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Abstract

Background Transthyretin cardiac amyloidosis (ATTR-CA) is a progressive cause of diastolic heart failure associ-
ated with poor prognosis. Currently available treatment, tafamidis, a TTR stabilizer, is highly effective and tolerable
but is not cost-effective. Hence, we aim to evaluate the efficacy and safety of a mechanistically similar but more
affordable TTR stabilizer, diflunisal, in patients with ATTR-CA.

Methods Systematic searching until June 2024 was done on 3 databases to include patients with ATTR-CA of any
type (hereditary or wild-type). Efficacy and safety of diflunisal are assessed by baseline to follow-up mean difference
of specific clinical parameters and mortality risk reduction comparing intervention to the control group is evalu-
ated by the generic inverse variance model. The proportion of discontinuation rate and adverse effects are evalu-
ated with a single-arm inverse variance model. Statistical analyses are done with a random effect model conducted
on RevMan and R software.

Results Twelve studies comprising 539 ATTR-CA patients with a mean of 70 years old are included. The major-

ity of them are male with NYHA |-l severity and are being followed up for approximately 12 months. For diflunisal
efficacy outcomes, we found no statistically significant changes in BNP, troponin |, LVEF, GLS, IVSD, PWD, and E wave
from baseline to diflunisal posttreatment, however, we found a statistically significant posttreatment increase of tran-
sthyretin level (MD 9.34 mg/dL; Cl 1.54-17.14; 1> 0%; p 0.02). We also found a statistically significant 77% (Cl 58-87%; 12
34%; p <0.001) risk reduction of mortality in the diflunisal group compared to the control group. For diflunisal safety
outcomes, we found a statistically significant reduction of eGFR, hemoglobin, and platelet count (MD —5.55, —0.32,
—11.61, respectively, p<0.01) but no statistically significant change in creatinine level. Pooled proportions of discon-
tinuation rate of diflunisal therapy is 24% (Cl 15-36%; 12 72%:; p<0.01) and adverse events causing therapy discontinu-
ation are renal impairment (21%), Gl impairment (13%), bleeding (6%), and fluid retention (6%).

Conclusion Diflunisal therapy is beneficial in treating ATTR-CA patients but is associated with adverse effects
that require therapy discontinuation. Hence, careful monitoring during diflunisal therapy is necessary.
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progressive yet underestimated cause of heart failure.
ATTR account for approximately 13% case of heart fail-
ure with preserved ejection fraction that represents
almost half of heart failure cases. Presence of cardiac
amyloidosis with heart failure also increases the risk of
death and hospital readmission by two and three times,
respectively [1].

The growing increase in myocardial mass resulting
from amyloid formation contributes to a smaller ven-
tricular cavity size, causing diastolic filling abnormality
as a common presentation. The ATTR-CA can be classi-
fied as either wild-type resulting from age-related failure
(ATTRwt) or hereditary variant resulting from genetic
mutation (ATTRv) [2, 3].

Currently, tafamidis is the first FDA approved tran-
sthyretin (TTR) stabilizer drug that has been proven to
lower hospital admissions due to ATTR-CA. However,
tafamidis use does not meet generally accepted cost-
effectiveness threshold and their very high price impose
important challenges associated with access and afford-
ability that will affect patients, clinicians, and policymak-
ers. Although associated with a favorable outcome and
minimal side effects, the high cost issue has limited its
use in clinical practice [4].

In the search for alternative therapies, diflunisal—a
non-steroid anti-inflammatory (NSAID) agent— which
also acts as TTR stabilizer could inhibit tetrameric TTR
dissociation into unstable amyloidogenic monomers, can
be an alternative agent to suppress amyloidogenesis [5].
Yet still, although the potential of diflunisal drug repur-
posing is intriguing, one must consider that chronic
NSAID use has been associated with several adverse
effects, notably GI impairment, renal dysfunction, fluid
retention, furthermore increased morbidity and mortal-
ity in heart failure patients, creating hesitancy in pre-
scribing a long-term regiment to cardiac amyloidosis
patients. A clinically accepted dose of diflunisal, 250 mg
orally twice daily, has been considered as an alternative
in ATTR-CA treatment due to the similarity of mechani-
cally and more affordable compared to the current first
line therapy, tafamidis [6]. Hence, this potential advan-
tage has led to an increase in our interest in evaluating
the efficacy, yet still reflecting on possible adverse events
of diflunisal as a viable and more affordable option for
patients with ATTR-CA.

