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Abstract
Objective  Tafamidis-associated adverse events (AEs) were investigated retrospectively by data mining the US Food 
and Drug Administration Adverse Event Reporting System (FAERS) to inform clinical safety.

Methods  Data were gathered from the FAERS database, which spans the second quarter of 2019 to the fourth 
quarter of 2023. A total number of 8532 reports of Tafamidis-related adverse events were detected after evaluating 
8,432,351 data. Disproportionality analyses were used to quantify the signal and assess the significance of Tafamidis-
associated AEs using four algorithms, including the reporting odds ratio (ROR), the proportional reporting ratio (PRR), 
the multi-item gamma Poisson shrinker (MGPS) and the Bayesian confidence propagation neural network (BCPNN).

Results  Among the 8532 reports of AEs with Tafamidis as the primary suspected drug, Tafamidis-induced AEs were 
identified as occurring in 27 system organ classes (SOC). A total of 207 Tafamidis-induced AEs were detected which 
simultaneously complied with the four algorithms. Our analysis also identified new adverse reactions including 
Hypoacusis, Deafness, and Essential hypertension. The median onset of adverse reactions associated with Tafamidis 
was 180 days (interquartile range [IQR] 51–419 days).

Conclusion  Tafamidis is a drug that has shown favorable safety and tolerability results in clinical trials. However, a 
number of adverse reactions associated with Tafamidis have been identified through analysis of the FAERS database. 
In clinical applications, it is recommended to closely monitor patients’ hearing while using Tafamidis. In addition, it is 
hoped that further experimental and clinical studies will be conducted in the future to understand the mechanism 
of occurrence between Tafamidis and adverse reactions such as primary hypertension, hyperlipidemia, and height 
reduction.
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Introduction
Transthyretin amyloidosis (ATTR) is a systemic dis-
ease caused by misfolding of transthyretin (TTR), which 
causes TTR to become unstable and deposited. ATTR 
often causes progressive organ dysfunction, and the dis-
ease can affect multiple systems and key organs, with 
the heart and nerves being the main organs affected [1]. 
The two most common types of ATTR are transthyretin 
amyloid cardiomyopathy (ATTR-CM) and transthyretin 
amyloid polyneuropathy (ATTR-PN). Prior to Tafamidis 
was developed, the primary therapies available for ATTR 
were liver and/or heart transplantation or symptomatic 
therapy. Tafamidis, a first-of-its-kind kinetic stabilizer 
of TTR that improves prognosis, represents a signifi-
cant step forward in the treatment of ATTR. As an orally 
available small molecule drug, Tafamidis selectively binds 
to TTR and kinetically inhibits the dissociation of TTR 
tetramers into monomers, thereby inhibiting the for-
mation of TTR amyloid deposits [2]. Tafamidis offers 
patients a more effective treatment alternative, improves 
the disease’s prognosis, and improves their quality of 
life. In 2019, the US Food and Drug Administration 
(FDA) approved Tafamidis for the treatment of the car-
diomyopathy of wild-type or hereditary ATTR-CM in 
adults [3]. Tafamidis is the first medicine licensed for 
the therapy of wild-type and hereditary ATTR-CM [4]. 
Currently, Tafamidis has been approved for the therapy 
of ATTR-CM in nearly 50 countries [3], and for the ther-
apy of ATTR-PN in over 40 countries around the world 
[5]. Tafamidis has a promising application in the field of 
ATTR therapy, and its safety deserves to be focused on.

In the quest for drug efficacy, attention to AEs is cru-
cial. And most of Tafamidis’ past research has been 
on topics such as literature analysis and clinical trials, 
with few publications focusing on the latest real-world 
research. In the case of Tafamidis, adverse reactions are 
not systematically described in its specification. In the 
30-month Transthyretin Amyloidosis Cardiomyopathy 
Clinical Trial (ATTR-ACT) study, the incidence and type 
of adverse events were similar to those in the placebo 
group [6]. However, long-term extension (LTE) and clini-
cal data from Tafamidis showed the following adverse 
events: acute heart failure, peripheral edema, pleural 
effusion, Upper abdominal pain, diarrhea, dyspnea, Pain 
in extremities, gout, falls, increased prothrombin time, 
urinary tract infection, and others [5, 7, 8]. Although clin-
ical trials and exploratory investigations have provided 
some evidence regarding the safety of Tafamidis, due to 
differences in the conditions of clinical trials and actual 
application scenarios, they may not correctly reflect the 
incidence of adverse reactions that arise in actual clinical 
applications. Therefore, more in-depth exploration of the 
safety of Tafamidis in actual clinical applications is still 
needed.

To fill this gap, this study collected and analyzed post-
marketing adverse drug reactions to Tafamidis based on 
real-world data from the largest sample, aiming to pro-
vide a reference for rational clinical drug use. FAERS, 
one of the largest pharmacovigilance databases in the 
world, contains reports of adverse events and medication 
errors submitted to the FDA [9]. This study collected and 
analyzed post-marketing adverse reactions to Tafamidis 
based on the largest sample of real-world data. These data 
encompass a broader population and a longer observa-
tion period, providing more comprehensive and realistic 
information compared to clinical trials. This is essential 
for assessing the safety of Tafamidis in clinical applica-
tions. In this study, the adverse event signals of Tafamidis 
were mined and analyzed through the FAERS database, 
with the aim of providing a reference for the rational use 
of the drug in the clinic. This will allow physicians to bet-
ter weigh the potential risk of adverse effects against the 
benefits to the patient and to more effectively select the 
appropriate treatment regimen.

