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Not so rare after all: Rethinking hereditary
transthyretin amyloidosis
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Chouarfia, Fatima Z. Samet Bouhaik, Valeria Trivelloni, and Dario Bottigliero*

Department of Cardiology, Centre Hospitalier Général Victor Jousselin de Dreux, Dreux, Centre-Val
de Loire, France

Abstract

Introduction: Hereditary transthyretin amyloidosis (ATTRv) is a progressive multi-
systemic disorder caused by extracellular deposits of misfolded transthyretin (TTR)
protein. Presenting as cardiomyopathy, polyneuropathy, or mixed phenotypes,
ATTRv exhibits high clinical heterogeneity, often causing diagnostic delays.
Objective: This narrative review provides an updated overview of emerging
epidemiological and registry insights, genotype-phenotype correlations, current
diagnostic modalities, and evolving individualized therapies for ATTRv, emphasizing
the clinical relevance of early identification.

Methods: A literature search was conducted across medical databases to identify
recent studies evaluating the clinical characteristics, diagnostic approaches, and
therapeutic outcomes of ATTRv. Data from multinational registries, including the
Transthyretin Amyloidosis Outcomes Survey, were examined to assess phenotypic
variability across geographical regions and genotypes.

Results: ATTRv presents with early- or late-onset phenotypes, the latter often
showing advanced neurological and cardiac involvement at diagnosis, with Val30Met
remaining the most prevalent global variant. Early recognition of clinical “red flags”
and the use of bone scintigraphy facilitate prompt diagnosis, which is crucial for
the timely initiation of disease-modifying therapies—including TTR stabilizers (e.g.,
tafamidis) and second-generation gene silencers—to suppress disease progression,
improve survival, and reduce adverse cardiovascular events.

Conclusion: Therapeutic strategies for ATTRv have advanced remarkably, rendering
a historically fatal condition increasingly manageable. Emerging studies demonstrate
that this condition is not as rare as commonly believed. Given its systemic nature, a
coordinated, multidisciplinary approach remains crucial for screening and long-term
patient care.

Keywords: Transthyretin amyloidosis; Hereditary transthyretin amyloidosis
cardiomyopathy; Hereditary amyloidosis; Tafamidis; Gene silencers; Early diagnosis;
Disease-modifying therapy

1. Introduction

Hereditary transthyretin amyloidosis (ATTRv) is an autosomal dominant inherited
disorder caused by pathogenic variants in the TTR gene. These variants destabilize the
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native homotetrameric TTR protein synthesized by the
liver, accelerating its dissociation into misfolded monomers
that aggregate into insoluble extracellular amyloid fibrils.'
These fibrils progressively deposit in various organs,
predominantly affecting the peripheral nervous system,
myocardium, gastrointestinal tract, kidneys, and eyes.
To date, more than 140 pathogenic mutations have been
reported, with the Val30Met (p.Val50Met) substitution
being the most widespread genotype globally.>*

Historically, ATTRv was considered an extremely rare
disease isolated to traditional endemic pockets in Portugal,
Sweden, and Japan.>® In these regions, a positive family
history and classic clinical signs facilitated early suspicion.
Conversely, in non-endemic areas, the absence of a known
family history and overlapping presentations with other
cardiovascular or neurological conditions frequently led
to prolonged diagnostic delays or misdiagnoses. Over
the last decade, the clinical paradigm has evolved. The
implementation of non-invasive diagnostic tools and
expanding genetic screening have revealed that ATTRv is
more distributed than previously recognized, prompting
a re-evaluation of its true prevalence and phenotypic
diversity.”

This review synthesizes recent registry data and clinical
cohorts to contrast ATTRv and wild-type ATTR (ATTRwt)
profiles, analyze shifting epidemiological trends, evaluate
the utility of genetic testing across clinical contexts,
and outline contemporary diagnostic and therapeutic
algorithms.

2. Methodology

A literature search was conducted to identify relevant peer-
reviewed articles, systematic reviews, and registry analyses
focusing on ATTRv published between January 2020 and
April 2026. Search terms included: hereditary transthyretin
amyloidosis, ATTRy, transthyretin (TTR) gene mutations,
genetic testing, epidemiology, and prevalence.

To ensure high-quality evidence, the selection
prioritized original research and multi-center registry
data, specifically from the Transthyretin Amyloidosis
Outcomes Survey (THAOS), the Healthcare European
Amyloidosis Registry (HEAR), and the Transthyretin
Cardiac Amyloidosis Registry of Sdo Paulo (REACT-SP).

Exclusion criteria were applied to mitigate bias and limit
lower-tier evidence: case reports involving single patients,
editorials, non-English publications, studies restricted
to pediatric cohorts, and in vitro or animal models were
excluded. Crucially, when evaluating prevalence and
clinical recommendations, we interpreted data from
preliminary conference abstracts or registry-based reports

with appropriate caution, distinguishing them from
full, peer-reviewed clinical trials. A final selection of 57
publications informed this review.

3. Comparative clinical profiles: Hereditary
transthyretin amyloidosis vs. wild-type
transthyretin amyloidosis

3.1. Demographic disparities and diagnostic delay

Hereditary transthyretin amyloidosis exhibits distinct
demographic patterns compared to ATTRwt. While
ATTRwt is almost exclusively a disease of elderly males,
ATTRv often presents earlier, though its onset is highly
dependent on the specific mutation and geographical
region. Data from the Brazilian REACT-SP registry
highlight that many ATTRv patients present at a younger
age but experience a protracted delay from symptom
onset to definitive diagnosis.® Similarly, the global THAOS
registry reports a mean age of symptom onset of 56.6 years
among symptomatic ATTRv carriers, illustrating a younger
demographic profile than typically seen in ATTRwt.?
However, in certain cohorts, such as those evaluated in
the HEAR registry, specific variants like Val122Ile present
much later in life, mimicking ATTRwt demographics,
though ATTRv patients still tend to be diagnosed slightly
younger (78 £ 9 years vs. 83 + 7 years, p < 0.001).>'° Clinical
characteristics and phenotypic differences between ATTRv
and ATTRwt are presented in Figure 1.

3.2. Phenotypic diversity and organ involvement

The clinical spectrum of ATTRv is remarkably
heterogeneous, characterized by neurological, cardiac,
or mixed phenotypes. This contrasts sharply with
ATTRwt, which presents predominantly as an isolated
cardiomyopathy. Registry data underline these differences:
in the REACT-SP cohort, cardiac involvement was
documented in 43.9% of ATTRv patients compared
to 89.9% of ATTRwt patients (p < 0.001), whereas a
neurological phenotype was significantly more prevalent
in the hereditary cohort (56.8% vs. 31.7%, p < 0.001). A
mixed phenotype involving both systems was observed in
approximately one-fourth (25.6%) of ATTRvindividuals.®"!