Methods

Search strategy

Systematic searching on three databases (PubMed, Sco-
pus, Embase,) were done up until June 2024. Searching
strategy mainly includes different terms associated with
“transthyretin cardiac amyloidosis” and “diflunisal” A
detailed search strategy is elaborated in Supplementary 1.
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Study selection

Systematic study selection under prespecified inclusion
and exclusion criteria was done by two reviewers inde-
pendently (WH and AF). Any discrepancies or disagree-
ments of study selection results were further discussed
with the third author (AN). We specifically included
both observational or randomized controlled trials with
a population of amyloidosis transthyretin cardiac amy-
loidosis (ATTR-CA) undergoing diflunisal therapy.
ATTR- CA diagnosis arising either from endomyocar-
dial biopsy or consensus-agreed criteria were included.
We also included both types of ATTR-CA namely, ATTR
wild type (ATTRwt) and hereditary ATTR (hATTR). We
excluded studies of review article, case report/ series, and
animal studies. We also excluded studies in which inter-
vention is described as TTR stabilizer only without any
further details whether it includes tafamidis or diflunisal
only therapy.

Risk of bias assessment

The observational studies analyzed in this research were
evaluated for risk of bias using the Revised Cochrane Risk
of Bias Tool for Non-Randomized Studies of Interven-
tions (ROBINS-I). This assessment considered various
potential sources of bias, such as confounding factors,
measurement of exposure, classification of interventions,
participant selection, deviations from intended interven-
tions, and missing data. Three reviewers (ADS, RAFZ,
IAR) conducted the evaluations independently, resolving
any disagreements through mutual consensus.

Data extraction

Data from the included studies were retrieved by two
independent reviewers (WH and AF). Two other review-
ers (AN and ADS) evaluated all the collected data for any
inconsistency and all authors came to a consensus to dis-
cuss any existing inconsistency. Data extracted from each
included study include author, study name/center, period
of study, study design, sample size, intervention used and
its dose, concomitant treatment (such as proton pump
inhibitors or 2nd generation antihistamine), population,
types of ATTR-CA, genetic variance, baseline IVSD and
ATTR level, anticoagulation use, and their outcomes.

Outcome measures

Outcomes evaluated in this review include baseline and
follow-up parameter changes of natriuretic peptide, tro-
ponin, TTR, left ventricular ejection fraction (LVEF),
interventricular septal diameter (IVSD), posterior wall
diameter (PWD), and global longitudinal strain (GLS)
to assess the efficacy of intervention. We also evaluated
binary outcomes of mortality in the intervention and
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control group. Additionally, we evaluated safety out-
comes of changes in creatinine, estimated glomerular fil-
tration rate (eGFR), hemoglobin, and platelet count from
baseline to follow up. We also evaluated the proportion
of discontinuation rate and the rationales behind the dis-
continuation (renal impairment, gastrointestinal impair-
ment, bleeding, or fluid retention).

Statistical analysis

Statistical analysis is conducted with ReviewManager
version 5.4 and R studio software. Changes of param-
eters from baseline to follow up are measured as mean
difference and pooled using inverse variance random
effect models. Random effect model is chosen to address
for various heterogenous result in each study. Missing
data from studies are calculated accordingly based on
Cochrane handbook guideline. Binary outcome com-
paring intervention and control group was pooled using
inverse variance random effect model to generate pooled
risk ratio. Proportions were pooled with inverse vari-
ance random effect model under logarithmic transforma-
tion. Confidence interval of 95% and p value <0.05 were
selected as statistical significance cutoff. Heterogeneity
is being assessed by I> with an interpretation of I <40%
as not important heterogeneity, 30-60% as moderate
heterogeneity, 50-90% as substantial heterogeneity, and
75-100% as considerable heterogeneity. Publication bias
is assessed with funnel plot for asymmetry.

