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ABSTRACT

Amyloidosis is a disorder of protein misfolding and metabolism in which insoluble fibrils are
deposited in various tissues, causing organ dysfunction and eventually death. Out of the
60-plus heterogeneous amyloidogenic proteins that have been identified, approximately
30 are associated with human disease. The unifying feature of these proteins is their
tendency to form beta-pleated sheets aligned in an antiparallel fashion. These sheets then
form rigid, nonbranching fibrils that resist proteolysis, causing mechanical disruption and
local oxidative stress in affected organs such as the heart, liver, kidneys, nervous system,
and gastrointestinal tract. Here we review the epidemiology of light chain amyloidosis,
the staging, and the concomitant prognostication that is critical in determining the
appropriate treatment.
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INTRODUCTION

The amyloidoses are disorders of protein misfolding and
metabolisminwhichinsoluble fibrils are depositedin various
tissues, causing organ dysfunction and eventually death.
More than 60 heterogeneous amyloidogenic proteins have
been identified, with approximately 30 of these known to
be associated with human disease.'? The unifying feature
of these proteins is their tendency to form beta-pleated
sheets aligned in an antiparallel fashion. These sheets
then form rigid, nonbranching fibrils that resist proteolysis,
causing mechanical disruption and local oxidative stress in
affected organs such as the heart, liver, kidneys, nervous
system, and gastrointestinal tract.? The following pages
review the epidemiology of light chain amyloidosis as
well as staging and the concomitant prognostication so
important in determining the appropriate treatment for
this serious systemic illness.

EPIDEMIOLOGY

Primary or light chain (AL) amyloidosis, the most common
type of systemic amyloidosis, occurs when the free light
chains normally associated with immunoglobulins are
produced in excess by clonal or frankly malignant plasma
cells. Although AL amyloidosis is not considered a cancer,
it shares some similar characteristics and treatments with
multiple myeloma. AL amyloidosis is most commonly
diagnosed when the affected patient has less than
10% bone marrow plasma cells, the quantity required
to make a diagnosis of myeloma, but may also occur
in association with full-blown multiple myeloma, non-
Hodgkin’s lymphoma, Waldenstrém’s macroglobulinemia,
chronic lymphocytic leukemia, Sjogren’s syndrome, and
Behget syndrome.* It is a relatively rare condition, with a
worldwide incidence of 5.1 to 12.8 cases per million person-
years. In the United States, between 1,275 and 3,200
new cases are diagnosed annually,® yielding an incidence
of approximately 9 to 14 cases per million person-years
and a prevalence of 40.5 cases per million as of 2015—a
significant increase from the prevalence of 15.5 cases per
million reported in 2007. It is hypothesized that this rising
prevalence is due to a growing awareness of the disease
and its manifestations as well as improved treatments that
have lowered the mortality rate.®

The age-specific incidence rate of AL amyloidosis
increases with each decade over age 40 years, with 64
years being the median age at diagnosis. In fact, less than
5% of affected patients are under the age of 40. As with
multiple myeloma, afflicted males outnumber females 3:2.
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Surprisingly, although incidence rates of myeloma are over
twofold higher in Black patients than White patients, and
systemic amyloidosis is a related plasma cell disorder, AL
amyloidosis has no apparent ethnic or geographic specificity.
Potential reasons for this interesting discrepancy could be
due to the fact that the largest population-based studies
of AL amyloidosis have consisted of predominantly White
patients, and to the inequitable access of Black patients to
specialty physicians, appropriate diagnostic testing, and
tertiary care center referral. Systematic underdetection is
also thought to be a large part of the problem because the
structural heart changes, proteinuria, and neuropathy seen
with AL amyloidosis can be misattributed to hypertension
or diabetes mellitus, both of which are more prevalent in
racial minorities.”

Once they are evaluated, non-Hispanic Black patients
are more likely to present with a dFLC (the difference
between involved and uninvolved serum free light chains)
>180mg/L compared with other ethnic groups (39%
vs 22-33%, P = .044) and to have a higher prevalence of
cardiac involvement (69% of patients), whereas renal
involvement is more prevalent in non-Hispanic White
patients (78% of patients). On the other hand, Hispanic
patients have a significantly higher median B-type
natriuretic peptide (BNP) at baseline than other ethnicities
(BNP 1,041 vs 221-480 pg/mL, P =.001), with the majority
having a level > 700 pg/mL and resultant higher numbers
of patients with cardiac stage I1IB disease. Whether these
ethnic differences are due to delayed disease recognition by
physicians, variances in how quickly symptoms are reported
by patients, or racial differences in the pathogenesis of
amyloidosis is uncertain. For instance, while we know that
germline expression of the IGLV1-44 gene is associated
with cardiac tropism and the IGLV6-57 gene is associated
with renal tropism, variances in gene expression with
regard to race or ethnicity haven’t been assessed.’

