized pharmaceutical agents for the
management of a spectrum of conditions, including Paget’s
disease, osteoporosis, breast cancer, neoplastic bone
metastases, multiple myeloma, select rare bone disorders,
neurodegenerative diseases and dental applications (Peris
et al., 2021; Shi et al., 2018; Zameer et al., 2018; Biggin and
Munns, 2017; Ramaswamy and Shapiro, 2003; Coleman, 2020;
Chapurlat and Legrand, 2021; Ralston, 2020; Sedghizadeh et al.,
2021). The two main modes of administration of
bisphosphonates are oral and intravenous (i.v.), of which
alendronate, risedronate, and ibandronate, the three oral BPs
mainly used for the treatment of osteoporosis, are commonly
used in clinical practice (Papapetrou, 2009). A clinical trial of
intravenous ibandronate (2 or 6 mg) in breast cancer patients
revealed that serious adverse events potentially attributable to the
study drug encompassed bone pain, pulmonary edema, and
fatigue (Body et al., 2003). Moreover, numerous instances of
renal toxicity have been documented with the newer generation
of intravenous BPs, namely, pamidronate and zoledronic acid
(Rosen et al., 2003; Chang et al., 2003).

Nonetheless, oral BPs are predominantly associated with a
range of gastrointestinal adverse events (AEs), with esophagitis
being a notable example (Zografos et al., 2009). The discourse
surrounding oral BPs and their gastrointestinal ramifications
remains contentious. Research by Psimma C et al. has
demonstrated that the use of oral BPs can precipitate adverse
effects on the oral mucosa (Psimma et al., 2022). Furthermore, a
group of scholars has posited that oral BPs are associated with a
spectrum of gastrointestinal conditions, including erosive
esophagitis, gastritis, duodenitis, impaired healing, and
hemorrhage stemming from oesophageal, gastric, or peptic
ulcers (Parfitt and Driman, 2007; Peng et al., 2014; Modi
et al., 2016). However, findings from extensive randomized
controlled trials (RCTs) involving a multitude of participants
have not corroborated an elevated incidence of upper
gastrointestinal tract AEs in individuals administered
bisphosphonates. Further research, studies involving patients
who had ceased bisphosphonate treatment and were

subsequently randomized to either blinded re-treatment with a
bisphosphonate or a placebo revealed that the majority
(exceeding 85%) were capable of resuming treatment without
a discernible difference in AEs between the two groups (Cryer
and Bauer, 2002). It is important to note that clinical trial data,
often characterized by stringent inclusion criteria and a finite
participant pool, may not accurately mirror the complexities of
real-world clinical scenarios. To date, there exists a paucity of
pharmacovigilance studies examining oesophageal toxicity after
the introduction of oral bisphosphonates to the market, and the
debate concerning the adverse effects of oral bisphosphonates.
Additionally, comparative analyses of oesophageal toxicity
among different oral BPs remain unexplored.

Given the above, it is imperative to investigate the correlation
between diverse oral BPs and oesophageal AEs. The objective of this
study was to leverage the standardized dataset from FAERS to
evaluate the potential risk of oesophageal toxicity linked to three
specific oral BPs: alendronate, risedronate, and ibandronate.

Methods

Study design and data source

The disproportionality analysis undertaken in this study was
designed as a case/non-case study to quantify the relationship
between oral BPs and oesophageal AEs. This approach entailed
the determination of the ratio of target AEs associated with oral
BPs (cases) relative to all other pharmaceuticals (non-cases)
(Peng et al., 2020; Shu et al., 2023). A significant safety signal
is identified when oral BPs demonstrate an increased likelihood
of causing a target AE compared to other medications. The data
for this analysis were derived from the FDA’s official platform,
with AEs coded using PTs as per the Medical Dictionary for
Regulatory Activities (MedDRA) (version 26.1). Furthermore, all
relevant PTs, encompassing symptoms, signs, investigations, or
diagnoses, were categorized into coherent groups using the
Standardized MedDRA Queries (SMQs) to delineate the
medical condition of interest. In this research, the focused
SMQ for oesophageal toxicity encompassed 172 PTs
(Supplementary Table 1). To incorporate the most recent case
reports, data from the first quarter of 2004 to the fourth quarter of
2023, as recorded in the FAERS database, were retrieved and
integrated into the study’s analysis.
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Data extraction

A deduplication protocol was meticulously implemented to
safeguard the dataset’s uniqueness and integrity, adhering to the
FDA’s stipulated guidelines. Cases pertinent to BPs were discerned by
employing the search criteria “ALENDRONATE,” “RISEDRONATE,”
and “IBANDRONATE,” with the designation “Primary suspected” (PS)
applied to identify the role. Due to the prevalence of duplicative entries
within FAERS, a deduplication protocol was implemented in accordance
with FDA directives. According to the FDA’s recommended method for
removing duplicate reports, the PRIMARYID, CASEID, and FDADT
fields of theDEMO table are selected and sorted according to the order of
CASEID, FDADT, and PRIMARYID, and the report with the same
CASEID is retained with the largest FDA_DT value; followed by the
report with the same CASEID and FDADT, and the report with the
largest PRIMARYID value. For reports with the same CASEID, the one
with the highest FDA_DT value is retained; secondly, for reports with the
same CASEID and FDADT, the one with the highest PRIMARYID is
retained (Huang, 2022; Giunchi et al., 2023). The procedural steps of the
screening process are delineated in Figure 1.

