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Preface

The past decade has witnessed unprecedented advances in the
understanding of monoclonal gammopathies, driven both by the
availability of new therapeutic agents as well as a better under-
standing of the biology of plasma cell disorders. While the focus in
the field has been on multiple myeloma, its diagnosis, risk strati-
fication, and therapies, we have also made significant progress in
understanding the less common monoclonal gammopathies. Many
of the lessons that we have learned in the context of multiple
myeloma have widespread application for the less common plasma
cell disorders. With testing for monoclonal proteins becoming
more commonplace and the introduction of serum free light chain
assay, allowing for detection of monoclonal proteins previously
missed on traditional serum protein electrophoresis, monoclonal
gammopathy and associated disorders are increasingly being
diagnosed.

While there are numerous publications in the area of multiple
myeloma, very few review articles and book chapters are dedicated
to the less common plasma cell disorders. This is a rapidly
expanding area with more sensitive diagnostic technology, such as
mass spectrometry, allowing us to identify small amounts of pro-
tein hitherto not appreciated by the conventional diagnostic assays.
Other advances in technology, such as next-generation sequencing
as well as highly sensitive multiparameter flow cytometry, have
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contributed to our ability to detect and diagnose these rare plasma
cell disorders. Not only has the ability to detect the small plasma
cell clones been enhanced through these technologies, we have also
become more aware of the various disease associations and the
potential contribution of the monoclonal protein to disease mani-
festations. This is particularly relevant in the context of many
uncommon renal disorders that were not previously associated with
monoclonal proteins.

We have brought together many of the renowned experts in this
field with the intent of developing a state-of-the-art reference that
will allow clinicians and scientists to get a better understanding
of these uncommon disorders. We have dedicated individual
chapters to each of these disorders, with each chapters outlining
what is currently known about the pathophysiology of these dis-
orders as well as the common treatment approaches. We hope that
the information in this book will not only help guide management
of the patient in the clinic, but also form the basis for future studies
related to these disorders. We sincerely hope that you will find this
book to be a great addition to the literature in the field and a
constant guide in your daily practice.

Chicago, USA Todd M. Zimmerman, MD
Rochester, USA Shaji K. Kumar, MD
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Chapter 1
Plasma Cell Leukemia

Wilson I. Gonsalves, MD and Shaji K. Kumar, MD

Introduction

Plasma cell dyscrasias account for roughly 10 % of all hematologic
malignancies [1]. There is a wide spectrum of plasma cell neo-
plasms that includes monoclonal gammopathy of undetermined
significance (MGUS), smoldering myeloma (SMM), multiple
myeloma (MM), and plasma cell leukemia (PCL) in the order of
increasing malignant potential and aggressiveness. While circu-
lating clonal plasma cells (PCs) can be seen in all stages including
MGUS, they generally make up only a small fraction of the
peripheral blood cells, with most of the clonal PCs are limited to
the bone marrow. PCL on the other hand is characterized by the
presence of a significant number of circulating clonal PCs. The first
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case of PCL was described in 1906 by Gluzinski and Reichenstein
[2]. However, it was not until 1974 that Kyle et al. defined it as the
presence of more than 20 % PCs in the peripheral blood or an
absolute PC count in the peripheral blood of greater than 2.0 × 109

cells/L [3, 4]. Primary PCL (pPCL) refers to those cases that
originate de novo with no prior history of MM, whereas secondary
PCL (sPCL) refers to cases where patients with a prior history of
MM develop a leukemic phase of their MM.

Epidemiology

PCL is relatively rare and accounts for less than 5 % of all plasma
cell neoplasms. In the United States, PCL has been estimated to
have an incidence of 0.04–0.05/100,000 [5]. pPCL accounts for
majority of the PCL cases (60–70 %) and sPCL being the
remainder of cases [6]. sPCL occurs as a progressive event of the
disease in 1–4 % of patients with MM [5]. However, with the
improvement in survival experienced by patients with MM, many
are living long enough to have their MM transform into sPCL [5,
7]. The median time for MM to evolve into sPCL has been reported
as 21 months [8]; however, this is likely increasing given the
incorporation of novel agent therapies in the upfront management
of MM that have provided longer durations of disease control.

