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The following fictional case is intended as a learning tool within the Pathology Competencies for Medical Education (PCME), a set of national
standards for teaching pathology. These are divided into three basic competencies: Disease Mechanisms and Processes, Organ System Pathology,
and Diagnostic Medicine and Therapeutic Pathology. For additional information, and a full list of learning objectives for all three competencies,
see https://www.journals.elsevier.com/academic-pathology/pathology_competencies-for-medical-education-pcme.1
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Primary objective normal, and muscle strength is 5/5 in all groups. The patient weighs 15
Objective HWC3.7: Multiple Myeloma: Describe the clinicopathologic
features of multiple myeloma in terms of clinical presentation, laboratory
findings, radiologic findings, histologic features, and prognosis.

Competency 2: Organ System Pathology; Topic: Hematopathology –

White Cell Disorders, Lymph Nodes, Spleen, and Thymus (HWC);
Learning Goal 3: Classification of Leukemia and Lymphomas.

Patient presentation

A 71-year-old man presents to the clinic with his wife for an annual
check-up. He reports a four-month history of fatigue and recurrent upper
respiratory infections. His wife has noticed that he has become somewhat
forgetful in the past year. The patient reports no episodes of fevers or
nausea and no significant decrease in muscle strength. He does note he
has had recent pain in the skull and neck. The patient has no history of
trauma and is not taking any medications. The patient is a former smoker
with a 12-pack-year history, has been retired for 6 years, and lives with
his wife.

Diagnostic findings, Part 1

The patient is afebrile and appears tired. On physical exam, the pa-
tient's neck and skull are tender to palpation. The neurological exam is
Corresponding author. Department of Pathology, University of Maryland Medica
E-mail address: nathan.williams@umm.edu (N. Williams).
Current address of N.W., Department of Pathology, University of Maryland Med

ps://doi.org/10.1016/j.acpath.2024.100117
ceived 6 May 2022; Received in revised form 4 February 2024; Accepted 19 Febr
SN2374-2895/© 2024 Published by Elsevier Inc. on behalf of Association of Pathol
ativecommons.org/licenses/by-nc-nd/4.0/).
pounds less than he did at his last check-up 12 months ago.

Questions/discussion points, Part 1

What is considered in the differential diagnosis? What basic set
of tests should be ordered for this patient and why?

In a patient with weight loss, fatigue, recurrent infections, and bone
pain, the differential is broad. One might consider a lymphoma, a chronic
leukemia, or metabolic carcinoma to the bone in the setting of these
symptoms. Chronic infections, autoimmune disorders, and endocrine
abnormalities may also be included in the differential diagnosis for this
patient.

In this patient, a complete blood count (CBC) with differential is a
useful tool as it can help identify leukemias, anemia, chronic in-
fections, and, in rare cases, lymphomas that may be causing this pa-
tient's symptoms. A basic metabolic panel (BMP) and urinalysis
should also be ordered to help detect metabolic derangements that
may be caused by various malignancies or endocrine abnormalities. A
peripheral blood smear is also helpful to evaluate for leukemias, other
marrow disorders, certain infections, or abnormalities in the red
blood cells (RBCs) or platelets. An X-ray of the skull would also be
helpful to investigate the etiology of the patient's atraumatic skull and
neck pain.
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Fig. 1. The red blood cells in the peripheral blood smear show marked rouleaux
formation (Wright Giemsa, 50x).
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Diagnostic findings, Part 2

The lab results, peripheral blood smear, and skull X-ray return.

Questions/discussion points, Part 2

Please evaluate the laboratory results shown in Table 1.
From the CBC, the patient has a normocytic, normochromic anemia.

This finding has several potential etiologies, including but not limited to
chronic infection and/or inflammation, bleeding, hemolysis, early stages
of nutritional deficiency, dysfunction of the liver, kidney, bone marrow,
or endocrine organs, and systemic disease. The BMP shows an elevated
creatinine, and the urinalysis shows proteinuria and cloudy urine. Each
of these findings suggests an ongoing problem with the kidney.

Describe the findings on the peripheral smear. What causes this
phenomenon?

The abnormal finding that is seen in this peripheral smear (Fig. 1) is
rouleaux formation or long chains of stacked RBCs. Rouleaux formation
is caused by an increase in plasma proteins, such as fibrinogen and
immunoglobulins.2 These proteins negate the normally repelling nega-
tive charges on the RBC membranes and allow them to interact and
stack on one another. Fibrinogen and other acute-phase reactants can be
increased in several acute and chronic infections, as well as connective
Table 1
Patient laboratory results.