STAGING

As with other plasma cell dyscrasias, staging of amyloidosis
is performed at diagnosis to help determine a patient’s
prognosis and the most appropriate course of treatment.
Staging is based on the presence and severity of heart
damage, which is assessed by serum levels of cardiac
troponin T (TnT) and N-terminal (NT)-pro hormone BNP
(NT-proBNP), or more rarely troponin I and BNP. Since the
severity of heart damage has been determined to be the
most important factor in predicting survival, measurement
of these cardiac biomarkers forms the basis of all AL
staging systems. Of note, while hematologists tend to use
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the terms NT-proBNP and BNP interchangeably, they are
different molecules. BNP is a biologically active hormone
secreted by cardiac myocytes in response to increased
blood volume and resultant wall stress, and it is created
when a specific convertase cleaves NT-proBNP from the
preprohormone. Because NT-proBNP is then cleared
passively from the body, it has a longer half-life, circulates
at higher concentrations in the bloodstream, and is less
influenced by acute hemodynamic variations than BNP.2

The prognostic utility of the most popular staging
systems has been well validated for both newly diagnosed
patients and those in first relapse.® Recently, a study from
the Mayo Clinic found it useful to reassess a patient’s stage
at 3 and 6 months after initiating treatment because
migration to a higher stage predicts a poor prognosis.®
Although we have seen significant improvement in patient
survival due to a combination of earlier diagnosis, more
effective therapies, and lower transplant-related mortality,
the most widely used staging schema (reviewed below)
continue to predict survival at a variety of timepoints in a
given patient’s treatment course.

EUROPEAN MODIFICATION OF MAYO 2004
STAGING SYSTEM

The Mayo 2004 staging system uses a TnT cutoff level of
0.035 mcg/L and NT-proBNP level of 332 ng/L to place
AL amyloidosis patients into three groups: (1) stage I,
normal levels of both, (2) stage II, an elevated level of
either but not both, and (3) stage III, elevated levels of
both. The resultant median survival for those patients
not undergoing hematopoietic cell transplantation (HCT)
in a related study was 26, 11, and 4 months for stages
I, II, and III, respectively.’* The Europeans subsequently
proposed splitting stage III into two groups depending
on the absence (stage IIIA) or presence (stage IIIB) of an
NT-proBNP level > 8500 ng/L.!? For laboratories that use
troponin I in place of TnT, the cutoff value is > 0.10 mcg/L.
For laboratories using a high-sensitivity troponin T assay, a
cutoff of 40 pg/mL should be used.

MAYO 2012 STAGING SYSTEM

In 2012, the Mayo Clinic updated their staging system
to include the dFLC (with > 18 mg/dL being significant),
and changing the cardiac biomarkers to an NT-proBNP
>1800ng/L and a cardiac TnT > 0.025 mcg/L. Stage I
encompasses those patients with no elevated risk factors,
while stages II, III, and IV encompass those who have
one, two, or three elevated risk factors, respectively. The
resultant median overall survival from the time of diagnosis
for these patients was 94, 40, 14, and 6 months. For patients
fit enough to undergo HCT, the 4-year estimated survival
rates were not reached for those with stage I disease and
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were 97, 58, and 22 months for those with stages II, III,
and 1V disease, respectively.??

PROGNOSIS

When detected at a late stage, AL amyloidosis has a poor
long-term prognosis. Median survival can be as short as
5 months, with infection and cardiac or hepatic failure
being the most common causes of death. Important
factors in determining prognosis are summarized below
and divided into those that are assessed before treatment
initiation and those reassessed following the completion
of therapy.

PRETREATMENT VARIABLES
LABORATORY PARAMETERS
The ability to detect circulating FLCs dramatically changed
the landscape of AL amyloidosis treatment, allowing for the
earlier detection of disease and improved prognostication
of patient outcomes. In addition to pioneering the use of
the involved FLC (iFLC) level and FLC ratio, the Mayo group
also advocated for analysis of the dFLC. Higher levels of dFLC
at the time of diagnosis are associated with an increased
plasma cell burden, greater severity of gastrointestinal
disease, and greater likelihood of renal insufficiency and
cardiac involvement as well as greater severity of said
heart disease as manifested by lower ejection fractions
and higher levels of NT-proBNP and TnT. Patients with a
higher dFLC (>29.4 mg/dL for kappa disease and > 18.2
mg/dL for lambda disease) had a significantly worse overall
survival (0S) of 10.9 months as opposed to 37.1 months
for those with a lower dFLC (P <.001). Similar results were
seen when patients with normal and abnormal FLC ratios
were compared: the former group had a median OS of 65.6
months while the latter group’s median OS was only 16.2
months (P <.001). Finally, they reported that those without
an identifiable heavy chain were more likely to have
increased levels of dFLC and posited that unbound light
chains may be inherently more prone to the misfolding
characteristic of AL amyloidosis.?®

