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Abstract: Systemic light-chain (AL) amyloidosis is a challenging, complex and heterogeneous
disease. AL amyloidosis is classified under the category of plasma cell neoplasms and other diseases
with paraproteins in the fifth edition of the World Health Organization classification of lymphoid
tumors. Epidemiological information is limited, largely due to its low incidence and the lack of a
global network of population-based specific registries. Despite recent advances, AL amyloidosis is
still considered an incurable disease. The presence of a precursor disease, particularly monoclonal
gammopathy of uncertain significance, is the main consolidated risk factor. Limited knowledge about
other risk factors precludes the possibility of establishing preventive measures. A relevant percentage
of AL amyloidosis patients fulfill the current diagnostic criteria of multiple myeloma. Incidence
should be evaluated in the setting of population-based studies. On the one hand, incidence shows a
slightly increasing pattern. On the other hand, survival is progressively increasing. Consequently,
prevalence is also rising. Early mortality, commonly associated to advanced heart involvement,
remains a serious drawback to improve the outcome. Epidemiology represents the first level of
heterogeneity in AL amyloidosis. Both genomic and clinical epidemiological research in systemic AL
amyloidosis have a crucial role in the global strategy to combat this multifaceted disease.

Keywords: systemic light-chain amyloidosis; epidemiology; incidence; prevalence; survival;
mortality; early mortality; risk factors; prevention; population-based registry

1. Introduction

Amyloidoses are a heterogeneous group of diseases characterized by the presence of an
extracellular material of fibrillar nature called “amyloid” [1]. The classification of amyloidoses is
based on the precursor protein of the amyloid. Currently, 19 human amyloid fibril proteins have been
associated with systemic deposition and 4 can led to localized or systemic deposits [2].

Transthyretin (ATTR) and immunoglobulin (Ig) light-chain (AL) amyloidosis are the two most
frequent types of systemic amyloidosis. Systemic AL amyloidosis has been classically considered the
most common type of systemic amyloidosis [1,3,4], but nowadays the landscape has changed and
ATTR is the most prevalent form [5,6,7].

The precursor proteins of the amyloid fibrils in systemic AL amyloidosis are monoclonal Ig light
chains (LCs), which are produced by a clonal plasma cell (cPC) proliferation usually located in the
bone marrow (BM). The diagnosis of AL amyloidosis is based on the demonstration of amyloid in a
biopsy, and the confirmation that the amyloid fibrils are LC-derived, by a typing procedure.

In most cases, AL amyloidosis is systemic, showing a clonal BMPC infiltration and the presence of
amyloid in one or more organs. However, localized AL amyloidosis (ALL) constitutes approximately 5-
7% of all AL patients [8,9]. These cases commonly involve the respiratory, gastrointestinal, head and
neck, or genitourinary systems [10]. ALL has an excellent prognosis with overall survival (OS) similar
to that of the general population [11], without requiring systemic treatment.

Systemic AL amyloidosis is still considered a rare, challenging and incurable disease, often
misdiagnosed or underdiagnosed. Fatigue is the most common symptom, usually in the setting of
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heart failure, provided that the heart is the most frequently affected organ. Cardiac involvement
represents the single most important prognostic marker [8, 12], and cardiac amyloidosis (CA) is an
intensive field of research in which cardiologists have a key role [13]. Remarkably, a timely diagnosis
requires a high index of suspicion [14].

Systemic AL amyloidosis is included in the 5th edition of the World Health Organization (WHO)
classification of lymphoid tumors [15] as “Ig-related AL amyloidosis”. It is placed on “Plasma cell
neoplasms and other diseases with paraproteins” (category) and “Diseases with monoclonal Ig
deposition” (family). From an epidemiological point of view, it is highly recommended the right use
of the WHO classification which is linked with the International Classification of Diseases.

Building comprehensive clinical registries at different levels (single center, regional, national) is
crucial for epidemiological research, particularly in the setting of rare diseases, such as AL
amyloidosis. It is strongly encouraged the inclusion of this entity in population-based cancer
registries (PBCR) international network.

