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Abstract

Systemic amyloidosis has diverse, often nonspecific, clinical mani-
festations that overlap or mimic other medical disorders, making
amyloidosis a diagnostic challenge. We present a case of a middle-
aged female who presented with skin thickening, fatigue, arthritis,
and macroglossia, which were initially thought to be due to systemic
sclerosis. With no response to immunosuppressive therapies, she was
tested for plasma cell dyscrasias. Additional work-up and cardiac bi-
opsy were positive for amyloid light chain (AL) amyloidosis. The
diagnosis was delayed by 2 years because the protein electrophoresis
ordered at the initial encounter was not accompanied by serum-free
light chain testing. This case emphasizes the importance of consider-
ing amyloidosis in patients with unexplained systemic symptoms and
highlights the role of a comprehensive diagnostic evaluation.
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Introduction

Amyloidosis is a group of rare diseases marked by the abnor-
mal folding of proteins into insoluble beta-pleated sheets that
are deposited extracellularly into various organs impairing
normal organ function. Although amyloid light chain (AL)
amyloidosis remains the most common form of amyloidosis,
the incidence of wild-type transthyretin amyloidosis (ATTR)
has also been increasing [1, 2]. In a United Kingdom (UK)-
based study in 2013, 65% of all amyloidosis cases diagnosed
were labeled as AL amyloidosis [3]. However, in a more re-
cent Germany-based national registry data from 2018 - 2020,
45.5% of all amyloidosis cases were AL amyloidosis and
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39.6% were ATTR cases [4]. Despite being the most common
form, it remains an extremely rare disease, with incidence
ranging from 9.7 to 14.0 cases per million person years, as
reported in a US data-based study from 2007 to 2015 [5, 6].
AL amyloidosis arises from a plasma cell disorder where
monoclonal light chains aggregate into amyloid fibrils [5].
These fibrils can infiltrate virtually any organ outside the
central nervous system, manifesting a wide range of clinical
symptoms [5].

The diagnosis of AL amyloidosis is often delayed due to
its non-specific symptoms and clinical overlap with other dis-
orders, such as systemic sclerosis (scleroderma) [7]. The hall-
mark of amyloidosis is the presence of amyloid fibrils, which
can be identified as pink extracellular deposits in the organ
biopsy with hematoxylin and eosin (H&E) stain and by apple-
green birefringence under polarized light on Congo red stain-
ing. However, routine laboratory tests may be inconclusive,
especially in cases where monoclonal proteins are not detected
in a patient’s serum or urine using protein electrophoresis or
immunofixation. The serum free light chain (FLC) assay plays
a critical role in these cases, as around 15% of patients with
primary AL amyloidosis do not exhibit monoclonal protein in
serum or urine electrophoresis [8].

We report a 54-year-old woman with AL amyloidosis who
was initially misdiagnosed as having systemic sclerosis, high-
lighting the diagnostic challenges posed by this condition.

Case Report
Investigations

A 54-year-old woman presented with skin thickening, pruritus,
fatigue, arthralgias, macroglossia, and Raynaud’s phenom-
enon. She had a prior history of ulcerative colitis and rectal
adenocarcinoma that was treated with surgical resection and
chemotherapy. The patient’s arthritis was most pronounced in
the neck, right shoulder, wrists, and fingers, with evidence of
Bouchard and Heberden nodes. The combination of Raynaud’s
phenomenon, skin changes, and arthritis led to a provisional
diagnosis of systemic sclerosis.

Initial serologic testing was negative, including antinu-
clear antibody, scleroderma-specific autoantibodies (Scl-70),
and a panel for other rheumatologic markers (ribonucleopro-
tein, RNA polymerase III, rheumatoid factor, and C-reactive
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protein). A specialized antibody panel (Oklahoma scleroderma
panel from the Oklahoma Medical Research Foundation in
Oklahoma City, OK) was used to screen for antibodies in-
volved in different autoimmune diseases like lupus, mixed con-
nective tissue disease, Sjogren’s syndrome, and scleroderma.
Despite the negative results, there was still clinical suspicion
of systemic sclerosis, so the patient was treated with a variety
of immunosuppressive therapies, including prednisone, meth-
otrexate, mycophenolate mofetil, tocilizumab, and rituximab.
The patient’s symptoms did not improve. As part of the testing
on the first encounter, a serum protein electrophoresis (SPEP)
was obtained, which showed hypogammaglobulinemia with
no identifiable monoclonal protein, but no immunofixation or
FLC assays were performed.