Genotype plays a dominant role in steering this
phenotype." For instance, the Val30Met mutation exhibits
geographical divergence: in classic endemic regions, it
presents as an early-onset, severe polyneuropathy, whereas
in non-endemic areas, it often manifests as a late-onset
form where conduction abnormalities predominate, and
cardiac involvement can affect over 20% of patients.'>™

3.3. Genotype-specific manifestations

Certain mutations are strongly linked to specific organ
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Figure 1. Comparison of clinical characteristics between hereditary (AT TRv) and wild-type (AT TRwt) transthyretin amyloidosis. (A) Phenotype distribution
in ATTRv and ATTRwt. The majority of patients with ATTRv show neurological involvement, whereas patients with ATTRwt show predominantly cardiac
involvement. (B) Age at diagnosis by genotype. Val30Met patients have the earliest symptom onset, whereas later onset is observed in other genotypes and
in ATTRwt. (C) Gender distribution by genotype. The majority of patients are males, and the gender imbalance is more pronounced in later onset and
in ATTRwt. (D) Diagnostic delay by genotype. Delay to diagnosis is longer in hereditary than in ATTRwt. Data derived from the Transthyretin Cardiac
Amyloidosis Registry of Sdo Paulo, Transthyretin Amyloidosis Outcomes Survey, and the Healthcare European Amyloidosis Registry. Data derived from
previous studies.®!?

damage, though pure phenotypes are rare: across multiple genotypes, appearing in 58% to 97%

() Vall22lle (p.Vall42lle): Primarily recognized as of certain cohorts, alongside autonomic dysfunction
a cardiotropic variant associated with significant Sg" g?Strollsn festinal  disturbances,  orthostatic
interventricular septal thickness and markedly ypotension).

elevated N-terminal pro-B-type natriuretic peptide Red flags aiding in the clinical suspicion of ATTRv and
(NT-proBNP) levels. However, emerging registry the diagnostic delays following their onset are illustrated
data suggest that neurological assessments can reveal in Figure 2.

concurrent neuropathy in a substantial proportion of . . L. .
these patients, challenging the assumption of isolated 4. Epidemiology and global distribution

cardiac disease."'® 4.1. Endemic foci and founder effects

(ii) Late-onset Val30Met and L58H (p.Leu78His): Often ) o )
display severe neurological impairmentat presentation. While ATTRv is distributed globally, localized founder

In a THAOS analysis, late-onset Val30Met patients eﬂ"ec'ts maiptain exceptionally high prevalence rates in
exhibited higher median neuropathy impairment specific regions:
scores in the lower limbs (DNS_IL of 25.0) than (i) The Balearic Islands (Spain): Mallorca and Menorca

early-onset patients (DNS_IL of 8.0), frequently represent major global foci for the Val30Met variant,
accompanied by atypical electrophysiological features with estimated genetic prevalences of 1 in 2,900
that complicate early-stage diagnosis.'> and 1 in 4,700, respectively. Screenings indicate
(iii) Extracardiac red flags: Carpal tunnel syndrome that a significant majority of these carriers also
(frequently bilateral) is a common early manifestation harbor a baseline G6S polymorphism on the same
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Figure 2. Red flags for hereditary transthyretin amyloidosis (AT TRv) diagnosis and diagnostic delays. The figure shows data from patients with adult-onset
symptoms from non-endemic areas of Spain (A) and from Japan (B). Delay in diagnosis, especially for those extracardiac manifestations. Data derived
from previous studies.>'*18-2

(iv) China: The Ala97Ser (p.Alall7Ser) variant exhibits a
prominent founder effect in Southern Mainland China,

chromosome, confirming a distinct regional founder
effect.’

(ii)

Bulgaria: Targeted screening programs over a seven-
year period identified a clustering of the Glu89GIn
mutation, which represents over 78% of detected

typically presenting as a late-onset polyneuropathy.?'
The Glyl03Arg mutation is similarly unique to
populations of Chinese ancestry.”

carriers in the country.?**

(iii) Spain (Mainland): A large nationwide retrospective
study identified distinct high-prevalence clusters for
pathogenic variants in regions such as Cadiz, Castellon,
Ciudad Real, Huelva, Valencia, and Zamora.'*

Worldwide genetic variability and estimated prevalence
of ATTRv—including the global predominance of
Val30Met and the distinct clustering of Vall42Ile in
African Americans—are illustrated in Figure 3.

Figure 3. Global distribution of TTR mutations and prevalence estimates. (A) Distribution of major TTR mutations in hereditary transthyretin amyloidosis
worldwide (THAOS registry). The most common mutation worldwide remains Val30Met. (B) Estimated prevalence and carrier frequency by geographic
region. Variability between populations is considerable. The exceptionally high carrier frequency for Vall42lle in the African American population is
noteworthy. Data derived from previous studies.>**
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4.2. Interpretation of prevalence and screening data

Recent large-scale genomic sequencing and population
health surveys suggest that the carrier frequency of
certain TTR variants may be higher than historical clinical
diagnoses implied. However, these data require cautious
interpretation: the presence of a genetic variant does not
automatically equate to clinical disease, as the penetrance
of many mutations remains incomplete or age-dependent.

For example, a comprehensive genomic screen of
over 134,000 individuals identified pathogenic or likely
pathogenic TTR variants in 0.12% of the cohort, yet
only a minimal fraction had a formal clinical diagnosis
of amyloidosis recorded in their electronic health files.”
Among carriers over the age of 60 within this genomic
cohort, approximately 14% exhibited structural heart
disease (septal thickness >12 mm), though most remained

undiagnosed with amyloidosis.”

Similarly, in the United States, the Vall22Ile variant
is found in 3% to 4% of individuals of African ancestry,
making it a key genetic consideration in African American
patients presenting with unexplained cardiomyopathy.***!

Despite these high carrier frequencies, systematic
or unselected general screening remains unsupported.
For instance, the CATCH study, which screened an
unselected elderly population, identified wild-type ATTR
cardiomyopathy in 0.34-0.46% of subjects but found no
TTR mutations, indicating that routine genetic screening
is inefficient outside of clinically suspicious or high-risk
populations.®

As detailed in Table 1, epidemiological data across
diverse cohorts indicate a higher prevalence of ATTRv
than previously estimated in historical literature.

Table 1. Prevalence of hereditary transthyretin amyloidosis in various screening studies and populations

Population/Study Ref. Sample size Hereditary transt!wretm amyloidosis Most common mutation
prevalence/detection

Japanese (Biobank Japan) 6 7,949 0.75% carriers Aspl19Asn

Greek left ventricular hypertrophy 9 294 8.5% of hereditary transthyretin amyloidosis Various

population cardiomyopathy "

Hispanic/Latino (Hispanic Community o .