Materials and methods
Data source and processing
In conjunction with the time of drug launch, AEs reports 
with Tafamidis as the primary suspected drug (PS) were 
obtained by collecting safety data related to Tafamidis for 
a total of 19 quarters from the second quarter of 2019 to 
the fourth quarter of 2023 via the FAERS database using 
the subject terms “tafamidis,” “tafamidis meglumine,” 
“Vyndaqel,” and “Vyndamax” after eliminating duplicated 
data and irrelevant reports. Reports of tafamidis-related 
AEs were summarized and analyzed using SOC as a cate-
gory of risk signals and preferred term (PT) as a standard 
name for risk signals within the Medical Dictionary for 
Regulatory Activities (Med DRA version 26.1).

Data is imported into R.4.3.2 and processed for analy-
sis. Only the latest report on the basis of date is kept for 
data with the identical caseID in the demographic and 
administrative information (DEMO) table. Clinical char-
acteristics were described in detail in the reports, includ-
ing gender, age, reporting country, indication, outcome, 
and reporter occupation. Notably, serious outcomes 
include death, life-threatening, hospitalization, disability, 
need for intervention to prevent permanent injury/dam-
age, and other serious consequences. However, the total 
number of serious consequences may exceed the total 
number of reports, as some cases listed more than one 
serious consequence. The flowchart for data processing 
and refining is displayed in Fig. 1.

Statistical analysis
In this study, we used the disproportionality analysis in 
pharmacovigilance to determine the potential associa-
tion between tafamidis and AEs. In pharmacovigilance 
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databases, disproportionality analysis is now a validated 
and effective method for drug safety research and moni-
toring [10].

Based on the disproportionality analysis, we simulta-
neously applied four algorithms to quantify the signals 
of tafamidis-related AEs, respectively reporting odds 
ratio (ROR) [11], the proportional reporting ratio (PRR) 
[12], the multi-item gamma Poisson shrinker (MGPS) 
[13], the Bayesian confidence propagation neural net-
work (BCPNN) [14]. ROR have the advantage of allow-
ing relative risk to be assessed and focusing the study on 
who should be included or who should be excluded from 
the control sequence and can correct for bias due to low 
numbers of reports for certain events. The advantages 
of MGPS are more comprehensive algorithms, effective 
reduction of false alarms, and the ability to mine signals 
from rare events. BCPNN specializes in integrating data 
from multiple sources and performing cross-validation, is 
suitable for dealing with complex association structures, 
and is able to identify potential associations between 
drugs and AEs in the data. In this study, the joint applica-
tion of four algorithms, ROR, PRR, MGPS, and BCPNN, 
is used to utilize the advantages of each of the four algo-
rithms to validate the analysis results from different per-
spectives in order to reduce the errors and produce a 
more fully reliable safety signal from the comprehensive 

assessment. In this study, positive signals for drug-related 
AEs were considered when at least one algorithm met 
the criteria. When all four algorithms met the criteria, it 
suggested a strong correlation between the AEs, which 
helped to minimize the likelihood of false-positive sig-
nals. Higher values obtained indicate a stronger signal 
strength, which implies a stronger link between the target 
medicine and the adverse reaction [15]. Data were statis-
tically analyzed using Microsoft Excel 2021 software. All 
the algorithms as well as detailed formulas and thresh-
olds are shown in Tables 1 and 2.

Results
Annual distribution of Tafamidis-related AEs reports
There have been 8532 AEs reports for Tafamidis between 
May 2019 and December 2023, according to the FAERS 
database. As a whole, the number of AEs reports is 
increasing every year. Taking 2019 (446 reports) and 
2023 (3442 reports) as an example, the number of reports 
shows a minimum and a maximum. Notably, the number 

Table 1  Four grid tables
Tafamidis 
related AEs

Non-Tafamidis 
related AEs

Total

Tafamidis a b a + b
Non-Tafamidis c d c + d
Total a + c b + d N = a + b + c + d

Fig. 1  The flow diagram of selecting Tafamidis-related AEs from the FAERS database. DEMO demographic and administrative information, DRUG drug 
information, REAC preferred terminology for adverse event, PS primary suspect drug
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of reports has increased significantly in the last two years, 
with 40.34% of the total number of reports in 2023 alone. 
Figure  2 shows more specific information on annual 
allocations.

General characteristics
From the second quarter of 2019 through the fourth 
quarter of 2023, a total of 8,432,351 adverse event 
reports were obtained from the FAERS database for this 
study. After rigorous data screening, 8532 reports iden-
tifying Tafamidis as the primary suspect drug for AEs 
were identified, and the data were subsequently further 

analyzed. In adverse event reports involving Tafamidis, 
there were significantly more male patients than female 
patients (72.95% vs. 17.80%). Regarding age, the 65 to 85 
age group had the highest number of elderly patients, 
accounting for 58.97% of the total. The bulk of reports, 
totaling 51.80% of all reports, were notably submitted by 
patients rather than by medical personnel. With 72.14% 
of the total reports, the United States accounted for 
the vast majority of the reports. Japan (6.97%), France 
(6.21%), Canada (4.47%), and Germany (2.00%) were the 
next most frequently reported countries. In terms of seri-
ous clinical outcomes, death was the most commonly 

Table 2  Four major algorithms were used to assess potential associations between Tafamidis and AEs
Algorithms Equation Criteria
ROR ROR = ad/b/c lower limit of 95% CI > 1, N ≥ 3

95%CI = eln(ROR)±1.96(1/a+1/b+1/c+1/d)^0.5

PRR PRR = a(c + d))/c/(a + b) PRR ≥ 2, χ2 ≥ 4, N ≥ 3
χ2 =[(ad − bc)^2](a + b + c + d)/[(a + b)(c + d)(a + c)(b + d)]

BCPNN IC = log2a(a + b + c + d)(a + c)(a + b) IC025 > 0
95%CI = E(IC) ± 2 V(IC)^0.5

