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Abstract

Transthyretin (TTR) cardiac amyloidosis is an important, often under-recognized and potentially
modifiable cause of heart failure with a preserved ejection fraction. The only proven treatment is
liver or combined heart/liver transplantation, which, although effective, is not suitable for the vast
majority of older adults with this condition. Diflunisal, a nonsteroidal anti-inflammatory drug, can
stabilize the TTR tetramer in vitro and may prevent misfolding monomers and dimers from
forming amyloid deposits in the heart. It is one of two small molecules assessed in animal safety
studies and human clinical trials of TTR polyneuropathy. The authors conducted a single-arm,
open-label investigation with a mean follow-up of 0.9+0.3 years to determine the safety and
efficacy of diflunisal administration in a cohort of 13 patients with confirmed wild-type or mutant
TTR cardiac amyloidosis. Diflunisal was well tolerated from a hematologic standpoint, although a
6% decline in estimated glomerular filtration rate was noted. Therapy was discontinued in one
patient who rapidly developed volume overload. There was no significant mean change in cardiac
structure (left ventricular mass: ~53 g/m? change, P=.36), function (ejection fraction: —2% change,
P=.61), or biomarkers (Troponin I: +0.03 ng/mL, P=.08; BNP: +93 pg/mL change, P=.52) during
the course of therapy. These data suggest that at low dosages and with careful monitoring,
diflunisal can be safely administered to compensated patients with cardiac TTR amyloidosis.
Further study in a randomized placebo-controlled trial is warranted.

Transthyretin amyloidosis (ATTR), the most frequent cause of autosomal-dominant
hereditary systemic amyloidosis, is an often under-recognized cause of heart failure with a
preserved ejection fraction (HFpEF) that is progressive in nature.23 In its normal state,
transthyretin (TTR) is a 127-amino acid, 55-kDa homotetramer primarily synthesized by the
liver that functions as a plasma transport protein for thyroid hormone and retinol-binding
hormone/vitamin A.* However, in some older adults or adults with any of more than 100
delineated mutations with varying ethnic and geographic specificity, the TTR tetramer can
destabilize and dissociate into misfolded amyloidogenic monomers that aggregate into
insoluble amyloid fibrils. Deposition of these fibrils into the myocardium leading to diastolic
dysfunction, restrictive cardiomyopathy, and heart failure is a common presentation.

TTR amyloid cardiomyopathy arises from either genetically wild-type (ATTRwt) TTR
deposition, known also as senile systemic amyloidosis (SSA), or from genetically mutant
(ATTRm) deposition, known also as familial amyloid cardiomyopathy. ATTRwt cardiac
amyloidosis occurs primarily in elderly Caucasian men and in up to one third of patients
with HFpEF older than 75 years.5- The most common ATTRm allele, the valine to
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isoleucine substitution at position 122 (V1221),% is found in approximately 3.5% of the
African American population.1%11 Liver or combined heart/liver transplantation has been
employed to eradicate the mutant form of TTR1213 and while potentially effective, it is
limited by expense, lifelong immunosuppression, surgical risk in already cardiac
compromised patients, and disease progression after liver transplantation.8-14 Additionally,
for a majority of patients with ATTR cardiac amyloidosis who are older adults,
transplantation is not feasible given the shortage of donor organs. As a strategy to avoid
these shortcomings, small molecule agents designed to prevent TTR misfolding and
subsequent amyloid deposition are currently in various stages of development, clinical trial,
and regulatory approval processes in Europe and the United States.1516

Diflunisal, a nonsteroidal anti-inflammatory drug (NSAID), has been shown to bind and
stabilize common familial TTR variants against acid-mediated fibril formation in vitro and
has been tested in animal safety studies and human clinical trials.1’-22 Based on this,
diflunisal is hypothesized to inhibit tetrameric TTR dissociation and suppress
amyloidogenesis. However, chronic NSAID use, because of inhibition of cyclooxygenase
(COX) enzymes, can lead to gastrointestinal (Gl) bleeding (COX-1), renal dysfunction
(COX-2), fluid retention, and hypertension that may precipitate heart failure (COX-2) in
vulnerable individuals.23-28 We aimed to investigate in a short-term, single-arm, open-label
fashion whether diflunisal could be safely administered to patients with ATTR cardiac
amyloid and to gather preliminary data on efficacy.