Health Study/Study of Latinos) 16 12,687 0.8% carriers Val122lIle

TR_A M study (Germany/ Austria/ 23 5,141 1.1% Various (21 variants)

Switzerland)

African American bilateral carpal tunnel 28 16 12.5% Vali221le

syndrome

Italian elderly cardiac hereditary 3 5 19% Val30Met, Ile68Leu,

transthyretin amyloidosis (>70 years) ’ Vall42Ile, Phe84Leu

DISCOVERY (US cardiac amyloidosis 133 1,001 7 4% Val1221le

suspects)
5. Genetic testing strategies and cascade with ATTR cardiomyopathy actually harbor pathogenic
screening TTR mutations.?****>* Consequently, current guidelines

. recommend genetic sequencing for all patients diagnosed

5.1. Late-onset presentations and the elderly with ATTR, regardless of age at presentation. Identifying
A key clinical misconception is that ATTR in patients a hereditary variant in an elderly patient is clinically
over 70 or 80 years of age is invariably the wild-type consequential, as it alters the therapeutic options and
form. Although ATTRwt is far more prevalent in this carries profound implications for younger relatives. The
demographic, small cohort studies have revealed that a clinical yield of genetic testing across diverse populations
meaningful proportion of elderly individuals diagnosed and age groups is presented in Figure 4.
Volume X Issue X (2026) 5 doi: 10.36922/EJM0026210235
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Figure 4. Importance of genetic testing across ages and populations. (A) Hereditary transthyretin amyloidosis (ATTRv) detection rates in various high-
risk populations, demonstrating that genetic testing reveals substantial hereditary disease even in elderly cardiac amyloidosis patients. (B) Age-related
penetrance of the Vall42Ile variant in a Spanish cohort, showing a progressive increase with age that supports screening at any age to identify at-risk

individuals before symptom onset. Data derived from previous studies.**>*

5.2. Family counseling and presymptomatic
monitoring

Once an index case (proband) is identified with a
pathogenic TTR variant, family cascade screening should
be initiated in conjunction with genetic counseling.*
Asymptomatic gene carriers possess a prognosis identical
to the general population until amyloid deposition
begins.'? Therefore, early identification aims to establish
a structured monitoring protocol to detect the earliest
transition from asymptomatic carrier status to subclinical
or clinical disease.

Longitudinal tracking of asymptomatic carriers
indicates that clinical manifestations develop progressively
over time.”” Monitoring strategies require a multifaceted
approach, as isolated tests may lack sensitivity:

(i) Neurological assessment: While nerve conduction
studies are standard, they can remain completely
normal in the early phases of small-fiber neuropathy.
Advanced subclinical tracking may necessitate

quantitative  sensory  testing or  autonomic
evaluations.*
(ii) Cardiac evaluation: Serial electrocardiograms,

biomarker monitoring (NT-proBNP, troponins), and
advanced echocardiography (including longitudinal
strainimaging) are employed to detect early myocardial
changes before overt heart failure develops.***

5.3. Screening within high-risk cohorts

Targeted genetic testing within specific symptomatic

populations has demonstrated variable but notable
detection rates:

(i) Unexplained  neuropathy/cardiomyopathy:  The
TRAM study, which screened over 5,100 patients with
neuropathy or cardiomyopathy of unknown etiology,
identified pathogenic TTR variants in 1.1% of cases.”

(ii) Suspected cardiac amyloidosis: In the United States-
based DISCOVERY study, which evaluated patients
undergoing clinical workups for suspected cardiac
amyloidosis, a pathogenic mutation was found in 8%
of the cohort, with Val122Ile being highly prevalent
among Black patients.”

(iii) Bilateral carpal tunnel syndrome: Preliminary pilot
data in specific demographic cohorts (e.g., African
Americans with bilateral carpal tunnel syndrome)
reported carrier frequencies up to 12.5%, though
these small sample sizes require validation in larger
peer-reviewed cohorts before broad screening
recommendations can be formulated.”

6. Contemporary diagnostic and therapeutic
advances

6.1. Diagnostic algorithm

The diagnostic framework for ATTR cardiomyopathy has
been transformed by non-invasive pathways, primarily
driven by technetium-labeled bone scintigraphy. When
combined with the rigorous exclusion of monoclonal
gammopathies (via serum/urine immunofixation and
free light chain assays), a Grade 2 or 3 myocardial
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radiotracer uptake provides a definitive diagnosis of ATTR
cardiomyopathy without requiring an endomyocardial
biopsy.

Once ATTR amyloidosis is confirmed via imaging or
histology, genetic sequencing of the TTR gene is mandatory
to definitively differentiate between ATTRwt and ATTRwv.
Complementary imaging modalities, such as cardiac
magnetic resonance utilizing T1 mapping and extracellular
volume quantification, offer high diagnostic accuracy and
help characterize the total myocardial amyloid burden.*¢

6.2. Disease-modifying therapies

The management of ATTRv has transitioned from
supportive care to target-specific, disease-modifying
interventions that interrupt the amyloid cascade at
different stages.

6.2.1. Transthyretin stabilizers

Tafamidis binds to the thyroxine-binding sites of the TTR
tetramer, preventing its dissociation into amyloidogenic
monomers. Real-world registry data and clinical trials
have demonstrated that tafamidis significantly reduces all-
cause mortality and heart failure-related hospitalizations in
patients with ATTR cardiomyopathy, including hereditary
variants such as Val122Ile.***** Long-term tracking shows
a clear correlation between earlier drug initiation and
enhanced survival outcomes.

In symptomatic ATTRv Vall22lle patients (n =
513), tafamidis treatment was associated with improved
survival at 48 months, with women treated with tafamidis
demonstrating significantly better survival than men
(hazard ratio for all-cause mortality 0.452 [95% confidence
interval (CI): 0.332-0.614] vs. 0.767 [95% CI: 0.356-0.877],
p = 0.02).% In the ATTR-ACT trial, tafamidis (80 mg or
20 mg pooled) significantly shifted health status toward
improvement; among 441 patients, more patients taking
tafamidis were alive and not worse at month 30 (37% vs.
15%), with improvements in Kansas City Cardiomyopathy
Questionnaire Overall Summary scores (odds ratio for
10-point improvement 2.4; 95% CI: 1.6-3.4; p < 0.001).”

6.2.2. Gene s silencers (RNA interference and antisense
oligonucleotides)

These agents target hepatic TTR synthesis by degrading
TTR mRNA, thereby lowering circulating serum TTR
levels:

(i) Patisiran and vutrisiran: RNA interference
therapeutics. In the multi-center “Patisiranltaly”
observational study, approximately 70% of

ATTRv patients with polyneuropathy experienced
stabilization ~or improvement in neurologic
impairment, demonstrating efficacy across varying
degrees of baseline severity.® Second-generation
agents like vutrisiran offer comparable therapeutic
suppression with less frequent subcutaneous dosing.