Clinical Characteristics

Given the lack of prospective clinical data, most information
regarding the clinical presentation of pPCL and sPCL is derived
from retrospective single-institution series [8–15]. Patients with
pPCL tend to be younger in age with the median age of diagnosis
of 55 years compared with 71 years in MM and sPCL [8]. pPCL
may be more prevalent in African Americans than Caucasians or
Asian–Pacific Islanders [16]. Patients with pPCL tend to have a
higher predisposition to developing extramedullary disease such as
hepatomegaly, splenomegaly, lymphadenopathy, pleural effusions,
neurological deficits secondary to central nervous system

2 W.I. Gonsalves, MD and S.K. Kumar, MD



involvement, and soft tissue plasmacytomas [15]. They also tend to
have more light chain-only secreting disease and higher amounts of
bone marrow involvement leading to anemia and thrombocytope-
nia [7, 11]. pPCL patients are more likely to present with elevated
LDH, increased β2-microglobulin, renal insufficiency, and hyper-
calcemia [14, 17]. However, extensive lytic bone lesions are more
common in patients with MM and sPCL [8]; the latter likely
because it is the terminal stage of preexistent MM. Extramedullary
involvement is less common in sPCL than pPCL [8, 9]. Finally,
even though patients with sPCL often present with renal insuffi-
ciency, it is still more common in pPCL than sPCL [16].

Pathological Characteristics

Morphology

The morphology of clonal PCs present in the bone marrow core
biopsy and aspirate of patients with either pPCL or sPCL can be
similar to those seen in MM but at times may appear more immature
or plasmablastic. The infiltration of the clonal PCs is diffuse and
typically disrupts normal hematopoiesis [8, 18]. In most patients
with pPCL or sPCL, the peripheral blood typically has a
leuko-erythroblastic picture [8, 18]. Identification of the sine qua
non circulating clonal PCs in the peripheral blood is difficult by
light microscopy alone as it is hard to differentiate them from cir-
culating clonal lymphocytes and typically warrants immunophe-
notypic analysis via flow cytometry.

Immunophenotype

There are several similarities and differences between the
immunophenotype markers present on the clonal PCs found in
patients with pPCL, sPCL, and MM. Even though the clonal PCs
in both MM and the different forms of PCL are positive for CD38
and CD138, there is progressive decrease in the level of CD38
expression in the clonal PCs obtained from PCL compared with

1 Plasma Cell Leukemia 3



MM reflecting a more immature phenotype in the former [19]. PCs
from patients with either forms of PCL are less likely to express
CD9, CD56, CD71, CD117, and HLA-DR; however, they are
more likely to express CD20, CD45, CD19, CD27, and CD23 [11,
20–22]. When comparing pPCL and sPCL against each other,
CD28 and CD56 are more likely to be present on the clonal PCs
obtained from patients with sPCL and have been linked to higher
proliferation index and rate of disease progression [20].

Proliferative Index

Clonal PCs cells in pPCL are different from those in MM in terms
of their predominant cell cycle phase, with the former showing a
higher percentage of PCs in S-phase implicating a higher prolif-
erative index [11].

Molecular Cytogenetics

Most patients with either pPCL tend to have non-hyperdiploid
karyotypes (hypodiploid or diploid) in contrast to MM where half
of new patients are hyperdiploid [8, 23]. The various types of IgH
(14q32) translocations by FISH analysis are present in more than
80 % of both forms of PCL. The most prevalent IgH translocation
in pPCL is t(11;14) [24]. The incidence of t(4;14) and t(14;16) in
pPCL and sPCL is also higher than in newly diagnosed MM [24,
25]. Finally, the presence of del(13q), del(17p), del(1p21), ampl
(1q21) or CKS1B overexpression and MYC translocations or
amplifications is very common in both pPCL and sPCL [8, 24–26].
All of these secondary events have been associated with a trend
toward inferior OS in pPCL and sPCL.

4 W.I. Gonsalves, MD and S.K. Kumar, MD



Molecular Genetics

Activating mutations of K-RAS or N-RAS at codons 12, 13, or 61
are found in highest frequency in patients with pPCL but can also
be detected in patients with sPCL as well as MM and have been
associated with poor OS [8, 27, 28]. There is also a relatively
higher incidence of PTEN deletion resulting in Akt activation in
the clonal PCs from patients with PCL compared with MM sug-
gesting its role as a secondary event possibly in the transition from
MM to PCL [29]. pPCL patients treated on the Total Therapy
protocols who had high-risk signatures by the GEP-70 and GEP-80
models (44 and 31 %) were found to differentially express 203
different genes. Some of these genes included CD14 (cell mem-
brane LPS receptor), TNF receptor-associated factor 2, and che-
mokine C–C motif ligand suggesting the possibility of a myeloid
differentiation of plasma cells during leukemic development [17].
Egan et al. [30] conducted whole-genome sequencing in serial
samples from a single patient through different time points in their
clinical course, including at the time of development of sPCL
which identified various unique single nucleotide variants (SNVs)
in the following genes during the sPCL phase: RB1, TNN, TUBB8,
ZKSCAN3, and ZNF521.