Immunoparesis, the term used to describe the low
levels of uninvolved immunoglobulins seen in 66% of AL
amyloid patients at the time of diagnosis, is associated
with a diminished responsiveness to first-line therapy,'® a
shorter progression-free survival (PFS) but not 0S,'”® and
decreased responsiveness to HCT that can be overcome by
the use of pretransplantation immunomodulatory drugs
and bortezomib.*®

Not unexpectedly, those with lower levels of dFLC at
diagnosis (< 50 mg/dL) have a lower burden of disease as


https://doi.org/10.14797/mdcvj.1070

Baker Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1070

manifested by a smaller monoclonal protein spike, fewer
bone marrow plasma cells, a better Karnofsky performance
status, greater fitness for HCT,?° lower frequency and
severity of cardiac involvement, and a smaller number of
affected target organs. Interestingly, although these same
patients have an increased chance of renal involvement
and proteinuria,?°2! they respond well to therapy, having an
increased chance for a complete response (CR) compared
to those with a higher dFLC as well as a lower risk for early
death over the same timeframe. In fact, CR was achieved
in 57% of patients as opposed to the approximately 40%
traditionally seen with currently available therapy, and
those in CR had a lower likelihood of needing hemodialysis
over the subsequent 3 years.? All of these factors result
in a superior progression-free survival and overall survival
compared to those patients who had an initial dFLC > 50
mg/dL.2223

Elevated levels of von Willebrand antigen (VWF-Ag)
is a newly recognized risk factor for early mortality that
requires further validation. Kastritis et al. reported that 76%
of patients with AL amyloidosis have a VWF-Ag level above
the upper limit of normal, perhaps reflecting endothelial
dysfunction arising from the vascular deposition of amyloid
fibrils. Those with a VWF-Ag level > 230 U/dL incurred a
3-month mortality of 26% and a 6-month mortality of
45% independent of their NT-proBNP level as opposed
to 10% and 17% mortality, respectively, of those not so
affected. The significance of this laboratory finding is even
more striking in those with more advanced cardiac disease.
Patients with stage III cardiac disease who have a vVWF-
Ag level > 230 U/dL have a 12-month survival of only 17%
compared to 68% of those with VWF-Ag levels < 230 U/dL.
Even worse, individuals with stage IIIB disease and an
elevated VWF-Ag level lived only 2 months compared to 6
months for those with lower levels.?

An elevated D-dimer level > 0.5 mcg/mL can be seen
in approximately 50% of AL amyloidosis patients and
has recently been reported to adversely impact survival.
Patients with a D-dimer level < 0.5 mcg/mL have a median
OS of 5.86 years, those with a level > 0.5 mcg/mL but <1
mcg/mL have a median OS of 4.04 years, and those with
>1 mcg/mL have a median survival of only 2.08 years
(P <.001).2> Uric acid levels over 8 mg/dL and an elevated
red blood cell distribution width—both easily obtained
tests—are also thought to be strong predictors of early
death independent of the presence of cardiac disease,
although this needs further study and validation.??”

Finally, growth differentiation factor-15 has been
reported to increase the risk of early death and results in
a poor OS independent of a patient’s levels of NT-proBNP
and high-sensitivity TnT. Growth differentiation factor-15is
a member of the transforming growth factor beta family.
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Also known as macrophage inhibitory cytokine-1, GDF-15
is secreted by cardiac myocytes in response to oxidative
stress, ischemia, and mechanical stretch and has been
found in other populations to predict cardiovascular
mortality and progressive renal disease.?®

PATHOLOGIC PARAMETERS

Numerous authors have reported on the inverse association
historically seen between the degree of bone marrow
plasma cell infiltration and survival, with the critical level
being > 10%.2°=3! Such patients are more likely to have
cardiac involvement, a trend toward higher early mortality,
and significantly shorter PFS (median 18 vs 48 months,
P =.02) and OS (median of 33 months vs not reached).
Thankfully, modern therapies appear to overcome this
negative prognostic feature.?!