Results

Study selection and characteristics

Throughout the searching process, we identified a total
of 1065 articles from three databases. After deduplica-
tion process, we obtained 545 articles. Further title and
abstract screening resulted in 125 articles. After full text
screening, 12 studies [7—18] are included in this system-
atic review and meta-analysis. (Fig. 1).

The included studies spanned between 2001 and 2023
with 11 (92%) studies are a retrospective cohort study,
and one (8%) study is an open-label clinical trial study.
These studies described a total sample of 895 subjects
with either wild-type or hereditary ATTR-CA on which
452 subjects were administered diflunisal at some point
of the respective study periods. All studies used the same
twice a day 250 mg dosage regimen. Most of the subjects
included were males and a mean age of 73.2 years old on
all included subjects. Most of the samples included are
a NYHA I-II (except in one study) with a normal LVEF
(>50%). The follow-up period ranges from 6 months to
over 42 months. Outcomes assessed included a total of
9 parameters for efficacy outcome including: mortality
rate, NT-pro BNP, troponin, TTR, Pre-albumin, LVEF,
LAD, LVM, and GLS; and a total of 8 parameters of safety
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outcome including: creatinine, eGFR, hemoglobin, dis-
continuation rate, renal impairment, gastrointestinal tox-
icity, bleeding events, and fluid retention. (Table 1).

Risk of bias assessment

The risk of bias assessment using the ROBINS-I proto-
col resulted in three studies (25%) being judged to have
a moderate risk of bias and nine studies (75%) with a low
risk of bias. A moderate risk of confounding bias was
found in eight studies (66.67%). Bias in the classification
of interventions was judged to be moderate in five stud-
ies (41.67%). Three studies (25%) were assumed to have
a moderate risk of bias in the selection of participants.
Bias due to deviations from intended interventions was
moderate in one study (8.33%). Bias due to missing data
was moderate in one study (8.33%) and low in the others
(91.67%). The measurement of outcome bias was of mod-
erate risk in two studies (16.67%).(Supplementary 2).

Data synthesis

Efficacy of diflunisal therapy

Compared to baseline level, posttreatment with diflunisal
therapy is not associated with a significant reduction of
troponin I (4 studies, p=0.59), BNP levels (6 studies,
p=0.57), PWD (4 studies, p=0.84), E wave (2 studies,
p=0.79), and IVSD (5 studies, p=0.12). In the pooled
analysis of BNP outcome, we did not include Aventin
et al. and Quarta et al. studies due to the different unit of
measurement used in both studies (NT- pro BNP). (Sup-
plementary 3-7) Separate analysis for NT- pro BNP out-
come (2 studies, p=0.36) however also did not result in a
statistically significant reduction with diflunisal therapy.
But when calculated as standardized mean difference, we
found a statistically significant increase of NT-pro BNP
level posttreatment with diflunisal therapy (SMD 0.63,
CI: 0.20, 1.07, p 0.004, I 9%). (Fig. 2A) Additionally, post-
treatment diflunisal therapy is also not associated with
a significant increase of LVEF (6 studies, p=0.40) and
GLS level (4 studies, p=0.86) compared to their baseline.
(Supplementary 8-9) We found a statistically significant
increase in TTR level posttreatment with diflunisal ther-
apy with a mean difference of 9.34 mg/dL (CI 1.54—17.14;
12 0%; p 0.02). (Fig. 2B) Changing the effect measure from
mean difference to standardized mean difference did not
result in changes in statistical significance nor changes
in heterogeneity level except for NT-pro BNP outcome.
After conducting leave one out sensitivity analysis in
each outcome, we found that Castano et al. study resulted
in larger change of heterogeneity level (I) however, no
change in statistical significance is found. Castano et al.
study differs from the other in which it includes more
patients with NYHA III/ IV severity (31% vs 3-23% in
other studies).
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Fig. 1 PRISMA flowchart diagram

Compared to control group, we however found a statis-
tically significant reduction in troponin level in diflunisal
therapy group (MD —0.02, CI: —0.03, —0.02, p<0.00001,
I 0%) (Fig. 3A). However, there are no significant changes
other outcomes such as BNP (3 studies, p=0.18), [IVSD
(4 studies, p=0.24), E wave (2 studies, p=0.35), PWD
(3 studies, p=0.49), LVEF (4 studies, p=0.44), and GLS
(4 studies, p=0.40) when compared to control. (Supple-
mentary 11-16).

