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Background Heart involvement represents the most ominous prognostic factor in light-chain amyloidosis (AL), often foreclosing curative
therapies such as high-dose chemotherapy followed by autologous stem cell transplantation (ASCT). Heart transplantation
(HTx) may be considered before ASCT in rigorously selected cases of advanced AL cardiac amyloidosis (CA). In ASCT-ineligible
patients, chemotherapy with cyclophosphamide, bortezomib, and dexamethasone combined (CyBorD) regimen, even at low-
dose, is feasible and effective in obtaining hematological and organ response.

Case Summary A previously healthy 50-year-old woman presented with severely symptomatic new-onset heart with preserved ejection frac-
tion, significant cardiac hypertrophy, and an ‘apical sparing’ pattern. Bone marrow and abdominal fat biopsy revealed AL amyl-
oidosis due to a smouldering micromolecular λ-type myeloma with severe cardiac involvement, and the patient was judged a
good candidate to HTx followed by ASCT. Despite fragile conditions, she tolerated a full course of low-dose combination ther-
apy with bortezomib and was withdrawn from HTx list because of unexpected persistent complete hematologic response and
major cardiac improvement. Disease remission was achieved in the long term (.3 years).

Discussion We report a case of exceptional persistent hematologic and cardiac response after CyBorD therapy in a patient with advanced
AL-CA who left the transplantation lists (both HTx and ASCT). In ASCT-ineligible patients, chemotherapy with CyBorD regi-
men, even at low-dose, can lead to durable remission of the disease with excellent cardiac response.
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Learning Points
• Early diagnosis of cardiac amyloidosis, an accurate multidisciplinary prognostic stratification and quantification of cardiac and extra-

cardiac disease burden allow to select the best therapeutic strategy.

• In well-selected cases of light-chain amyloidosis involving the heart, foreclosing high-dose chemotherapy followed by autologous stem cell
transplantation (ASCT), heart transplantation may be considered before ASCT.

• In ASCT-ineligible patients, chemotherapy with cyclophosphamide, bortezomib, and dexamethasone combined regimen, even at low-
dose, can lead to complete hematologic response and exceptional cardiac improvement, thus avoiding transplantations.

Primary specialties involved other
than cardiology
Hematology, nuclear medicine, pathological anatomy and histology

Introduction
Light-chain amyloidosis (AL) is the most common form of systemic
amyloidosis, characterized by extracellular deposition of monoclo-
nal light-chain immunoglobulins as insoluble beta-fibrillar proteins
in various tissues, leading to progressive organ failure.1 Heart
involvement is common (.50% of patients diagnosed with AL),2

representing the most ominous prognostic factor. Patients with
advanced cardiac amyloidosis (CA) usually do not benefit from
traditional heart failure (HF) treatments3,4 and, often, cannot access
valuable curative therapies such as high-dose chemotherapy fol-
lowed by autologous stem cell transplantation (ASCT).
Bortezomib combination chemotherapy, mainly at low doses, is
feasible and effective in obtaining hematological and organ response
in ASCT ineligible patients,5 even though overall survival in ad-
vanced CA is still poor.6 In selected cases, heart transplantation
(HTx) followed by ASCT might represent a suitable approach to
achieve long-term survival and, sometimes, full recovery from
hematologic disease.7,8 Therefore, accurate patient selection and
risk stratification is essential.

Timeline

Case presentation
A 50-year-old woman with a history of fatigue, worsening exertional
dyspnoea, and weight increase (8 kg) in the last 3 months was re-
ferred to our Cardiovascular Department by her general practition-
er. Clinical examination detected hypotension (90/60 mmHg), an
holosystolic murmur best heard at the cardiac apex, bilateral pul-
monary rales, lower extremity oedema, and macroglossia. Her past
medical history was unremarkable except for bilateral carpal tunnel
(CT) surgery some years before. She denied suffering from arterial
hypertension, and an electrocardiogram (ECG) obtained 1 year earl-
ier was reported normal (not available).
The patient is a previously asymptomatic young adult without co-

morbidities, presenting with severe new-onset HF. The differential
diagnosis includes cardiomyopathies, hypertensive, ischaemic, and
valvular heart diseases. Macroglossia and CT syndrome suggest an in-
filtrative disease,3 while the heart murmur endorses the possibility of
a severe valve disease precipitating acute HF. The absence of any car-
diovascular risk factor makes the diagnosis of ischaemic heart disease
unlikely.
The ECG showed sinus rhythm with normal QRS voltages and