Diagnostic Testing

Patients suspected of having either form of PCL must undergo a
detailed medical history and physical examination. This should be
accompanied by a comprehensive evaluation of their blood
through the following tests: complete blood count with differen-
tial, peripheral blood smear, peripheral blood flow cytometry,
BUN, creatinine, liver enzymes, bilirubin, alkaline phosphatase,
total protein, CRP, LDH, electrolyte panel, uric acid,
β-2-microglobulin, albumin, serum protein electrophoresis with
immunofixation, and serum free light chain analysis. They should
also undergo a 24-h urine collection for electrophoresis,
immunofixation, and total protein assessment. All patients require
a bone marrow biopsy and aspirate to assess for morphology,
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immunophenotyping, and cytogenetic analysis by FISH focused
on del(17p13), del(13q), del(1p21), ampl(1q21), t(11;14), t(4;14),
t(14;20), and t(14;16). Gene expression profiling is not univer-
sally available at all facilities but can be performed for further risk
stratification. Finally, whole-body imaging with either a
whole-body MRI, CT, or [18] F-FDG-PET/CT to assess for not
only bony lytic lesions but also extramedullary involvement is
necessary.

Trends in Reported Survival Outcomes

The survival of patients with pPCL is poor compared with newly
diagnosed MM but still longer than patients with sPCL. An anal-
ysis of the SEER database evaluated the trends in survival of 445
patients with pPCL diagnosed between 1973 and 2009 [31]. The
median OS based on periods of diagnosis was 5, 6, 4, and
12 months for those diagnosed during 1973–1995, 1996–2000,
2001–2005, and 2006–2009, respectively. The improvement in OS
seen between 2006 and 2009 was suspected to be due to the
upfront incorporation of novel agent therapies [31]. However, early
mortality was still 15 % within the first month during the recent
period reflecting the aggressiveness of the disease [31]. Several
recent single-institution series also report on the recent improve-
ments in outcomes of patients with pPCL after treatment with
novel agents (Table 1.1).

Treatment

There are no randomized clinical trials reporting outcomes exclu-
sively in any of the PCL populations. Thus, most information on
outcomes is obtained through retrospective, single-, or
multi-institution experiences.
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Conventional Chemotherapy

The prognosis of pPCL and sPCL after conventional chemotherapy
without novel agents prior to 2000 has been poor, and the median
survival has typically remained under 12 months. There is limited
improvement in response rates and survival gained from
multi-agent conventional chemotherapy, such as vincristine, adri-
amycin, and dexamethasone (VAD)-based regimens compared
with traditional alkylator–steroid combination therapies such as
melphalan and dexamethasone [8, 10].

Novel Agent Therapies

The introduction of immunomodulators and proteasome inhibitors
has significantly improved survival of MM patients [32]. These
agents also improve outcome of pPCL, but the benefit is less
prominent [31]. There are limited number of prospective studies
evaluating novel agents in pPCL, but several retrospective studies
provide supportive information on their efficacy.

Immunomodulators

Thalidomide: Few studies have reported conflicting results in small
numbers of PCL patients. One study reported on three pPCL
patients that experienced two PRs and one SD for an average
duration of 14 months with single-agent thalidomide while one
patient with sPCL did not respond [33]. However, Pettrucci et al.
[34] reported on five cases of pPCL and sPCL treated with
single-agent thalidomide that did not show any response and all
patients died within 120 days of treatment. Finally, thalidomide’s
decreased activity in extramedullary MM [35–37] makes its use in
the routine treatment of patients presenting with pPCL less
attractive. However, it can still be utilized in combination with
other agents quite effectively in both patients with pPCL and sPCL.

Lenalidomide: The combination of lenalidomide with dexam-
ethasone was evaluated in a phase 2 study of 23 newly diagnosed
pPCL patients. Of these patients, 61 and 35 % achieved a PR and

1 Plasma Cell Leukemia 9



VGPR [38]. The OS and PFS were 63 and 52 %, respectively,
suggesting the efficacy of this combination in comparison with
historical outcomes of patients with pPCL [38]. Furthermore,
lenalidomide is also effective in the treatment of patients with
relapsed pPCL [39, 40].

Pomalidomide: This is the latest immunomodulator drug
available for the treatment of MM. Even though there are no
reports of its activity specifically in pPCL or sPCL, pomalidomide
plus low-dose dexamethasone resulted in two complete and two
partial responses among 13 patients with extramedullary disease
[41]. This is promising for activity in patients with pPCL who also
tend to have extramedullary features.

