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Transthyretin amyloid cardiomyopathy (ATTR-CM) is a
severe and progressive restrictive infiltrative cardiomyopa-
thy caused by the deposition of misfolded amyloid fibrils
in the myocardium. Cardiac SPECT or SPECT/CT using
99mTc-radiolabeled bone-seeking radiopharmaceuticals
complements echocardiography and cardiac magnetic reso-
nance and has revolutionized the management of patients
with suspected ATTR-CM. In particular, cardiac SPECT
with bone-seeking radiopharmaceuticals allows to obtain
a non-biopsy diagnosis of ATTR-CM with high accuracy
if a plasma cell dyscrasia is excluded according to current
international guidelines [1-5]. The possibility of reaching
the diagnosis of ATTR-CM diagnoses non-invasively and
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the increased awareness of physicians of clinical and imag-
ing “red flags” associated with ATTR-CM in recent years
have resulted into a substantial increase in the number of
patients diagnosed with ATTR-CM. Patients with ATTR-
CM are now diagnosed earlier in the disease process and
benefit from improved outcome thanks to the development
of new treatments [6, 7].

Furthermore, incidental myocardial uptake of bone-
seeking radiopharmaceuticals for non-cardiac indications is
present in a not negligible percentage of cases, necessitating
further clinical investigations for cardiac amyloidosis, which
contributes to the early diagnosis of this condition [8].

Beyond the well-established role of SPECT or SPECT/
CT with bone-seeking radiopharmaceuticals for the diagno-
sis of ATTR-CM, several recent studies evaluated the pos-
sible role of bone-avid scintigraphy in evaluating treatment
response in ATTR-CM (Table 1) [9-16]. The introduction
of novel therapies aimed to either silence TTR production or
stabilize TTR has shown to reduce heart failure hospitaliza-
tions and to improve clinical outcome in ATTR-CM patients
[17]. The increasing availability of novel ATTR-targeted
treatments concurs with a growing interest for early quan-
titative markers to assess treatment response in ATTR-CM.
There are currently no specific biomarkers to directly assess
early response to targeted ATTR treatments and SPECT or
SPECT/CT with bone-seeking radiopharmaceuticals could
fill this gap by providing (semi-)quantitative estimates.

The recent article published by Tingen and co-authors is
the last published study on serial bone-seeking tracer cardiac
planar scintigraphy or SPECT before and after treatment
with TTR gene silencers or TTR-stabilizers for ATTR-CM
[16]. The authors demonstrated that changes in the intensity
of myocardial uptake of bone-seeking tracers after treatment
differed significantly between ATTR-CM patients treated
with TTR gene silencers and those treated with TTR-stabi-
lizers. As a matter of fact, during treatment with a TTR gene
silencer (Patisiran), a median decrease in heart-to-whole

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-023-06576-8&domain=pdf

European Journal of Nuclear Medicine and Molecular Imaging (2024) 51:691-694

692

‘oqaoeld yim pajean syuaned ur
PaseaIoul IN[BA JWES 9} SLAIYM Judll
-1ea1) J9)Je PIsearddp (onel Apoq sjoym

-0)-11e91] sk passaldxo) s[eonnaseuLIey
-dorper Sunyees-auoq jo ayeidn oerpred
UBIpaW Y ‘9OQIN Yim pajean syuaned ug