METHODS

RESULTS

Seventy-seven patients treated in the Center for Advanced Cardiac Care of Columbia
University Medical Center between June 2009 to December 2011 with ATTRwt or ATTRm
cardiac amyloidosis were evaluated to participate in an open-label study of the safety and
efficacy of diflunisal. Patients were predominantly older adults (Table 1) with biopsy-proven
ATTR cardiac amyloid and clinical manifestations. Patients who had an NSAID drug allergy
or hypersensitivity, active or recent Gl bleed, significant renal impairment (estimated
glomerular filtration rate [eGFR] <30 mL/min/m?2) estimated by Cockroft-Gault, anticipated
survival <1 year, or use of other NSAIDs or >2 blood thinners were excluded from
participation. One patient was offered access to the drug but did not have biopsy-proven
cardiac amyloidosis and, therefore, was not included in this analysis. No patients refused
access to the drug.

Thirteen patients were prescribed diflunisal 250 mg twice a day along with either a
histamine receptor antagonist or proton pump inhibitor (PPI) in an open-label fashion.
Follow-up occurred every 3 months or as indicated by the treating physician (MSM), during
which complete blood cell count, basic metabolic panel, Troponin I (Tr I), brain natriuretic
peptide (BNP), electrocardiograms (ECGs), and transthoracic echocardiograms were
obtained. For safety, changes in hemoglobin (Hgb), creatinine, modified body mass index
(BMI), a reflection of serum albuminxBMI,2? mean arterial pressure (MAP), and hospital
admission rates were evaluated. For efficacy, changes in Tr I, BNP, left ventricular ejection
fraction (EF), and left ventricular (LV) mass were evaluated. Statistical analysis involved
calculation of meanzstandard errors for interval data and percentages for categoric variables.
Changes in safety and efficacy parameters were compared from baseline to latest follow-up
using the Kruskal-Wallis test for nonparametric data.

Patients were on average older adults, 69+3 years, and almost exclusively men, 85% (Table
). Participants were patients with ATTRwt (54%) and ATTRm (46%) with a broad range of
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represented mutations: Val122lle, Thr60Ala, Ser23Asn, and Glu89GIn. Mean length of
follow-up was 0.9+0.3 years (range 0.2— 3.4 years). At baseline, patients had a phenotype
consistent with cardiac amyloidosis: fatigue 46%, presyncope 38%, dyspnea on exertion
69%, orthopnea 31%, paroxysmal nocturnal dyspnea 23%, peripheral edema 46%,
palpitations 23%, peripheral neuropathy 46%, and macroglossia 8%, consistent with ATTR
symptomatology described previously.® Functionally, these symptoms translated to an
average baseline 69% with New York Heart Association (NYHA) class | or Il and 31% class
I11 or IV heart failure with a low-normal EF of 50%z3. Electrocardiographically, 31% of
patients had baseline evidence of low QRS voltage, 69% had an infarct pattern characteristic
of amyloidosis, 30 and 31% had a pacemaker/defibrillator.

Comorbid conditions within this study population were common (Table I). Over the study
period, there were no hospitalizations for worsening heart failure. One patient underwent an
orthotopic heart transplant at 7 months into the study, while another patient underwent a
combined heart/liver transplant at 8 months. One patient’s therapy was discontinued after 2
weeks for a >10-Ib weight gain, and another patient’s diflunisal dose was halved to 125 mg
twice daily due to concern for volume overload. Pharmacologically, there was no
necessitation for an increase in diuretic dose between baseline and follow-up (25+7 to 28+8
mg/d of furosemide equivalents).

Diflunisal was well tolerated from a hematologic and hemodynamic standpoint. Comparison
between mean baseline and follow-up parameters showed stable Hgh, modified BMI, and
MAP levels and a nonsignificant 6% decrease in eGFR (Table Il, Figure). Of note, the
decline in GFR was strongly related to the duration of therapy (/=-0.82, £<0.002). From the
standpoint of efficacy, there was no significant mean change in cardiac structure (stable LV
mass), function (stable EF), or biomarkers (Tr | and BNP), although there was a
nonsignificant uptrend in Tr | and BNP (Table 11, Figure).

DISCUSSION

We have demonstrated in a population of 13 patients with ATTR cardiac amyloidosis that
diflunisal can be safely administered with regular renal and hematologic monitoring.
Additionally, the absence of significant changes in cardiac structure and function as
evidenced by stable LV mass index and EF over the study period suggest that diflunisal may
have therapeutic benefit in slowing the progression of cardiac amyloidosis. The slight
uptrend observed in BNP and Tr | may relate to the natural progression of the disease and/or
the effect of diflunisal on renal function, which highlight the need for ongoing clinical and
biochemical monitoring.