Proteasome Inhibitors

The incorporation of bortezomib into the induction and salvage
regimens of patients with MM has led to improvements in their
survival. Similar improvements in the outcomes of pPCL and sPCL
have also been reported in various single-institution studies.
A large prospective analysis of 29 newly diagnosed pPCL patients
treated with bortezomib-based regimens reported an overall
response rate of 79 % of which 38 % were VGPRs [42]. The
two-year PFS and OS were 40 and 55 %. In the Greek experience
reported by Katodritou et al., bortezomib-based regimens were
administered in 25 patients with pPCL and 17 with sPCL [43].
Objective response rates and OS were 69 % and 13 months,
respectively [43]. Lebovic et al. reported on 13 patients with pPCL
and 12 patients with sPCL. The bortezomib-treated patients had a
median survival of 28 months compared with 4 months for the
non-bortezomib-treated group (P < 0.001) [44]. However, the
pPCL patients who underwent treatment on the Total Therapy 3
protocol, which incorporates bortezomib, did not experience an
improved survival compared with prior pPCL patients treated with
the preceding Total Therapy regimens that lacked the use of
bortezomib [17].
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Autologous Stem Cell Transplant

High-dose chemotherapy followed by stem cell rescue or autolo-
gous stem cell transplant (ASCT) has been incorporated into the
treatment paradigm of most patients with MM who are medically
eligible [45]. Given the poor prognosis associated with pPCL,
ASCT has been widely adopted as an integral part of therapy for
patients with pPCL. The retrospective series from the Mayo Clinic
demonstrated an improved median OS of 34 versus 11 months
when comparing patients who received and did not received an
ASCT [8]. A retrospective analysis performed by the European
Group for Blood and Marrow Transplantation on 272 pPCL
patients undergoing ASCT between 1980 and 2006 showed a
higher treatment-related mortality (TRM) in the patients with pPCL
compared with patients with MM [46]. The median PFS and
median OS for patients with pPCL were 14.3 and 25.7 months,
respectively [46]. The Center for International Blood and Marrow
Transplant Research (CIBMTR) evaluated 97 pPCL patients who
received an upfront ASCT between 1995 and 2006 [47]. The
three-year PFS and OS were 34 and 64 %, respectively, with a
trend toward superior OS in patients who received a tandem ASCT
compared with those receiving a single ASCT [47]. The reported
non-relapse mortality at three years was 5 %.

Allogeneic Stem Cell Transplant

The retrospective CIBMTR study also evaluated 50 patients who
received an allogeneic SCT between 1995 and 2006 [47]. Most
patients (68 %) received a myeloablative conditioning regimen,
whereas the rest received a non-myeloablative or reduced intensity
conditioning regimen. The cumulative incidence of relapse at
3 years was 38 %, but the TRM at 3 years was 41 % resulting in a
3-year OS of 39 % [47].

General Approach to the Treatment of PPCL and SPCL

We propose a risk-adapted approach when managing patients
with plasma cell malignancies. Given the highly aggressive
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nature of pPCL, rapid cytoreduction of the disease is required in
order to avoid early mortality. Thus, we recommend induction
therapy with a combination of novel agent therapies such as both
proteasome inhibitors and immunomodulators such as VRD
(bortezomib, lenalidomide, and dexamethasone). In some patients
with pPCL with an extensive burden of disease, more aggressive
combination regimens such as VDT-PACE could be utilized.
After induction therapy in transplant eligible pPCL patients, an
upfront ASCT is recommended in order to achieve a deeper
response and longer disease control. Given the higher likelihood
of prolonged disease remission in patients undergoing allogeneic
SCT compared with ASCT, the former can be considered in
patients with an available fully matched sibling or unrelated
donor. However, the higher risk of TRM with allogeneic SCTs
should be taken into consideration and preferentially performed
in the setting of a clinical trial. At a minimum, the patient’s stem
cells should at least be harvested and stored for use for an ASCT
in the future if not performed in the upfront setting. Although the
data are scarce, post-ASCT maintenance is highly recommended
given the high propensity for early relapse. These maintenance
regimens can include either bortezomib, lenalidomide, or both in
combination-based regimens based on the significant disease
control experienced by patients with MM including those with
high-risk cytogenetics. Patients with pPCL not eligible for
ASCT-based options should still be treated with combinations of
novel agents as induction therapy with plans for indefinite
maintenance therapy to keep the disease controlled.

For patients with sPCL, if medically fit, clinical trials utilizing
novel agents should be considered; however, many trials exclude
such patients from participation. Nevertheless, more intensive reg-
imens such as VDT-PACE can also be considered, but this should be
followed by a plan for consolidative therapy with either an ASCT or
an allogeneic SCT. Whereas for transplant ineligible patients or
previously transplanted patients, prolonged maintenance therapy
must be continued.