Disproportionality analysis

The application of a 2 × 2 contingency table for
disproportionality analysis, as detailed in Supplementary
Table 2, is a proven and efficacious method commonly
utilized in the field of pharmacovigilance. This analytical
framework was adopted in the current study to discern
potential correlations between oral BPs and AEs. The
detection of signals is predicated on the simultaneous
application of four distinct algorithms: the ROR, the PRR, the
BCPNN, and the MGPS, which collectively facilitate a thorough
and robust assessment of observed associations (Hu et al., 2020;
Huang et al., 2014). ROR and PRR methods are relatively simple
to calculate and allow for an estimate of relative risk. Among
these two methods, the PRR method can better control the
impact of reporting biases and comorbid factors (Zhai et al.,
2021). In order to avoid the high sensitivity of these two
methods, this study combined signal detection methods such
as PRR, ROR, BCPNN, and EBGM to screen overlapping signals,
which can reduce the number of false positive and false negative

FIGURE 1
The flow diagram of selecting oral bisphosphonates-related oesophageal AEs from the FAERS database. Abbreviations: DEMO, demographic and
administrative information; DRUG, drug information; REAC, preferred terminology for adverse event; PS, primary suspect drug; AEs, adverse events.
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signals with good sensitivity (Jaffa et al., 2015; Wang et al.,
2021). For this study, AEs were deemed significant signals only
when they satisfied the criteria set forth by all four algorithms
simultaneously. The mathematical formulations and
corresponding criteria for these algorithms are presented in
Supplementary Table 3.

Cumulative incidence and time-to-onset
and statistical analysis

The time-to-onset was delineated as the interval commencing
from the initiation of pharmaceutical therapy to the emergence of
oesophageal toxicity. Consequently, the analysis was confined to
reports that included time-to-onset data. The cumulative
incidences of oesophageal toxicity were graphically
represented using Kaplan-Meier method, with a log-rank test
employed to discern differences in cumulative incidences
between patients administered three different oral BPs.
Continuous variables were expressed as mean ± standard
deviation (SD), whereas categorical variables were presented as
percentages. Chi-square test was applied to evaluate the disparity
in mortality and hospitalization rates across various BPs. p <
0.05 was considered statistically significant. All data
manipulation and statistical computations were performed
using R software, version 4.2.2.

Results

Descriptive analysis

A total of 20,629,811 adverse drug reaction reports were
recorded in the FAERS from the first quarter of 2004 to the
fourth quarter of 2023. Among these, 41,590 pertained to oral
BPs, with alendronate accounting for 30,735 reports, risedronate
for 6,189, and ibandronate for 4,666. Reports of oesophageal -related
AEs for alendronate, risedronate, and ibandronate were 3,039, 281,
and 177, respectively (Figure 1). Alendronate was associated with
the highest incidence of oesophageal AEs among the three oral BPs.
The majority of these oesophageal toxicities were reported in
females, with consumers and medical practitioners being the
principal reporters, and the United States being the most
frequently reported country of origin (Table 1). Analysis of the
age distribution within the known population revealed a
concentration of AEs within the 18–85 years age bracket (Table 1).

Analysis of the number of reports and time-
to-onset analyses

As depicted in Figure 2, a total of 3,497 cases of oesophageal
toxicity induced by oral BPs were reported. The alendronate-related
case reports were predominantly concentrated between 2008 and

TABLE 1 The characteristics of oral bisphosphonates associated with oesophageal toxicity.

Characteristics Alendronate N = 3,039 Risedronate N = 281 Ibandronate N = 177 Total N = 3,497

Sex

Female 2,527 (83.2%) 243 (86.5%) 168 (94.9%) 2,938 (84.0%)

Male 210 (6.9%) 25 (8.9%) 4 (2.3%) 239 (6.8%)

Missing 302 (9.9%) 13 (4.6%) 5 (2.8%) 320 (9.2%)

Age (years)

<18 2 (0.1%) 0 (0%) 0 (0%) 2 (0%)

18–64.9 635 (20.9%) 88 (31.3%) 59 (33.3%) 782 (22.4%)

65–85 618 (20.3%) 121 (43.1%) 53 (29.9%) 792 (22.6%)

>85 73 (2.4%) 12 (4.3%) 4 (2.3%) 89 (2.6%)

Missing 1711 (56.3%) 60 (21.4%) 61 (34.5%) 1832 (52.4%)

Mean ± SD 67.7 ± 12.7 68.0 ± 12.6 68.5 ± 11.7 67.9 ± 12.5

Reporters

Consumer 1,112 (36.6%) 100 (35.6%) 119 (67.2%) 1,331 (38.1%)

Health Professional 42 (1.4%) 10 (3.6%) 2 (1.1%) 54 (1.5%)

Lawyer 72 (2.4%) 1 (0.4%) 6 (3.4%) 79 (2.3%)

Medical doctor 1,178 (38.8%) 70 (24.9%) 33 (18.6%) 1,281 (36.6%)