Q-waves in anterior and inferior leads (Figure 1A) not consistent
with the degree of left ventricle (LV) hypertrophy (max 17 mm)
and normal wall motion evident at echocardiography (Figure 1B). In
addition, grade III diastolic dysfunction, reduced LV global longitudin-
al strain (GLS –14%) with an ‘apical sparing’ pattern, thickened mitral
valve leaflets, right ventricle hypertrophy and dilated inferior vena
cava were found (Video 1). Laboratory tests revealed high brain

AUGUST, 2017 • Hospital admission for new-onset HF

• Diagnosis of AL-CA concomitant with smouldering micromolecular λ-type myeloma

SEPTEMBER, 2017 • First cycle of low dose cytoreductive therapy with CyBorD scheme

• Frequent readmissions for decompensated HF

OCTOBER, 2017 • Entry on HTx waiting list

OCTOBER, 2018 • Last CyBorD cycle

• Reassessment: complete haematological response (FLCs normalization without residual haematological disease at BMB)+
significantly improved cardiac performance (NYHA I; normal BNP value; recovered LV systolic function; increased exercise

capacity)

• CyBorD therapy discontinuation - withdrawal from HTx waiting list

2019 • Every 3 months cardiological and haematological follow up: stable disease remission - patient on NYHA I with low diuretic

dose, increased CPET VO2 peak

FEBRUARY, 2020 • Patient on NYHA I, no further hospitalizations; CPET VO2 peak increase
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natriuretic peptide (BNP) levels (618 pg/L, normal reference value
,100 pg/L) and persistent mild increase in troponin T (0.34 ng/mL,
normal reference value ,0.25 ng/mL). An invasive angiography ex-
cluded coronary artery disease. Clinical and instrumental findings
rose the suspicion of CA, and the Gillmore’s algorithm was fol-
lowed9: serum λ free light chains (FLCs) returned pathologically in-
creased (108 mg/dL, delta FLCs 93 mg/dL) and Perugini grade 1
myocardial uptake was found at diphosphonate scintigraphy
(Figure 1C). The diagnosis of AL-CA was confirmed through

detection and typing of amyloid fibrils at Congo red staining and elec-
tronmicroscopy of abdominal fat specimen. A concomitant diagnosis
of a smouldering micromolecular λ-type myeloma was made on the
basis of 22% clonal plasma cell in the bone marrow biopsy (BMB)
without signs of end-organ (classic ‘calcium elevation, renal insuffi-
ciency, anemia, and bone abnormalities’ criteria) damage (Figure 1D).
The advanced heart involvement (Mayo cardiac stage III)10 and the

micromolecular myeloma contraindicated ASCT as up-front therapy.
Therefore, low-dose cytoreductive therapy with cyclophosphamide,