Test Result Flag Units Reference interval

CBC with differential
WBC 5.8 x103/uL 4.0–10.5
RBC 3.8 ▾ x106/uL 4.1–5.6
Hemoglobin 9.6 ▾ g/dL 12.5–17.0
Hematocrit 34.9 ▾ % 36.0–50.0
MCV 88 fL 80–100
MCH 29.6 pg 27.0–34.0
MCHC 34.7 g/dL 32.0–36.0
RDW 13.5 % 11.7–15.0
Platelets 156 x103/uL 140–415
Neutrophils 62 % 40–74
Lymphocytes 28 % 14–46
Monocytes 6 % 4–13
Eosinophils 3 % 0–7
Basophils 1 % 0–3
Immature
Granulocytes

0 % 0–1

Basic metabolic panel
BUN 18 mg/dL 7–20
CO2 24 mmol/L 23–29
Creatinine 2.3 ▴ mg/dL 0.7–1.3
Glucose 80 mg/dL 64–100
Chloride 101 mmol/L 96–106
Potassium 3.9 mEq/L 3.7–5.2
Sodium 140 mEq/L 136–144
Calcium 14.4 ▴ mg/dL 8.5–10.2

Routine Urinalysis
Appearance Cloudy ! Clear
Color Yellow Colorless, straw,

yellow
Specific Gravity 1.012 1.005–1.030
Glucose Not

detected
mg/dL Not detected

Blood Not
detected

mg/dL Not detected

pH 5.5 5.0–8.0
Protein 20 ▴ mg/dL Not detected
Leukocytes Not

detected
WBC/
uL

Not detected

▴ ¼ elevated value. ▾ ¼ low value. ! ¼ abnormal.
Abbreviations: BUN ¼ blood urea nitrogen; MCH ¼ mean corpuscular hemo-
globin; MCHC ¼ mean corpuscular hemoglobin concentration; MCV ¼ Mean
corpuscular volume; RDW¼ red cell distribution width; WBC¼white blood cell.
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tissue diseases, chronic liver disease, and cancer. The primary and most
concerning cause of increased immunoglobulins to a level sufficient to
cause rouleaux is a plasma cell neoplasm, but increased plasma im-
munoglobulins can also be associated with chronic inflammatory dis-
orders, autoimmune disorders, or some B-cell lymphomas. Rouleaux
formation can also artificially appear on a peripheral smear when the
slide is prepared poorly or when the slide is viewed in a thickened area
(i.e., not in the monolayer, where peripheral smear analysis should be
performed).3

Describe the findings on the X-ray. What entities can cause this
radiologic finding and how might this relate to the findings of the
lab work?

This X-ray demonstrates multiple well-circumscribed, round, lytic
bone lesions in the skull and cervical spine (Fig. 2). Tumors and tumor-
Fig. 2. X-ray image of the skull and cervical spine in the sagittal view, showing
multiple lytic lesions.



J.P. Givi et al. Academic Pathology 11/2 (2024) 100117
like conditions can form osteolytic bone lesions. This includes metastatic
cancer to bone, multiple myeloma (MM), Ewing sarcoma, osteosarcoma,
osteoblastoma, chondroblastoma, enchondroma, giant cell tumors,
fibrous dysplasia, bone cysts, osteomyelitis, bone infarcts, and more.4

Regardless of the etiology, this finding indicates that there is an ongoing
imbalance between bone formation and resorption, which may be the
cause of this patient's hypercalcemia.
What is the current differential diagnosis? What minimally
invasive tests could be ordered next? Please describe these tests

The most common malignant lesion of bone is metastasis from
another site, so this should always be considered when discussing
atraumatic bone lesions. Primary bone tumors also remain on the dif-
ferential diagnosis. However, MM is currently the most likely
diagnosis as this would explain the patient's symptoms, abnormal lab
results, rouleaux formation, and lytic lesions seen on the X-ray.

