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10714716 378 2205 203 127 426 102 102 252 Q.72 7900

01/22/16  38.9  23.6 20.6 131 431 17.1 90 243 0.70 39 6860
04/04/16  39.6 241 204 124 430 8.0 92 241  0.70 39 9790
09/06/16 384 2277 188 11.6 431 240 Q.7 241 0.72 40 8100
01/06/17 388  23.3 17.6 122 445 21.6 9.0 244 0.71 39 8610
06/20/17 39.0 23.6 174 11,1 445 206 9.9 243 0.70 39 8500
09/08/17 40.9 239 166 114 446 195 V.6 241 0.2 41 7030
12/07/17  38.2  23.1 178 101 431 223 94 241  0.70 39 61080
01/15/18  40.9 246 177 111 431 19.7 74 248  0.70 39 14700
04/06/18  40.2 2477 175 102 459 274 8.1 249 0.69 38 9470
05/16/18  41.0 204  17.1 106 400 233 100 252 0.68 38 3890
09/10/18  40.3  24.1 17.2 98 476 300 84 243 0.71 40 13200
12/26/18  40.8 239 173 9.6 4677 196 101 233 0.72 41 14500
04/16/19 40.1  23.0 1738 90 463 204 130 244 0.2 41 14500
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07/29/15 4'7.6 2.55 2030
10/27/16 433 284 132 110 456 295 9.2 255 255 0.8 34 3660
01/14/16 411 273 135 105 432 159 8.5 252 221 0.62 33 3100
09/08/16  42.8 2'7.1 13.6 1.1 42.6 28.0 10.3 2.02 2.19 0.66 36 2400
12/06/16 422  26.1 136 103 412 217 9.8 252 217  0.68 38 2640
06/02/17 422 265  13.6 Q.7 42.1 242 118 2582 223 0.70 39 2480
06/07/17 42 252 1346 9.7 42.1 21.2 9.0 246  2.51 0.71 40 1980
1/13/17 439 269 128 103  40.1 21.1 8.7 246 256  0.71 40 24770
03/20/18 424 256 130 Q.7 39.2 244 8.0 252 256 Q.70 39 2740
05/08/18  42.1 26.1 13.0 Q.6 39.2 39.1 Q.9 2.1 2.02 0.70 39 3700

03/04/19 420  24.7 12.6 9.8 383  30.1 8.6 2,07 233  0.72 41 2370
06/18/19 433  2b.)5 12.8 100 383 363 10.1 2.64 220  0.72 41 3240
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CENTRAL ILLUSTRATION: Mechanism of Amyloid Deposition
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Wild-type transthyretin amyloidosis as a cause
of heart failure with preserved ejection fraction

Esther Gonzalez-Lopez!, Maria Gallego-Delgado!, Gonzalo Guzzo-Merello',
F. Javier de Haro-del Moral?, Marta Cobo-Marcos!, Carolina Robles!,

Belén Bornstein345, Clara Salas®, Enrique Lara-Pezzi’, Luis Alonso-Pulpon!,
and Pablo Garcia-Pavia®’*

"Heart Failure and Inherited Cardiac Diseases Unit, Department of Cardiology, Hospital Universitario Puerta de Hierro Majadahonda, Manuel de Falla, 2, Majadahonda, Madrid 28222,
Spain; 2Departmen‘t of Nuclear Medicine, Hospital Universitario Puerta de Hierro, Madrid, Spain; ]Department of Biochemistry, Hospital Universitario Puerta de Hierro, Madrid, Spain;
4Department of Biochemistry, Biomedical Research Institute ‘Alberto Sols’, Medicine UAM-CSIC, Madrid, Spain; *Rare Diseases Biomedical Research Centre (CIBERER), Madrid, Spain;
“Department of Pathology, Hospital Universitario Puerta de Hierro, Madrid, Spain; and “Myocardial Biclogy Programme, Centro Nacional de Investigaciones Cardiovasculares (CNIC),

Madrid, Spain

Received 8 February 2015; revised 9 June 2015; accepted 30 June 2015; online publish-ahead-of-print 29 july 2015

See page 2595 for the editorial comment on this article (doi:10.1093/eurheartj/ehv328)

Methods
and results

Heart failure with preserved ejection fraction (HFpEF) is a heterogeneous clinical syndrome with multiple underlying
causes. Wild-type transthyretin (T TR) amyloidosis (AT TRwt) is an underdiagnosed cause of HFpEF that might benefit
from new specific treatments. ATTRwt can be diagnosed non-invasively by ™ Tc-3,3-diphosphono-1,2-propanodicar-
boxylic acid (**™Tc-DPD) scintigraphy. We sought to determine the prevalence of ATTRwt among elderly patients
admitted due to HFpEF.