Other 435 (14.3%) 50 (17.8%) 8 (4.5%) 493 (14.1%)

Pharmacists 93 (3.1%) 21 (7.5%) 6 (3.4%) 120 (3.4%)

Missing 107 (3.5%) 29 (10.3%) 3 (1.7%) 139 (4.0%)

Reported Countries

United States 2,531 (83.3%) 139 (49.5%) 156 (88.1%) 2,826 (80.8%)

United Kingdom 128 (4.2%) 13 (4.6%) 1 (0.6%) 142 (4.1%)

Canada 85 (2.8%) 46 (16.4%) 1 (0.6%) 132 (3.8%)

Australia 23 (0.8%) 12 (4.3%) 0 (0%) 35 (1.0%)

Japan 14 (0.5%) 20 (7.1%) 4 (2.3%) 38 (1.1%)

Other 258 (8.5%) 51 (18.1%) 15 (8.5%) 324 (9.3%)
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2016, whereas the risedronate-related cases exhibited a generally
stable trend. Ibandronate-related cases surged to 120 reports in
2017, with the remainder of the cases being more intermittent.
Among the oesophageal toxicity AE reports associated with oral
alendronate, risedronate, and ibandronate, time-to-onset data were
available for 847, 88, and 19 reports, respectively. Kaplan-Meier
curves illustrating the temporal profile of oesophageal toxicity are
displayed in Figure 3. A marked difference was observed in the
cumulative incidence of oesophageal AEs among patients treated
with the three oral BPs, as evidenced by the log-rank test (p <

0.0001). The median times to onset for oesophageal toxicity
associated with alendronate, risedronate, and ibandronate were
346, 126, and 28 days, respectively.

Disproportionality analysis

The signal values of AEs associated with oral alendronate, as
classified by the SOC, are presented in Supplementary Table 4.
Statistical analysis revealed that AEs linked to oral alendronate
affected 27 organ systems, with 10 significant SOCs identified based
on the fulfillment of at least one of the four computational criteria. A
total of 30,645 AEs were attributed to oral risedronate, and 14,542 to
oral ibandronate, both of which also impacted 27 organ systems
(Supplementary Tables 5, 6). Notably, all three oral BPs exhibited
positive signals in the category of Gastrointestinal disorders. The signal
detection for oesophageal toxicity related to oral BPs is detailed in
Table 2, with ibandronate demonstrating the most robust correlation
with oesophageal toxicity (ROR = 7.03, PRR = 6.95, IC025 = 1.13,
EBGM05 = 6.17). Additionally, the relationship between BPs and the
PTs within the SMQs for oesophageal toxicity was examined (Figure 4).
The top 10 PTs, ordered by the frequency of AE occurrences, were
selected to investigate their correlation with each medication.
Gastroesophageal reflux disease was identified as the PT most
frequently associated with oesophageal toxicity across the three oral
BPs. The PTs with the strongest associations for alendronate,
risedronate, and ibandronate were acquired oesophageal web,
oesophageal pain, and oesophageal discomfort, respectively, as
determined by ROR values.

Mortality and hospitalization rate due to oral
BPs-related oesophageal toxicity

To evaluate the prognosis of oesophageal toxicity associated
with oral BPs, an analysis was conducted on the proportion of
patients who succumbed to death and those hospitalized (Figure 5).

FIGURE 2
Number of AE reports of oesophageal toxicity caused by three oral bisphosphonates from the 2004 Q1 to the 2023 Q4.

FIGURE 3
Cumulative distribution function of oral bisphosphonates by
time-to-onset. This figure demonstrates the cumulative time to onset
of oesophageal AEs associated with oral administration of the three
bisphosphonates as well as the median time to onset. Significant
difference was observed in the cumulative incidence of oesophageal
AEs between patients treated with three oral bisphosphonates (log-
rank test, P < 0.0001).
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Among the hospitalization rates for oesophageal toxicity related to
BPs, alendronate had the highest rate at 37.6%, followed by
risedronate at 31.5% and ibandronate at 14.8%. The
hospitalization rate for alendronate-induced oesophageal toxicity
was significantly elevated compared to both risedronate and
ibandronate (chi-squared test, p < 0.05). Additionally, a
significant difference was observed between the hospitalization
rates for risedronate and ibandronate (chi-squared test, p < 0.05).
Mortality rates for patients on alendronate and risedronate were
both 2.2%, while for ibandronate it was 1.1%. No significant
disparity was detected among the drug-induced mortality rates
(chi-squared test, p > 0.05).

Discussion

Although oesophageal cancer linked to BPs has been extensively
documented and scrutinized (Wright et al., 2015), a dearth of
exhaustive research exists concerning the potential oesophageal
toxicity related to oral BPs. To our knowledge, this study
represents the most comprehensive analysis to date, leveraging
the FAERS database from the 2004 Q1 to the 2023 Q4. The
study’s objective was to explore the correlation between
oesophageal toxicity and oral alendronate, risedronate, and
ibandronate through disproportionality analysis and to assess
variations among different BPs regarding their clinical profiles
and outcomes in real-world settings.