MGPS EBGM = a(a + b + c + d)/((a + c)/(a + b)) EBGM05 > 2, N > 0
95%CI = eln(EBGM)±1.96(1/a+1/b+1/c+1/d)^0.5

95%CI = E(IC) ± 2 V(IC)^0.5
a, Number of reports that contain both targeted drug and targeted drug adverse reactions; b, Number of reports of other drug adverse reactions that contain the 
targeted drug; c, Number of reports of targeted drug adverse reactions that contain other drugs; d, Number of reports that contain other drugs and other drug 
adverse reactions

95% CI 95% confidence interval, N the number of reports, χ2 chi-squared, IC information component, IC025 the lower limit of 95% CI of the IC, E(IC) the IC expectations, 
V(IC) the variance of IC, EBGM empirical Bayesian geometric mean, EBGM05 the lower limit of 95% CI of EBGM

Fig. 2  The annual distribution of Tafamidis-related AEs reports from 2019 to 2023
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reported serious outcome with a total of 2922 (28.37%) 
reported. Other serious outcomes and hospitalization 
rates were 2758 (26.77%) and 1806 (17.53%), respectively. 
Detailed information is shown in Table 3.

Signal of system organ class
In total, our statistical analysis identified 27 organ sys-
tems associated with Tafamidis-induced AEs at the SOC 
level. Cardiac disorders (n = 2636, ROR 6.81, PRR 6.11, 
IC 2.60, EBGM 6.08), and Ear and labyrinth disorders 
(n = 402, ROR 4.50, PRR 4.44, IC 2.15, EBGM 4.42) were 
the SOC that matched all four criteria at the same time 
and demonstrated a significant connection with Tafami-
dis AEs. In addition, other important SOC that were pos-
itive in the ROR and MGPS algorithms include General 
disorders and administration site conditions (n = 5430, 
ROR 1.53, PRR 1.40, IC 0.49, EBGM 1.40), Nervous sys-
tem disorders (n = 1861, ROR 1.17, PRR 1.15, IC 0.21, 

EBGM 1.15), Respiratory, thoracic and mediastinal disor-
ders (n = 1234, ROR 1.25, PRR 1.24, IC 0.31, EBGM 1.24), 
Metabolism and nutrition disorders (n = 618, ROR 1.47, 
PRR 1.45, IC 0.54, EBGM 1.45), Surgical and medical 
procedures (n = 390, ROR 1.25, PRR 1.25, IC 0.33, EBGM 
1.25). Of these, Cardiac disorders (n = 2636, ROR 6.81, 
PRR 6.11, IC 2.60, EBGM 6.08,) were consistent with the 
characterization of tafamidis as a treatment for ATTR-
CM. Ear and labyrinth disorders (n = 402, ROR 4.50, PRR 
4.44, IC 2.15, EBGM 4.42) are not mentioned in the drug 
inserts as an adverse reaction that satisfies all four algo-
rithms simultaneously and deserves focused attention 
and study. Table 4 shows the signal strength and amount 
of reports of Tafamidis at the SOC level.

Signal of preferred terms
At the PT level, four algorithms were used in this study 
to analyze AEs and assess their compliance with vari-
ous screening criteria. A total of 207 Tafamidis-induced 
AEs were detected which simultaneously complied with 
the four algorithms covering 22 SOC at the PT level. See 
Supplementary Table S1 for details. To avoid unclear 
presentations [16], we excluded PT associated with 
Tafamidis indications (Cardiac amyloidosis, Hereditary 
neuropathic amyloidosis, Acquired attr amyloidosis, 
Familial amyloidosis, Amyloidosis). Patients with more 
than 20 cases of AEs (a > 20) were selected, and a total 
of 49 AEs meeting the screening criteria were selected 
for analysis and grouped according to SOC, the results 
are shown in Table  5. In our study, Oedema peripheral 
(n = 99, ROR 3.55, PRR 3.54, IC 1.82, EBGM 3.53), Car-
diac failure (n = 532, ROR 20.62, PRR 20.14, IC 4.30, 
EBGM 19.77), Atrial fibrillation (n = 251, ROR 7.69, PRR 
7.62, IC 2.92, EBGM 7.57), Cardiac failure congestive 
(n = 199, ROR 15.31 PRR 15.18, IC 3.90, EBGM 14.97), 
Cardiac failure acute (n = 29, ROR 11.85, PRR 11.84, IC 
3.55, EBGM 11.71), Ventricular tachycardia (n = 28, ROR 
6.05, PRR 6.05, IC 2.59, EBGM 6.02), Dysphagia (n = 176, 
ROR 6.18, PRR 6.14, IC 2.61, EBGM 6.11), Pleural effu-
sion (n = 71, ROR 3.95, PRR 3.94, IC 1.97, EBGM 3.93), 
Dizziness postural (n = 20, ROR 5.80, PRR 5.79, IC 2.53, 
EBGM), 5.76), Gout (n = 42, ROR 7.11, PRR 7.09, IC 2.82, 
EBGM 7.05) etc. are consistent with the results once seen 
in clinical trials [5, 7, 8]. These results show that our anal-
ysis is consistent with known clinical data and also high-
light the importance of new potential safety issues.