(ii) Inotersen and eplontersen: Antisense oligonucleotides
that similarly suppress TTR production and have
demonstrated efficacy in halting the progression of
hereditary polyneuropathy.”®

In a meta-analysis of patisiran for ATTRv
polyneuropathy including 11 studies with 503 patients,
the pooled responsiveness rate was 88% (95% CI: 81%-—
94%), with standardized mean differences in modified
Neuropathy Impairment Score plus 7 tests of —0.18 (95%
CL: -0.32 to —0.03, p = 0.018) and Norfolk Quality of
Life-Diabetic Neuropathy of —0.21 (95% CI: —0.35 to
-0.08, p = 0.002); adverse events occurred in 84.8% of
patients (mostly mild to moderate), serious adverse events
in 32.4%, and 7.6% mortality, with no deaths attributed
to patisiran.® In a real-world French study of 50 ATTRv
patients with cardiomyopathy who switched from or added
RNA interference therapy to tafamidis monotherapy,
76% were stable on tafamidis alone, while after adding/
switching to RNA interference (patisiran or vutrisiran),
90% remained stable, none worsened, and 10% improved
over a mean follow-up of 3.8 £ 2.7 years on tafamidis and
2.5 + 1.9 years on RNA interference.*’ For diphosphono-
1,2-propanodicarboxylic acid scintigraphy in ATTRv
Val30M mutation carriers (n = 288), the test presented
suboptimal sensitivity (56.1%) and specificity (95.6%) with
positive predictive value of 67.7% and negative predictive
value of 92.9% for detecting amyloid cardiomyopathy;
however, patients with abnormal cardiac diphosphono-
1,2-propanodicarboxylic acid uptake had a 13-fold higher
mortality risk (hazard ratio: 12.59; 95% CI: 4.56-34.72; p <
0.001), and prognostic value was additive with ventricular
thickness, with 5-year mortality ranging from 39.9% to
53.3% in patients with septal thickening and/or abnormal
diphosphono-1,2-propanodicarboxylic acid retention.*

6.2.3. Gene silencing and CRISPR-Cas9 breakthroughs
in hereditary transthyretin amyloidosis

Recent therapeutic developments in ATTRv have
shifted the treatment paradigm from limited options—
historically consisting of liver transplantation and TTR-
stabilizers—to effective small interfering RNA and
antisense oligonucleotide treatments targeting liver
TTR mRNA, with patisiran (small interfering RNA) and
inotersen (antisense oligonucleotide) now commercially
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available and significantly improving ATTRv neurological
outcomes, while ongoing clinical trials evaluate vutrisiran
(small interfering RNA) and eplontersen (antisense
oligonucleotide formulation), alongside a CRISPR-
Cas9-based TTR gene editing treatment currently under
evaluation with encouraging preliminary results.”
NTLA-2001, an intravenous CRISPR-Cas9-based therapy
delivered via lipid nanoparticle containing a guide RNA
targeting TTR and mRNA encoding Cas9 protein, achieved
greater than 97% knockdown of mouse TTR in preclinical
studies, and in an early human trial of six participants,
achieved 52% TTR reduction at a 0.1 mg/kg dose and 87%
reduction at the lowest 0.3 mg/kg dose by day 28, with
minimal adverse effects (50% reported transient adverse
events, 83% showed transient elevated D-dimer levels that
normalized within seven days, and liver function remained
normal).’! In the first-in-human in vivo CRISPR/Cas9 trial
(NTLA-2001) in patients with ATTR cardiomyopathy, 12
subjects received NTLA-2001 at doses of 0.7 or 1.0 mg/kg,
achieving mean serum TTR reductions of >90% by day
28 and sustained through 4-6 months (New York Heart
Association [NYHA] I/IT at 0.7 mg/kg = 92%, at 1.0 mg/kg
= 92%, and NYHA III at 0.7 mg/kg = 94%), with only two
patients (16.7%) reporting transient infusion reactions and
one grade 3 infusion-related reaction that resolved without
sequelae.”

6.2.4. Advanced gene editing and clinical trial
outcomes in hereditary transthyretin amyloidosis
polyneuropathy and cardiomyopathy

A phase 1 open-label study of nexiguran ziclumeran (nex-
z), a CRISPR-Cas9-based in vivo therapy for ATTRv with
polyneuropathy, administered as a single intravenous
infusion to 36 patients with mean 27-month follow-up,
achieved mean serum TTR reductions of —90% at day
28 sustained through month 24 (-92%), with treatment-
related adverse events including transient infusion-related
reactions (in 21 patients), decreased thyroxine level without
hypothyroidism (in 8), and headache (in 4). At month 24,
familial amyloid polyneuropathy stage and polyneuropathy
disability score remained stable in 29 and 27 patients,
respectively, improved in 2 and 5 patients, respectively,
and worsened in 2 and 2 patients, respectively, with a mean
change in serum neurofilament light chain of —9.0 pg/mL
and a mean modified Neuropathy Impairment Score +
7 change of —8.5.” In a phase 1 trial of nex-z for ATTR
cardiomyopathy involving 36 patients (50% NYHA class
III, 31% variant ATTR cardiomyopathy) with 12-month
follow-up, mean serum TTR reduction was —89% (95%
CI: -92 to —87) at 28 days and —90% (95% CI: 93 to —87)

at 12 months, with NT-proBNP geometric mean factor
change of 1.02 (95% CI: 0.88 to 1.17) and high-sensitivity
cardiac troponin T change of 0.95 (95% CI: 0.89 to 1.01)
from baseline to month 12. Median 6-minute walk distance
change was 5 m (interquartile range, —33 to 49), and 92%
of patients had either improvement or no change in NYHA
class, with transient infusion-related reactions in 5 patients
and transient liver-enzyme elevations in 2 assessed as
treatment-related.”® The expanding therapeutic landscape
for ATTR now includes first-generation therapies such as
tafamidis with demonstrated survival benefits in ATTR
cardiomyopathy, second-generation agents including the
TTR stabilizer acoramidis, and RNA silencers such as
vutrisiran and eplontersen showing promising efficacy in
clinical trials. Additional strategies under investigation
include gene editing and monoclonal antibodies targeting
TTR amyloid deposits, with emphasis on the need for early
detection and individualized treatment approaches to
optimize clinical outcomes.*

6.2.5. Combined and surgical approaches

Historically, orthotopic liver transplantation was the
primary intervention to eliminate mutant TTR production
in early-onset Val30Met patients. However, its utility
is limited by donor availability and the ongoing risk of
post-transplant wild-type TTR deposition on pre-existing
cardiac amyloid templates. Recent systematic reviews
suggest that post-orthotopic liver transplantation patients
who exhibit disease progression may derive clinical benefit
from the introduction of adjuvant disease-modifying
therapies like TTR stabilizers or silencers.*

6.3. Prognosis and survival outcomes

The integration of target therapies has shifted the natural
history of ATTRv. In large observational cohorts, patients
receiving disease-specific treatments (stabilizers, silencers,
or transplantation) exhibited significantly superior survival
compared to untreated historical controls.