Our research has revealed that three oral BPs are associated
with oesophageal toxicity, with ibandronate exhibiting a more
pronounced correlation (ROR = 7.03) than the other agents.
Among the case reports of oesophageal toxicity, alendronate was
implicated in 3,039 cases, while risedronate and ibandronate
were associated with 281 and 177 cases, respectively.
Descriptive studies indicate that oesophageal toxicity
predominantly affects females, a trend potentially linked to
the higher prevalence of BPs use among women, given the
increased incidence of osteoporosis in this demographic,
particularly postmenopausally (Bijelic et al., 2017). In the
cohort experiencing risedronate-related oesophageal toxicity,
the majority were over 65 years of age (47.4%), whereas, for
the other two BPs, the majority of patients were within the
18–65 years age bracket. A comparative analysis of the
cumulative incidence of oesophageal AEs among patients
treated with the three oral BPs revealed a statistically
significant divergence (p < 0.0001). Disproportionality
analyses demonstrated an association between all three oral
BPs and gastrointestinal disorders at the SOC level.

Subsequent screenings based on SMQs identified an
association between BPs and oesophageal toxicity, with oral
alendronate specifically linked to oesophageal cancer, while
the other two BPs showed no correlation with oesophageal
malignancies. This association, however, is a subject of debate.
A predominantly female cohort found no connection between
oral bisphosphonates and upper gastrointestinal cancer (Morden
et al., 2015). An epidemiological study within the UK’s General
Practice Research Database, comparing the incidence of
oesophageal and gastric cancer in patients exposed and not
exposed to oral bisphosphonates, reported no elevated risk for
either cancer (Cardwell et al., 2010). This contrasts with Green
et al., who, using the same database, observed that one or more
prescriptions for oral bisphosphonates raised the risk of
oesophageal cancer by 30%, while 10 or more prescriptions
nearly doubled this risk, with no increased risk for stomach or
colorectal cancers (Green et al., 2010). Further validation is
required through large, multicentre, prospective cohort studies
to ascertain whether oral BPs can induce oesophageal cancer. The
most common oesophageal toxicity associated with the three BPs
was gastroesophageal reflux disease, succeeded by oesophagitis. A
single-center, prospective cohort study involving
298 hospitalized adults actively taking risedronate or
alendronate assessed upper gastrointestinal symptoms at
baseline and 1–5 h post-administration. During follow-up,
gastric and oesophageal symptoms affected 32 patients
(10.7%), with epigastric burning, dysphagia, and regurgitation
reported in 4.4% (n = 13), 3% (n = 9), and 2.7% (n = 8) patients,
respectively, and heartburn, retrosternal pain, and odynophagia
in 1.7% (n = 5), 1.7% (n = 5), and 0.3% (n = 1) patients (Nguyen
et al., 2021). Concurrently, a study titled “Gastroesophageal
reflux disease and oesophagitis associated with substance use:
the modern state of the problem,” confirmed that
bisphosphonates can cause gastroesophageal reflux disease and
esophagitis (Osadchuk et al., 2019), reinforcing the reliability of
our findings. In addition, among the top 10 PTs with the highest
number of occurrences, Barrett’s oesophagus, gastroesophageal
reflux disease, oesophageal disorder, oesophageal pain,
oesophageal stenosis, oesophageal ulcer, and oesophagitis all
appeared to be oesophageal adverse reactions occurring in the
three oral BPs. Collectively, these findings underscore the
necessity for clinicians to vigilantly monitor patients
exhibiting oesophageal symptoms, particularly those
concerning oesophageal malignancies when administering BPs.

To evaluate the prognosis of oesophageal toxicity related to oral
antihypertensive medications, we examined the proportion of
patients hospitalized and deceased as a consequence of

TABLE 2 Association of different oral bisphosphonates with oesophageal toxicity.

Drugs AE numbers ROR (95%Cl) PRR (χ2) IC (IC025) EBGM (EBGM05)

Alendronate 3,621 *5.75 (5.56, 5.94) *5.69 (13,123.20) *2.47 (0.81) *5.55 (5.39)

Risedronate 361 *5.74 (5.61, 6.38) *5.69 (1,346.97) *2.5 (0.84) *5.67 (5.19)

Ibandronate 196 *7.03 (6.10, 8.11) *6.95 (988.82) *2.8 (1.13) *6.94 (6.17)

This table shows the three bisphosphonates that are signal values for associated oesophageal toxicity. *Indicates statistically significant signals in algorithm. Abbreviations: AE, adverse event;

ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; χ2, chi-squared; IC, information component; IC025, the lower limit of the 95% CI, of the IC; EBGM05,

empirical Bayesian geometric mean lower 95% CI, for the posterior distribution.
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oesophageal toxicity linked to the trio of oral BPs, ascertaining the
presence of any statistical disparities. Statistical variance was
observed among the hospitalization rates associated with each
BP, with alendronate incurring the highest rate at 37.6%,
succeeded by risedronate at 31.5%, and ibandronate at 14.8%. No
significant difference was detected in the mortality rates attributable
to the drugs. Consequently, when administering bisphosphonates, it

is crucial to exercise caution to prevent hospitalization and death
stemming from oesophageal toxicity induced by these oral
medications.