In the analysis of Tafamidis, several new AEs worthy of 
further study were identified in the table, including but 
not limited to the following PT: Essential hypertension 
(n = 31, ROR 41.95, PRR 41.90, IC 5.33, EBGM 40.26), 
Hypoacusis (n = 319, ROR 15.90, PRR 15.68, IC 3.95, 
EBGM 15.46), Deafness (n = 39, ROR 4.17, PRR 4.16, IC 
2.05, EBGM 4.15), Body height decreased (n = 89, ROR 
28.89, PRR 28.78, IC 4.81, EBGM 28.01), Hyperlipidaemia 

Table 3  Clinical characteristics of reports with Tafamidis from 
the FAERS database (May 2019 to December 2023)
Clinical characteristics Case number, n Case proportion, %
Number of events (N = 8532)
Gender
  Female 1519 17.80%
  Male 6224 72.95%
  Unknown 789 9.25%
Age (years)
  <18 2 0.02%
  ≥18, <65 291 3.41%
  ≥65, <85 5031 58.97%
  ≥85 1725 20.22%
  Unknown 1483 17.38%
Reporter occupation
  Consumer 4420 51.80%
  Medical Doctor 1970 23.09%
  Health Professional 1487 17.43%
  Pharmacist 399 4.68%
  Other Health Professional 128 1.50%
  Unknown 126 1.48%
  Lay Witness 2 0.02%
Reported Countries (Top Five)
  America 6155 72.14%
  Japan 595 6.97%
  France 530 6.21%
  Canada 381 4.47%
  Germany 171 2.00%
Serious Outcomes
  Death 2922 28.37%
  Other Serious 2758 26.77%
  Unknown 2652 25.75%
  Hospitalization 1806 17.53%
  Life-threatening 101 0.98%
  Disability 61 0.59%
  Required Intervention 1 0.01%
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(n = 29, ROR 13.29, PRR 13.28, IC 3.71, EBGM 13.12). It is 
worth noting that both Hypoacusis (n = 319, ROR 15.90, 
PRR 15.68, IC 3.95, EBGM 15.46) and Deafness (n = 39, 
ROR 4.17, PRR 4.16, IC 2.05, EBGM 4.15) are associated 
with ear and labyrinthine disorders, which are not men-
tioned in the drug insert or in the clinical trials associ-
ated with Tafamidis, and which deserve to be explored 
further.

Onset time of events
The onset time of Tafamidis-related adverse reactions 
was collected from the FAERS database. With a median 
onset time of 180 days (interquartile range [IQR] 51–419 
days), 868 cases overall with reported onset times were 
excluded from reports of unreported or unknown 
onset times. As Fig.  3 illustrates, the results showed 
that Tafamidis cases varied in timing, sometimes span-
ning more than a year. Within the first month after ini-
tiation of treatment with Tafamidis (n = 151, 17.40%), it 
was the month with the most cases of all months. In the 
first quarter (n = 284, 32.72%), second quarter (n = 149, 

17.17%), third quarter (n = 105, 12.12%), and fourth quar-
ter (n = 66, 7.60%), there was a general trend of decreasing 
number of cases quarter by quarter. Notably, as shown in 
our data, adverse reactions may still occur one year after 
the initiation of Tafamidis, in the second year of treat-
ment (n = 157, 18.09%), and even after the second year of 
treatment, the incidence is still 12.33%.

Discussion
Our study revealed a trend of significant annual increases 
in reported adverse events (AEs) associated with Tafami-
dis, with male patients accounting for the vast major-
ity of these reports (72.95%). Signals that satisfy all four 
algorithmic criteria simultaneously at the SOC level are 
Cardiac disorders, Ear and labyrinth disorders. At the 
PT level, death (n = 2359) was the most frequent adverse 
reaction we found. Of note, Ear and labyrinth disorders 
were found to be significant adverse events, which have 
not been previously documented in clinical trials or drug 
inserts and require further investigation. These findings 
emphasize the importance of continuous monitoring and 

Table 4  The signal strength of reports of Tafamidis at the SOC level in the FAERS database
System Organ Class (SOC) Tafamidis 

cases report-
ing SOC

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

General disorders and administration site conditions 5430 1.53 (1.48–1.58) 1.40 (753.13) 0.49 (−1.18) 1.40 (1.36)
Cardiac disorders 2636 6.81 (6.54–7.09) 6.11 (11431.30) 2.60 (0.94) 6.08 (5.88)
Injury, poisoning and procedural complications 2481 0.93 (0.89–0.97) 0.93 (13.19) −0.10 (−1.76) 0.93 (0.90)
Nervous system disorders 1861 1.17 (1.11–1.23) 1.15 (41.30) 0.21 (−1.46) 1.15 (1.11)
Investigations 1236 0.95 (0.90–1.01) 0.96 (2.63) −0.06 (−1.73) 0.96 (0.91)
Respiratory, thoracic and mediastinal disorders 1234 1.25 (1.18–1.33) 1.24 (59.81) 0.31 (−1.36) 1.24 (1.18)
Gastrointestinal disorders 1164 0.65 (0.62–0.69) 0.67 (203.80) −0.58 (−2.24) 0.67 (0.64)
Infections and infestations 858 0.68 (0.64–0.73) 0.70 (120.14) −0.52 (−2.19) 0.70 (0.66)
Musculoskeletal and connective tissue disorders 768 0.67 (0.62–0.72) 0.68 (123.94) −0.56 (−2.23) 0.68 (0.64)
Metabolism and nutrition disorders 618 1.47 (1.35–1.59) 1.45 (89.38) 0.54 (−1.13) 1.45 (1.36)
Psychiatric disorders 527 0.43 (0.39–0.47) 0.44 (394.17) −1.18 (−2.85) 0.44 (0.41)
Renal and urinary disorders 487 1.08 (0.99–1.19) 1.08 (3.08) 0.11 (−1.55) 1.08 (1.00)
Vascular disorders 448 1.09 (0.99–1.20) 1.09 (3.15) 0.12 (−1.55) 1.09 (1.00)
Skin and subcutaneous tissue disorders 412 0.31 (0.28–0.34) 0.32 (631.79) −1.64 (−3.31) 0.32 (0.30)
Ear and labyrinth disorders 402 4.50 (4.08–4.97) 4.44 (1070.41) 2.15 (0.48) 4.42 (4.07)
Surgical and medical procedures 390 1.25 (1.13–1.38) 1.25 (19.11) 0.32 (−1.35) 1.25 (1.15)
Eye disorders 237 0.56 (0.50–0.64) 0.57 (79.18) −0.81 (−2.48) 0.57 (0.51)
Neoplasms benign, malignant and unspecified (incl cysts 
and polyps)