12 W.I. Gonsalves, MD and S.K. Kumar, MD



Future Considerations

There is much improvement to be made in the management of
patients with pPCL and sPCL especially in early detection and
intervention. The correct diagnosis of pPCL and sPCL is dependent
upon the ability of the hematopathologist to recognize circulating
PCs on a peripheral blood smear. This expertise may vary among
institutions making the diagnosis subjective, and hence, uniform
techniques and criteria are needed to improve the ability to diag-
nose PCL uniformly. This will allow for the early detection or
screening for PCL which could lead to the incorporation of earlier
interventions and therefore change the natural history of the dis-
ease. Finally, clinical trials testing newer therapeutic agents in
pPCL and sPCL patients should be conducted to allow for the
continued improvement in survival outcomes.
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Chapter 2
Plasmacytoma—Current
Approach to Diagnosis
and Management

Nidhi Tandon, MD and Shaji K. Kumar, MD

Introduction

Plasma cell dyscrasias (PCD) are characterized by an abnormal
accumulation of monoclonal plasma cells typically producing high
levels of monoclonal immunoglobulins or paraproteins. The
spectrum of PCD ranges from monoclonal gammopathy of unde-
termined significance (MGUS) to symptomatic multiple myeloma
(MM). The American Cancer Society has estimated 26,850 new
myeloma cases in the USA in 2015 with an estimated 11,240
deaths [1].

A minority of patients with plasma cell malignancies present
with either a single bone lesion, or less commonly, a soft tissue
mass made up of monoclonal plasma cells. The solitary plasma-
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cytoma (SP) is characterized by a localized accumulation of neo-
plastic monoclonal plasma cells in the absence of other features of
systemic plasma cell proliferative disorder (i.e., anemia, hyper-
calcemia, renal insufficiency, or multiple lytic bone lesions) [2–4].

SP can be classified into 2 groups depending upon its location;
solitary plasmacytoma of the bone (SBP), if the tumor involves an
osseous site and extramedullary plasmacytoma (EMP), if it
involves an extra osseous site [2]. SBP mostly occurs in the bones
of the axial skeleton, such as vertebra and skull [2, 5]. EMP is most
often located in the head and neck region, mainly in the upper aero
digestive tract such as the nasal cavity and nasopharynx, but may
also occur in the gastrointestinal tract, urinary bladder, central
nervous system, thyroid, breast, testes, parotid gland, lymph nodes,
and skin [6–8].

The reason as to why some patients develop MM and others
develop SP is not well understood, but it may be related to dif-
ferences in cellular adhesion molecules or chemokine receptor
expression profiles of the malignant plasma cells [9]. The diagnosis
and management of patients with SP require the same range of
clinical and laboratory expertise as for patients with MM, and a
close liaison among the hematologist, radiotherapist, and surgeon
is crucial for planning optimum care of these patients [10].

Epidemiology

SP is a rare form of plasma cell neoplasm and represents 3–5 % of
all PCD according to the published literature [2]. An analysis of the
surveillance, epidemiology, and end results (SEER) database from
1992 to 2004 demonstrated that the incidence of MM (n = 23,544;
IR 5.35/100,000 person years) is 16 times higher than SP overall
(n = 1543; IR = 0.34), and incidence of SBP was 40 % higher
than EMP (p < 0.0001) [11].

The median age of the patients with either SBP or EMP is
55 years, which is much lower than the median age of 67–71 years
for patients with MM. The incidence rate rises exponentially with
advancing age; however, it is less prominent in older age group as
compared to MM. The male to female ratio is 2:1. The incidence is
highest in Blacks and lowest in Asians and Pacific Islanders [11–13].
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Clinical Features

The clinical presentation is defined by the location and size of the
plasmacytoma. The most common presenting symptom is pain due
to bony destruction. Patients with vertebral involvement may also
have evidence of spinal cord or nerve root compression [13–15].
Involvement of the base of the skull can present with cranial nerve
palsies [16, 17].

SBP most commonly affects bones involved with active
hematopoiesis; hence, the axial skeleton is more commonly
involved than the appendicular skeleton, particularly the vertebra
[13–15]. The thoracic vertebrae are more commonly involved than
the lumbar, sacral, or cervical spine [4]. Around 20 % of patients
with SBP have affection of ribs, sternum, clavicle, or scapula [18].

Most patients with EMP present with symptoms related to the
location of the soft tissue mass. Approximately 80 % of the EMP
involve mucosa associated lymphoid tissue of the upper respiratory
tract; 75 % of which involve the oro-nasopharynx and paranasal
sinuses producing rhinorrhea, epistaxis, or nasal obstruction [7,
19]. Other less commonly involved sites are the gastrointestinal
tract [20], lung [21, 22], pleura [23], liver [24], bladder [25], testes
[26], ovary [27], skin [28], lymph nodes [29], and central nervous
system [30].

Localized amyloidosis can be a feature of both SBP and EMP
[31, 32]. By definition, evidence of end-organ damage attributable
to PCD like anemia (i.e., hemoglobin <10 g/dL or 2 g/dL below
normal), hypercalcemia (i.e., serum calcium >11 mg/dL or
1 mg/dL higher than the upper limit of normal), or renal insuffi-
ciency (i.e., serum creatinine >2 mg/dL or creatinine clearance
<40 mL/min) is not present in SP [33].