Serum protein electrophoresis (SPEP) and urine protein electropho-
resis (UPEP) are non-invasive tests that can be done to identify disorders
of serum or urine protein and could further support the suspicion of MM.
In these tests, serum or urine is placed on a specific medium and a charge
is applied; the net charge and size/shape of proteins allows for differ-
entiation of the various serum/urine proteins. SPEP/UPEP can detect
many patterns of protein abnormalities in the blood and urine. For
example, abnormal SPEP studies can demonstrate changes in protein
fractions that correlate with acute or chronic inflammation, protein loss
or deficiency, and mixed disorders (e.g., acute inflammatory response
superimposed on a renal loss pattern, as seen in acutely ill inpatients);
UPEP studies can demonstrate patterns of proteinuria (e.g., glomerular
versus tubular loss patterns).5

These tests could also detect the presence of an abnormal immu-
noglobulin called an M protein. The presence of a homogeneous M
Fig. 3. Results of serum protein electrophoresis (SPEP) are portrayed above. A. Norm
patient, with the M spike protein highlighted. C. Immunosubtraction study done to typ
with no added antisera (this is overlaid in the other panes); IgG antisera–treated s
sera–treated specimen (blue); kappa light-chain antisera–treated specimen (blue); an

3

protein, indicated by an “M spike” on SPEP/UPEP, indicates a mono-
clonal gammopathy.5 Monoclonal gammopathies are a group of ma-
lignant and potentially malignant disorders characterized by a
proliferation of clonal plasma cells that produce large amounts of
identical M protein. In the presence of an M spike, immunofixation
electrophoresis (IFE) can be performed to identify the specific type of
immunoglobulin creating the M spike. Following electrophoresis, this
technique uses immunoglobulin antisera specific to each type of
immunoglobulin found in the blood, including both heavy (IgG, IgA,
IgM, etc.) and light chains (kappa and lambda), to detect abnormal
levels of a specific type of immunoglobulin and further classify the
serum or urine protein abnormality.

A free light-chain assay can also be performed to measure the amount
of kappa and lambda light immunoglobulin chains that are unbound to
heavy chains in the serum. Abnormal serum kappa to lambda free light-
chain ratios indicate an excessive production of one of these proteins.

Diagnostic findings, Part 3

An SPEP was performed with results, as shown in Fig. 3B and
immunosubtraction shown in Fig. 3C. A reference normal sample for
comparison is shown in Fig. 3A.

Questions/discussion points, Part 3

Interpret the findings of the SPEP and immunosubtraction studies
shown (Fig. 3B and C). In what conditions could this be seen?

Typically, an SPEP will demonstrate a polyclonal field of immuno-
globulins in the gamma region (Fig. 3A), which composes approximately
10–20% of total protein density. This SPEP (Fig. 3B) shows a dense M
protein where the typical polyclonal gamma region should be (arrow). M
al SPEP, with expected fraction concentrations and delimiters. B. Results of this
e and confirm the M protein. Clockwise from top-left: Reference tracing (yellow)
pecimen (blue); IgA antisera–treated specimen (blue); lambda light-chain anti-
d IgM antisera–treated specimen (blue).
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proteins can be seen in different monoclonal gammopathies; these
include monoclonal gammopathy of undetermined significance (MGUS),
Waldenstr€om macroglobulinemia, plasmacytoma, smoldering multiple
myeloma (SMM), and MM.

The associated serum immunosubtraction study (Fig. 3C) confirms
the M protein as an IgG kappa–specific monoclonal immunoglobulin,
owing to the difference between the reference tracing and the antisera
lanes (i.e., the subtraction obtained from antisera complexing with the
involved heavy and light chains, respectively, which removes them from
the viewing pane). Lacking subtraction in the uninvolved panes (IgA,
IgM, lambda light chain) is consistent with suppression of polyclonal
immunoglobulin production.

MM is a plasma-cell neoplasm diagnosed by the presence of clonal
bone marrow plasma cell percentage of �10%, with at least one
myeloma-defining event. Myeloma-defining events include end-organ
damage attributable to plasma-cell proliferative disorder, manifesting
as hypercalcemia, renal insufficiency, anemia, or bone lesions (the so-
called CRAB symptoms). If CRAB symptoms are not present, the finding
of at least one biomarker of malignancy can instead be used to reach the
diagnosis of MM. These biomarkers include a clonal bonemarrow plasma
cell percentage of �60%, involved-to-uninvolved serum-free light-chain
ratio of �100 (i.e., ratio of the amount of monoclonal light chain to the
polyclonal light chain), or >1 focal bone lesion at least 5 mm in size on
magnetic resonance imaging (MRI).6