(%8L) syuaned pajean
Jo Kyuiofew 9y} UT PAAIISqO Sem (Xopul
uonualdl ANS se passaidxs) qdd-oL
[0Lugg] JO oxEIdN ORIPILD UL UOTIONPY
‘syuanied pajeon
Jo Kyurofew 9y ur UMOYs sem (Xapur
uonualal ANS se passaidxd) qda-oL
[0Lugg] JO oxEIdN ORIPILD UL UOTIONPY
‘syuaned (%19) #1/6 ut paSueyoun
sem J1 searoym ‘syuoned pajean (%9¢)
$1/G UI POAIISQO SBM QI0S [BNSIA
13nI9d JO UOISSaITY "(PIsn Xapul
Y} uo paseq %98 0} £/, woiy) syuaned
pajean jo Ajuofew o) ur umoys sem
(xew A NS 1o onel ayeidn Jun| [e1ore[en
-Uu09-0}-11e9Y sk passaidxd) qdd-oL
[0Lwgel 30 9yeidn oeIpIEd UT UOTIONPIY
‘syuanred parean (%001)
€/€ Ul paAIasqo sem (onjel ayeldn Sun|
[BI91R[E1U0D-0)-11eaY Sk PIssaldxd) JAd
-OL[0Lwgel 3O 9yeidn oerpIed UT UOTIONPIY
‘uononpai ayeidn
OBIpIED [RUIIUIL PAIQIYXS JAINH-OL
[0Lugg) A9 porEnEAS JUSHEd SYT, SYusred
parean (%08) S/¢ Ut umoys sem (oner
ayeidn y3ryy-03-11ey se passardxa) qda
“0L[0Lugq] 3O OerdN SRIPIED UI UOBONPIY
-a3ueyd ou pamoys juanjed
Sururewar oy} pue sjuoned pajeon
(%¥6) 91/S1 ul pariodar sem (%1°Lg 01
8'6 “YOD %9'61 Jo (es0p pajoafur oy
Jo 93ejuadiad se passardxe) qdd-oL
[OLygql 30 9yeidn oeIpIEd UT UONIONPIY

0qa9e[d 10 (900IN) Apoquue [e)
-uowradXe UB JOYJIQ JO SUOISNJUT I3)je
syjuow g pue 4 Je pajenyead syuaned o

UQSIOIOU] JO UBIISHIRJ (MM JUSWIRI)
I9)Je SYIUOW 7T e pajen[ead sjuaned g

SIprweyey,
UIIM JUSWIIEAI) JO)JE SYJUOW ¢ JO
qwIn UBIPaW © Je pajenyead sjuaned (O

SIpIueje],
IIA JUSWIEAT) 10)Je SYIUOW f JO
QW) URIPIW € Je pajenyeas syuoned 4]

SIpIuefe],
M Juouniean) 1)je skep ¢Q1 Jo
o) UBIPIW € Je pajenyead sjuaned ¢

SIpIWEJR], YIIM JUSW
-jean 19)je 13k | 18 parenyeas syusned ¢

ueIsned YIM JUSWIRI)
I0)Je 1eaA T Je pajenyead syuaned 9f

Pa110dar JON  SOLIIUNOD JUAISPI(T £70C

LD/LDddS
pue ‘LOAdS ‘Teue[d/qdd-2L[2Luge)

LD/LDddS
pue ‘LOAdS ‘Teue[d/qQdd-2L[0Lugg)

L1D/104dS
pue ‘LOAdS ‘Teue[d/qdd-2L[0Luge)

L1D/104dS
pue ‘LOAdS ‘Teue[d/d Xd-OLIOLwgg]

LOHAJS pue HNE.EQ
/dANH-LIOLuge) 10 AdA-OLIOLuge)

LD/LDddS
pue ‘LDAdS “Teue[d/qdd-oLO0Lwgg]

[S1] ‘T8 10 vrARg-RIOIRD)

eLsny £20T [¥1] T8 10 Moy
eLasny £20¢ [€1] T8 10 Moy
Aueurion €20z [z1] Te 10 noiseueyjedeq
uemie], £20¢ [11] 1999
903310 20T [01] 'Te 30 sewnoq
2N 1coc [6] T8 19 BURIUO

s3urpuy urejy

JUSUISSISSE dsu0dsal Juauean Jo Jurwr
pue syuened pojean IND-YLLV JO 'ON

uonisiboe Jurdewr orydeidn
-uros/[eonnadeurreydorper Surjeds-ouog

Anuno) Ieak wonedriqng sroyny

(par1odar jou are sy10dar ased) ND-YLLY Y sjuaned ur Suriojtuowr asuodsar jusunearn ul sreonnaoewreydorpel Sumass-ouoq yim Ayder3nuros Jo 9[01 Yl INOqe SAIpnIs [edwur)) | ajqelr

pringer

Qs



European Journal of Nuclear Medicine and Molecular Imaging (2024) 51:691-694 693

body (H/WB) uptake ratio of — 0.58 was observed, whereas
an increase of + 0.38 was observed in patients treated with
a TTR-stabilizer (Tafamidis) [16]. Conversely, NYHA class,
cardiac biomarkers, and parameters on echocardiography did
not change significantly during treatment in both groups.
These results suggest that myocardial uptake of bone-seek-
ing radiopharmaceuticals may help detect at an earlier stage
the impact of treatment on disease progression as compared
to conventional follow-up parameters used in ATTR-CM
patients, confirming the findings of previous studies [§—14].