Poorer prognostic indicators across all genotypes
include an advanced NYHA functional class (II-1V), a
reducedleft ventricular ejection fraction, markedly elevated
baseline NT-proBNP, and severe concurrent neurological
deficits. Achieving an early, accurate diagnosis before these
markers of advanced organ damage manifest remains
the single most important factor in maximizing the
therapeutic efficacy of modern disease-modifying agents.”
Treatment outcomes and therapeutic efficacy in hereditary
transthyretin amyloidosis, based on clinical trial and real-
world registry data, are summarized in Figure 5.
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Figure 5. Treatment outcomes in hereditary transthyretin amyloidosis. (A) Disease-modifying therapy efficacy across different agents showing high rates of
stabilization or improvement. (B) Impact of disease-modifying therapy on survival in patients with hereditary transthyretin amyloidosis cardiomyopathy,

demonstrating substantial survival benefit with treatment. Data derived from clinical trials and real-world registry analyses. Data derived from previous

Studles 7,24,29,31,33,34

7. Conclusion

Hereditary transthyretin amyloidosis has undergone a
fundamental clinical paradigm shift over the past decade.
Once considered a rare, untreatable, and invariably
fatal geographical entity restricted to endemic pockets,
emerging epidemiological data and multi-center registry
insights demonstrate that ATTRv is far more prevalent
and phenotypically diverse than previously recognized.
Integrating non-invasive imaging algorithms with routine
genetic sequencing has significantly improved diagnostic
accuracy, uncovering substantial disease burdens even
among elderly populations where wild-type ATTR was
historically assumed. Heightened clinical awareness of
systemic “red flags” (e.g., bilateral carpal tunnel syndrome,
autonomic dysfunction, unexplained polyneuropathy,
or hypertrophic cardiomyopathy) remains paramount
to overcoming diagnostic delays and identifying affected
patients at subclinical or early symptomatic stages.

Therapeutically, ATTRv management has evolved
from purely palliative measures or orthotopic liver
transplantation to a highly effective, target-specific
armamentarium. TTR tetramer stabilizers (e.g., tafamidis)
and second-generation gene silencers (RNA interference
agents and antisense oligonucleotides) have established
clear survival benefits, significantly slowing clinical
progression and improving quality of life. Furthermore,
groundbreaking advances in in vivo CRISPR-Cas9 gene
editing offer the promising prospect of single-dose,
lifelong disease suppression. Ultimately, because ATTRv

is a complex multisystemic condition, maximizing the
efficacy of these novel disease-modifying therapies
depends on early intervention. Achieving this goal requires
a multidisciplinary collaborative network, widespread
genetic cascade screening for at-risk family members, and
structured longitudinal monitoring protocols to optimize
long-term patient outcomes.

Acknowledgments

None.

Funding

None.

Conflict of interest

The authors declare they have no competing interests.

Author contributions

Conceptualization: Yassine Bencharef, Dario Bottigliero

Formal analysis: Yassine Bencharef

Methodology: Fatima Z. Samet Bouhaik, Valeria Trivelloni

Writing-original draft: Ilenia Monaco, Fouad M. Sekkal

Writing-review ¢ editing: Mounia Sedrati, Insaf Chouarfia,
Fatima Z. Samet Bouhaik, Dario Bottigliero

Ethics approval and consent to participate
Not applicable.

Volume X Issue X (2026)

doi: 10.36922/EJM0026210235


https://doi.org/10.36922/EJMO026210235

Eurasian Journal of
Medicine and Oncology

ATTRv diagnosis and treatment

Consent for publication

Not applicable.

Availability of data
Not applicable.

References

1.

Wang T'W, Hsueh SJ, Hsueh HW, Hsieh ST, Chao CC. Updates
on hereditary transthyretin amyloidosis polyneuropathy. J
Formos Med Assoc. 2026;125:565-S72.

doi: 10.1016/j.jfma.2026.01.023

Gentile L, Coelho T, Dispenzieri A, et al. A 15-year
consolidated overview of data in over 6000 patients
from the Transthyretin Amyloidosis Outcomes Survey
(THAOS). Orphanet ] Rare Dis. 2023;18(1):350.

doi: 10.1186/513023-023-02962-5

Jang DH. Hereditary Transthyretin Amyloidosis with
Polyneuropathy. ] Electrodiagnosis Neuromuscul —Dis.
2025;27(1):12-17.

doi: 10.18214/jend.2024.00087

Di Stefano V, Guaraldi P, Romano A, et al. Patisiran in
ATTRv amyloidosis with polyneuropathy: “PatisiranItaly”
multicenter observational study. ] Neurol. 2025;272(3):209.

doi: 10.1007/s00415-025-12950-3

Roos PM, Wirmlinder SKTS. Hereditary Transthyretin
Amyloidosis (hATTR) with Polyneuropathy Clusters Are
Located in Ancient Mining Districts: A Possible Geochemical
Origin of the Disease. Biomolecules. 2024;14(6):652.

doi: 10.3390/biom 14060652

Takashio S, Tokitsu T, Matsukawa M, et al. Incidence,
clinical characteristics, and diagnostic approach in
transthyretin amyloid cardiomyopathy: The Kumamoto
Cardiac Amyloidosis Survey. ] Cardiol. 2022;80(1):49-55.

doi: 10.1016/j.jjcc.2022.01.002

Skrahina V, Grittner U, Beetz C, et al. Hereditary
transthyretin-related ~ amyloidosis is  frequent in
polyneuropathy and cardiomyopathy of no obvious
aetiology. Ann Med. 2021;53(1):1787-1796.

doi: 10.1080/07853890.2021.1988696

Fernandes F, Luzuriaga GDCJ, Da Fonseca GWP, et al.
Clinical and genetic profiles of patients with hereditary
and wild-type transthyretin amyloidosis: the Transthyretin
Cardiac Amyloidosis Registry in the state of Sao Paulo,
Brazil (REACT-SP). Orphanet ] Rare Dis. 2024;19(1):273.

doi: 10.1186/513023-024-03281-2

Réant P, Kharoubi M, Donal E, et al. The Healthcare
Amyloidosis European Registry (HEAR): design of a
national registry with a European extension strategy, and

10.

11.

12.

13.

14.

15.

16.

17.