The etiology of drug-induced oesophageal toxicity is complex,
with three principal mechanisms identified from the current
categorization of medications. These include agents that
diminish the lower oesophageal sphincter pressure, such as

FIGURE 4
The top 10 AEs of oral bisphosphonates-related oesophageal toxicity ranked by AE numbers at the PT level. This figure shows the top 10
oesophageal toxicities in terms of number of occurrences associated with the 3 oral bisphosphonates. Different colours represent different ROR signal
values. The size of the circles is proportional to the number of AEs. Abbreviations: AE, adverse event; ROR, reporting odds ratio; PT, preferred terms.
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anticholinergics (Koerselman et al., 1999; Ciccaglione et al., 2001)
and benzodiazepines (e.g., diazepam) (Rushnak and Leevy, 1980),
as well as aminophylline (theophylline) (Mungan and Pınarbaşı
Şimşek, 2017); substances that exert a direct corrosive effect on the
oesophageal mucosa and diminish its protective properties,
including bisphosphonates (Grima et al., 2010; Ang et al.,
2016) and a range of antibiotics (e.g., tetracycline, doxycycline,
clindamycin, ciprofloxacin, ornidazole, rifampicin.)
(Harirforoosh et al., 2013); and medications that delay gastric
emptying, exemplified by calcium channel blockers (Findling
et al., 1996). Given the direct corrosive potential of
bisphosphonates on the oesophageal mucosa, it is
recommended that these drugs be taken with a full glass of
plain water (alendronate ≥200 mL, risedronate ≥120 mL,
ibandronate ≥180 mL), and administered separately from other
medications to minimize interaction. Patients on weekly
bisphosphonate regimens should maintain an upright posture
and abstain from eating for a minimum of 30 min; for
ibandronate, this period should be extended to 60 min. This
practice is intended to reduce the duration of contact between
the medication and the oesophageal mucosa, thereby lessening the
potential for damage (Vytrisalova et al., 2015; Wysowski, 2010).

Our observational study utilizing the FAERS database has
inherent limitations common to spontaneous reporting systems.
These include incomplete data, lack of comprehensive
demographic and health information, reporting biases, and
potential confounding factors like concurrent medication use.
The voluntary nature of reporting also limits our ability to
determine the total number of drug users, affecting the
generalizability of our findings. Importantly, the
disproportionality analysis results should not be interpreted as
establishing causality between the drug and adverse events, as they
do not account for confounding factors or alternative explanations.
Nonetheless, our study provides valuable real-world insights into
the oesophageal safety of oral bisphosphonates.

Conclusion

Given the widespread utilization of bisphosphonates, safety
concerns, notably concerning oesophageal adverse events, have
emerged. In this study, leveraging the FAERS database, we
conducted a thorough and systematic analysis of adverse
reaction signals associated with three oral bisphosphonates.
Our objective was to elucidate the link between
bisphosphonate use and oesophageal toxicity, thereby offering
insights to improve the clinical safety profile of these
medications.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found here: https://www.fda.gov/drugs/drug-approvals-and-
databases/fda-adverse-event-reporting-system-faers-database.

Author contributions

LC: Writing–original draft, Software, Methodology,
Conceptualization. ZD: Writing–original draft, Software,
Methodology, Conceptualization. HS: Writing–original draft,
Software, Methodology, Conceptualization. JZ: Writing–review and
editing, Writing–original draft, Visualization, Software, Investigation.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by the National Natural Science and Foundation of
China (82170858).

FIGURE 5
Hospitalization and mortality due to bisphosphonates-related oesophageal toxicity.

Frontiers in Pharmacology frontiersin.org08

Chen et al. 10.3389/fphar.2024.1473756

https://www.fda.gov/drugs/drug-approvals-and-databases/fda-adverse-event-reporting-system-faers-database
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-adverse-event-reporting-system-faers-database
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1473756


Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1473756/
full#supplementary-material

References

Ang, C., Doyle, E., and Branch, A. (2016). Bisphosphonates as potential adjuvants for
patients with cancers of the digestive system. World J. Gastroenterol. 22 (3), 906–916.
doi:10.3748/wjg.v22.i3.906

Biggin, A., and Munns, C. F. (2017). Long-Term bisphosphonate therapy in
osteogenesis imperfecta. Curr. Osteoporos. Rep. 15 (5), 412–418. doi:10.1007/s11914-
017-0401-0

Bijelic, R., Milicevic, S., and Balaban, J. (2017). Risk factors for osteoporosis in
postmenopausal women. Med. Arch. 71 (1), 25–28. doi:10.5455/medarh.2017.71.25-28

Body, J. J., Diel, I. J., Lichinitser, M. R., Kreuser, E. D., Dornoff, W., Gorbunova, V. A.,
et al. (2003). Intravenous ibandronate reduces the incidence of skeletal complications in
patients with breast cancer and bone metastases. Ann. Oncol. 14 (9), 1399–1405. doi:10.
1093/annonc/mdg367

Cardwell, C. R., Abnet, C. C., Cantwell, M. M., and Murray, L. J. (2010). Exposure to
oral bisphosphonates and risk of esophageal cancer. Jama 304 (6), 657–663. doi:10.
1001/jama.2010.1098

Chang, J. T., Green, L., and Beitz, J. (2003). Renal failure with the use of zoledronic
acid. N. Engl. J. Med. 349 (17), 1676–1679. doi:10.1056/NEJM200310233491721