The aim of this narrative review is to update and summarize the current knowledge about risk
factors (RFs), incidence, prevalence, and mortality in systemic AL amyloidosis.

2. Risk Factors

Etiological research in rare diseases is challenging. Available information on this subject remains
scarce in the setting of AL amyloidosis. On the contrary, the landscape of epidemiological research
in multiple myeloma (MM) focusing on RFs is more advanced [16], in the global context of
monoclonal gammopathies (MGs) [17].

Given the similarities between systemic AL amyloidosis and MM, and the relatively common
scenario (AL/MM) in which patients fulfill criteria for both diseases [8], a certain parallelism in
potential RFs is anticipated. Only epidemiological studies with a biopsy-proven amyloidosis and
confirmed AL typing should be taken into account for the analysis of RFs. The current evidence on
RFs for developing systemic AL amyloidosis is presented below and summarized in Figure 1.

AL

AMYLOIDOSIS

FAM
HIST

Figure 1. Risk factors associated with systemic AL amyloidosis. Gen Sus: Genetic susceptibility, Fam Hist: Family

History, Prec Dis: Precursor disease.

2.1. Precursor Disease

Several entities can be considered as precursor diseases [17], mainly monoclonal gammopathy
of uncertain significance (MGUS), monoclonal gammopathy of clinical significance (MGCS) [18], and
smoldering multiple myeloma (SMM).

MGUS can progress to both MM, systemic AL amyloidosis and other entities. MM is the key
precursor disease for MM and it is considered that virtually all MM patients had a previous MGUS,
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sometimes overlooked. The role of MGUS progression to AL amyloidosis is less known. However, a
risk-based follow-up approach should be established in every patient with MGUS, including a high
suspicion for signs or symptoms of AL amyloidosis. Assuming that MGUS can only progress to MM
is a serious misconception [19]. Remarkably, the risk of progression of MGCS is higher than that of
MGUS and the follow-up should be adapted accordingly [18].

Despite the above considerations, the confirmed presence of MGUS in patients with newly
diagnosed (ND) MM (NDMM) is only around 3-5% [20, 21] and this group is associated to better outcome.
In contrast, the presence of previous MGUS in a Spanish series of 149 NDAL patients was 9.2% [22].

2.2. Family History

The information about hereditary factors in AL amyloidosis is limited. In a large series from
Boston [23] with 1621 AL patients, 44 probands (2.7%) were identified with 52 relatives affected. The
most common entities in family members were MM (48%) and AL amyloidosis (18%).

Similarly, in a study from Mayo Clinic involving 2955 AL patients [24], 82 (2.8%) had a positive
family history. Again, MM (83%) was the most frequent diagnosis. Interestingly, median overall
survival (mOS) was significantly better in the group with a positive family history.

Regarding advances in this field, large genomic studies are warranted. Clinical epidemiology
must be complemented with genomic epidemiology.

2.3. Genetic Susceptibility

Several genomic approaches has been used for the advancement in the knowledge of the
genomic landscape of systemic AL amyloidosis. Over the past two decades, the use of genome-wide
association studies reported that some single nucleotide polymorphisms associated with MM risk
were also associated with AL risk, suggesting a shared genetic etiology for MM, AL and MGUS [25].

Although other tools such as whole exome sequencing has been used [26], nowadays, next-
generation sequencing is the most widely used approach, focusing on LCs genes [27].

24. Age

Age is a key RF for most hematological malignancies (HMs). NDAL patients have a median age
over sixty years in most studies, including nationwide population-based studies (PBS) [28], PBSs in
small geographic areas [29], large real-world (RW) studies [30] or single center cohort registries [8, 18].

2.5. Sex

Overall, the incidence of systemic AL amyloidosis is higher in men. Male/female ratio is 1.4 in
the largest epidemiological studies [28, 30]. Most HMs, including MM, follow a similar pattern, and
the reason for that is poorly understood.