18.

foundation of the F-CRIN GRACE network. Orphanet |
Rare Dis. 2025;20(1):534.

doi: 10.1186/513023-025-04062-y

Waddington-Cruz M, Wixner J, Amass L, et al
Characteristics of Patients with Late- vs. Early-Onset
Val30Met Transthyretin Amyloidosis from the Transthyretin
Amyloidosis Outcomes Survey (THAOS). Neurol Ther.
2021;10(2):753-766.

doi: 10.1007/s40120-021-00258-z

Carvalho E, Dias A, Coelho T, et al. Hereditary transthyretin
amyloidosis: a myriad of factors that influence phenotypic
variability. ] Neurol. 2024;271(9):5746-5761.

doi: 10.1007/s00415-024-12509-8

Caponetti AG, Sguazzotti M, Accietto A, et al.
Characterization and natural history of different phenotypes
in hereditary transthyretin amyloidosis: 40-year experience
at a single Italian referral centre. Eur J Prev Cardiol.
2024;31(7):866-876.

doi: 10.1093/eurjpc/zwae011

Cappelli F, Fumagalli C, Luigetti M, et al. Cascade genetic
screening in families with hereditary transthyretin
amyloidosis: diagnostic and prognostic impact. Eur Heart J.
Published online April 7, 2026:ehag222.

doi: 10.1093/eurheartj/ehag222

Yamakawa S, Nomura T, Misumi Y, et al. Development and
validation of the modified-comprehensive Kumamoto Score:
a multi-organ assessment tool for hereditary transthyretin
amyloidosis. Amyloid. Published online March 31, 2026:1-
11.

doi: 10.1080/13506129.2026.2649884

Zampino S, Sheikh FH, Vaishnav J, et al. Phenotypes
Associated With the Vall122lIle, Leu58His, and Late-Onset
Val30Met Variants in Patients With Hereditary Transthyretin
Amyloidosis. Neurology. 2023;100(19).

doi: 10.1212/WNL.0000000000207158

Duran-Luciano P, Pandey A, Swett K, et al. Prevalence
and Phenotype of Transthyretin Vall22Ile Variant in the
Hispanic Community Health Study/Study of Latinos. JACC
Adv. 2025;4(8):102034.

doi: 10.1016/j.jacadv.2025.102034

Tozza S, Palumbo G, Severi D, et al. Heterogenous
electrophysiological features in early stage of hereditary
transthyretin ~ amyloidosis  neuropathy. ~ Neurol  Sci.
2024;45(4):1685-1689.

doi: 10.1007/s10072-023-07140-w

Ventayol-Guirado M, Cisneros-Barroso E, Ribot-Sanso MA,
et al. Genetic testing and evidence of a founder mutation in
a hotspot for hereditary transthyretin amyloidosis. Sci Rep.
2025;15(1):29773.

Volume X Issue X (2026)

doi: 10.36922/EJM0026210235


https://doi.org/10.36922/EJMO026210235
https://doi.org/10.1016/j.jfma.2026.01.023
https://doi.org/10.1016/j.jfma.2026.01.023
https://doi.org/10.1186/s13023-023-02962-5
https://doi.org/10.1186/s13023-023-02962-5
https://doi.org/10.18214/jend.2024.00087
https://doi.org/10.18214/jend.2024.00087
https://doi.org/10.1007/s00415-025-12950-3
https://doi.org/10.1007/s00415-025-12950-3
https://doi.org/10.3390/biom14060652
https://doi.org/10.3390/biom14060652
https://doi.org/10.1016/j.jjcc.2022.01.002
https://doi.org/10.1016/j.jjcc.2022.01.002
https://doi.org/10.1080/07853890.2021.1988696
https://doi.org/10.1080/07853890.2021.1988696
https://doi.org/10.1186/s13023-024-03281-z
https://doi.org/10.1186/s13023-024-03281-z
https://doi.org/10.1186/s13023-025-04062-y
https://doi.org/10.1186/s13023-025-04062-y
https://doi.org/10.1007/s40120-021-00258-z
https://doi.org/10.1007/s40120-021-00258-z
https://doi.org/10.1007/s00415-024-12509-8
https://doi.org/10.1007/s00415-024-12509-8
https://doi.org/10.1093/eurjpc/zwae011
https://doi.org/10.1093/eurjpc/zwae011
https://doi.org/10.1093/eurheartj/ehag222
https://doi.org/10.1093/eurheartj/ehag222
https://doi.org/10.1080/13506129.2026.2649884
https://doi.org/10.1080/13506129.2026.2649884
https://doi.org/10.1212/WNL.0000000000207158
https://doi.org/10.1212/WNL.0000000000207158
https://doi.org/10.1016/j.jacadv.2025.102034
https://doi.org/10.1016/j.jacadv.2025.102034
https://doi.org/10.1007/s10072-023-07140-w
https://doi.org/10.1007/s10072-023-07140-w
https://doi.org/10.1038/s41598-025-14707-4

Eurasian Journal of
Medicine and Oncology

ATTRv diagnosis and treatment

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

doi: 10.1038/s41598-025-14707-4

Dominguez-Martinez M, Caro-Llopis A, Martin-Grau C, et
al. Genetic landscape of hereditary transthyretin amyloidosis
in Spain: a multicentric retrospective study. Amyloid.
2025;32(4):324-334.

doi: 10.1080/13506129.2025.2527830

De Frutos F, Ochoa JP, Gémez-Gonzélez C, et al. Phenotype
and clinical outcomes of Glu89Lys hereditary transthyretin
amyloidosis: a new endemic variant in Spain. Amyloid.
2023;30(2):199-207.

doi: 10.1080/13506129.2022.2142110

Zhu Y, Fan J, Zhu X, et al. Clinical features of hereditary
transthyretin amyloidosis-polyneuropathy with
transthyretin Ala97Ser(p.Alal17Ser) mutation in South
Mainland China. Orphanet ] Rare Dis. 2025;20(1):202.

doi: 10.1186/513023-025-03733-0

Xiong Y, Qu G, Lu X, et al. The Glyl03Arg variant in
hereditary transthyretin amyloidosis. Front Neurol.
2024;15:1471131.

doi: 10.3389/fneur.2024.1471131

Auer-Grumbach M, Rettl R, Ablasser K, et al. Hereditary
ATTR  Amyloidosis in  Austria: Prevalence and
Epidemiological Hot Spots. J Clin Med. 2020;9(7):2234.

doi: 10.3390/jcm9072234

Chamova T, Gospodinova M, Asenov O, et al. Seven Years
of Selective Genetic Screening Program and Follow-Up of
Asymptomatic Carriers With Hereditary Transthyretin
Amyloidosis in Bulgaria. Front Neurol. 2022;13:844595.

doi: 10.3389/fneur.2022.844595

Tournev I, Zidar ], Peterlin B, et al. How we diagnose
and treat hereditary transthyretin-mediated amyloidosis
with polyneuropathy in the Balkan region: an expert
opinion. Front Neurol. 2026;17:1876381.

doi: 10.3389/fneur.2026.1876381

Aus Dem Siepen E Staub F, Andre E et al. The CATCH-
ATTR study: CArpal Tunnel ligament amyloid—the Clue
for early identification of Hereditary or wildtype systemic
ATTR amyloidosis? Amyloid. 2026;33(2):180-188.

doi: 10.1080/13506129.2025.2611255

Sumi K, Masuda T, Kondo H, et al. Clinical Practice
and Diagnostic Trends in Hereditary Transthyretin
Amyloidosis: A 25-Year Observational Study. Medicina
(Mex). 2026;62(5):907.