MGUS is typically discovered unexpectedly during SPEP and is
defined as the presence of M protein at a concentration of <30g/L, with
less than 10% plasma cells in bone marrow biopsy and an absence of
CRAB symptoms. MGUS affects 3–4% of individuals over age 50 and is
considered an obligate precursor to MM; the risk of progression to MM is
approximately 1% per year.6

SMM also shows an M protein on SPEP and is similar to MGUS in its
lack of clinical manifestations but is more likely to progress to symp-
tomatic myeloma; progression to MM is 10% per year for the first 5 years,
3% per year for the subsequent 5 years, and 2% per year for the 5 years
following.6 Diagnostic criteria for SMM are 10–59% clonal plasma cells
in the bonemarrow and/or M protein at myeloma levels, with an absence
of myeloma-defining events.

Plasmacytomas, which are single localized tumors of monoclonal
plasma cells, are also capable of producing an M spike.

Waldenstr€om macroglobulinemia is a clinical syndrome associated
with bonemarrow involvement by lymphoplasmacytic lymphoma and an
IgM monoclonal gammopathy of any concentration. The bone marrow
infiltrate is composed of small lymphocytes mixed with variable numbers
of plasma cells, plasmacytoid lymphocytes, and often with increased
mast cells.7
Fig. 4. Bone marrow examination findings are shown here. A. 50x image of aspirate w
CD138, an immunohistochemical stain for plasma cells.
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Diagnostic findings, Part 4

Given the clinical, laboratory, and radiologic findings, a bone marrow
biopsy is performed and is shown in Fig. 4.

Questions/discussion points, Part 4

Describe the findings of the bone marrow biopsy. What is the
diagnosis? How does this relate to the CBC, urinalysis, and other
lab findings?

The bone marrow aspirate in Fig. 4A shows a higher-than-expected
prevalence of plasma cells. The bone marrow biopsy (Fig. 4B) also demon-
strates an expanded plasma cell population making up � 10% of total
marrow cells. This is evidenced by bothmorphology and immunoreactivity
to CD138, a plasma cell marker (Fig. 4C). This finding, along with the
clinical presentation, is adequate to diagnose the patient with MM. Leuko-
penia, thrombocytopenia, and anemia are commonly seen in the CBCs of
patients with MM. This is caused by themonoclonal plasma cell population
crowding the bone marrow and hindering the production of other bone
marrow precursors.7 As MM stimulates osteoclasts to resorb bone, this
diagnosis also explains the x-ray findings and the patient's hypercalcemia.

The excessive production of monoclonal immunoglobulin by this
plasma cell population leads to free light-chain circulation in the serum.
This excess free light-chain is eventually excreted in the urine as Bence
Jones protein, named after the British pathologist who first described it,
causing proteinuria in this patient. Deposition of this protein in the
kidney tubules is toxic and can eventually cause renal failure, as indi-
cated by the patient's increased creatinine levels.8

Describe the biology and epidemiology of MM. Are there any
populations who are at increased risk of developing MM?

The pathogenesis of MM is complex and involves an interaction be-
tween inherited and acquired genetic changes and environmental factors,
including the microenvironment of the bone marrow. Chromosomal
translocations that occur during aberrant class-switch recombination and
lead to oncogene overexpression are thought to be early events in the
disease process, with additional mutations in different pathways that
cause derangement of the plasma cells.9 Most cases of MM have detect-
able genetic abnormalities; one commonly seen mutation is a trans-
location involving the IGH gene.10,11

MM is responsible for 1% of all malignant tumors, 10–15% of he-
matopoietic neoplasms, and 20% of deaths from hematopoietic malig-
nancies; this equates to approximately 26,000 cases and over 11,000
/Wright–Giemsa stain; B. 40x image of core biopsy of H&E stain; C. 4x image of
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deaths per year in the United States.12 It has a slightly higher incidence in
males and is nearly twice as frequent in individuals of African descent.
The incidence also increases with age; >90% of cases occur in patients
with �50 years of age, and the average age of diagnosis is 69 years.6,13

Why are patients with MM at an increased risk of infection?