Figure 1 Main diagnostic tests used for diagnosing cardiac amyloidosis: electrocardiogram with normal QRS voltage and evidence of pseudone-
crosis (A), echocardiography reporting biventricular hypertrophy, valvular thickening and pericardial effusion (B), grade 1 Perugini at diphosphonate
scintigraphy (C ) and atypical plasmacellular infiltrate with free light chains lambda restriction at bone marrow biopsy (D).
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bortezomib, and dexamethasone (CyBorD) was started, halving the
standard dose of the proteasome inhibitor and monitoring troponin
serum concentrations and fluid status on a daily basis. Up-titration
of diuretic dose up to 200 mg/die of furosemide was necessary
due to frequent readmissions for decompensated HF with haemo-
dynamic deterioration. No other HF medications were started.
Low cardiac index (2.5 l/min/m2) at right heart catheterization
and severely reduced maximal oxygen consumption during exercise
(VO2) peak (15.4 ml/kg/min, 50% predicted value) with impaired ven-
tilatory efficiency at cardiopulmonary exercise test (CPET) were
documented. After one CyBorD cycle, therapeutic strategies were
collegially discussed in a multidisciplinary team, considering three
main variables: young age, severe cardiac involvement with ominous
prognosis, and absence of significant extra-cardiac involvement, which
was systematically investigated. The patient was judged a good candi-
date for HTx followed by ASCT. Thus, she entered on the HTx wait-
ing list within 2 months from HF diagnosis. She experienced two
syncopal episodes without clear prodromal symptoms and received
an implantable cardioverter defibrillator for the prevention of arrhyth-
mic death as bridge to HTx.

Despite fragile conditions, she succeeded in having a full course of
chemotherapy with unexpected progressive reduction in serum
values of BNP and FLCs. After 1 year of CyBorD therapy (6 cycles),
serum FLCs normalized without residual hematological disease
at BMB. At cardiological evaluation, the patient was in New York
Heart Failure (NYHA) I functional class with normal BNP value (70
pg/L), lower diuretic dose (125 mg/die), recovered LV systolic func-
tion (GLS−20%) (Figure 2), increased exercise capacity (VO2 peak of
20.8 ml/kg/min, 76% predicted value), and normalization of

ventilation and carbon dioxide production slope at CPET (Figure
3). Due to significantly improved cardiac performance and the com-
plete hematological response, CyBorD therapy was discontinued,
and the patient was withdrawn fromHTxwaiting list and the planned
ASCT. She underwent apheresis and cryopreservation of hemato-
poietic stem cells in case of future need of ASCT. At device interro-
gations, no record of ventricular arrhythmic events or ICD discharge
was found. She remained stable in NYHA I functional class after .3
years from HF onset under regular cardiological and hematological
follow-up.

Discussion
We reported an unusual case of AL-CA that left the transplantation
lists (both HTx and ASCT) due to persistent (.3 years) complete
hematologic response and exceptional cardiac improvement under
CyBorD chemotherapy. The following remarkable issues emerged
from this case:
(1) Maintaining a high suspicion of CA in patients with HF with pre-

served ejection fraction and specific red flags (i.e. bilateral CT syn-
drome) is essential to reach an early diagnosis and start therapies
with proven impact on survival.

(2) Selecting the best therapeutic strategy in CA relies on accurate
multidisciplinary prognostic stratification and quantification of car-
diac and extra-cardiac disease burden.

(3) Treatment for AL must be patient-tailored: in this case, the patient
was initially considered ASCT-ineligible because of severe cardiac
involvement and, therefore, entered the HTx list; however, low-
dose combination therapy (i.e. CyBorD) was effective enough

Video 1 Echocardiographic exam consistent with cardiac amyloidosis: non-dilated left ventricle with diffuse increase in wall thickness, normal left
ventricular ejection fraction, biatrial dilatation, thickening of the interatrial septum and atrio-ventricular valves with mild mitral insufficiency and di-
lated inferior vena cava.
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to induce long-term hematological remission, significant cardiac
improvement (NYHA I, BNP normalization, normal cardiac cath-
eterization, no HF hospitalizations for .3 years), and to avoid
transplantations.

The suspicion of CA arose from the integration of clinical, echo-
cardiographic, and laboratory data.2,11–13 Discrepancy between
QRS voltages at ECG and the degree of LV wall thickness measured
at echocardiography, severe diastolic dysfunction with apical sparing
pattern, persistently elevated troponin, and history of bilateral CT
surgery were major clues for CA diagnosis in this case.