Diagnosis

Two years after receiving the negative test results and fail-
ing to respond to immunosuppression, the patient developed
a rash over the chin described as sclerosis with telangiectasias.
Her new dermatologic findings raised suspicion of advanced
systemic sclerosis, and her immunosuppressive treatment was
continued, with consideration of more aggressive additional
systemic therapy for scleroderma and topical tacrolimus oint-
ment. However, given the patient’s persistent symptoms and
lack of response to immunosuppressive therapy, repeated in-
vestigations were performed. SPEP and serum immunofixation
did not reveal a monoclonal protein. FLCs were also checked
this time; the results showed lambda light chains elevated to
36.58 mg/dL and kappa light chains at 0.5 mg/dL, with an in-
volved to uninvolved light chain ratio of 73 (normal range for
kappa to lambda light chain ratio is 0.26 - 1.65). A subsequent
bone marrow biopsy revealed a plasma cell population com-
prising 30% of the bone marrow cellularity, and in situ hy-
bridization confirmed the plasma cells were lambda light chain
restricted. The Congo red staining of the bone marrow was
negative for amyloidosis. A whole-body magnetic resonance
imaging (MRI) of the patient’s bone marrow supply showed
a partially imaged right distal femoral T2 hyperintense lesion
centered at the physeal scar, which was further characterized
as not being a myeloma-defining bone lesion with contrast-
enhanced MRI of the knee. The patient had no anemia, hyper-
calcemia, or renal injury.

She did not have symptoms of dyspnea on exertion, or-
thopnea, or paroxysmal nocturnal dyspnea, palpitations, chest
pain, or leg swelling. However, due to suspicion of underly-
ing AL amyloidosis, her history of macroglossia, and the
FLC findings, an echocardiogram with strain imaging was
performed. The echocardiogram revealed moderate concen-
tric hypertrophy of the left ventricle, which is consistent with
infiltrative cardiomyopathy and was confirmed with a cardiac
MRI. Pro-B-type natriuretic peptide (Pro-BNP) was measured
as 291 pg/mL, and high-sensitivity troponin was 14 ng/L at
the time. Twenty-four-hour urine protein was slightly elevated
at 331.3 mg/24 h. An endomyocardial biopsy was performed
(Fig. 1) and showed positive staining on Congo red (Fig. 2),
and liquid chromatography/mass spectrometry confirmed AL
amyloidosis. She was thus diagnosed with Mayo stage II AL

Figure 1. Hematoxylin and eosin stain on the patient’s bone marrow
biopsy showing amorphous eosinophilic deposits (black arrow).

amyloidosis [9]. The patient did not have any other symptoms
suggestive of amyloidosis, such as peripheral neuropathy, au-
tonomic dysregulation, hepatosplenomegaly, or bleeding di-
athesis. She was deemed to have a poor prognosis due to bone
marrow involvement with > 10% plasma cells [10].

Treatment and outcomes

She was treated with daratumumab, cyclophosphamide, bort-
ezomib, and dexamethasone as recommended by the AN-
DROMEDA clinical trial [11] with complete hematological
and renal response after six cycles of therapy. She did not have
any cardiac response. She underwent consolidation with a high
dose of melphalan 200 mg/m?, followed by autologous stem
cell rescue. At approximately 1 year and 8 months after au-
tologous stem cell transplantation, she remains on single-agent
daratumumab maintenance therapy in complete hematological
remission. Her prior symptoms completely resolved, including
skin changes. Her arthralgias resolved, and her macroglossia
improved by 50%.