These patients are immunocompromised on several levels. First, B-
cell differentiation is suppressed, leading to hypogammaglobulinemia.10

The immunoglobulins that are produced by the clonal plasma cell pop-
ulation are identical and have no immunological function. Dysfunction of
T cells, dendritic cells, and NK cells can also occur. The cause of this
dysfunction is unclear but is believed to be due in part to an immuno-
logically hostile microenvironment in the bone marrow that is created by
the myeloma cells through a variety of molecular cytokines.14 Addi-
tionally, extensive marrow infiltration by the myeloma cells can over-
crowd the marrow, causing neutropenia and lymphocytopenia. MM
significantly hinders components of the adaptive and innate immune
system, predisposing patients, who are generally older and have weaker
immune systems at baseline, to infection. Finally, patients become even
more immunosuppressed by chemotherapeutic treatments; the risk of
infection is the highest in the first three months after diagnosis when
chemotherapy is begun.

What other complications are seen in patients with MM?

The excess monoclonal immunoglobulin from MM can cause primary
or light chain (AL) amyloidosis by depositing in a variety of organs
including the liver, spleen, kidney, heart, blood vessels, and joints.15

Amyloidosis can cause a variety of complications depending on the or-
gan(s) affected. This includes hepatosplenomegaly and acute liver failure,
splenic rupture, kidney failure, restrictive cardiomyopathy, arrhythmia,
macroglossia, and more.16–20 Amyloid protein deposition can be visual-
ized on biopsy of the affected organ; histologically, the specimen will
show apple-green birefringence of amyloid on Congo red staining under
polarized light on histology.

An additional complication is hyperviscosity syndrome. The high
levels of monoclonal protein in the blood cause it to thicken and prevent
normal flow through small vessels.21 Symptoms occur due to decreased
organ perfusion; common symptoms include abnormal bleeding, chest
pain, shortness of breath, headache, visual disturbances, and seizure.
Hyperviscosity also raises one's risk of developing a thrombus, or blood
clot, and patients are therefore prone to deep-vein thrombosis, pulmo-
nary embolism, and stroke. Hyperviscosity syndrome is not restricted to
MM; patients with profound increases in any circulating immunoglobulin
may also exhibit signs and symptoms, and it is most common in Wal-
denstrom macroglobulinemia associated with an IgM monoclonal
protein.

What is the treatment and life expectancy of patients with
multiple myeloma? What is the most common cause of death?

A number of different treatment options have been developed for
patients with MM. This includes hematopoietic stem-cell transplant
(HSCT), chemotherapy, immunomodulatory therapy, monoclonal anti-
bodies, proteasome inhibitors, and chimeric antigen receptor T-cell
therapy.22

To determine the treatment regimen and eligibility for HSCT, patients
are stratified based on disease risk. Variables that guide stratification
include host factors, tumor stage, presence or absence of certain prog-
nostic cytogenetic abnormalities, and response to therapy. Patients who
are at standard or intermediate risk are eligible for HSCT therapy once
induction therapy is completed. Transplant-ineligible patients undergo
additional cycles of chemotherapy.19

Unfortunately, even with HSCT, MM is considered incurable. The life
expectancy for patients depends largely on the severity of symptoms and
5

complications, with survival ranging from <6 months to >10 years after
diagnosis.23 Generally speaking, younger patients who have fewer
comorbidities tend to have a favorable prognosis over older patients with
concomitant diseases. Overall, the five-year survival rate is approxi-
mately 35%.24

Given the immunosuppression, the leading cause of death in MM is
infection.25,26 Pneumonia and urinary tract infections are the most
common types of infection, and Streptococcus pneumonia, Haemophilus
influenzae, and Escherichia coli are the most common infectious organisms
in these patients.18

Teaching points

� MM is a systemic disease caused by a clonal bone marrow plasma cell
population. It is diagnosed when a clonal plasma cell percentage of
�10% in the bone marrow is seen in conjunction with CRAB symp-
toms, which include the following:
o C: Hypercalcemia
o R: Renal insufficiency
o A: Anemia
o B: Osteolytic bone lesions

� A variety of clinical tests are used in the diagnosis of MM, including
urinalysis, CBC, peripheral blood smear evaluation, radiographic
imaging, bone marrow biopsy, and electrophoresis (SPEP, IFE, and
UPEP). Biopsies of other organs, including the kidney and heart, can
reveal amyloidosis caused by the excessive immunoglobulins pro-
duced by the clonal plasma cell population.

� MGUS and SMM are premalignant conditions that can transform to
MM. These conditions also display an M protein on SPEP but have a
smaller monoclonal plasma cell population in the bone marrow and/
or have no CRAB symptoms.

� The most common cause of death for patients with MM is an
infection as MM severely compromises the immune system. Treat-
ment depends on disease risk and commonly includes HSCT therapy
and chemotherapy.
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