We prospectively screened all consecutive patients > 60 years old admitted due to HFpEF [left ventricular (LV) ejection frac-
tion = 50%] with LV hypertrophy (=12 mm). Al eligible patients were offered a " Tc-DPD scintigraphy. The study included
120 HFpEF patients (59% women, 82 + 8 years). A total of 16 patients (13.3%; 95% confidence interval: 7.2—19.5) showed a
moderate-to-severe uptake on the ™ c-DPD scintigraphy. All patients with a positive scan underwent genetic testing of the
TTR gene, and no mutations were found. An endomyocardial biopsy was performed in four patients, confirming ATTRwt in all
cases. There were no differences in age, gender, hypertension, diabetes, coronary artery disease, or atrial fibrillation between
ATTRwt patients and patients with other HFpEF forms. Although patients with AT TRwt exhibited higher median N-terminal
pro-brain natriuretic peptide (6467 vs. 3173 pg/L; P = 0.019), median troponin | (0.135 vs. 0.025 pg/L; P << 0.001), mean LV
maximal wall thickness (17 + 3.4 vs. 14 + 2.5 mm; P = 0.001), rate of pericardial effusion (44 vs. 19%; P = 0.047), and rate of
pacemakers (44 vs. 12%; P = 0.004), clinical overlap between ATTRwt and other HFpEF forms was high.

ATTRwt is an underdiagnosed disease that accounts for a significant number (13%) of HFpEF cases. The effect of
emerging TTR-modifying drugs should be evaluated in these patients.

Heart failure with preserved ejection fraction e Diastolic heart failure o Cardiac amyloidosis ® Transthyretin e
Senile systemic amyloidosis s **Tc-DPD scintigraphy
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Figure 3 Assembly of the cohort and participant flow. LVEF, left ventricular ejection fraction; MWT, maximal wall thickness; EMB, endomyo-
cardial biopsy; HF, heart failure; TTR, transthyretin.



Table2 Clinical, epidemiological, analytical, electrocardiographic, and echocardiographic characteristics according to
#mTc-DPD scintigraphy results

ATTRwt (¥"Tc-DPD +) Other forms of HFpEF ("™ Tc-DPD-) P-value Blood test

(n=16) (n=104) Mean CCr (mL/min/1.73 m?)
Age (years) 8646 8148 0121 Mean haemoglobin (g/dL)
Male gender, n (%) 8 (50) 41(39) 0423 Median NTproBNP, pg/L (IQR)
Medianlengeh ofstay, days (range) 8(6-14) 8(6-19) ospt T e oo
Mortality, n (%) 5 (31) 21(20) 0335 ECG
Survival AR (%)
At 3 months, % (95% CI) 87 (71-100) 90 (84-96) 076 Pacemaker, n (%)
At 6 months, % (95% Cl) 87 (71-100) 83 (75-91) 076 Mean PR interval (ms)
At 12 months, % (95% CI) 73 (51-95) 76 (66-86) 076 Mean QRS interval (ms)
............................................................................................................................................................................... Low voltage, n (%)
Comorbidities Pseudo-MI, n (%)
Hypertension, n (%) 14 (88) 87 (84) 0.980 Poor precordial R wave progression, n (%)
Diabetes mellitus, n (%) 4(25) 41(39) 0.267 Median voltage-to-mass ratio, mm/cm’/m? (IQR)
CAD, n (%) 2(13) 9% 0975
............................................................................................................................................................................... Echocardiography
Treatment Mean LVEF (%)
Loop diuretics, n (%) 16 (100) 104 (100) 1 Myocardial contraction fraction (%)
Non-loop diuretics, n (%) 3(18) 16 (16) 1 Mean LV end-diastolic diameter (mm)
ACEI/ARB, n (%) 5(31) 53(52) 0123 Mean MWT, mm (IQR)
Beta-blockers, n (%) 5(31) 48 (48) 0.224 Median septal MWT, mm (IQR)
Calcium channel blockers, n (%) 1(7) 8(8) 1 Median posterior wall, mm (IQR)
Aldostercne antagenists, n (%) 3(19) 12(12) 0.707 Symmetric hypertrophic pattern, n (%)
Amiodarane, n (%) 1(7) 10 (10) 1 Asymmetric hypertrophic pattern, n (%)
Anticoagulants, n (%) 12 (75) 68 (67) 0.746 E/A ratio

............................................................................................................................................................................... DT (ms}

Clinical features Lateral E/E’ ratio
Systolic blood pressure (mmHg) 127 419 136 + 26 0141 Mean LV mass index (g/m’)
Diastolic blood pressure (mmHg) 4417 8+2 0407 Pericardial effusion, n (%)