Chapurlat, R., and Legrand, M. A. (2021). Bisphosphonates for the treatment of
fibrous dysplasia of bone. Bone 143, 115784. doi:10.1016/j.bone.2020.115784

Ciccaglione, A. F., Grossi, L., Cappello, G., Malatesta, M. G., Ferri, A., Toracchio, S.,
et al. (2001). Effect of hyoscine N-butylbromide on gastroesophageal reflux in normal
subjects and patients with gastroesophageal reflux disease. Am. J. Gastroenterol. 96 (8),
2306–2311. doi:10.1111/j.1572-0241.2001.04034.x

Coleman, R. (2020). Bisphosphonates and breast cancer - from cautious palliation to
saving lives. Bone 140, 115570. doi:10.1016/j.bone.2020.115570

Cryer, B., and Bauer, D. C. (2002). Oral bisphosphonates and upper gastrointestinal tract
problems: what is the evidence?Mayo Clin. Proc. 77 (10), 1031–1043. doi:10.4065/77.10.1031

Findling, R., Frishman, W., Javed, M. T., Heffer, S., and Brandt, L. (1996). Calcium
Channel blockers and the gastrointestinal tract. Am. J. Ther. 3 (5), 383–408. doi:10.1097/
00045391-199605000-00009

Giunchi, V., Fusaroli, M., Hauben, M., Raschi, E., and Poluzzi, E. (2023). Challenges
and opportunities in accessing and analysing FAERS data: a call towards a collaborative
approach. Drug Saf. 46 (10), 921–926. doi:10.1007/s40264-023-01345-w

Green, J., Czanner, G., Reeves, G., Watson, J., Wise, L., and Beral, V. (2010). Oral
bisphosphonates and risk of cancer of oesophagus, stomach, and colorectum: case-
control analysis within a UK primary care cohort. Bmj 341, c4444. doi:10.1136/bmj.
c4444

Grima, D. T., Papaioannou, A., Airia, P., Ioannidis, G., and Adachi, J. D. (2010).
Adverse events, bone mineral density and discontinuation associated with generic
alendronate among postmenopausal women previously tolerant of brand alendronate: a
retrospective cohort study. BMC Musculoskelet. Disord. 11, 68. doi:10.1186/1471-2474-
11-68

Harirforoosh, S., Asghar, W., and Jamali, F. (2013). Adverse effects of nonsteroidal
antiinflammatory drugs: an update of gastrointestinal, cardiovascular and renal
complications. J. Pharm. Pharm. Sci. 16 (5), 821–847. doi:10.18433/j3vw2f

Hu, Y., Gong, J., Zhang, L., Li, X., Li, X., Zhao, B., et al. (2020). Colitis following the use
of immune checkpoint inhibitors: a real-world analysis of spontaneous reports
submitted to the FDA adverse event reporting system. Int. Immunopharmacol. 84,
106601. doi:10.1016/j.intimp.2020.106601

Huang, L., Guo, T., Zalkikar, J. N., and Tiwari, R. C. (2014). A review of statistical
methods for safety surveillance. Ther. Innov. Regul. Sci. 48 (1), 98–108. doi:10.1177/
2168479013514236

Huang, Z. (2022). Association between blood lead level with high blood pressure in
US (NHANES 1999-2018). Front. Public Health 10, 836357. doi:10.3389/fpubh.2022.
836357

Jaffa, M. A., Lipsitz, S., and Woolson, R. F. (2015). Slope estimation for informatively
right censored longitudinal data modelling the number of observations using geometric
and Poisson distributions: application to renal transplant cohort. Stat. Methods Med.
Res. 24 (6), 819–835. doi:10.1177/0962280211430681

Koerselman, J., Pursnani, K. G., Peghini, P., Mohiuddin, M. A., Katzka, D.,
Akkermans, L. M., et al. (1999). Different effects of an oral anticholinergic drug on
gastroesophageal reflux in upright and supine position in normal, ambulant subjects: a
pilot study.Am. J. Gastroenterol. 94 (4), 925–930. doi:10.1111/j.1572-0241.1999.988_k.x

Lambrinoudaki, I., Christodoulakos, G., and Botsis, D. (2006). Bisphosphonates. Ann.
N. Y. Acad. Sci. 1092, 397–402. doi:10.1196/annals.1365.036

Modi, A., Fan, C. S., Tang, J., Weaver, J. P., and Sajjan, S. (2016). Association of
gastrointestinal events with osteoporosis treatment initiation and treatment compliance in
Germany: an observational study. Bone Rep. 5, 208–213. doi:10.1016/j.bonr.2016.06.001

Morden, N. E., Munson, J. C., Smith, J., Mackenzie, T. A., Liu, S. K., and Tosteson, A.
N. (2015). Oral bisphosphonates and upper gastrointestinal toxicity: a study of cancer
and early signals of esophageal injury. Osteoporos. Int. 26 (2), 663–672. doi:10.1007/
s00198-014-2925-9

Mungan, Z., and Pınarbaşı Şimşek, B. (2017). Pınarbaşı Şimşek B: which drugs are
risk factors for the development of gastroesophageal reflux disease? Turk
J. Gastroenterol. 28 (Suppl. 1), S38–s43. doi:10.5152/tjg.2017.11