198 0.22 (0.19–0.26) 0.23 (528.88) −2.12 (−3.78) 0.23 (0.21)

Immune system disorders 150 0.57 (0.48–0.67) 0.57 (49.41) −0.81 (−2.48) 0.57 (0.50)
Hepatobiliary disorders 111 0.62 (0.51–0.74) 0.62 (26.19) −0.69 (−2.36) 0.62 (0.53)
Blood and lymphatic system disorders 108 0.29 (0.24–0.35) 0.29 (191.64) −1.79 (−3.45) 0.29 (0.25)
Social circumstances 107 1.04 (0.86–1.26) 1.04 (0.20) 0.06 (−1.60) 1.04 (0.89)
Reproductive system and breast disorders 68 0.48 (0.38–0.60) 0.48 (38.92) −1.06 (−2.73) 0.48 (0.39)
Congenital, familial and genetic disorders 50 0.81 (0.62–1.07) 0.81 (2.13) −0.30 (−1.96) 0.81 (0.65)
Product issues 44 0.11 (0.08–0.15) 0.11 (320.04) −3.17 (−4.84) 0.11 (0.09)
Endocrine disorders 43 0.73 (0.54–0.98) 0.73 (4.30) −0.45 (−2.12) 0.73 (0.57)
Pregnancy, puerperium and perinatal conditions 2 0.03 (0.01–0.10) 0.03 (73.68) −5.27 (−6.94) 0.03 (0.01)
ROR reporting odds ratio, CI confidence interval, PRR proportional reporting ratio, χ2 chi-squared, IC information component, IC 025 the lower limit of 95% CI of the IC, 
EBGM empirical Bayesian geometric mean, EBGM 05 the lower limit of 95% CI of EBGM
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SOC name Preferred terms (PT) Case 
numbers

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

General 
disorders and 
administration 
site conditions

Death 2359 8.57 (8.21–8.95) 7.76 (13988.63) 2.95 (1.28) 7.71 (7.44)
Disease progression 189 4.44 (3.85–5.12) 4.41 (497.21) 2.14 (0.47) 4.40 (3.90)
Therapeutic response unexpected 114 8.25 (6.86–9.93) 8.21 (716.75) 3.03 (1.36) 8.15 (6.99)
Oedema peripheral 99 3.55 (2.91–4.33) 3.54 (179.96) 1.82 (0.15) 3.53 (2.99)
Oedema 50 3.26 (2.47–4.31) 3.26 (77.94) 1.70 (0.03) 3.25 (2.57)
Sudden death 22 9.34 (6.14–14.22) 9.33 (162.17) 3.21 (1.54) 9.26 (6.51)
Pre-existing condition improved 20 9.96 (6.41–15.47) 9.95 (159.41) 3.30 (1.63) 9.86 (6.82)

Cardiac disorders Cardiac failure 532 20.62 (18.90–22.49) 20.14 (9499.32) 4.30 (2.64) 19.77 (18.38)
Atrial fibrillation 251 7.69 (6.79–8.72) 7.62 (1434.16) 2.92 (1.25) 7.57 (6.82)
Cardiac failure congestive 199 15.31 (13.30–17.62) 15.18 (2598.36) 3.90 (2.24) 14.97 (13.31)
Cardiac failure chronic 188 106.45 (91.55–123.79) 105.56 (17617.51) 6.58 (4.91) 95.60 (84.26)
Cardiac disorder 183 6.18 (5.34–7.15) 6.14 (783.06) 2.61 (0.94) 6.11 (5.40)
Cardiomyopathy 45 11.55 (8.61–15.50) 11.53 (428.00) 3.51 (1.85) 11.41 (8.92)
Left ventricular hypertrophy 43 36.74 (27.09–49.82) 36.67 (1439.28) 5.15 (3.48) 35.41 (27.44)
Atrial flutter 43 18.91 (13.98–25.57) 18.87 (714.35) 4.21 (2.55) 18.54 (14.40)
Mitral valve incompetence 32 12.13 (8.56–17.20) 12.12 (322.56) 3.58 (1.92) 11.99 (8.95)
Cardiac failure acute 29 11.85 (8.22–17.09) 11.84 (284.36) 3.55 (1.88) 11.71 (8.62)
Coronary artery disease 29 6.54 (4.54–9.42) 6.53 (134.98) 2.70 (1.03) 6.49 (4.78)
Ventricular tachycardia 28 6.05 (4.17–8.78) 6.05 (117.24) 2.59 (0.92) 6.02 (4.41)
Pericardial effusion 28 3.76 (2.59–5.45) 3.76 (56.45) 1.91 (0.24) 3.75 (2.75)
Tricuspid valve incompetence 26 15.02 (10.19–22.13) 15.00 (334.79) 3.89 (2.22) 14.79 (10.70)
Chronic left ventricular failure 24 128.84 (84.21–197.11) 128.70 (2695.10) 6.84 (5.16) 114.17 (79.99)
Left ventricular dysfunction 22 10.18 (6.69–15.50) 10.17 (180.12) 3.33 (1.67) 10.08 (7.09)

Vascular 
disorders

Essential hypertension 31 41.95 (29.28–60.1) 41.90 (1187.90) 5.33 (3.66) 40.26 (29.80)
Orthostatic hypotension 20 3.25 (2.09–5.04) 3.25 (31.01) 1.70 (0.03) 3.24 (2.24)