ATTRwt ("™ Tc-DPD+)

(n=186)

50+17
13+1

6467 (2818-13 14¢)
0.135 (0.017-1.91)

13(81)
7(44)
17743
114425
5(42)

4 (36)

5 (45.5)
0.56 (0.3-085)

6047
30414
41455
17+ 34

18 (15.7-21)
125 (11-17)
8(50)

8 (50)
13406
191 + 64
2049

161 + 43
7(44)

Other forms of HFpEF (" Tc-DPD-)

(n=104)

59 + 24
1242

3173 (1363-7139)
0025 (0.017-174)

0.093
0.253
0019
0.001

67 (64)
12(12)
175 4 41
101423
2 (26)
15 (15)
34 (35)

6148
43416
048
14425
14 (13-16)
115 (10-13)
59 (57)

45 (43)
11406
204 + 80
1447
115 + 34
19 (19)

095 (0.65-147)

0.184
0.004
0.934
0.062
0.434
0.185
0.727
0.005

0501
0.003
0.796
0.001
0.001

0.028
0.788

0.788
0.38

0.639
0.600
0.001
0.047

Data are presented as mean 4+ 5D or median (IQR).

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; AF, atrial fibrillation; pseudo-MI, pseudoinfarction pattern; LVEF, left ventricular ejection
fraction; MWT, maximal wall thickness; DT, early deceleration time.



Occult Transthyretin Cardiac Amyloid in Severe
Calcific Aortic Stenosis

Prevalence and Prognosis in Patients Undergoing Surgical
Aortic Valve Replacement

Thomas A. Treibel, MBBS; Marianna Fontana, MD; Janet A. Gilbertson, CSci;
Silvia Castelletti, MD; Steven K. White, MBChB; Paul R. Scully, MBBS; Neil Roberts, MD;
David F. Hutt, BApSc; Dorota M. Rowczenio, PhD; Carol J. Whelan, MD;
Michael A. Ashworth, MD; Julian D. Gillmore, MD, PhD; Philip N. Hawkins, FMedSci;
James C. Moon, MD

Background—Calcific aortic stenosis (cAS) affects 3% of individuals aged >75 years, leading to heart failure and death
unless the valve is replaced. Wild-type transthyretin cardiac amyloid is also a disorder of ageing individuals. Prevalence
and clinical significance of dual pathology are unknown. This study explored the prevalence of wild-type transthyretin
amyloid in cAS by myocardial biopsy, its imaging phenotype and prognostic significance.

Methods and Results—A total of 146 patients with severe AS requiring surgical valve replacement underwent cardiovascular
magnetic resonance and intraoperative biopsies; 112 had cAS (756 years; 57% men). Amyloid was sought histologically
using Congo red staining and then typed using immunohistochemistry and mass spectrometry; patients with amyloid
underwent clinical evaluation including genotyping and *™TC-3,3-diphosphono-1,2-propanodicarboxylic-acid (DPD)
bone scintigraphy. Amyloid was identified in 6 of 146 patients, all with cAS and >65 years (prevalence 5.6% in cAS
>65). All 6 patients had wild-type transthyretin amyloid (mean age 75 years; range, 69-85; 4 men), not suspected on
echocardiography. Cardiovascular magnetic resonance findings were of definite cardiac amyloidosis in 2, but could be
explained solely by AS in the other 4. Postoperative DPD scans demonstrated cardiac localization in all 4 patients who
had this investigation (2 died prior). At follow-up (median, 2.3 years), 50% with amyloid had died (versus 7.5% in cAS;
6.9% in age >65 years). In univariable analyses, the presence of transthyretin amyloidosis amyloid had the highest hazard
ratio for death (9.5 [95% confidence interval, 2.5-35.8]; P=0.001).

Conclusions—Occult wild-type transthyretin cardiac amyloid had a prevalence of 6% among patients with AS aged >65
years undergoing surgical aortic valve replacement and was associated with a poor outcome. (Circ Cardiovasc Imaging.

2016;9:e005066. DOI: 10.1161/CIRCIMAGING.116.005066.)



1.0
M.-M—_!—M
ATTR —ve
0.8
©
g <0.001
g 0.6 p<0.
(75)
S
R 0.4- ATTR + ve
S
=
-
O 0.2
—{-censored
censored
0.0
T | | |
1 2 3 4
Time since AVR (years)

Figure 5. Kaplan—-Meier plot of cumulative survival comparing
aortic stenosis patients (n=146) with transthyretin amyloidosis
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aortic stenosis (cAS) had died, whereas all patients with bicuspid
AS were alive. Three of 6 cAS with wild-type ATTR amyloid (50%)
died compared with 8 of 106 (7.5%) in the remaining calcific AS

cohort. AVR indicates surgical aortic valve replacement.