Diagnosis

The evaluation of a patient with suspected SP requires the fol-
lowing [34, 35]:

1. Biopsy of the single lytic bone lesion or soft tissue mass.

2 Plasmacytoma—Current Approach to Diagnosis and Management 19



2. Complete blood count (CBC) with peripheral smear
examination.

3. Biochemical screen including serum creatinine, calcium, albu-
min, lactate dehydrogenase, beta-2 microglobulin, and
C-reactive protein.

4. Serum protein electrophoresis (SPEP) with immunofixation
(IF) and quantitation of immunoglobulins, and a serum free
light-chain (SFLC) assay.

5. 24-hour urine collection for total protein, electrophoresis
(UPEP) with immunofixation (IF).

6. Unilateral bone marrow aspiration and biopsy.
7. Skeletal survey and either a positron emission tomography/

computed tomography (PET/CT) scan or a magnetic resonance
imaging (MRI) of the entire spine and pelvis.

The diagnostic criteria for SP require the following [33]:

1. Histopathological confirmation of a monoclonal plasma cell
infiltration of a single lytic bone lesion or soft tissue mass.

2. Absence of clonal plasma cells on a random bone marrow
sample.

3. No additional lesions on bone survey or MRI of the spine and
pelvis.

4. Absence of end-organ damage such as CRAB lesions (in-
creased calcium, renal insufficiency, anemia, or multiple oste-
olytic bone lesions on skeletal survey, CT scan, or PET–CT
scan) that can be attributed to plasma cell proliferative disorder.

A biopsy of the suspected lesion can usually be obtained using
computed tomography (CT) or MRI guidance. Fine needle aspi-
ration cytology is inadequate for diagnosis [34]. Monoclonality
and/or an aberrant plasma cell phenotype should be demonstrated
with useful markers being CD19, CD56, CD27, CD117, and cyclin
D1 [36].

The presence of monoclonal protein (M protein) in the serum or
urine of patients with SP has been noted in 24–72 % of patients in
various series [2, 5, 13, 37, 38]. The level of the M protein is
usually low (usually <1 g/dL) and may or may not disappear with
treatment. The presence of M protein is much more common in
SBP than EMP [2, 8, 13]. A cohort of 116 patients with SBP were
evaluated to develop a risk stratification model for progression to
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MM and 47 % (n = 54) of the patients were found to have an
abnormal FLC ratio [39]. In another series of 43 patients, 48 % of
patients were found to have an abnormal involved SFLC value, and
64 % had an abnormal SFLC ratio at diagnosis [40].

Flow cytometry studies and molecular detection of heavy- and
light-chain gene rearrangements may reveal clonal plasma cells in
the bone marrow of some patients who have no evidence of
infiltration on light microscopy. Some patients with SP may
demonstrate up to 10 % clonal plasma cells on the bone marrow
and are considered as having both SP and MGUS. These patients
are treated in a similar fashion to SP, but have a higher risk of
progression to symptomatic myeloma [35].

Like MM, SBP has a lytic appearance on plain radiographs. In
most patients, the lesion is purely lytic and has a clear margin and a
narrow zone of transition to normal surrounding bone. CT and
particularly MRI depict the extent of lesion more clearly than an
X-ray. The MRI appearance of SBP is consistent with that of a
focal area of bone marrow replacement; the signal intensity is
similar to muscle on T1-weighted images and hyperintense relative
to muscle on T2-weighted images [2]. MRI is a useful tool to
identify soft tissue disease and “breakout” lesions in which a focal
area of disease breaks through the cortex of bone into the soft
tissues (including epidural spread) [41]. Also, MRI is important for
delineating the extra osseous soft tissue component in the verte-
brae, which may impinge on the spinal cord or spinal nerve roots
[42]. The role of MRI of the thoracic and lumbosacral spine to seek
additional foci of marrow involvement in patients with an apparent
SBP was prospectively evaluated by Moulopoulos et al. MRI
showed additional abnormalities in 4 out of 12 patients, with signal
characteristics identical to those of the primary tumor. In all 4
patients, the abnormal protein persisted at greater than 50 % of the
pretreatment value following definitive RT. In contrast, the M
protein disappeared or was reduced by greater than 50 % in 5 of
the 6 patients with secretory disease and without additional marrow
abnormalities. One of the 4 patients progressed to MM 10 months
after diagnosis with new lesions on conventional radiographs in the
same areas as detected previously by MRI [43]. Also, Liebross
et al. [44] reported that among 23 patients with thoracolumbar
SBP, 7 of 8 patients who had SBP on plain radiographs alone
developed MM as compared to only 1 of 7 patients who also had
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negative results on MRI of the spine. Thus, whole-body MRI or
spine and pelvic MRI (if WB-MRI is not available) should be part
of the staging procedures in patients with SP to better assess the
extent of the local tumor and reveal occult lesions elsewhere [42].