Discussion

We present a middle-aged female who presented with skin
thickening, fatigue, arthritis, and macroglossia. Being initially
diagnosed with systemic sclerosis, her symptoms did not show
any improvement with usual scleroderma-directed therapies.
Two years later, she tested positive for smoldering multiple
myeloma. During the course of underlying multiple myeloma,
12% to 15% of patients manifest clinically evident amyloido-
sis [12]. In a 200-patient-based study done by Vela-Ojeda et al
[13], 34% of patients with multiple myeloma were diagnosed
with amyloidosis eventually; 8% were subclinical cases, 18%
of cases progressed to develop clinical amyloidosis during the
course of the disease, and another 8% had signs and symptoms
of amyloidosis at the time of presentation [13].

Our patient had non-specific mucocutaneous findings
on presentation, which made the diagnosis challenging and
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Figure 2. Native heart endomyocardial biopsy showing mild intramyocardial arterial mural involvement, staining positive for Con-
go red stain under normal light (left; red staining, black arrow) and polarized light (right; apple-green birefringence, white arrow).

delayed. In amyloidosis, skin involvement is seen in 30% to
40% of cases, and the associated symptoms can overlap with
autoimmune conditions like systemic sclerosis, leading to di-
agnostic confusion (Table 1 [14-21]). Cutaneous and mucosal
involvement (Table 2) can lead to amyloidosis being mistaken
for scleroderma [22], since scleroderma shares symptoms of
skin thickening/tightness, Raynaud’s phenomenon, and even
gastrointestinal involvement [23]. However, macroglossia, be-

ing a classical sign, increased the suspicion of amyloidosis in
our patient.

AL amyloidosis has a wide range of clinical presentations
dependent on the organ-specific deposition of amyloid fibrils.
The nature of organ involvement depends on the specific gene
mutations in the light chain region of the immunoglobulins.
These gene mutations cause decreased stability and heightened
protein dynamics, leading to the formation of soluble oligom-

Table 1. Symptoms Observed in Different Organs and Organ Systems for Amyloidosis Compared to Scleroderma

Scleroderma

Amyloidosis

Kidney Nephrotic proteinuria, especially albuminuria

Heart Congestive heart failure. Coronary involvement
with angina, palpitations, syncope, atrial fibrillation
being the most common arrhythmia [15]

Liver Hepatomegaly in the absence of

cardiac involvement (> 15 cm)

Nervous system  Paresthesia

Autonomic nervous system (orthostatic hypotension,
diarrhea, constipation, vomiting, erectile dysfunction)

Scleroderma renal crisis, proteinuria and microalbuminuria,
ANCA-associated glomerulonephritis [14]

Heart failure, coronary vasospasm, cardiomyopathy, ventricular
arrhythmias, pericarditis and pericardial effusion [16]

Primary biliary cirrhosis

Sensory-motor peripheral neuropathy, autonomic
neuropathy (altered vascular tone, altered gastrointestinal
motility, cardiac rhythm irregularities, impotence)

Gastrointestinal ~ Abdominal pain, change of bowel habits, Dysphagia, choking, GERD, gastroparesis, bloating, alternating

system altered gut motility, spontaneous bowel constipation and diarrhea, colonic and small intestinal pseudo-
perforation, and GI bleeding [17] obstruction, small intestinal bacterial overgrowth [18]

Lung Tracheobronchial involvement most common: wheeze, Interstitial lung disease, pulmonary hypertension,

stridor, cough, and recurrent pneumonia [19]

Connective tissue Macroglossia, carpal tunnel syndrome,
and periorbital purpura [20]

alveolar hemorrhage, pleural involvement [18]

Carpal tunnel syndrome, perioral fibrosis,
sublingual frenulum thickening [21]

ANCA: anti-neutrophil cytoplasmic antibody; GERD: gastroesophageal reflux disease; Gl: gastrointestinal.
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Table 2. System-Specific Symptoms of Amyloidosis Compared to Scleroderma

Scleroderma

Amyloidosis

Skin Smooth and hyperpigmented papules.
Hemorrhagic bullae and dissecting hematomas.
Ecchymosis and purpura. Blue skin tint.