Clinical features and survival in patients with ATTR cardiac amyloid have been described
by Connors and colleagues3! in a study of 82 ATTRwt patients studied at a single institution
between 1994 and 2009. Patients were found to be predominantly men (96%) who presented
with dominant cardiac involvement evidenced by abnormal echocardiogram (increased
median interventricular septal thickness of 1.6 cm and reduced median LVEF 50%), ECG
(low-voltage QRS 33% and supraventricular arrhythmias 57%), and/or elevated cardiac
biomarkers (mean Tr 1 0.15+0.107 [n=19] and BNP 422+279 [n=41]). Heart failure was
found more frequently than arrhythmias and compared with patients with ATTRm, ATTRwt
patients were diagnosed at an older age. Median survival in ATTRwt patients was <4 years,
which was similar to ATTR(V122l), but significantly lower than ATTR(T60A) and
ATTR(S77Y), in which median survivals were =5 years. At Columbia, our experience in a
cohort of 68 ATTRwt and ATTRm patients has revealed a 5.6-year median survival.
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In the largest, prospective, longitudinal investigation to date, the Transthyretin Amyloidosis
Cardiac Study (TRACS), the progression of ATTR CA was monitored in 29 ATTRwt and
ATTR (V122I) patients.32 The TRACS population and our diflunisal-treated group had a
similar baseline age, percentage of men, NYHA classification, and serum creatinine. The
TRACS population had more African American patients, more baseline hypertension, higher
B-type natriuretic peptide (BNP) levels, and a higher percentage of low QRS voltage and
pacemaker/defibrillators than the present cohort, suggesting a more severe phenotype.
During a mean of 15.5 months, paired TRACS data revealed that the clinical progression of
heart failure as demonstrated by increasing N-terminal pro-BNP and worsening NYHA
classification with a concurrent decrease in LVEF was significant. In our diflunisal
population, the progression of disease over a similar mean follow-up of approximately 1
year was notably lower, with the exception of a decline in renal function reflected by a 6%
reduction in eGFR, a known complication of chronic NSAID use.24 The absence of
significant hematologic side effects in terms of hospitalizations for Gl bleeding in our study
likely reflects the protective benefit of prophylaxis with a histamine antagonist or PPI.
Alternatively, a reasonable assumption is that the event rate of Gl bleeding in this population
may be <1/13.

While there is a suggestion of improved survival in our diflunisal population compared with
the TRACS population, differences between the two populations in regard to duration of
disease and phenotype severity preclude conclusions that might be drawn about drug
efficacy. For instance, the African American population in the TRACS study was 38% while
in ours was 15%, a notable difference considering prior reports of worse outcomes in
African American patients with the V1221 mutation. At Columbia, our group studied 58
ATTR patients, in which the clinical features and outcomes in 36 ATTRwt patients were
compared against 22 individuals with the V1221 mutation, all of whom were African
American.33 We found that despite the ability to test for the V122l allele, these patients
presented later to our institution and at a more advanced stage of disease than ATTRwt
patients in whom serologic testing for early diagnosis is not available. On average, outcome
metrics were also worse in V1221 patients compared with those with ATTRwt disease as
defined by a trend towards higher Tr 1 (0.31 vs 0.19, P=.4), higher BNP (1191 vs 822 pg/
mL, P=.05), lower EF (26% vs 47%, A<0.0001), a trend towards lower cardiac output (3.1
vs 3.5 L/min, P=.09), and higher peripheral vascular resistance (398 vs 240 dynes, P=.03).

Despite the potential differences between the current population and the TRACS study, 11
patients in the TRACS study died from either heart failure (n=3), sudden death (n=3), sepsis
(n=3), or unclassified causes (n=2), and 1 patient received a heart transplant, altogether
representing 41% of the entire cohort. There were no deaths in our population, but 2 patients
progressed to either heart or combined heart/liver transplantation, representing 15% of our
population. In addition, 12 patients (41%) of those in the TRACS study required
hospitalization for cardiovascular causes whereas none of our diflunisal patients required
hospitalization within the study period.

A placebo-controlled, multicenter, international clinical trial to test the efficacy of diflunisal
for the treatment of familial amyloid polyneuropathy (FAP) is currently fully enrolled.3* A
cohort of 130 patients with ATTR (V30M) and non-VV30M mutations that caused a
peripheral neuropathy were randomized to receive diflunisal or placebo. Results on the
primary efficacy end point utilizing a diabetic polyneuropathy metric and neuropathic
impairment score are expected within the next year, but preliminary data show that
diflunisal was well tolerated. Congestive heart failure in 2 patients and Gl bleeding in a third
resulted in drug discontinuation. Five disease-related deaths have been reported, all off the
study drug. While the effect of diflunisal on ATTR cardiac amyloid was not studied in this
group, a significant percentage of these patients had evidence of cardiac involvement. These
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results coupled with our own findings suggest that clinical trials of diflunisal could include
patients with cardiac amyloid in order to more fully evaluate safety and efficacy.