Gastrointestinal 
disorders

Dysphagia 176 6.18 (5.33–7.17) 6.14 (753.90) 2.61 (0.95) 6.11 (5.39)

Respiratory, 
thoracic, and 
mediastinal 
disorders

Dyspnoea exertional 91 6.24 (5.08–7.67) 6.22 (396.38) 2.63 (0.96) 6.19 (5.21)
Pleural effusion 71 3.95 (3.13–4.98) 3.94 (155.10) 1.97 (0.31) 3.93 (3.23)
Pulmonary oedema 52 3.77 (2.87–4.96) 3.77 (105.38) 1.91 (0.24) 3.76 (2.99)

Musculoskeletal 
and connective 
tissue disorders

Back disorder 20 3.68 (2.37–5.71) 3.67 (38.80) 1.87 (0.21) 3.66 (2.54)

Injury, poisoning, 
and procedural 
complications

Hip fracture 54 5.16 (3.95–6.75) 5.15 (179.91) 2.36 (0.69) 5.13 (4.10)

Nervous system 
disorders

Cerebrovascular accident 168 4.03 (3.46–4.69) 4.01 (378.15) 2.00 (0.33) 3.99 (3.52)
Dementia 83 7.88 (6.35–9.78) 7.85 (492.66) 2.96 (1.30) 7.80 (6.51)
Carpal tunnel syndrome 48 9.88 (7.43–13.13) 9.86 (378.39) 3.29 (1.62) 9.77 (7.7)
Polyneuropathy 36 7.59 (5.47–10.54) 7.58 (204.11) 2.91 (1.25) 7.53 (5.72)
Cerebral infarction 24 3.66 (2.45–5.46) 3.66 (46.14) 1.87 (0.20) 3.65 (2.61)
Dizziness postural 20 5.80 (3.73–9.00) 5.79 (78.84) 2.53 (0.86) 5.76 (3.99)

Ear and labyrinth 
disorders

Hypoacusis 319 15.90 (14.22–17.77) 15.68 (4322.21) 3.95 (2.28) 15.46 (14.08)
Deafness 39 4.17 (3.04–5.71) 4.16 (93.32) 2.05 (0.39) 4.15 (3.19)

Metabolism 
and nutrition 
disorders

Fluid retention 132 8.08 (6.80–9.59) 8.04 (807.24) 3.00 (1.33) 7.98 (6.91)
Gout 42 7.11 (5.24–9.63) 7.09 (218.38) 2.82 (1.15) 7.05 (5.47)
Weight fluctuation 31 6.21 (4.36–8.84) 6.20 (134.40) 2.62 (0.96) 6.17 (4.59)
Hyperlipidaemia 29 13.29 (9.21–19.18) 13.28 (325.00) 3.71 (2.05) 13.12 (9.65)
Hypervolaemia 25 5.28 (3.56–7.82) 5.27 (86.09) 2.39 (0.73) 5.25 (3.78)

Surgical and 
medical 
procedures

Cardiac pacemaker insertion 41 25.87 (18.97–35.28) 25.83 (953.93) 4.66 (2.99) 25.20 (19.44)
Heart transplant 28 93.40 (63.40–137.60) 93.28 (2338.68) 6.42 (4.74) 85.43 (61.77)

Table 5  The signal strength of reports of Tafamidis at the PT level in the FAERS database
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vigilance in the management of adverse events associated 
with Tafamidis to ensure patient safety.

Our study found that the number of reported adverse 
events associated with Tafamidis increased each year 
beginning in 2019, with an even more significant increase 
in the number of reports since 2022. This upward trend 
not only demonstrates the significant therapeutic effi-
cacy of Tafamidis, which has led to an increase in its use 
across a wide range of indications and patients, but also 
serves as a reminder of the importance of analyzing these 
adverse reactions.

Among the AEs regarding Tafamidis, there were more 
males (72.95%) than females (17.80%). This may be 
due to the fact that there are more male patients, thus 

increasing their chances of taking the drug. Data from 
THAOS suggest that in the United States, the majority 
of patients with ATTR are older men with a predomi-
nantly cardiac-dominant phenotype [17]. ATTR-CM 
is categorized into the wild type ATTR (ATTRwt) and 
mutant ATTR (ATTRm) type [18]. ATTRm also known 
as hereditary ATTR (hATTR) or the variant ATTR 
(ATTRv) type. There are more male than female patients 
of both types in clinical reports [19, 20]. Of these, ATTR-
CM (ATTRwt) has traditionally been recognized as a 
distinctly sex-specific disease that primarily affects the 
heart alone and occurs most often in men over the age 
of 60 [21, 22]. This gender difference may be due to the 
fact that some biological features associated with females 

Fig. 3  Time to onset of Tafamidis-related AEs

 

SOC name Preferred terms (PT) Case 
numbers

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

Investigations Body height decreased 89 28.89 (23.39–35.68) 28.78 (2320.28) 4.81 (3.14) 28.01 (23.47)
Ejection fraction decreased 33 5.47 (3.88–7.70) 5.46 (119.71) 2.44 (0.78) 5.44 (4.08)
N-terminal prohormone brain natri-
uretic peptide increased

20 27.65 (17.73–43.12) 27.62 (499.48) 4.75 (3.08) 26.91 (18.55)

ROR reporting odds ratio, CI confidence interval, PRR proportional reporting ratio, χ2 chi-squared, IC information component, IC025 the lower limit of 95% CI of the IC, 
EBGM empirical Bayesian geometric mean, EBGM 05 the lower limit of 95% CI of EBGM

Table 5  (continued) 
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prevent myocardial involvement in ATTRv amyloidosis 
[19]. In contrast, androgens promote the hepatic produc-
tion of TTR and may be a risk factor for ATTR amyloi-
dosis development [23]. Therefore, with the widespread 
clinical use of Tafamidis, it is important for clinicians to 
remain vigilant regarding adverse reactions associated 
with Tafamidis, especially in elderly male patients.