Nguyen, P. V., Bouin, M., and Ste-Marie, L. G. (2021). Upper gastrointestinal safety of
oral bisphosphonate in hospitalized patients. Osteoporos. Int. 32 (1), 193–197. doi:10.
1007/s00198-020-05498-7

Osadchuk, A. M., Davydkin, I. L., Gricenko, T. A., and Osadchuk, M. A. (2019).
Gastroesophageal reflux disease and esophagitis associated with the use of drugs: the
modern state of the problem.Ter. Arkh 91 (8), 135–140. doi:10.26442/00403660.2019.08.000228

Papapetrou, P. D. (2009). Bisphosphonate-associated adverse events. Horm. (Athens)
8 (2), 96–110. doi:10.14310/horm.2002.1226

Parfitt, J. R., and Driman, D. K. (2007). Pathological effects of drugs on the
gastrointestinal tract: a review. Hum. Pathol. 38 (4), 527–536. doi:10.1016/j.
humpath.2007.01.014

Peng, L., Xiao, K., Ottaviani, S., Stebbing, J., and Wang, Y. J. (2020). A real-world
disproportionality analysis of FDAAdverse Event Reporting System (FAERS) events for
baricitinib. Expert Opin. Drug Saf. 19 (11), 1505–1511. doi:10.1080/14740338.2020.
1799975

Peng, Y. L., Hu, H. Y., Luo, J. C., Hou, M. C., Lin, H. C., and Lee, F. Y. (2014).
Alendronate, a bisphosphonate, increased upper and lower gastrointestinal bleeding:
risk factor analysis from a nationwide population-based study. Osteoporos. Int. 25 (5),
1617–1623. doi:10.1007/s00198-014-2647-z

Peris, P., Monegal, A., and Guañabens, N. (2021). Bisphosphonates in inflammatory
rheumatic diseases. Bone 146, 115887. doi:10.1016/j.bone.2021.115887

Psimma, C., Psimma, Z., Willems, H. C., Klüter, W. J., and van der Maarel-Wierink,
C. D. (2022). Oral bisphosphonates: adverse effects on the oral mucosa not related to the
jaw bones. A scoping review. Gerodontology 39 (4), 330–338. doi:10.1111/ger.12590

Ralston, S. H. (2020). Bisphosphonates in the management of Paget’s disease. Bone
138, 115465. doi:10.1016/j.bone.2020.115465

Ramaswamy, B., and Shapiro, C. L. (2003). Bisphosphonates in the prevention and
treatment of bone metastases. Oncol. (Williston Park) 17 (9), 1261–1280.

Rosen, L. S., Gordon, D., Kaminski, M., Howell, A., Belch, A., Mackey, J., et al. (2003).
Long-term efficacy and safety of zoledronic acid compared with pamidronate disodium
in the treatment of skeletal complications in patients with advanced multiple myeloma
or breast carcinoma: a randomized, double-blind, multicenter, comparative trial. Cancer
98 (8), 1735–1744. doi:10.1002/cncr.11701

Rushnak, M. J., and Leevy, C. M. (1980). Effect of diazepam on the lower esophageal
sphincter. A double-blind controlled study. Am. J. Gastroenterol. 73 (2), 127–130.

Frontiers in Pharmacology frontiersin.org09

Chen et al. 10.3389/fphar.2024.1473756

https://www.frontiersin.org/articles/10.3389/fphar.2024.1473756/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2024.1473756/full#supplementary-material
https://doi.org/10.3748/wjg.v22.i3.906
https://doi.org/10.1007/s11914-017-0401-0
https://doi.org/10.1007/s11914-017-0401-0
https://doi.org/10.5455/medarh.2017.71.25-28
https://doi.org/10.1093/annonc/mdg367
https://doi.org/10.1093/annonc/mdg367
https://doi.org/10.1001/jama.2010.1098
https://doi.org/10.1001/jama.2010.1098
https://doi.org/10.1056/NEJM200310233491721
https://doi.org/10.1016/j.bone.2020.115784
https://doi.org/10.1111/j.1572-0241.2001.04034.x
https://doi.org/10.1016/j.bone.2020.115570
https://doi.org/10.4065/77.10.1031
https://doi.org/10.1097/00045391-199605000-00009
https://doi.org/10.1097/00045391-199605000-00009
https://doi.org/10.1007/s40264-023-01345-w
https://doi.org/10.1136/bmj.c4444
https://doi.org/10.1136/bmj.c4444
https://doi.org/10.1186/1471-2474-11-68
https://doi.org/10.1186/1471-2474-11-68
https://doi.org/10.18433/j3vw2f
https://doi.org/10.1016/j.intimp.2020.106601
https://doi.org/10.1177/2168479013514236
https://doi.org/10.1177/2168479013514236
https://doi.org/10.3389/fpubh.2022.836357
https://doi.org/10.3389/fpubh.2022.836357
https://doi.org/10.1177/0962280211430681
https://doi.org/10.1111/j.1572-0241.1999.988_k.x
https://doi.org/10.1196/annals.1365.036
https://doi.org/10.1016/j.bonr.2016.06.001
https://doi.org/10.1007/s00198-014-2925-9
https://doi.org/10.1007/s00198-014-2925-9
https://doi.org/10.5152/tjg.2017.11
https://doi.org/10.1007/s00198-020-05498-7
https://doi.org/10.1007/s00198-020-05498-7
https://doi.org/10.26442/00403660.2019.08.000228
https://doi.org/10.14310/horm.2002.1226
https://doi.org/10.1016/j.humpath.2007.01.014
https://doi.org/10.1016/j.humpath.2007.01.014
https://doi.org/10.1080/14740338.2020.1799975
https://doi.org/10.1080/14740338.2020.1799975
https://doi.org/10.1007/s00198-014-2647-z
https://doi.org/10.1016/j.bone.2021.115887
https://doi.org/10.1111/ger.12590
https://doi.org/10.1016/j.bone.2020.115465
https://doi.org/10.1002/cncr.11701
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1473756