Prognostic stratification of patients with AL-CA is estimated by
dedicated scores integrating N-terminal brain natriuretic peptide
(NT-proBNP), troponin, and FLCs values,10 which can be used to

monitor treatment response.14 Our patient was scored Mayo stage
III, outlining advanced cardiac involvement which bears high early
death rate. Frequently, patients with these characteristics do not
have enough time to respond to therapy. Accurate and prompt se-
lection of the best treatment option for the individual case maximizes
survival chances.
In the acute phase of AL amyloidosis, cardiac injury and dysfunc-

tion result from the myocardial deposition of amyloid fibrils and
the toxic effect of light chains on cardiomyocytes, which is a revers-
ible component under effective chemotherapy. Therefore, overall
survival in AL amyloidosis is critically dependent on the presence
and magnitude of hematologic response. Chemotherapy is directed
towards the underlying clone and is aimed at suppressing the

Figure 2 Echocardiographic findings pre (left column) and post (right column) chemotherapy with cyclophosphamide, bortezomib, and dexa-
methasone combined protocol: four-chamber view (A), mitral inflow posterior wall (B) and global longitudinal strain (C ).
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production of FLCs causing organ dysfunction.2 Currently, CyBorD
is the standard of care for AL amyloidosis providing a partial hema-
tological response (≥50% decrease in FLCs concentrations) and a
cardiac response (.30% or .300 pg/mL decrease in NT-proBNP
levels) in about 60% and 25% of treated patients, respectively.6,15

A 5-year overall survival of 80% with a median duration of response
of 4.5 years was recently reported for patients who achieved satisfac-
tory response after CyBorD alone, similarly to patients sequentially
treated with CyBorD and ACST.5 Improved survival was also re-
ported in stage IIIb patients who were able to receive enough
CyBorD treatment to achieve a hematologic response.6

Commonly, even low-dose CyBorD regimen is hardly tolerated in
presence of hypotension and severely symptomatic HF.

In the present case, the patient was ASCT-ineligible due to severe
cardiac amyloid infiltration and was started on HTx list in light of no
significant extra-cardiac involvement, absence of other major co-
morbidities, and young age. Although HTx enables ASCT and may
confer survival advantage,7,8 this approach carries a non-negligible
rate of complications, including death, and can be performed only
in a few experienced centres. Of note, the correct timing for
ASCT after HTx is still under investigation. In recent transplant ser-
ies, some patients did not have time to receive ASCT after HTx due
to AL amyloidosis progression.16 Therefore, this treatment option is

feasible in well-selected AL-CA patients without clinically significant
extra-cardiac amyloid where ASCT is expected to confer substantial
survival benefit and can be performed with relatively little risk for
treatment-related mortality.17

Unexpectedly, low-dose CyBorD regimen was effective in ob-
taining a complete hematological and an impressive cardiac re-
sponse, with long-term good clinical status. Nevertheless,
frequent clinical reassessment, strict monitoring of response to
treatments, and therapy adjustments were essential in the manage-
ment of our patient.
Recently, the combination of daratumumab and bortezomib

has proven effective in the treatment of AL amyloidosis, holding
promise for a future re-definition of the standard of care in AL amyl-
oidosis.18,19 Further research is required as advances in pharmaco-
therapy of AL amyloidosis will have a great impact on clinical
management patients, possibly reducing the need for ASCT.

Conclusion
Early detection of cardiac involvement in AL provides the widest
access to therapeutic options, improving survival. HTx may be
considered before ASCT in rigorously selected cases when

Figure 3 Trends of brain natriuretic peptide (pg/mL), immunoglobulin G lambda (mg/dL) and peak maximal oxygen consumption during exercise
(% of predicted value) during follow up. cyclophosphamide, bortezomib, and dexamethasone combined therapy administered between February
and June 2018.
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advanced AL-CA precludes eligibility to ASCT. Interestingly, in
ASCT-ineligible patients, chemotherapy with CyBorD regimen,
even at low-dose, can lead to durable remission of the disease
with excellent cardiac response.
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