STUDY LIMITATIONS

Several limitations to our investigation are worth noting. First, the lack of a placebo-
controlled arm in our open-label design limits our ability to determine whether observed
changes within the study population resulted from diflunisal administration or as a
consequence of the natural history of the disease itself. However, such studies are required
to evaluate safety of novel therapies prior to embarking on controlled trials. Second, this
study represents data from a single amyloid center with a small cohort, limiting statistical
power to detect differences in measured parameters over time. Third, the low proportion of
African American patients with the V1221 allele (14%) may narrow the generalizability of
our findings across racial and ethnic groups to the predominant Caucasian population in our
cohort. Fourth, our data may not be applicable to high-risk patients whose burden of
atherosclerotic disease or severe renal dysfunction may be prohibitive to NSAID
administration. Fifth, our cohort presented relatively early in the disease process with
relative high NYHA functional status and low diuretic requirements, which limits the
applicability of our results to patients with more advanced cardiac amyloidosis. Finally,
echocardiogram interpretation was limited by interobserver reader variability in addition to
the fact that changes in EF or LV mass usually take years to detect; a longer follow-up or
use of a more sensitive measure (eg, LV strain analysis) would increase sensitivity of
detecting changes in cardiac structure in future studies. A prospective, multicenter,
randomized, double-blinded, placebo-controlled study with sufficient power to detect
differences among mutant and wild-type forms of ATTR cardiac amyloid appears warranted
to determine whether diflunisal can be safely and effectively administered to patients with
ATTR cardiac amyloidosis.

CONCLUSIONS

Diflunisal, at a dose of 250 mg orally twice a day, was reasonably well tolerated in ATTR
cardiac amyloid patients. We observed an association with adverse changes in renal function
when administered chronically, suggesting that careful monitoring is essential to safe
administration. The absence of significant changes in cardiac structure and function as
evidenced by stable LV mass index and EF in our ATTR cardiac amyloid population
suggest that larger, multicenter, randomized, double-blinded, and placebo-controlled studies
would be valuable to assess for long-term efficacy and safety.
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FIGURE.

Comparison between mean baseline and follow-up safety parameters show a trend towards
decrease in glomerular filtration rate (GFR) but a stable hemoglobin (A), modified body
mass index (mBMI), and mean arterial pressure (MAP) (B). With regard to efficacy, trends
between mean baseline and follow-up metrics show a mild increase in B-type natriuretic
peptide (BNP) and Troponin (Tr) I (C), stable left ventricular (LV) mass, and a stable
ejection fraction (EF) (D). Standard error bars are shown.
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Mean Baseline Demographic and Clinical Parameters of the ATTRwt and ATTRm Population Studied (N=13)

Comorbid conditions

Electrocardiographic

Demogr aphics No. (%)
Age (£SE), y 69+3
Men 11 (85)
White race 9 (69)
African American race 2 (15)
Hispanic ethnicity 4(31)
ATTR wild-type 7 (54)
ATTR mutant 6 (46)

Follow-up, mean+SE, d 321+101

Hypertension 4(31)
Diabetes 1(8)
Coronary artery disease 1(8)
Atrial fibrillation 3(23)

Cerebral vascular accident 1(8)

Low QRS voltage 4(31)
Infarct pattern 9 (69)
Pacemaker/defibrillator 4 (31)

Abbreviations: ATTR, transthyretin amyloidosis; SE, standard error.
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TABLE Il

Biochemical and Echocardiographic Characteristics? (N=13)

Baseline  Follow-Up P Value

Biochemical
Hemoglobin, g/dL 13.7+0.3 14.0£0.4 .55
Platelets, 10%/L 179+12 168+11 81
BUN, mg/dL 22+2 27%3 44
Creatinine, mg/dL 1.2+0.1 1.2+0.1 74
eGFR, mL/min 82+8 778 .35
Troponin I, ng/mL 0.04£0.01  0.0740.02 .08
BNP, pg/mL 388492 481102 52
Albumin, g/dL 4.1+0.1 4.0+0.1 .33
Modified BMI, kg g/m? dL 100+4 95+4 21

Echocardiographic
LV ejection fraction, % 50+3 48+6 61
LV end-diastolic diameter, cm 4.4%0.1 4.5+0.1 .33
Interventricular septal thickness, cm 1.8+0.1 1.6+0.1 .25
LV posterior wall thickness, cm 1.6+0.1 1.5+0.2 .50
LA diameter, cm 4.6+0.2 4.5+0.2 .80
LV mass, g/m? 384437 331465 .36

Abbreviations: BMI, body mass index; BNP, B-type natriuretic peptide; BUN, serum urea nitrogen; eGFR, estimated glomerular filtration rate; LA,
left atrial; LV, left ventricular.

a . .
Meanzstandard error at baseline and follow-up, change, and Pvalue from Kruskal-Wallis test are shown.
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