Nails Nail dystrophy. Chronic paronychia. Palmo

digital swelling and induration.

Mucous membranes
induration. Hemorrhagic mucosal bullae.

Macroglossia. Enlarged salivary glands. Tongue

Skin hyperpigmentation or depigmentation.
Telangiectasias. Degos like lesions. Digital
tip ulcers and/or pitting at the fingertips.

Nail fold telangiectasia. Longitudinal ridging.

Oral mucosa atrophy and ulcers. Tongue rigidity.

ers and amyloid fibrils. For example, the germline gene LV6-
57 is more prone to involve the kidneys, whereas LV/-44 has a
predilection for heart involvement [24].

Another important aspect of our case was that the delay
in diagnosis could have been minimized by a comprehensive
approach to diagnosis. In addition to overlapping symptoms
making diagnosis difficult, standard laboratory tests may fail to
detect monoclonal proteins in up to 50% of amyloidosis cases
[9]. This underscores the importance of employing serum FLC
assays, especially in cases with abnormal clinical features and
unexplained laboratory results. When there is suspicion of amy-
loidosis, the initial work-up should include labs like serum FLC
assay, SPEP, and serum immunofixation. Cardiac involvement
should be investigated with high-sensitivity troponin, N-termi-
nal pro-BNP, and echocardiography with strain imaging. A car-
diac MRI can also be considered. In case of an M (monoclonal
protein) spike or abnormal FLC ratio, bone marrow biopsy and/
or abdominal fat pad aspiration should be done with Congo red
staining. If negative, and amyloidosis suspicion persists, an or-
gan biopsy should also be performed, as bone marrow and fat
pad biopsy can be negative in 20% of cases [25].

Once the diagnosis of systemic amyloidosis has been es-
tablished, the next step is to type the amyloid by determining
the amyloid protein involved. Mass spectrometry-based pro-
teomic analysis of subcutaneous fat pad aspirates, which has
a sensitivity of 88%, a specificity of 96%, and an accuracy of
91%, is used to analyze and classify the formalin-fixed paraf-
fin-embedded tissues [26].

The prognosis of AL amyloidosis is significantly affected
by cardiac involvement, and hence, the disease is staged based
on the value of pro-BNP, troponin T, and the difference be-
tween involved and uninvolved FLC [27]. Approximately 50%
of patients present with heart failure symptoms, such as dysp-
nea, orthopnea, and edema. In this case, the absence of overt
cardiac symptoms initially delayed the suspicion of amyloi-
dosis, further complicating the diagnostic process. However,
the persistence of macroglossia, an unusual but characteristic
feature of amyloidosis, prompted further investigation and led
to the correct diagnosis.

Diagnosing AL amyloidosis requires a high degree of clin-
ical suspicion, especially in patients with nonspecific, progres-
sive symptoms. Once amyloidosis is suspected, tissue biopsy
remains the gold standard for diagnosis, with Congo red stain-
ing being highly specific for amyloid deposits. In cases where
monoclonal proteins are not detectable, mass spectrometry-
based proteomics can be used to definitively type the amyloid

and guide appropriate treatment.
Learning points

This case illustrates the diagnostic complexity of amyloido-
sis and emphasizes the importance of considering this rare
condition in the differential diagnosis of patients presenting
with systemic symptoms, particularly when autoimmune and
rheumatologic etiologies have been inconclusive. Macroglos-
sia is highly suggestive of AL amyloidosis. In patients with
suspected systemic amyloidosis, a multidisciplinary approach
involving hematology, cardiology, and neurology is required
for timely diagnosis and management with a comprehensive
diagnostic approach, including FLC assays, bone marrow bi-
opsy, and cardiac imaging. Increased clinical awareness of
amyloidosis in patients with overlapping features of systemic
sclerosis may prevent delayed diagnoses, reduce morbidity,
and improve patient outcomes.
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