Table 1.

Typical Echocardiographic Features of Cardiac Amyloidosis

Parameters

Comments

Characteristic granular/sparkling appearance of the LV myocardium
Increased LV wall thickness

Decreased LV end-diastolic volumes
Typically preserved or mildly reduced LVEF
High E/A ratio

Shortened mitral £ deceleration time (restrictive filling pattern), high E/¢’ ratio
Increased left and right atrial volumes and reduced atrial function

LS in the left ventricle is impaired and worse at the base and mid-ventricular
regions when compared with the apex*

RV thickening, reduced RV myocardial velocities on tissue Doppler imaging, and
reduced RV LS>®

Reduced tricuspid annular plane excursion despite normal RV end-diastolic
dimension>¢

Valve thickening

Pericardial effusion

Atrial septal thickening

Dynamic LV outflow tract obstruction

Not specific. Need to differentiate from hypertrophic and other infiltrative diseases*

Results from amyloid infiltration of interstitial space and may relate to amyloid
burden

Leads to reduced stroke volume despite near-normal LVEF
LVEF may decrease in end-stage disease

Is seen because of restrictive pathophysiology, but a reduced amplitude A wave

may suggest poor atrial function and higher risk of thrombus formation™
High E/€" suggests increased left atrial pressures

A common feature. Also imaged on CMR
Atrial strain can be significantly reduced

Specific patterns of LV LS may differentiate amyloid from aortic stenosis and
hypertrophic cardiomyopathy’#

TAPSE and RV LS are early indicators of cardiac involvement in patients with
systemic AL amyloidosis®®
RV LS may be an independent predictor of cardiac death®

Nonspecific
Nonspecific
A characteristic feature of cardiac amyloidosis

A less common feature but need to distinguish from hypertrophic cardiomyopathy

AL indicates amyloid light-chain; CMR, cardiac magnetic resonance; LS, longitudinal strain; LV, left ventricular; LVEF, LV ejection fraction; RV, right ventricular; and

TAPSE, tricuspid annular plane excursion.

*Hypertrophic cardiomyopathy, hypertensive heart disease with or without renal failure, Anderson Fabry's disease, mucopolysaccharidosis, Friedreich ataxia.
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Figure 4. Left ventricular strain imaging in cardiac amyloidosis. Apical 4-chamber peak systolic strain image illustrating a classic strain
pattern of relatively well-preserved apical strain (green and blue lines) with significant basal impairment (red and yellow lines). This is seen
in the series of curves and the bull’s-eye color-coded strain image. FR indicates frame heart; and HR, heart rate. Reprinted from Lubber-
ink et al®** with permission of the publisher. Copyright ©2013, the Society of Nuclear Medicine and Molecular Imaging, Inc.



Figure 7. Typical rest cardiac magnetic resonance imaging features in a patient with familial transthyretin cardiac amyloidosis. Late gado-
linium enhancement (LGE) images demonstrate diffuse LGE in the left ventricular myocardium (A) contrasted with dark myocardium in a
normal patient (B). C, LGE in the atrial wall, a characteristic feature of cardiac amyloidosis.



Table 2. Typical CMR Features of Cardiac Amyloidosis

Parameters

Comments

Characteristic morphological features of cardiac amyloidosis/restrictive
cardiomyopathy as listed in Table 1

LV LGE

Atrial LGE and function
T1 mapping

Extracellular volume estimation based on T1 mapping and hematocrit measures

Better resolution images than echocardiography
No limitation of difficult echo windows

Diffuse and subendocardial LGE of the LV myocardium is more common than
patchy focal delayed enhancement
May be an early feature of cardiac involvement when compared with increased
wall thickness

A characteristic feature of cardiac amyloidosis
Atrial function can be studied well with CMR

Subendocardial T1 relaxation time may be shortened in cardiac amyloidosis
This is an early feature of cardiac amyloid involvement

Extracellular volume expansion may permit an early diagnosis of cardiac amyloid
even before overt LV LGE

CMR indicates cardiac magnetic resonance; LGE, late gadolinium enhancement; and LV, left ventricular.