2.6. Race

Few studies have focussed on race/ethnicity as a potential RF for systemic AL amyloidosis. Most of
them come form USA or UK [31-34]. The main aim of these studies is to investigate the possible prognostic
impact of key ethnic minorities instead of their etiological role. Regarding prognosis, race does not
behaves as an independent prognostic factor after controlling for other prognosis-related variables.

Hispanics and non-Hispanic blacks are the most usually analyzed ethnic minorities [31]. In a
large study [32] of 4028 AL patients (2010-2019), Black patients were more likely to have previous
MGUS and higher AL-associated clinical burden, suggesting that the diagnostic delay was longer in
this group. In another retrospective study [33] (2015-2018), Hispanics had a reduced risk of mortality
compared to non-Hispanic whites and non-Hispanic blacks. In a prospective observational study
from UK [34] involving 1387 patients, 10% of them comprised ethnic minorities (5% Black, 2% Asian,
and 2% mixed). This group had poorer relative deprivation index.
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In summary, other underlying RFs such as genomic and sociodemographic factors, or
environmental exposures, may influence the potential impact of race in the development of systemic
AL amyloidosis.

2.7. Obesity

Obesity is defined by a body mass index (BMI) of 30 Kg/m? or higher. The evidence on the role
of obesity as RF for MM is strong [16]. Despite obesity being the only currently modifiable RF for
MM, controversy remains on its potential link with MGUS [35]. However, BMI has been associated
with the risk of progression in MGUS [36], particularly among females.

Regarding systemic AL amyloidosis, only 13.7% had obesity as comorbidity [22]. To date, there
are no studies identifying obesity as a RF for AL amyloidosis.

2.8. Other Risk Factors

There is growing evidence on the role of some sociodemographic factors (socioeconomic status,
marital status, occupation, and others) as RFs for developing MM, but their role in the setting of AL
amyloidosis remains to be determined.

3. Incidence and Prevalence

The estimated number of incident cases (NDAL) worldwide in 2018 was 74,000 in a systematic
review [37]. The crude annual incidence rate was 10.44 cases per million population (PMP), with
relevant heterogeneity between countries, ranging from 14.30 in Japan to 6.72 in Brazil.

The incidence of systemic AL amyloidosis should be analyzed ideally in the context of PBSs,
including all incident cases emerging within a concrete population and geographical area during a
determined period of time. Single centers and particularly referral centers are not suitable for
assessing incidence due to a high risk of selection bias. Table 1 shows incidence rates in recent PBS.

Table 1. Incidence rates of systemic AL amyloidosis in population-based studies.

Author/Year Period n Incidence Rate
Duhamel, S. e[t3z;1]., 2017, France 2012-2016 16 125 c
Kyle, R.A. et al., 2019, USA [29] 1990-2015 35 12 a
Zampieri, M. et al., 2021, Italy [40] 2000-2019 281 9.2nd
Hou, H.-A. et al., 2022, Taiwan [42] 2016-2019 841 5.3-5.7 a
llgvi -H. 1., 202
Mellqvist, U-H. et al,, 2023, 2011-2019 846 10.5-15.1 ¢
Sweden [28]

A: adjusted, c: crude, n: number of patients, nd: not determined.

Incidence rates can be described as crude incidence rates or age-standardized incidence rates,
being the latter option preferable.

Epidemiological studies on CA should be assessed carefully, since not all systemic AL
amyloidosis patients have cardiac involvement and patients with both AL and ATTR amyloidosis
are commonly included.

A recent nationwide Swedish study [28] (2011-2019) demonstrated an increase in incidence over
time from 10.5 PMP in 2011 to 15.1 PMP in 2019 (trend test: p < 0.001). Other smaller PBSs and RW
studies are also showed a similar trend. Crude incidence rates ranged from 12.5 to 16.7 PMP [38-41],
whereas age-standardized incidence rates showed lower values [28, 29, 42]. Table 1 summarizes AL
incidence in key epidemiological studies.