However, several key questions remain to be elucidated
when using bone-seeking tracer cardiac scintigraphy in
ATTR-CM. First of all, the exact binding mechanism of
these tracers (DPD, PYP, and HMDP) is unclear and sev-
eral mechanisms have been proposed such as binding to
microcalcifications and to components of the interstitium or
amyloid-associated molecules [18]. As long as the binding
mechanism is not completely identified, it remains difficult
to consider changes in the intensity of myocardial uptake
of these tracers directly correlated to the evolution of the
amyloid load. The study by Fontana et al. showed that a
decrease in cardiac uptake was associated with a decrease in
extracellular volume on cardiac magnetic resonance imag-
ing, but without changes in echocardiographic parameters
[9]. Recently, Rettl et al. reported an improvement in CMR-
derived left ventricular ejection fraction in the patient cohort
with a significant improvement in tracer retention index [13].
The study by Tingen et al. also demonstrated a reduction in
the H/WB ratio without concomitant changes on echocar-
diography [16]. Of note, only patients with mixed variant
ATTR polyneuropathy and cardiomyopathy were included in
this study, which may explain differences in outcome com-
pared to previous studies. Indeed, patients were treated with
20 mg Tafamidis as opposed to 61 mg daily for the indica-
tion of cardiomyopathy (mainly in wild-type ATTR-CM). It
is yet to be elucidated whether variant disease and wild-type
disease behave and respond similar to the type of treatment.
Nevertheless, all studies hint towards the hypothesis that
molecular and structural changes precede alteration in myo-
cardial contraction.

Secondly, what is the best parameter to evaluate serial
changes on bone-seeking tracer cardiac scintigraphy in
ATTR-CM? Even if changes of cardiac tracer uptake may be
detected also visually on planar or SPECT images, they are
not recommended because of their non-quantitative and sub-
jective nature. The available studies on treatment response
assessment of ATTR-CM with bone-seeking radiopharma-
ceuticals have used both semi-quantitative and quantitative
estimates of myocardial tracer uptake (Table 1). To this
regard, quantification through SPECT/CT in ATTR-CM
should be preferred and different metrics have been pro-
posed such as SUVmax, SUV retention index, or % injected
activity [19]. However, no data are available on test-retest

median cardiac uptake of [*™Tc]Te-

HDP (expressed as heart-to-whole body
ratio) decreased after treatment whereas
the same value increased after treatment
in patients treated with a TTR-stabilizer.

In patients treated with Patisiran, the

Main findings

patients evaluated at 24 months after

after treatment with Patisiran and 12
treatment with TTR-stabilizer

timing of treatment response assessment

No. of ATTR-CM treated patients and
20 patients evaluated at 29 months

Bone-seeking radiopharmaceutical/scin-

tigraphic imaging acquisition
[**Tc]Te-HDP/planar and SPECT

Publication year Country
Netherlands

2023

Legend: SUV standardized uptake value, PYP pyrophosphate, DPD 3,3-diphosphono-1,2-propanodicarboxylic acid, HMDP hydroxymethylene diphosphonate, HDP hydroxydiphosphonate,

[°*"Tc]Te Technetium-99m, SPECT single-photon emission computed tomography, CT computed tomography, TTR transthyretin, ATTR-CM transthyretin amyloid cardiomyopathy

Table 1 (continued)
Tingen et al. [16]
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measurement variability, which is crucial to distinguish a
clinically significant change in myocardial tracer uptake/
retention from measurement variability.

Overall, the recently published studies show the poten-
tial of scintigraphy, SPECT, or preferably SPECT/CT with
bone-seeking radiopharmaceuticals in assessing another
domain of response during treatment of ATTR-CM patients.
Beyond existing therapies, next-generation ATTR-targeted
and fibril-directed therapies will most likely result in more
significant changes in amyloid burden, hence improvements
in cardiac function. Therefore, it is expected that the role
of quantitative imaging to assess treatment response will
continue to increase, but the clinical impact of bone-seeking
radiopharmaceuticals in monitoring ATTR-CM warrants
further studies before it becomes a well-established tool
in the management of ATTR-CM and part of the updated
expert consensus recommendations [20].
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