Focal lesions on FDG–PET or PET/CT scan are defined as
well-circumscribed areas of increased uptake relative to the mar-
row background that are thought to represent areas of tumor
involvement, measuring at least 5 mm in one dimension. Areas of
focal uptake on FDG–PET images resolve very quickly with
effective treatment, similar to the time course of M protein nor-
malization in secretory disease [41]. The sensitivity of FDG–PET
in detecting myelomatous involvement is approximately 85–96 %,
and its specificity is approximately 77–90 % in different studies
[45, 46]. Schirrmeister et al. [47] assessed the accuracy of PET
scan in patients with presumed SP. Additional lesions, not identi-
fied by standard staging methods, were found in 4 of the 11
patients with SBP altering therapy.

It has been estimated that one-third of patients with an appar-
ently SPB by bone survey have evidence of other plasma cell
tumors on PET/CT or MRI of the spine; these patients are at greater
risk for progression to multiple myeloma [48–50]. The relative
advantages of MRI compared to FDG–PET and integrated PET/CT
are its more widespread availability and superior spatial and con-
trast resolution, particularly for involvement of skull, skull base,
and face. The relative disadvantages of MRI compared to FDG–
PET are the time and expense required for a thorough examination
of the skeletal system, its limited field of view to the region under
examination, and its contraindicated use in some patients (such as
patients with pacemakers, cochlear implants, and aneurysm clips).
Also, the focal lesions seen on MRI will take, typically, months to
years to resolve, and hence, although MRI is ideal to document
“completeness” of response, FDG–PET or integrated PET/CT is
more useful for monitoring short-term response [41].

Zamagni et al. prospectively compared 18F-FDG PET–CT,
MRI of the spine–pelvis and skeletal survey for baseline assess-
ment of bone disease in a series of 46 patients with newly diag-
nosed MM. Overall, PET–CT was superior to X-rays in 46 % of
patients, including 19 % with negative skeletal survey. PET–CT
scans of the spine and pelvis failed to show abnormal findings in
30 % of the patients with lesions on MRI. In contrast, in 35 % of
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patients PET–CT enabled the detection of lesions which were out
of the field of view of MRI [51]. A prospective trial compared MRI
and PET/CT for appraisal of plasmacytoma and demonstrated an
equivalent or higher sensitivity, specificity, positive predictive
value, and negative predictive value for baseline staging of plas-
macytomas with PET/CT as compared to MRI. However, this
study was limited by small sample size (n = 23) [52].

Treatment

The standard of care for SP is radiotherapy (RT) given with
curative intent. Surgery may be required for patients with retro-
pulsed bone, structural instability of the bone, or rapidly progres-
sive neurological symptoms from spinal cord compression. If a
complete surgical resection was performed as part of the diagnosis,
the role of adjuvant RT is not well defined [37].

A variety of treatment strategies have been tried in SBP and
EMP as summarized in Tables 2.1 and 2.2.

Radiation

Definitive local radiotherapy (RT) is the treatment of choice for
SP. The evidence comes largely from retrospective studies of small
numbers of patients due to rarity of the disease. In a review of 206
patients with SBP, local relapse occurred in 21(14 %) out of 148
patients who received RT alone compared with 4(80 %) out of 5
patients who were treated with surgery with or without
chemotherapy. Surgery (RT versus partial or complete resection
and RT) did not influence the 10-year probability of local control
[56]. The largest retrospective study included 258 patients with
SBP (n = 206) or EMP (n = 52). The treatments included RT
alone (n = 214), RT plus chemotherapy (n = 34), and surgery
alone (n = 8). Five-year rates of overall survival (OS), disease-free
survival (DFS), and local control (LC) were 74, 50, and 86 %,
respectively. The median time to MM development was 21 months
(range 2–135), with a 5-year probability of 45 %. Patients who
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received localized RT had a lower rate of local relapse (12 %) than
those who did not (60 %). Younger age and tumor size <4 cm were
favorable for OS; and younger age, extramedullary localization,
and RT were favorable for DFS on multivariate analysis [57].