A recent study from Ohio State University revealed
several interesting findings regarding cytogenetic risk
factors found on bone marrow analysis. First, deletion
or monosomy of 13q detected by fluorescence in situ
hybridization (FISH) is associated with the presence of
cardiac amyloidosis; surprisingly, however, its presence or
absence doesn’t impact survival in affected patients. In
contrast, there are no known cytogenetic abnormalities
detected by FISH that predict renal involvement at
diagnosis. Second, median PFS is impacted by the
presence of cytogenetic abnormalities detectable by FISH,
where PFS is 6.5 years in those with normal results and
only 2.0 years in those with abnormal results. Median
OS is affected similarly, being 11.0 years in those with
normal FISH results and dropping to 4.3 years in those
with abnormal results. This is despite there being no
difference in achievement of a CR or very good partial
response in these patients. Third, hyperdiploidy (defined
in this study both classically with multiple copies of
whole chromosomes and also as gains of 2 or more of
the following: 5p/5q, 1921, and 11923) is associated
with lower PFS and OS. Finally, patients with gain of 121
who received daratumumab enjoyed an intriguing trend
toward improved hematologic response.

Although the 11;14 translocation seen in half of AL
amyloidosis patients is historically associated with a
statistically significant reduction in PFS,3233 especially if the
affected patients undergo bortezomib induction therapy,
this adverse cytogenetic risk appears to be overcome
by the use of high-dose melphalan. In fact, patients
harboring this translocation have an improved chance
of attaining complete remission following autologous
stem cell transplantation (CR in 41.2% vs 20% in others
without this translocation, P = .02) as well as a resultant
hematologic event-free survival of 46.1 vs 28.1 months
(P = .05).* Interestingly, this mutation has a particular


https://doi.org/10.14797/mdcvj.1070

Baker Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1070

predilection for patients with isolated amyloidosis, with a
prevalence of 56.5% versus 17.6% in those with underlying
multiple myeloma (P =.022).>3 This probably speaks to the
differences in plasma cell biology between AL amyloidosis
and multiple myeloma and warrants more detailed study.

CARDIOVASCULAR PARAMETERS

A large number of cardiovascular parameters have been
investigated for prognostic relevance with regards to AL
amyloidosis and are summarized in Table 1.3%*® For those
thought to have isolated renal amyloidosis, a PR interval
over 160 msec and a QTc interval over 417 msec were
both independently associated with all-cause mortality (P
values of .005 and .004, respectively)*® and could therefore
serve as a simple way to screen for patients who warrant
a more intensive look at their cardiac function prior to
initiation of therapy.

Another cardiovascular parameter potentially useful
for predicting prognosis but requiring additional study is
measurement of flow-mediated dilatation of the brachial
artery using specialized, highly operator-dependent
ultrasound technology.*®
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CLINICAL FINDINGS

Patients presenting with pleural effusions are more likely to
have impaired right ventricular function, increased amyloid
burden, and worse outcomes than those with isolated
pericardial effusions and those without pleural effusions.>!

POST-TREATMENT VARIABLES
LABORATORY PARAMETERS

In a 2021 paper from the Mayo Clinic group reporting on
the outcomes of 1,357 patients with AL amyloidosis, the
median OS was 4.0 years (95% CI, 3.3-4.6 years); however,
as detailed in Table 2, survival varied significantly based on
the stage at diagnosis (P < .001 regardless of the staging
system used).!® Although the majority of patients retained
their original staging when reassessed at 3 months, some
patients improved by one or more stages while others
worsened. The OS at this timepoint was 9.8 to 10.5 years for
those who maintained their original stage, 10.5 to 10.8 years
for those who improved their stage, and 4.0 years for those
who worsened. At 6 months following treatment initiation,
approximately half of patients retained their original stage.

FINDING RISK FACTOR

NOTES

Arrhythmias Atrial fibrillation

Inferior short-term OS but no impact on
peritransplant mortality?%*

Nonsustained ventricular tachycardia

Inferior short-term OS but no impact on
peritransplant mortality®®

Ventricular tachycardia

Increased mortality®’

Cardiac MRI Findings Left atrial EF < 16%

Higher risk of 2-year mortality!

Long axis strain > -7%

Higher risk of death and cardiac transplantation®?

Myocardial contraction fraction < 52.6%

Higher risk of death and cardiac transplantation®?