Importantly, we found a statistically significant reduc-
tion of mortality in diflunisal group compared to con-
trol with RR 0.23 (CI 0.13-0.42; I* 34%; p<0.00001)
(Fig. 3B). Subgroup analysis of only including stud-
ies within 12 months follow-up retains the statistically

significant reduction of mortality (RR 0.18, CI: 0.09-0.34,
p<0.00001, I* 0%). (Supplementary 17). Additionally,
meta-analysis including only multivariate analysis studies
also retain the statistical significance (RR 0.19, CI: 0.10-
0.38; I* 0%; p <0.00001) (Supplementary 18). Leave-one-
out analysis did not result in any statistically significant
changes.

Safety of diflunisal therapy

For outcomes regarding safety concern, diflunisal is
associated with a statistically significant posttreatment
reduction of eGFR (MD -5.55 ml/min/1.73 m? CI
—9.75——1.34, I 0%, p 0.01), hemoglobin (MD —0.32 g/
dL, CI —0.57——0.07, I 0%, p 0.01), and platelet count
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Fig. 2 Posttreatment change of A NT- pro BNP—2 studies and B TTR level—2 studies with diflunisal therapy
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Fig. 3 Changes of A troponin and B mortality outcome from 3 and 5 studies comparing diflunisal therapy with control

(MD —11.61x10%/ uL, CI —20.12, —3.11, I? 0%, p 0.007)
compared to baseline. Although we found an increase of
posttreatment creatinine level, it is not associated with
statistical significance (4 studies, p=0.07) (Supplemen-
tary 19-22).

Single arm meta-analysis of six studies showed that
there was 24% (CI 15-36%, 12 72%, p<0.01) discontinu-
ation rate of diflunisal use. Specifically, pooled analysis
of three studies showed that 21% patients experienced
renal impairment. We also found a 13% GI impairment
adverse event in diflunisal therapy from meta-analysis of
two studies in which all patients in Choi et al. uses proton
pump inhibitor (PPI) while only 35% of patients in Ikram
et al. uses PPI. There was a pooled 6% of bleeding events
from three studies, and a pooled 6% of fluid retention
from two studies. All of these reported outcomes resulted
in discontinuation of diflunisal therapy. Leave-one-out

analysis conducted on outcome of discontinuation rate
shows that study by Choi et al. resulted in a change of
heterogeneity level (I 72% to 28%) but not in the pooled
proportion (24% to 21%).

Discussions

In this meta-analysis, we found that diflunisal therapy did
not result in significant changes of cardiac biomarkers
(except for NT- pro BNP) and echocardiography param-
eters such as E wave, PWD, IVSD, and LVEF when com-
pared to their baseline level. However, diflunisal therapy
is associated with a significant increase of posttreatment
TTR level. When compared to a control group, diflunisal
therapy resulted in a significant reduction of troponin
level but not with other parameters. Most importantly,
diflunisal therapy is associated with a statistically sig-
nificant reduction of mortality compared to the control
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group. For safety outcome, diflunisal therapy indeed
resulted in a significant proportion of discontinuation
rate mainly due to renal impairment.

Amyloidosis is an untreatable disease with poor prog-
nosis depending on the types of amyloids and the genetic
mutations affecting it. Generally, ATTR cardiac amyloi-
dosis is a slowly progressive disease with a final com-
mon pathophysiologic pathway of diastolic and systolic
cardiac dysfunction and the definitive therapy would be
an orthotopic liver transplantation to replace mutant
TTR to arrest amyloid formation [19, 20]. However, due
to a shortage of liver donor, this is not widely available.
Another option is to stabilize TTR amyloids with tafa-
midis, the only approved TTR stabilizer agent. However,
due to the high cost of this agent, it is also not widely
available.* Hence, an alternative is to repurpose diflunisal,
a non-steroidal anti-inflammatory drugs (NSAIDs),
which has similar mechanism of action as tafamidis to
stabilize AT TR amyloidosis patients [21].