doi: 10.3390/medicina62050907

Shije JZ, Bautista MAB, Smotherman C. The Frequency
of V122I Transthyretin Mutation in a Cohort of African
American Individuals With Bilateral Carpal Tunnel
Syndrome. Front Neurol. 2022;13:949401.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

doi: 10.3389/fneur.2022.949401

Carry BJ, Young K, Fielden S, et al. Genomic Screening
for Pathogenic Transthyretin Variants Finds Evidence of
Underdiagnosed Amyloid Cardiomyopathy From Health
Records. JACC CardioOncology. 2021;3(4):550-561.

doi: 10.1016/j.jaccao.2021.07.002

Ferdinand KC, Selvaraj S, Alexander KM, Malhotra
S.  Overcoming barriers to early diagnosis and
treatment of p.Vall42lle amyloid transthyretin (ATTR)
cardiomyopathy. Heart Fail Rev. 2026;31(1):77.

doi: 10.1007/s10741-026-10651-1

Parker MM, Damrauer SM, Tcheandjieu C, et al
Association of the transthyretin variant V1221 with
polyneuropathy among individuals of African ancestry. Sci
Rep. 2021;11(1):11645.

doi: 10.1038/s41598-021-91113-6

Costantino J, Ballatore F, Marchionni G, Alfarano M,
Vizza C, Chimenti C. Transthyretin cardiac amyloidosis
in elderly patients: always a wild type? Eur Heart ] Suppl.
2024;26(Supplement_2):ii42-ii42.

doi: 10.1093/eurheartjsupp/suae036.094

Akinboboye O, Shah K, Warner AL, et al. DISCOVERY:
prevalence of transthyretin (TTR) mutations in a
US-centric patient population suspected of having cardiac
amyloidosis. Amyloid. 2020;27(4):223-230.

doi: 10.1080/13506129.2020.1764928

De Frutos F, Herrador L, Peird-Aventin B, et al. Hereditary
transthyretin amyloidosis caused by the Val142Ile variant in
Spain. Rev Esp Cardiol Engl Ed. 2025;78(9):768-777.

doi: 10.1016/j.rec.2024.12.012

Marques N, Azevedo O, Almeida AR, et al. Specific Therapy
for Transthyretin Cardiac Amyloidosis: A Systematic
Literature Review and Evidence-Based Recommendations. J
Am Heart Assoc. 2020;9(19):e016614.

doi: 10.1161/JAHA.120.016614

Antonopoulos AS, Panagiotopoulos I, Kouroutzoglou A,
et al. Prevalence and clinical outcomes of transthyretin
amyloidosis: a systematic review and meta-analysis. Eur |
Heart Fail. 2022;24(9):1677-1696.

doi: 10.1002/ejhf.2589

Sperry BW, Hanna M, Maurer MS, et al. Association of
Tafamidis With Health Status in Patients With ATTR
Cardiac Amyloidosis: A Post Hoc Analysis of the ATTR-ACT
Randomized Clinical Trial. JAMA Cardiol. 2023;8(3):275.

doi: 10.1001/jamacardio.2022.5251

Dave P, Opeyemi YA, Irfan S, Shastri D. RNA Interference
Therapeutics for Hereditary Transthyretin-Mediated
Amyloidosis with Neuropathy: A Systematic Review. Blood.

Volume X Issue X (2026)

doi: 10.36922/EJM0026210235


https://doi.org/10.36922/EJMO026210235
https://doi.org/10.1038/s41598-025-14707-4
https://doi.org/10.1080/13506129.2025.2527830
https://doi.org/10.1080/13506129.2025.2527830
https://doi.org/10.1080/13506129.2022.2142110
https://doi.org/10.1080/13506129.2022.2142110
https://doi.org/10.1186/s13023-025-03733-0
https://doi.org/10.1186/s13023-025-03733-0
https://doi.org/10.3389/fneur.2024.1471131
https://doi.org/10.3389/fneur.2024.1471131
https://doi.org/10.3390/jcm9072234
https://doi.org/10.3390/jcm9072234
https://doi.org/10.3389/fneur.2022.844595
https://doi.org/10.3389/fneur.2022.844595
https://doi.org/10.3389/fneur.2026.1876381
https://doi.org/10.3389/fneur.2026.1876381
https://doi.org/10.1080/13506129.2025.2611255
https://doi.org/10.1080/13506129.2025.2611255
https://doi.org/10.3390/medicina62050907
https://doi.org/10.3390/medicina62050907
https://doi.org/10.3389/fneur.2022.949401
https://doi.org/10.3389/fneur.2022.949401
https://doi.org/10.1016/j.jaccao.2021.07.002
https://doi.org/10.1016/j.jaccao.2021.07.002
https://doi.org/10.1007/s10741-026-10651-1
https://doi.org/10.1007/s10741-026-10651-1
https://doi.org/10.1038/s41598-021-91113-6
https://doi.org/10.1038/s41598-021-91113-6
https://doi.org/10.1093/eurheartjsupp/suae036.094
https://doi.org/10.1093/eurheartjsupp/suae036.094
https://doi.org/10.1080/13506129.2020.1764928
https://doi.org/10.1080/13506129.2020.1764928
https://doi.org/10.1016/j.rec.2024.12.012
https://doi.org/10.1016/j.rec.2024.12.012
https://doi.org/10.1161/JAHA.120.016614
https://doi.org/10.1161/JAHA.120.016614
https://doi.org/10.1002/ejhf.2589
https://doi.org/10.1002/ejhf.2589
https://doi.org/10.1001/jamacardio.2022.5251
https://doi.org/10.1001/jamacardio.2022.5251

Eurasian Journal of
Medicine and Oncology

ATTRv diagnosis and treatment

39.

40.

41.

42.

43.

44.

45.

46.

47.

2024;144(Supplement 1):6890-6890.
doi: 10.1182/blood-2024-209146

Huang X, Sun C, Chen H, Zhao C, Lin J. Efficacy
and safety of patisiran for ATTRv-PN: a systematic
review and meta-analysis. Ther Adv Neurol Disord.
2024;17:17562864241273079.

doi: 10.1177/17562864241273079

Fraix A, Algalarrondo V, Lairez O, et al. Impact of RNAi
therapeutics on cardiac parameters in patients with
hereditary transthyretin amyloidosis initially treated with
stabilizers: A French real-world study. Arch Cardiovasc Dis.
2026;119(6-7):452-460.

doi: 10.1016/j.acvd.2025.11.014

Ueda M, Sekijima Y, Koike H, et al. Monitoring of
asymptomatic family members at risk of hereditary
transthyretin amyloidosis for early intervention with
disease-modifying therapies. ] Neurol Sci. 2020;414:116813.

doi: 10.1016/j.jns.2020.116813

Beauvais D, Labeyrie C, Cauquil C, et al. Detailed clinical,
physiological and pathological phenotyping can impact
access to disease-modifying treatments in ATTR carriers. ]
Neurol Neurosurg Psychiatry. 2024;95(6):489-499.