Nonbiopsy Diagnosis of Cardiac Transthyretin Amyloidosis

Julian D. Gillmore, MD, PhD; Mathew S. Maurer, MD; Rodney H. Falk, MD;
Giampaolo Merlini, MD; Thibaud Damy, MD; Angela Dispenzieri, MD;
Ashutosh D. Wechalekar, MD, DM; John L. Berk, MD; Candida C. Quarta, MD, PhD;
Martha Grogan, MD; Helen J. Lachmann, MD; Sabahat Bokhari, MD; Adam Castano, MD;
Sharmila Dorbala, MD, MPH; Geoff B. Johnson, MD, PhD;

Andor W.J.M. Glaudemans, MD, PhD; Tamer Rezk, BSc; Marianna Fontana, MD;
Giovanni Palladini, MD, PhD; Paolo Milani, MD; Pierluigi L. Guidalotti, MD;
Katarina Flatman; Thirusha Lane, MSc; Frederick W. Vonberg, MBBS; Carol J. Whelan, MD;
James C. Moon, MD; Frederick L. Ruberg, MD; Edward J. Miller, MD, PhD;

David F. Hutt, BApSc; Bouke P. Hazenberg, MD, PhD; Claudio Rapezzi, MD;
Philip N. Hawkins, PhD, FMedSci

Background—Cardiac transthyretin (ATTR) amyloidosis is a progressive and fatal cardiomyopathy for which several
promising therapies are in development. The diagnosis is frequently delayed or missed because of the limited specificity

of echocardiography and the traditional requirement for histological confirmation. It has long been recognized that

technetium-labeled bone scintigraphy tracers can localize to myocardial amyloid deposits, and use of this imaging

modality for the diagnosis of cardiac ATTR amyloidosis has lately been revisited. We conducted a multicenter study to

ascertain the diagnostic value of bone scintigraphy in this disease.
Methods and Results—Results of bone scintigraphy and biochemical investigations were analyzed from 1217 patients
with suspected cardiac amyloidosis referred for evaluation in specialist centers. Of 857 patients with histologically
proven amyloid (374 with endomyocardial biopsies) and 360 patients subsequently confirmed to have nonamyloid
cardiomyopathies, myocardial radiotracer uptake on bone scintigraphy was >99% sensitive and 86% specific for cardiac
ATTR amyloid, with false positives almost exclusively from uptake in patients with cardiac AL amyloidosis. Importantly,
the combined findings of grade 2 or 3 myocardial radiotracer uptake on bone scintigraphy and the absence of a monoclonal
protein in serum or urine had a specificity and positive predictive value for cardiac ATTR amyloidosis of 100% (positive
predictive value confidence interval, 98.0-100).

Conclusions—Bone scintigraphy enables the diagnosis of cardiac AT TR amyloidosis to be made reliably without the need for

histology in patients who do not have a monoclonal gammopathy. We propose noninvasive diagnostic criteria for cardiac
ATTR amyloidosis that are applicable to the majority of patients with this disease. (Circulation. 2016;133:2404-2412.
DOI: 10.1161/CIRCULATIONAHA.116.021612.)

Key Words: amyloid ® cardiomyopathies ® genetics ® hypertrophy B radionuclide imaging



Table 2. Radionuclide ‘Bone’ Scintigraphy Findings Among 374 Patients With EMBs

%mTc-PYP Scan Findings

Grade 0 Grade 1 Grade 2 Grade 3 n
No cardiac amyloid 7 1 1 0 9
Cardiac ATTR amyloid 1 10 7 67 85
Cardiac AL amyloid deposits 10 1 3 1 15
Cardiac ApoAl amyloid deposits 0 0 0 0 0
Cardiac amyloid deposits of unknown type 0 0 0 0 0
Total 18 12 11 68 109

Bisphosphonate Scintigraphy Patients were scanned after intravenous injection of =700 MBqg 99mTc-PYP (n=199),
providing an expected radiation dose of =b mSv per patient. Wholebody planar images were acquired 1 hours after injection.
99mTc-PYP was scored by a single reader at each center using the following grading system:

grade O=absent cardiac uptake; grade 1=mild uptake less than bone; grade 2=moderate uptake equal to bone; and grade
3=high uptake greater than bone.



Table 3. Sensitivity and Specificity of Radionuclide ‘Bone’ Scintigraphy Compared With EMB Histology

Positive Radionuclide Scan vs Cardiac Amyloid Deposits (n=374)

Cardiac amyloid deposits

No cardiac amyloid deposits

Positive Scan (Grade 1, 2, or 3), n
289
6

Negative Scan (Grade 0), n
38
41

Sensitivity and Specificity (CI), %
88 (84-92) sensitive*
87 (73-95) specific

Positive Scan (Grade 1, 2, or 3), n

Negative Scan (Grade 0), n

Cardiac ATTR amyloid deposits 259 2 >99 (97-100) sensitive

No cardiac ATTR amyloid deposits 36 77 68 (59-77) specific
Grade 2/3 Scan, n Grade 0/1 Scan, n

Cardiac ATTR amyloid deposits 238 23 91 (87-94) sensitive

No cardiac ATTR amyloid deposits 15 98 87 (79-92) specific

Cl indicates confidence interval; DPD, 3,3-diphosphono-1,2-propanodicarboxylic acid; EMB, endomyocardial biopsy; HDMP, hydroxymethylene diphosphonate; and

PYP, pyrophosphate.