Due to the poor prognosis of the disease with a median
survival range of 3.5-6 years and limited therapeu-
tic option [22], the main goal of current treatment is to
prevent further progression of the disease by limiting
the ATTR amyloid fibrillogenesis. In this meta-analy-
sis, although we did not find a statistically significant
improvement of cardiac parameters (except for NT- pro
BNP), in parallel, we also showed that no disease pro-
gression was indicated based on these parameters with
diflunisal therapy. Furthermore, we found a statically
significant increase in TTR amyloids posttreatment
with diflunisal therapy that indicates a good prognosis.
Increase in TTR amyloids likely demonstrate an effec-
tive TTR stabilization and protection toward amyloid
deposition in multiple organs. This is shown by a study
by Hanson et al. [15] showing a halt of neurologic disease
progression with a more stabilized TTR molecule in the
circulation. Additionally, increase of serum TTR concen-
trations has also been shown to be a prognostic marker in
ATTR cardiac amyloidosis patients [21].

In this meta-analysis, we also showed that diflunisal
therapy when compared to a control group, resulted in a
significant improvement of survival. Although not being
able to have a side-by-side comparison with the cur-
rently approved agent, tafamidis, due to limited num-
ber of studies, this study demonstrated the potential of
diflunisal as an alternative agent to treat ATTR cardiac
amyloidosis. In a previous study by Elliot et al., the use
of tafamidis is associated with a hazard ratio of 0.59 com-
pared to placebo [23]. The lower hazard ratio in our study
cannot be directly compared to the result from Elliot
et al. due to the different types of study design used (ran-
domized controlled trial) which is generally less suscepti-
ble to bias. Additionally, study by Damy et al. showed that
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treatment with tafamidis has similar incidence of adverse
effects compared to placebo which indirectly emphasizes
the safety of tafamidis [24].

As with other non-steroidal anti-inflammatory drugs,
long-term use of diflunisal has been a concern. NSAIDs
use have been associated with worsening renal function,
gastrointestinal complications, and bleeding risks [25,
26]. Additionally, fluid retention associated with NSAIDs
use could be detrimental in heart failure patients [27].
In our meta-analysis, we found a statistically signifi-
cant reduction of eGFR, hemoglobin, and platelet count
compared to their baseline levels. We also found a high
discontinuation rate (24%) mostly due to renal impair-
ment (21%), followed by GI impairment (13%). Addition-
ally, 6% of the population develop fluid retention and
bleeding events. These limitations of NSAIDs use are
foreseeable risks of long-term use of NSAIDs and are
inevitable. However, due to the potential survival benefit
of diflunisal and no alternative agent, diflunisal should
be considered for ATTR cardiac amyloidosis patient to
halt disease progression. Current guideline has stated
that NSAIDs increased morbidity and mortality in heart
failure patients, however, when the use of NSAIDs is
necessary, more rigorous awareness and more frequent
follow-up are required in this high risk population [28].

The result from this meta-analysis could serve as a basis
for hypothesis generation in future clinical trial studies
addressing the non-inferiority of diflunisal compared to
tafamidis in treating ATTR cardiac amyloidosis patients.
This meta-analysis has also shown the potential survival
benefit and adverse events of diflunisal therapy hence,
future clinical decision can be made based on balancing
the risk and benefit of using this agent.

However, there are several limitations to be pointed
out. Most of the studies included in this meta-analysis
are retrospective studies which are prone to biases. We
are also limited in the number of sample size collected
and are unable to further stratify the risk of ATTR car-
diac amyloidosis patients based on their genetic muta-
tions again due to the lack of results reported by each
study. Finally, most patients included are in a stable heart
failure class of NYHA I-II, hence, the benefit of diflunisal
in the latter stage of disease progression is still unknown.
Future prospective studies and randomized clinical trials
will be needed to provide a definitive evidence regarding
the role of diflunisal in treating cardiac amyloidosis.

Conclusion

Diflunisal therapy is associated with a better survival
benefit compared to the control group although it could
be limited by the foreseeable adverse effects. For the time
being, diflunisal could serve as an alternative to a much
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more expensive drugs in treating ATTR cardiac amyloi-

dosis patients.
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ATTR-CA Transthyretin cardiac amyloidosis
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eGFR Estimated glomerular filtration rate
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NSAID Non-steroidal anti-inflammatory drug
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