doi: 10.1136/jnnp-2023-332180

Monaco I, Sedrati M, Chouarfia I, et al. Small Hearts, Big
Clues: A Narrative Review on Sex-Related Disparities in
the Diagnosis and Management of Cardiac Amyloidosis in
Women. ] Clin Med. 2026;15(12):4819.

doi: 10.3390/jcm15124819

Bucius P, Zarambaite E, Lusaite K, et al. Multimodality
imaging characterization of Perugini scintigraphic grades
in transthyretin amyloid cardiomyopathy: a single-center
experience. ] Cardiovasc Imaging. 2026;34(1):15.

doi: 10.1186/544348-026-00075-8

Jung MH, Chang S, Han EJ, Youn JC. Multimodal Imaging
and Biomarkers in Cardiac Amyloidosis. Diagnostics.
2022;12(3):627.

doi: 10.3390/diagnostics12030627

Chiou T, Minga I, Subashchandran V, et al. Incremental
prognostic value of cardiac magnetic resonance beyond
biomarker staging in transthyretin cardiac amyloidosis. Eur
Heart ] Cardiovasc Imaging. Published online July 1,
2026:jeag170.

doi: 10.1093/ehjci/jeagl70

Ruberg FL, Maurer MS. Cardiac Amyloidosis Due to
Transthyretin Protein: A Review. JAMA. 2024;331(9):778.

doi: 10.1001/jama.2024.0442

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Monfort A, Damy T, Kharoubi M, et al. Sex-based differences
in phenotypic expression and prognosis of transthyretin
cardiac amyloidosis associated with the Vall22lle
variant. Eur Heart J. 2025;46(Supplement_1):ehaf784.2708.

doi: 10.1093/eurheartj/ehaf784.2708

Azevedo Coutinho MDC, Cortez-Dias N, Cantinho G, et
al. Diagnostic and prognostic contribution of 99mTc-DPD
scintigraphy in transthyretin V30M cardiac amyloidosis. Eur
Heart J. 2021;42(Supplement_1):ehab724.0278.

doi: 10.1093/eurheartj/ehab724.0278

Echaniz-Laguna A, Cauquil C, Labeyrie C, Adams D.
Treating hereditary transthyretin amyloidosis: Present &
future challenges. Rev Neurol (Paris). 2023;179(1-2):30-34.

doi: 10.1016/j.neurol.2022.07.006

Shahzad F, Ur Rehman ME, Basit J, Saeed S, Abbas K, Farhan
M. CRISPR/Cas9 gene editing: A new hope for transthyretin
amyloidosis treatment. Ann Med Surg. 2022;83.

doi: 10.1016/j.amsu.2022.104784

Kotit S. Lessons from the first-in-human in vivo CRISPR/
Cas9 editing of the TTR gene by NTLA-2001 trial in patients
with transthyretin amyloidosis with cardiomyopathy. Glob
Cardiol Sci Pract. 2023;2023(1).

doi: 10.21542/gcsp.2023.4

Gillmore JD, Gane E, Tédubel J, et al. Nexiguran Ziclumeran
Gene Editing in Hereditary ATTR with Polyneuropathy. N
Engl ] Med. 2025;393(14):1375-1386.

doi: 10.1056/NEJMo0a2510209

Fontana M, Solomon SD, Kachadourian J, et al. CRISPR-
Cas9 Gene Editing with Nexiguran Ziclumeran for ATTR
Cardiomyopathy. N Engl ] Med. 2024;391(23):2231-2241.

doi: 10.1056/NEJMoa2412309

Tschope C, Elsanhoury A, Kristen AV. Transthyretin Amyloid
Cardiomyopathy—2025 Update: Current Diagnostic
Approaches and Emerging Therapeutic Options. J Clin Med.
2025;14(13):4785.

doi: 10.3390/jcm 14134785

Santo C, Romero C, Vaz Kerges Bueno B, Dabarian A,
Fernandes F Impact of disease-modifying drugs in patients
with transthyretin amyloidosis after liver transplantation: a
systematic review. Transplant Rev. 2025;39(4):100960.

doi: 10.1016/j.trre.2025.100960

Ripoll-Vera T, De Frutos F, Gonzalez-Costello J, et al.
Predictors of poor prognosis in a large cohort of patients
with hereditary cardiac transthyretin amyloidosis. Rev Esp
Cardiol Engl Ed. 2026;79(7):618-630.

doi: 10.1016/j.rec.2025.12.016

Volume X Issue X (2026)

doi: 10.36922/EJM0026210235


https://doi.org/10.36922/EJMO026210235
https://doi.org/10.1182/blood-2024-209146
https://doi.org/10.1182/blood-2024-209146
https://doi.org/10.1177/17562864241273079
https://doi.org/10.1177/17562864241273079
https://doi.org/10.1016/j.acvd.2025.11.014
https://doi.org/10.1016/j.acvd.2025.11.014
https://doi.org/10.1016/j.jns.2020.116813
https://doi.org/10.1016/j.jns.2020.116813
https://doi.org/10.1136/jnnp-2023-332180
https://doi.org/10.1136/jnnp-2023-332180
https://doi.org/10.3390/jcm15124819
https://doi.org/10.3390/jcm15124819
https://doi.org/10.1186/s44348-026-00075-8
https://doi.org/10.1186/s44348-026-00075-8
https://doi.org/10.3390/diagnostics12030627
https://doi.org/10.3390/diagnostics12030627
https://doi.org/10.1093/ehjci/jeag170
https://doi.org/10.1093/ehjci/jeag170
https://doi.org/10.1001/jama.2024.0442
https://doi.org/10.1001/jama.2024.0442
https://doi.org/10.1093/eurheartj/ehaf784.2708
https://doi.org/10.1093/eurheartj/ehaf784.2708
https://doi.org/10.1093/eurheartj/ehab724.0278
https://doi.org/10.1093/eurheartj/ehab724.0278
https://doi.org/10.1016/j.neurol.2022.07.006
https://doi.org/10.1016/j.neurol.2022.07.006
https://doi.org/10.1016/j.amsu.2022.104784
https://doi.org/10.1016/j.amsu.2022.104784
https://doi.org/10.21542/gcsp.2023.4
https://doi.org/10.21542/gcsp.2023.4
https://doi.org/10.1056/NEJMoa2510209
https://doi.org/10.1056/NEJMoa2510209
https://doi.org/10.1056/NEJMoa2412309
https://doi.org/10.1056/NEJMoa2412309
https://doi.org/10.3390/jcm14134785
https://doi.org/10.3390/jcm14134785
https://doi.org/10.1016/j.trre.2025.100960
https://doi.org/10.1016/j.trre.2025.100960
https://doi.org/10.1016/j.rec.2025.12.01﻿6
https://doi.org/10.1016/j.rec.2025.12.01﻿6