Sedghizadeh, P. P., Sun, S., Jones, A. C., Sodagar, E., Cherian, P., Chen, C., et al.
(2021). Bisphosphonates in dentistry: historical perspectives, adverse effects, and novel
applications. Bone 147, 115933. doi:10.1016/j.bone.2021.115933

Shi, M., Chen, L., Wu, H., Wang, Y., Wang, W., Zhang, Y., et al. (2018). Effect of
bisphosphonates on periprosthetic bone loss after total knee arthroplasty: a meta-
analysis of randomized controlled trials. BMCMusculoskelet. Disord. 19 (1), 177. doi:10.
1186/s12891-018-2101-z

Shu, Y., Ding, Y., Liu, L., and Zhang, Q. (2023). Cardiac adverse events associated with
quetiapine: disproportionality analysis of FDA adverse event reporting system. CNS
Neurosci. Ther. 29 (9), 2705–2716. doi:10.1111/cns.14215

Vytrisalova, M., Touskova, T., Ladova, K., Fuksa, L., Palicka, V., Matoulkova, P., et al.
(2015). Adherence to oral bisphosphonates: 30 more minutes in dosing instructions
matter. Climacteric 18 (4), 608–616. doi:10.3109/13697137.2014.995164

Wang, D., Xu, J., Stathis, D., Zhang, L., Li, F., Lansner, A., et al. (2021). Mapping the
BCPNN learning rule to a memristor model. Front. Neurosci. 15, 750458. doi:10.3389/
fnins.2021.750458

Wright, E., Schofield, P. T., and Molokhia, M. (2015). Bisphosphonates and
evidence for association with esophageal and gastric cancer: a systematic review
and meta-analysis. BMJ Open 5 (12), e007133. doi:10.1136/bmjopen-2014-
007133

Wysowski, D. K. (2010). Oral bisphosphonates and oesophageal cancer. Bmj 341,
c4506. doi:10.1136/bmj.c4506

Zameer, S., Najmi, A. K., Vohora, D., and Akhtar, M. (2018). Bisphosphonates: future
perspective for neurological disorders. Pharmacol. Rep. 70 (5), 900–907. doi:10.1016/j.
pharep.2018.03.011

Zhai, Y., Ye, X., Hu, F., Xu, J., Guo, X., Cao, Y., et al. (2021). Cardiovascular toxicity of
carfilzomib: the real-world evidence based on the adverse event reporting system
database of the FDA, the United States. Front. Cardiovasc Med. 8, 735466. doi:10.
3389/fcvm.2021.735466

Zografos, G. N., Georgiadou, D., Thomas, D., Kaltsas, G., and Digalakis, M. (2009).
Drug-induced esophagitis. Dis. Esophagus 22 (8), 633–637. doi:10.1111/j.1442-2050.
2009.00972.x

Frontiers in Pharmacology frontiersin.org10

Chen et al. 10.3389/fphar.2024.1473756

https://doi.org/10.1016/j.bone.2021.115933
https://doi.org/10.1186/s12891-018-2101-z
https://doi.org/10.1186/s12891-018-2101-z
https://doi.org/10.1111/cns.14215
https://doi.org/10.3109/13697137.2014.995164
https://doi.org/10.3389/fnins.2021.750458
https://doi.org/10.3389/fnins.2021.750458
https://doi.org/10.1136/bmjopen-2014-007133
https://doi.org/10.1136/bmjopen-2014-007133
https://doi.org/10.1136/bmj.c4506
https://doi.org/10.1016/j.pharep.2018.03.011
https://doi.org/10.1016/j.pharep.2018.03.011
https://doi.org/10.3389/fcvm.2021.735466
https://doi.org/10.3389/fcvm.2021.735466
https://doi.org/10.1111/j.1442-2050.2009.00972.x
https://doi.org/10.1111/j.1442-2050.2009.00972.x
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1473756

	Disproportionality analysis of oesophageal toxicity associated with oral bisphosphonates using the FAERS database (2004–2023)
	Introduction
	Methods
	Study design and data source
	Data extraction
	Disproportionality analysis
	Cumulative incidence and time-to-onset and statistical analysis

	Results
	Descriptive analysis
	Analysis of the number of reports and time-to-onset analyses
	Disproportionality analysis
	Mortality and hospitalization rate due to oral BPs-related oesophageal toxicity

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