*The sensitivity of a positive radionuclide scan for detecting cardiac amyloid deposits of any type is likely to be falsely high owing to the high proportion of patients

with ATTR amyloid in the sample.



»mTc-Pyrophosphate Scintigraphy for Differentiating Light-
Chain Cardiac Amyloidosis From the Transthyretin-Related
Familial and Senile Cardiac Amyloidoses

Sabahat Bokhari, MD; Adam Castafio, MD; Ted Pozniakoff, BS, RT(N)(R);
Susan Deslisle, MS; Farhana Latif, MD; Mathew S. Maurer, MD

Background—Ditferentiating amyloid light-chain (AL) from transthyretin-related cardiac amyloidoses (ATTR) is
imperative given implications for prognosis, therapy, and genetic counseling. We validated the discriminatory ability of
#mTc-pyrophosphate (*"Tc-PYP) scintigraphy in AL versus ATTR.

Methods and Results—Forty-five subjects (12 AL, 16 ATTR wild type, and 17 ATTR mutants) underwent *™Tc-PYP planar
and single-photon positive emission computed tomography cardiac imaging. Scans were performed by experienced nuclear
cardiologists blinded to the subjects’ cohort assignment. Cardiac retention was assessed with both a semiquantitative
visual score (range, 0; no uptake to 3, diffuse uptake) and by quantitative analysis by drawing a region of interest over the
heart corrected for contralateral counts and calculating a heart-to-contralateral ratio. Subjects with ATTR cardiac amyloid
had a significantly higher semiquantitative cardiac visual score than the AL cohort (2.9+0.06 versus 0.8+0.27; P<0.0001)
as well as a higher quantitative score (1.80+0.04 versus 1.21+0.04; P<0.0001). Using a heart-to-contralateral ratio >1.5
consistent with intensely diffuse myocardial tracer retention had a 97% sensitivity and 100% specificity with area under
the curve 0.992, P<0.0001 for identifying ATTR cardiac amyloidosis.

Conclusions—""Tc-PYP cardiac imaging distinguishes AL from ATTR cardiac amyloidosis and may be a simple, widely
available method for identifying subjects with ATTR cardiac amyloidosis, which should be studied in a larger prospective
manner. (Circ Cardiovasc Imaging. 2013;6:195-201.)

Key Words: “"Tc-PYP scintigraphy m AL amyloid m ATTR transthyretin cardiomyopathy m technetium
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Tafamidis Treatment for Patients with Transthyretin Amyloid
Cardiomyopathy

Mathew S. Maurer, M.D., Jeffrey H. Schwartz, Ph.D., Balarama Gundapaneni, M.S., Perry M. Elliott, M.D.,
Giampaolo Merlini, M.D., Ph.D., Marcia Waddington-Cruz, M.D., Arnt V. Kristen, M.D., Martha Grogan, M.D.,
Ronald Witteles, M.D., Thibaud Damy, M.D., Ph.D., Brian M. Drachman, M.D., Sanjiv J. Shah, M.D.,
Mazen Hanna, M.D., Daniel P. Judge, M.D., Alexandra |. Barsdorf, Ph.D., Peter Huber, R.Ph.,

Terrell A. Patterson, Ph.D., Steven Riley, Pharm.D., Ph.D., Jennifer Schumacher, Ph.D., Michelle Stewart, Ph.D.,
Marla B. Sultan, M.D., M.B.A., and Claudio Rapezzi, M.D., for the ATTR-ACT Study Investigators*

ABSTRACT

BACKGROUND

Transthyretin amyloid cardiomyopathy is caused by the deposition of transthyretin amy- The authors’ affiliations are listed in the

loid fibrils in the myocardium. The deposition occurs when wild-type or variant trans- Appendix. Address reprint requests to

. . P45 Bt . . Dr. Maurer at Columbia University Irving

thyretin becomes unstable and misfolds. Tafamidis binds to transthyretin, preventing pegical Center, 622 W. 168th St., PH 12

tetramer dissociation and amyloidogenesis. Stem Rm. 134, New York, NY 10032, or at
msml0@cumc.columbia.edu.