Based on the disproportionality analysis, we find 
that the signals that satisfy all four algorithmic criteria 
simultaneously at the SOC level are Cardiac disorders 
(n = 2636, ROR 6.81, PRR 6.11, EBGM 6.08, IC 2.60), 
Ear and labyrinth disorders (n = 402, ROR 4.5, PRR 4.44, 
EBGM 4.42, IC 2.15). One of the most important signals, 
Cardiac disorders, is not documented in the Tafamidis 
drug insert, which may be related to the patient’s own 
disease progression rather than a direct correlation with 
the drug itself. ATTR-CM, also known as Transthyretin 
cardiac amyloidosis (ATTR-CA), usually presents with 
heart failure and arrhythmias [17, 24]. ATTR-CA is the 
leading cause of restrictive cardiomyopathy and Heart 
Failure with Preserved Ejection Fraction (HFpEF) [17, 
25]. The resulting heart failure syndrome is a product 
of biventricular involvement and usually includes symp-
toms of both left and right heart failure, including fatigue, 
hypotension, exertional dyspnea, telangiectasia, parox-
ysmal nocturnal dyspnea, hepatomegaly, ascites, early 
satiety, nausea, and lower extremity edema [26]. With 
further deposition of TTR, echocardiography may show 
a decreased left ventricular ejection fraction (LVEF). In 
addition, the patient’s heart conduction system is often 
compromised, which can lead to arrhythmias, including 
atrial fibrillation (AF) and conduction block [27]. Unfor-
tunately, due to the heterogeneous nature of the disease 
and its multisystem involvement, there is often overlap 
with other diseases, and it is usually diagnosed only in 
the presence of significant myocardial amyloid deposi-
tion and advanced restrictive cardiomyopathy, which is 
already at an advanced stage of the disease [28]. Tafami-
dis does not reverse the amyloid deposits that have 
formed but only slows the disease progression of cardio-
myopathy and peripheral neuropathy [29]. Tafamidis is 
primarily indicated in the early stages of the disease and 
has been shown in clinical trials to be more effective in 
patients with mild to moderate symptoms [8]. The results 
may be less than ideal for patients who already have 
severe lesions or are in the advanced stages of the disease. 
So it may not be reasonable to judge whether the onset 
and progression of Cardiac disorder and some of the 
associated clinical manifestations are caused by Tafami-
dis based on AEs signals. For this situation, we should 
strengthen the identification, screening, and evaluation 
of high-risk groups, and establish a standardized diag-
nosis and treatment process to ensure that ATTR-CA 
patients can be diagnosed and treated as early as possible.

At the PT level, Death (n = 2359, ROR 8.57, PRR 7.76, 
IC 2.95, EBGM 7.71) was the adverse reaction with the 
highest frequency of occurrence that we detected. This is 
because, as a systemic disease that can involve multiple 
systems, ATTR seriously affects the quality of life and life 
expectancy of patients, and the prognosis is worse espe-
cially when the heart is involved. ATTR-CA is a rapidly 
progressive, inevitably progressive, and ultimately fatal 
cardiomyopathy. ATTR-CA patients have poor quality 
of life and low survival rates, with the median survival 
of ATTRwt patients ranging from 43 to 57 months after 
diagnosis [25, 30], and that of ATTRm patients depend-
ing on the mutant gene, of which the median survival of 
Val122Ile mutant patients is only 31 months after diag-
nosis [30]. Deaths in patients with ATTR-CA are usually 
due to cardiac causes, mainly including sudden death and 
heart failure [31]. Studies have shown that Tafamidis is 
effective in reducing all-cause mortality and cardiovascu-
lar mortality in patients with ATTR-CA, which excludes 
heart transplant patients and patients with mechani-
cal cardiac assist devices [32]. Meanwhile, a systematic 
review from Singh et al. also supports the possibility that 
Tafamidis may halt disease progression, thereby reducing 
cardiovascular mortality and all-cause mortality. Mean-
while, a systematic review from Singh et al. also supports 
that Tafamidis slows disease progression and reduces 
cardiovascular mortality and all-cause mortality [33]. The 
high frequency of deaths at the PT level may be based 
on the high mortality rate that characterizes the disease 
itself rather than the adverse effects of Tafamidis. There-
fore, we need to be careful in assessing the safety of drugs 
and not judge their safety and efficacy solely on the basis 
of the frequency of deaths.

In analyzing the adverse effects of the drug, we found 
some unexpected safety signals, especially involving 
ear and labyrinthine disorders, including Hypoacusis 
(n = 319, ROR 15.90, PRR 15.68, IC 3.95, EBGM 15.46), 
Deafness (n = 39, ROR 4.17, PRR 4.16, IC 2.05, EBGM 
4.15). Molecular studies in animal models suggest that 
TTR may play a role in the ear. Studies have already 
recorded the presence of transcripts of this protein in 
the inner ear of mice [34]. A study on ATTR and hear-
ing loss showed that hearing loss is prevalent and more 
severe in patients with ATTRv amyloidosis, but is mostly 
overlooked in clinical practice. Simultaneous studies sug-
gest that amyloid deposits can penetrate various anatom-
ical structures in the inner and mild ear [35]. Although 
Tafamidis works by reducing amyloid formation, hear-
ing may be affected if the medication is not effective or 
if amyloid is deposited in the ear structure due to some 
unknown factor. Data from the ATTR-PN long-term fol-
low-up and clinical practice settings show the presence of 
reduced thyrotropin, lower serum thyroxine levels in lab-
oratory outliers [36]. Studies have shown that abnormal 
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thyroid function can affect the ear’s hearing function, 
especially as a risk factor for low-frequency descending 
sudden deafness [37, 38]. Therefore, this may be one of 
the reasons why Tafamidis causes adverse reactions to 
ear and labyrinthine disorders. It is worth noting that 
these reasons are based on pharmacologic and physio-
logic assumptions, and the reality may be more complex. 
Adverse drug reactions are usually caused by a mixture 
of factors, including the pharmacologic nature of the 
drug, individual differences, and drug metabolic path-
ways. Therefore, further experimental studies and clinical 
observations are needed to reveal that Tafamidis causes 
Ear and labyrinth disorders to better understand the 
mechanisms underlying it. In addition, we found no rel-
evant literature reports on other important new signals 
(primary hypertension, hyperlipidemia, height reduc-
tion). In this regard, more clinical studies are needed to 
understand the pathogenesis of these adverse events.