The prevalence of AL amyloidosis is also increasing, mainly due the rise in the incidence and
the improvement in OS.
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The estimated worldwide prevalence in 2018 in the above systematic review [37] was 51 PMP,
which was similar to the one reported in the PBS by Duhamel et al. [38] of 58 PMP. In the Swedish
study [28], the prevalence increased from 32.0 in 2011 to 47.0 PMP in 2019 (trend test: p < 0.001).
Similarly, the prevalence in the USA [39] increased significantly from 15.5 PMP in 2007 to 40.5 in 2015,
with an annual percentage change of 12% (p < 0.001). Comparably, other retrospective study in USA
[41] showed a prevalence increase from 22.7 to 69.1 PMP between 2017 and 2021. Moreover, a cross-
sectional retrospective cohort study in the elderly population (= 65 years) of USA [43] also showed
that the prevalence increased from 9.92 in 2018 to 14.01 in 2020.

Figure 2 highlights and summarizes basic epidemiological data.

Median M/F
65-70 ratio
years 1.4

9.7-16.7 47-69.1
PMP PMP
(Crude) (Crude)

Median 13.4%
22-77.5 at3
months months

Figure 2. Basic epidemiological information on systemic AL amyloidosis. EM: early mortality, F: female, INC:

incidence, M: male, OS: overall survival, PMP: cases per million population, PREV: prevalence.

4, Survival

Despite the lack of an efficient and timely access to new therapies, OS is steadily increasing in
systemic AL amyloidosis, largely due to the use of new agents, the implementation of a
multidisciplinary approach, improvement in supportive care and the application of selective criteria
for autologous stem cell transplant.

In the Mayo Clinic, mOS was less than 18 months at the end of the past century [44]. Only 4.7%
in a series of 841 patients reached long-term OS (ten o more years), whereas this percentage achieved
22% twenty years later [45]. In a large series from Boston (1980-2019, n =2337), mOS was 55.2 months
during the last era [46]. Comparable progress has been documented in Europe and Asia, highlighting
mOS of 48.8 months in the European study (2004-2018, n = 4480) [30], 56 months in the Swedish study
(2011-2019, n = 846) [28], 64 months in the National Clinical Registry in Germany (2018-2020, n = 527)
[47], or 52.6 months in a Spanish single referral center study (2005- 2023, n = 134) [22]. Remarkably,
the reported survival in PBSs is lower, which may be due to the analysis of an unselected population.
Accordingly, mOS in the Italian study (2000-2019, n=281) was 22 months [48]. Regarding Asia, in a
recent single-center study (2011-2021, n = 335) from China, a remarkable mOS of 77.5 months was
achieved [49], whereas 42 months were reported in another single referral center from Korea (1995-
2018, n = 302) [50]. However, in other referral centers of middle-income Latin America countries such
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as Sao Paulo in Brazil (2009-2020, n = 97), mOS was 18.5 months [51]. Finally, a similar result of 19
months was reported in a multicenter study from Chile (2010-2018, n = 42), (Pefia et al. 2019) [52].

It is clear that there is still room for improvement, particularly in economically disadvantaged
areas. Every effort should be made to avoid diagnostic delay and to ensure timely access to
therapeutic advances.

5. Mortality

Mortality is closely associated to the heart involvement, which is the main prognostic factor in
this entity [8]. Consequently, the main cause of death was disease-related in most studies [46]. The
most common cause of death was organ failure (49%), mainly heart failure (HF), and the second cause
(23%) was sudden unexpected death. In a French study (2010-2016, n = 187) death was of
cardiovascular origin in 69% and infection was the most common non-cardiovascular cause [53]. In
an American study (2009-2016, n = 194), the primary cause of death was determined to be cardiac in
82%, and noncardiac in 18%. For patients with cardiac cause of death, 68% died of advanced HF, and
32% died of sudden cardiac death [54]. In a study with 1341 patients, using nationally representative
hospital discharge data (2017-2020), 8% experienced in-hospital death [55].