METHODS
In a multicenter, international, double-blind, placebo-controlled, phase 3 trial, we *The complete list of the ATTR-ACT Study
Investigators is provided in the Supple-

randomly assigned 441 patients with transthyretin amyloid cardiomyopathy in a 2:1:2 rmentary Appendix, available at NEJM.org.
ratio to receive 80 mg of tafamidis, 20 mg of tafamidis, or placebo for 30 months. o )

. a A R N This article was published on August 27,
In the primary analysis, we hierarchically assessed all-cause mortality, followed by 018, at NEJM.org.
frequency of cardiovascular-related hospitalizations according to the Finkelstein—

. ) N Engl ] Med 2018;379:1007-16.

Schoenfeld method. Key secondary end points were the change from baseline t0  poy. 10.1056/NEjMoa1505689
month 30 for the 6-minute walk test and the score on the Kansas City Cardiomyopathy — cCopyright @ 2018 Massachusetts Medical Society.
Questionnaire-Overall Summary (KCCQ-OS), in which higher scores indicate better
health status.

RESULTS
In the primary analysis, all-cause mortality and rates of cardiovascular-related hos-
pitalizations were lower among the 264 patients who received tafamidis than among
the 177 patients who received placebo (P<0.001). Tafamidis was associated with lower
all-cause mortality than placebo (78 of 264 [29.5%] vs. 76 of 177 [42.9%]; hazard ratio,
0.70; 95% confidence interval [CI], 0.51 to 0.96) and a lower rate of cardiovascular-
related hospitalizations, with a relative risk ratio of 0.68 (0.48 per year vs. 0.70 per year;
95% CI, 0.56 to 0.81). At month 30, tafamidis was also associated with a lower rate of
decline in distance for the 6-minute walk test (P<0.001) and a lower rate of decline
in KCCQ-OS score (P<0.001). The incidence and types of adverse events were similar
in the two groups.

CONCLUSIONS
In patients with transthyretin amyloid cardiomyopathy, tafamidis was associated
with reductions in all-cause mortality and cardiovascular-related hospitalizations
and reduced the decline in functional capacity and quality of life as compared with
placebo. (Funded by Pfizer; ATTR-ACT ClinicalTrials.gov number, NCT01994889.)
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A Primary Analysis, with Finkelstein-Schoenfeld Method

P Value from Average Cardiovascular-Related
No.of  Finkelstein-Schoenfeld = Win Ratio  Patients Alive = Hospitalizations during 30 Mo
Patients Method (95% C1) at Mo 30 among Those Alive at Mo 30
no. (%) per patient per yr
Pooled Tafamidis 264 186 (70.5) 0.30
<0.001 1.70 (1.26-2.29)
Placebo 177 101 (57.1) 0.46

B Analysis of All-Cause Mortality
1.0+

0.9+

0.8

Pooled tafamidis
0.74

0.6
0.54 Placebo

0.4+

Probability of Survival

0.3+

0.2+

0.1 Hazard ratio, 0.70 (95% Cl, 0.51-0.96)

Gc ! I I ! I T T | ! 1
0 3 6 9 12 15 18 21 24 27 30 33

Months since First Dose

No. at Risk (cumulative no. of events)
Pooled tafamidis 264 (0) 259 (5) 252 (12) 244 (20) 235 (29) 222 (42) 216 (48) 209 (55) 200 (64) 193 (71) 99 (78) 0 (78)
Placebo 177 (0) 173 (4) 171 (6) 163 (14) 161 (16) 150 (27) 141 (36) 131 (46) 118 (59) 113 (64) 51(75) 0 (76)

C Frequency of Cardiovascular-Related Hospitalizations
No. of Patients with

No. of Cardiovascular- Related Cardiovascular- Related Pooled Tafamidis vs. Placebo
Patients Hospitalizations Hospitalizations Treatment Difference
total no. (%) no. per yr relative risk ratio (95% Cl)
Pooled Tafamidis 264 138 (52.3) 0.48
0.68 (0.56-0.81)
Placebo 177 107 (60.5) 0.70

Figure 2. Primary Analysis and Components.
Panel A shows the results of the primary analysis as determined with the use of the Finkelstein-Schoenfeld method.

Panel B shows an analysis of all-cause mortality for pooled tafamidis and for placebo, a secondary end point. Panel
C shows the frequency of cardiovascular-related hospitalizations, also a secondary end point.




