714

PART 7

Figure 136-5 Bony lesions in multiple myeloma. The skull demonstrates the typical “punched out” lesions characteristic of multiple
myeloma. The lesion represents a purely osteolytic lesion with little
or no osteoblastic activity. (Courtesy of Dr. Geraldine Schechter; with
permission.)
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of patients will have a serious infection at some time in their course.
The susceptibility to infection has several contributing causes. First,
patients with myeloma have diffuse hypogammaglobulinemia if the
M component is excluded. The hypogammaglobulinemia is related
to both decreased production and increased destruction of normal
antibodies. Moreover, some patients generate a population of circulating regulatory cells in response to their myeloma that can suppress
normal antibody synthesis. In the case of IgG myeloma, normal IgG
antibodies are broken down more rapidly than normal because the
catabolic rate for IgG antibodies varies directly with the serum concentration. The large M component results in fractional catabolic rates
of 8–16% instead of the normal 2%. These patients have very poor
antibody responses, especially to polysaccharide antigens such as those
on bacterial cell walls. Most measures of T-cell function in myeloma
are normal, but a subset of CD4+ cells may be decreased. Granulocyte
lysozyme content is low, and granulocyte migration is not as rapid
as normal in patients with myeloma, probably the result of a tumor
product. There are also a variety of abnormalities in complement functions in myeloma patients. All these factors contribute to the immune
deficiency of these patients. Some commonly used therapeutic agents,
e.g., dexamethasone, suppress immune responses and increase susceptibility to bacterial and fungal infection, and bortezomib predisposes
to herpesvirus reactivation.
Renal failure occurs in nearly 25% of myeloma patients, and some
renal pathology is noted in more than 50%. Many factors contribute
to this. Hypercalcemia is the most common cause of renal failure.
Glomerular deposits of amyloid, hyperuricemia, recurrent infections,
frequent use of nonsteroidal anti-inflammatory agents for pain control, use of iodinated contrast dye for imaging, bisphosphonate use,
and occasional infiltration of the kidney by myeloma cells all may
contribute to renal dysfunction. However, tubular damage associated
with the excretion of light chains is almost always present. Normally,
light chains are filtered, reabsorbed in the tubules, and catabolized.
With the increase in the amount of light chains presented to the tubule,
the tubular cells become overloaded with these proteins, and tubular
damage results either directly from light chain toxic effects or indirectly from the release of intracellular lysosomal enzymes. The earliest
manifestation of this tubular damage is the adult Fanconi’s syndrome
(a type 2 proximal renal tubular acidosis), with loss of glucose and
amino acids, as well as defects in the ability of the kidney to acidify
and concentrate the urine. The proteinuria is not accompanied by
hypertension, and the protein is nearly all light chains. Generally, very
little albumin is in the urine because glomerular function is usually
normal. When the glomeruli are involved, nonselective proteinuria
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is also observed. Patients with myeloma also have a decreased anion
gap [i.e., Na+ – (Cl− + HCO3−)] because the M component is cationic,
resulting in retention of chloride. This is often accompanied by hyponatremia that is felt to be artificial (pseudohyponatremia) because each
volume of serum has less water as a result of the increased protein.
Renal dysfunction due to light chain deposition disease, light chain
cast nephropathy, and amyloidosis is partially reversible with effective
therapy. Myeloma patients are susceptible to developing acute renal
failure if they become dehydrated.
Normocytic and normochromic anemia occurs in ~80% of myeloma
patients. It is usually related to the replacement of normal marrow by
expanding tumor cells, to the inhibition of hematopoiesis by factors
made by the tumor, to reduced production of erythropoietin by the
kidney, and to the effects of long-term therapy. In addition, mild
hemolysis may contribute to the anemia. A larger than expected fraction of patients may have megaloblastic anemia due to either folate or
vitamin B12 deficiency. Granulocytopenia and thrombocytopenia are
rare except when therapy-induced. Clotting abnormalities may be seen
due to the failure of antibody-coated platelets to function properly; the
interaction of the M component with clotting factors I, II, V, VII, or
VIII; antibody to clotting factors; or amyloid damage of endothelium.
Deep venous thrombosis is also observed with use of thalidomide,
lenalidomide, or pomalidomide in combination with dexamethasone.
Raynaud’s phenomenon and impaired circulation may result if the M
component forms cryoglobulins, and hyperviscosity syndromes may
develop depending on the physical properties of the M component
(most common with IgM, IgG3, and IgA paraproteins). Hyperviscosity
is defined based on the relative viscosity of serum as compared with
water. Normal relative serum viscosity is 1.8 (i.e., serum is normally
almost twice as viscous as water). Symptoms of hyperviscosity occur at
a level greater than 4 centipoise (cP), which is usually reached at paraprotein concentrations of ~40 g/L (4 g/dL) for IgM, 50 g/L (5 g/dL) for
IgG3, and 70 g/L (7 g/dL) for IgA; however, depending on chemical
and physical properties of the paraprotein molecule, it can occasionally
be observed at lower levels.
Although neurologic symptoms occur in a minority of patients, they
may have many causes. Hypercalcemia may produce lethargy, weakness, depression, and confusion. Hyperviscosity may lead to headache,
fatigue, shortness of breath, exacerbation or precipitation of heart
failure, visual disturbances, ataxia, vertigo, retinopathy, somnolence,
and coma. Bony damage and collapse may lead to cord compression,
radicular pain, and loss of bowel and bladder control. Infiltration of
peripheral nerves by amyloid can be a cause of carpal tunnel syndrome
and other sensorimotor mono- and polyneuropathies. Neuropathy
associated with monoclonal gammopathy of undetermined significance (MGUS) and myeloma is more frequently sensory than motor
neuropathy and is associated with IgM more than other isotypes. In
>50% of patients with neuropathy, the IgM monoclonal protein is
directed against myelin-associated globulin (MAG). Sensory neuropathy is also a side effect of thalidomide and bortezomib therapy.
Many of the clinical features of myeloma, e.g., cord compression,
pathologic fractures, hyperviscosity, sepsis, and hypercalcemia, can
present as medical emergencies. Despite the widespread distribution of
plasma cells in the body, tumor expansion is dominantly within bone
and bone marrow and, for reasons unknown, rarely causes enlargement of spleen, lymph nodes, or gut-associated lymphatic tissue.
DIAGNOSIS AND STAGING
The diagnosis of myeloma requires marrow plasmacytosis (>10%), a
serum and/or urine M component, and end organ damage detailed
in Table 136-1. Bone marrow plasma cells are CD138 and either
monoclonal kappa or lambda light chain positive. The most important
differential diagnosis in patients with myeloma involves their separation from individuals with MGUS or smoldering multiple myeloma
(SMM). MGUS is vastly more common than myeloma, occurring
in 1% of the population older than age 50 years and in up to 10%
of individuals older than age 75 years. The diagnostic criteria for
MGUS, SMM, and myeloma are described in Table 136-1. Although
~1% of patients per year with MGUS go on to develop myeloma, all
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