Again, mortality should ideally be assessed in the context of PBSs as an age- and sex-
standardized mortality rate. This is the right way in which PBSs report mortality rates of other HMs
such as MM [56]. However, most PBCR do not include systemic AL amyloidosis, resulting in a lack
of high quality information about its adjusted mortality and trends over time. Similarly, data about
the standardized cause of death in AL amyloidosis are lacking.

Overall, mortality in systemic AL amyloidosis is improving over time, but early mortality remains
an unmet clinical need, particularly in advanced stages of AL-CA. The cut-off time for early mortality
is not standardized, but it is commonly defined as the death rate at six-months of diagnosis. In the
largest RW epidemiological study to date [30], early mortality within 3 months from start of therapy
was 13.4% and it did not improve over time (11.4% in the pre-2010 and 14.4% in the post-2010 era).
Early mortality within the first six months after diagnosis is decreasing over time in most studies: from
37% to 24% [57], and from 23% to 13% [46]. This is also true for series with a high rate of cardiac
involvement (91%) in which a small reduction was also demonstrated, from 31% to 28.3% [22].

In a cross-sectional analysis of death certificates in US from 1999 to 2020 [58], a total of 40,288
amyloidosis-related deaths occurred among all age groups, of which 75.8% (30,524) occurred among
adults aged > 65 years. Age-adjusted mortality rates (AAMRs) were calculated by standardizing
amyloidosis-related deaths to the year 2000 US population. AAMRs for amyloidosis increased from
2.7 (1999) to 5.6 (2020) /100,000 persons. AAMRs were higher in men (8.5 vs 3.5 in women in 2020), in
Non-Hispanic Blacks (11.8), in large metropolitan areas (6.3 vs. 4.6 in rural areas), and in the
Northeast region (6.9 vs 4.2 in the South). Overall, 68.8% (21,010) of deaths occurred due to CA, with
AAMR rising from 1.7 to 4.2. These data highlight the need to improve the management of CA
amyloidosis in the elderly population.

6. Conclusions

Systemic AL amyloidosis is a rare, complex, heterogeneous and challenging disease.
Epidemiology plays a critical role to foster clinical, molecular and etiological research. Moreover,
accurate data from PBS including incidence, prevalence, survival and mortality help to unveil the
underlying real-world heterogeneity. Trends of epidemiological indicators over time underscore the
importance of allocating resources to implement more efficient strategies to combat this disease.

The integration of efforts by different healthcare professionals in a collaborative approach is
mandatory. In this regard, the inclusion of systemic AL amyloidosis in the international network of
PBCR is strongly recommended.

The diversity in the clinical presentation and outcome of this multifaceted entity could be
explained by the integration of several levels of heterogeneity. Remarkably, epidemiology should be

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1450.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 May 2025 d0i:10.20944/preprints202505.1450.v1

7 of 11

considered the first level of heterogeneity and hence the relevance of performing a comprehensive
approach including the analysis of healthcare system characteristics, sociodemographic factors,
comorbidity, frailty, nutrition status, and other variables, besides genomics and standard clinical
information.

Even today, in advanced countries with fully developed healthcare systems, this disease
remains a challenge, considering it is mostly represented by a frail and elderly population, and that
the global burden of the disease is increasing due to a well-documented rise in incidence and
prevalence.
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Abbreviations

The following abbreviations are used in this manuscript:

AAMR  Age-adjusted mortality rates
AL Light-chain amyloidosis
ATTR  Transthyretin amyloidosis
BM Bone marrow

BMI Body mass index

CA Cardiac amyloidosis

cPC Clonal plasma cell

HF Heart failure

Ig Immunoglobulin

LC Light chains

MGs Monoclonal gammopathies

MGCS  Monoclonal gammopathy of clinical significance
MGUS  Monoclonal gammopathy of uncertain significance
MM Multiple myeloma

ND Newly diagnosed

(O8] Overall survival

PBCR  Population-based cancer registry

PBS Population-based cancer registry
PMP Cases per million population

RF Risk factor

RW Real world

SMM Smoldering multiple myeloma

WHO World Health Organization
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