Patisiran, an RNAi Therapeutic,
for Hereditary Transthyretin Amyloidosis

D. Adams, A. Gonzalez-Duarte, W.D. O'Riordan, C.-C. Yang, M. Ueda, AV. Kristen, |. Tournev, H.H. Schmidt, T. Coelho,
J.L. Berk, K.-P. Lin, G. Vita, S. Attarian, V. Planté-Bordeneuve, M.M. Mezei, .M. Campistol, J. Buades, T.H. Brannagan I,
BJ. Kim, J. Oh, Y. Parman, Y. Sekijima, P.N. Hawkins, S.D. Solomon, M. Polydefkis, P.J. Dyck, PJ. Gandhi, S. Goyal,
J. Chen, A.L. Strahs, S.V. Nochur, M.T. Sweetser, P.P. Garg, A.K. Vaishnaw, J.A. Gollob, and O.B. Suhr

ABSTRACT

BACKGROUND
Patisiran, an investigational RNA interference therapeutic agent, specifically inhibits
hepatic synthesis of transthyretin.

METHODS

In this phase 3 trial, we randomly assigned patients with hereditary transthyretin
amyloidosis with polyneuropathy, in a 2:1 ratio, to receive intravenous patisiran
(0.3 mg per kilogram of body weight) or placebo once every 3 weeks. The primary
end point was the change from baseline in the modified Neuropathy Impairment
Score+7 (mNIS+7; range, 0 to 304, with higher scores indicating more impairment)
at 18 months. Other assessments included the Norfolk Quality of Life-Diabetic Neu-
ropathy (Norfolk QOL-DN) questionnaire (range, —4 to 136, with higher scores indi-
cating worse quality of life), 10-m walk test (with gait speed measured in meters per
second), and modified body-mass index (modified BMI, defined as [weight in kilo-
grams divided by square of height in meters] xalbumin level in grams per liter; lower
values indicated worse nutritional status).

RESULTS

A total of 225 patients underwent randomization (148 to the patisiran group and 77
to the placebo group). The mean (+SD) mNIS+7 at baseline was 80.9+41.5 in the
patisiran group and 74.6+37.0 in the placebo group; the least-squares mean (+SE)
change from baseline was —6.0+1.7 versus 28.0+2.6 (difference, —34.0 points; P<0.001)
at 18 months. The mean (+SD) baseline Norfolk QOL-DN score was 59.6+28.2 in
the patisiran group and 55.5%24.3 in the placebo group; the least-squares mean
(+SE) change from baseline was —6.7+1.8 versus 14.4+2.7 (difference, —21.1 points;
P<0.001) at 18 months. Patisiran also showed an effect on gait speed and modified
BMI. At 18 months, the least-squares mean change from baseline in gait speed was
0.08£0.02 m per second with patisiran versus —-0.24+0.04 m per second with placebo
(difference, 0.31 m per second; P<0.001), and the least-squares mean change from
baseline in the modified BMI was —3.7+9.6 versus =119.4+14.5 (difference, 115.7;
P<0.001). Approximately 20% of the patients who received patisiran and 10% of
those who received placebo had mild or moderate infusion-related reactions; the
overall incidence and types of adverse events were similar in the two groups.
CONCLUSIONS

In this trial, patisiran improved multiple clinical manifestations of hereditary trans-
thyretin amyloidosis. (Funded by Alnylam Pharmaceuticals; APOLLO ClinicalTrials
.gov number, NCT01960348.)

The authors' full names, academic de-
grees, and affiliations are listed in the Ap-
pendix, Address reprint requests to Dr.
Adams at the Department of Neurology,
CHU Bicétre, 78 rue du Général Leclerc,
94275 Le Kremlin-Bicétre CEDEX, France,
or at david.adams @aphp.fr.

N Engl ) Med 2018;379:11-21.
DOI: 10.1056/NEJMoal?16153
Copyright © 2018 Massachusetts Medical Society.
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Figure 2. Comparisons of Changes bety the Patisiran Group and the Placebo Group over Time.

Panel A shows the percentage change in serum transthyretin levels from baseline over time in the patisiran group
and the placebo group. The nadirs in transthyretin reduction at 9 and 18 months correspond to the predose and
postdose assessments. Panel B shows the least-squares mean change in the modified Neuropathy Impairment
Score+7 (mNIS+7). At baseline, the mean mNIS+7 was 80.9 {range, 8.0 to 165.0) in the patisiran group and 74.6
(range, 11.0 to 153.5) in the placebo group. Panel C shows the least-squares mean change in Norfolk Quality of
Life-Diabetic Neuropathy (QOL-DN) scores (range, -4 to 136; with higher scores indicating worse quality of life).
At baseline, the mean Norfolk QOL-DN score was 59.6 (range, 5.0 to 119.0) in the patisiran group and 55.5 (range,
8.0 to 111.0) in the placebo group. In Panels A through C, I bars indicate standard errors. Panel D shows the per-
centage of patients with an improvement (decrease from baseline) in the mNIS+7 or the Norfolk QOL-DN score
from baseline after 18 months. A post hoc analysis was used to calculate the odds ratio for improvement in the
Norfolk QOL-DN score.
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