Our findings showed that the median time to onset 
was 180 days (interquartile range [IQR] 51–419 days), 
with the highest incidence within the 1st month after ini-
tiation of Tafamidis treatment (n = 151, 17.40%). The inci-
dence rate showed a decreasing trend quarter by quarter 
over time as follows: first quarter (n = 284, 32.72%), sec-
ond quarter (n = 149, 17.17%), third quarter (n = 105, 
12.12%), and fourth quarter (n = 66, 7.60%). The incidence 
rate showed a decreasing trend quarter by quarter over 
time as follows: first quarter (n = 284, 32.72%), second 
quarter (n = 149, 17.17%), third quarter (n = 105, 12.12%), 
and fourth quarter (n = 66, 7.60%). It is worth noting that 
adverse reactions may still occur even after one year 
of Tafamidis treatment, with a prevalence of (n = 157, 
18.09%), and even after the second year of treatment, the 
prevalence was still as high as 12.33%. There have been 
relatively few detailed analyses of the timing of adverse 
reactions to Tafamidis in prior studies. Most studies focus 
on the efficacy and safety of the drug and do not spe-
cifically characterize a particular time point for adverse 
effects. The data from our study suggest that attention 
should be paid to the occurrence of adverse reactions 
associated with Tafamidis within the first month of ini-
tiation of treatment with Tafamidis, as well as long-term 
monitoring of the occurrence of adverse reactions. Early 
detection of Tafamidis treatment-induced adverse events 
may reduce patient suffering and improve patient quality 
of life.

In this study, the adverse reaction signals of Tafamidis 
were mined and analyzed based on the FAERS database. 
FAERS is an essential database of adverse events and 
medication error reports submitted to FDA and plays an 
invaluable role in the timely identification of potential 
drug safety problems. Disproportionality analysis, which 
was employed in the study to detect signals in pharmaco-
vigilance databases, is a widely used method [39, 40]. In 

this study, the joint application of four algorithms is used 
to validate the analysis results from different perspectives 
in order to minimize the errors and produce a more fully 
reliable safety signal from the comprehensive assessment. 
In the FAERS database, data mining techniques have suf-
ficient statistical power to identify drug safety problems 
more quickly than traditional methods [41]. However, 
it is worth noting that these data have some limitations. 
First, the FAERS database is a spontaneous reporting 
system, and consumers can also submit adverse reac-
tion reports to the database. Nevertheless, generally, 
consumers’ medical expertise is limited, which may lead 
to certain misunderstandings or errors in the report. In 
addition, it is important to emphasize that this study is 
a retrospective study that only observes associations and 
does not establish causality [42]. Despite the numerous 
benefits provided by the data mining approaches uti-
lized in this work, there remain limits in the identifica-
tion and analysis of adverse drug reaction signals through 
spontaneous reporting systems, which cannot be entirely 
addressed. As a result, our findings should be interpreted 
as a piece of advice to doctors and pharmacists to remain 
cautious in preventing potential adverse reactions. In 
summary, although this study utilized data mining tech-
niques to analyze the adverse effects of Tafamidis, based 
on the limitations of the data, we recommend caution in 
interpreting the results of the study and encourage fur-
ther research investigations to validate and extend our 
observations.

In conjunction with the above discussion, we believe 
that with the widespread use of Tafamidis in clinical 
applications, clinicians should exercise caution, especially 
in older male patients. We should establish a standard-
ized diagnostic and treatment process to ensure that 
patients with ATTR can be diagnosed and treated as early 
as possible. We emphasize the need for special attention 
to ear and labyrinthine disorders and recommend that 
patients’ ear hearing be closely monitored during the use 
of Tafamidis. Such adverse events should be emphasized 
in the clinical use of the drug, and further studies and 
clinical observations are expected in the future to refine 
the mechanisms behind them. To address the timing of 
Tafamidis adverse reactions, special attention should be 
paid to reactions within the first month of treatment ini-
tiation and monitored over time to improve the chances 
of early detection of adverse reactions and intervention 
to improve patient quality of life.

Conclusion
In summary, through the comprehensive and systematic 
mining and analysis of FAERS data, this study provides a 
strong scientific basis for the safety evaluation of Tafami-
dis. Tafamidis is a drug that has shown favorable safety 
and tolerability results in clinical trials. However, in our 
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study, we emphasized the need for special attention to 
ear and labyrinthine disorders. This is an important clini-
cal warning and it is recommended that patients’ hear-
ing in the ear be closely monitored while using Tafamidis. 
Clinicians should be on high alert for these potential 
adverse effects. In addition, we look forward to more 
experimental and clinical studies in the future to under-
stand the mechanism of occurrence between Tafamidis 
and adverse effects such as essential hypertension, hyper-
lipidemia, and height reduction. This study provides 
additional insight into the safety of Tafamidis and will 
hopefully help clinicians make informed decisions.
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