Right ventricular dysfunction

Predicts all-cause mortality**

New York Heart Association functional class 3/4

Increased mortality*

Clinical Findings

Left heart valve thickening > 3 mm

Higher all-cause mortality*®

Echocardiographic Findings

Interventricular septal thickness > 15 mm

Inferior 0S*®

Relative wall thickness > 0.74

Increased mortality**

Right atrial volume index > 35 and other signs of

right ventricular dysfunction

High 1-year mortality*’

Global longitudinal strain (GLS) < 17%

5-year survival of 47% vs 95% if GLS > 17%?3¢-4°

Electrocardiographic Findings ~ Abnormal QRS axis

Poorer survival®’

Frontal QRS-T angle > 102

Increased mortality*®

QTc > 483 msec

Poorer survival®’

Table 1 Cardiovascular risk factors for increased light chain amyloidosis mortality.>*#¢ OS: overall survival; MRI: magnetic resonance

imaging; EF: ejection fraction
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GROUP 1 STAGE  MEDIAN OS AT

MEDIAN OS MEDIAN 0OS

(1,357 PTS) DIAGNOSIS (YRS) AT 3 MO (YRS) AT 6 MO (YRS)
I 12 11.8 NR

II 5.4 10.8 NR

[IIA 1.8 4.6 5.4

I1IB 0.4 1.1 0.9

GROUP 2 STAGE (1,339 PTS)

I 11.4 11.8 NR

II 8.2 9.0 NR

111 2.4 5.2 4.6

v 0.5 0.8 0.9

Table 2 Overall survival (OS) of light chain amyloidosis patients by stage at diagnosis and time from treatment initiation. Group 1: 2015
European modification of Mayo 2004 staging; Group 2: Mayo 2012 staging; NR: not reached; N/A: not assessed

Overall survival at this timepoint was over 8.1 years in those
whose stage had remained stable or improved and 3.8 to
5.1 years in those whose stage had worsened.*®

The significance of an elevated dFLC level and the
presence of immunoparesis at diagnosis were previously
discussed. Not surprisingly, attainment of a dFLC less
than 10 mg/L after treatment (known as astringent dFLC
response) is associated with superior survival, increased
cardiac and renal responses, and longer time to next
treatment.>? Similarly, absence of immunoparesis at 1 year
after initiation of treatment is an independent marker for
long-term survival.

PATHOLOGIC PARAMETERS
The depth of hematologic response to prior therapy is
important in determining the likelihood of an end-organ
response and prolonged PFS as well as OS in some studies.>
Patients with no residual monotypic plasma cells in the
bone marrow aspirate as assessed by multiparametric
flow cytometry at the end of therapy had a 3-year PFS
of 88%, much better than the 28% seen in those with
evidence of minimal residual disease (MRD) (P < .001).
This PFS advantage was especially pronounced in those
who achieved both MRD negativity and a hematologic CR
(attainment of normal serum protein electrophoresis, urine
protein electrophoresis, and serum free light chain ratio).
In this fortunate group, 3-year PFS was 100% as opposed
to 33% in those who achieved hematologic CR but had
residual clonal plasma cells in the bone marrow.>

Minimal residual disease negativity also increases the
likelihood of end-organ response. Although the number of
patients in a recent Mayo Clinic report is small, all patients
with cardiac disease that became MRD-negative achieved
a cardiac response as opposed to only 83% of those with
residual clonal plasma cells at the end of therapy. Similar

findings were seen in patients with renal and hepatic
disease.??>* Although post-therapy bone marrow aspiration
and biopsy is not routinely recommended as part of our
current consensus criteria for response assessment, the
prognostic benefit appears obvious, and it is likely that
future revisions of consensus recommendations will
incorporate this relatively new technology.

CONCLUSION

AL amyloidosis is a serious multisystem disorder that can
quickly progress and become fatal if not detected in a
timely fashion. Those with a higher burden of disease as
manifested by high levels of free light chains, increased
numbers of bone marrow plasma cells, and more severe
end-organ involvement are more likely to experience
treatment failure and diminished survival. It is important
that careful staging and assessment of prognostic factors
be carried out before diagnosis and following the initiation
of therapy so that patients can receive the most appropriate
treatment and guidance regarding goals of care.

KEY POINTS

* Primary or light chain (AL) amyloidosis is the most
common type of systemic amyloidosis. It is a protein
misfolding and metabolism disorder in which insoluble
fibrils are deposited in various tissues, causing organ
dysfunction and eventually death; therefore, early
detection is crucial.

* AL amyloidosis is a relatively rare condition, with only
1,275 to 3,200 new cases diagnosed annually in the
United States.
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* Patients who have high levels of free light chains and
bone marrow plasma cells and severe end-organ
involvement are more likely to experience treatment
failure and diminished survival.

* Staging of amyloidosis is best performed at diagnosis
to help determine a patient’s prognosis and most
suitable course of treatment, and then repeated 3
and 6 months after initiating treatment to determine
efficacy and response to therapy.
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