The optimal dose of radiation for SP has not been established.
Tsang et al. demonstrated that the radiation was not associated with
local failure (8-year local DFS was 100 % for 30 Gy, 81 % for
35 Gy, and 80 % for 40 Gy, p = 0.50), or progression to myeloma
in patients with SP. The tumor bulk (size > 5 cm) was found to be
the most significant factor negatively influencing local control [54].
Mendenhall et al. [64] observed a 6 % incidence of local failure
with doses of at least 40 Gy which was superior to 31 % incidence
of local failure with lower doses among 81 patients with
SP. Knobel et al. [56] evaluated 206 patients with SBP out of
which 148 patients received RT with a median dose of 40 Gy and
found no dose–response relationship was observed for doses higher
than 30 Gy regardless of tumor size. Tournier-Rangeard et al.
reviewed 17 patients with EMP and depicted that the 5-year LC
was 90 % for patients who received ≥40 Gy compared with 40 %
for those who received <40 Gy (p = 0.031). Patients who received
≥45 Gy had 100 % local disease control, but there was no statis-
tical difference for LC from those who received a dose ≥40 Gy
(p = 0.39). Five-year OS for patients who received ≥45 Gy or
<45 Gy were 87.5 and 37.5 %, respectively (p = 0.056) [65]. In
light of all these studies, strict dosing guidelines are difficult to
recommend [56]. National comprehensive cancer network (NCCN)
recommends >30 Gy to the involved field for SBP while >30 Gy
to the involved field followed by surgery if necessary for the EMP
[57]. The United Kingdom Myeloma Forum (UKMF) [37] rec-
ommends RT of at least 40 Gy in 20 fractions for both SBP and
EMP routinely with a higher dose (up to 50 Gy in 25 fractions) for
bulkier disease (>5 cm).

The clinical target volume should be designed to encompass all
disease shown by CT or MRI scanning with a margin of at least
2 cm. For small bones, such as vertebrae, this will include the
entire bone involved, together with one uninvolved vertebra above
and below. For larger bones, the clinical target volume will not
necessarily include the entire bone, as this would involve unnec-
essary irradiation of normal tissues [37]. Prophylactic regional
lymph node irradiation is not necessary in SBP, whereas its
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addition to RT treatment portals in EMP provides excellent local
control rates. However, in view of increased acute and late mor-
bidity (especially xerostomia, which may not fully recover), it is
not recommended routinely except for first echelon cervical lymph
nodes in case of the primary sites involving Waldeyer’s ring [37].
Conformal RT using parallel opposed fields is the most commonly
used method to cover the PTV. However, IMRT technique might
be considered in some cases to spare the critical structures, such as
eyes and salivary glands [66].

After adequate radiotherapy, virtually all patients have relief of
symptoms [2]. Patients not responding clinically to radiotherapy do
not necessarily have residual tumor. They may have persistent
symptoms and/or radiological changes as a result of existing bone
destruction, and a repeat biopsy is advisable to clarify the situation
in this circumstance [37].

The residual abnormalities on imaging post-treatment are
invariable, difficult to assess, and do not correlate with outcome. Up
to 50 %of patients show sclerosis and remineralization in up to 50 %
of patients on plain radiography assessments [43]. The abnormalities
of bone marrow and accompanying soft tissue mass may persist on
MRI images, even after successful treatment [43]. Local control,
defined as long-term clinical and radiographic stability, has been
achieved in at least 90 % of cases [13, 43, 59].

Serial measurements of the monoclonal protein for at least
6 months after treatment are required to confirm disease
radiosensitivity [2]. In most patients, the monoclonal protein is
reduced markedly after completion of local RT. However, the rate
of decline can be slow lasting several years [67]. The monoclonal
protein disappears in about 20–50 % of patients, suggesting that all
diseases were included within the RT field. The likelihood of
disappearance of monoclonal protein is higher in patients in whom
the pretreatment value is low. In many patients, the monoclonal
protein persists despite adequate RT, indicating the presence of
tumor beyond RT field. The condition of these patients may remain
stable for a long time, and further treatment should be deferred
until there is clear progression of the plasma cell disorder [2].
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Surgery

Although most patients with SP can be treated with RT alone,
surgical intervention may be necessary in some patients in whom
the diagnosis of SP has not yet been made and they either present
with or have rapid development of neurological dysfunction that
requires laminectomy before radiotherapy [2]. An anterior
approach usually allows the best access to the pathology, although
some groups advocate a posterior approach to avoid the potential
complications which can occur in trans-cavity access [68, 69].
Surgical procedures may also be required for patients with verte-
bral instability or a pathologic fracture of a long bone [2]. Loss of
structural integrity requires some form of stabilization procedure,
most frequently being posterior pedicle screw instrumentation.
Vertebroplasty is likely to be of limited value in vertebral collapse
due to SP because the degree of vertebral destruction renders the
technique unsuitable [37].

Combined therapy is suggested when complete surgical tumor
resection cannot be applied, and/or lymph node areas are affected.
Alexiou et al. [7] reviewed more than 400 publications of EMP
between 1905 and 1997 and reported that the median OS and DFS
were better for surgery and RT compared with surgery alone for
EMP involving the upper aero digestive (UAD) tract (p = 0.0027),
but the difference was not statistically significant for non
UAD EMP (p = 0.62). It is recommended that if surgery is
required immediately or in the near future, it should be carried out
before RT is commenced [37]. Surgery is more difficult in patients
who have received RT. However, it is important to note that initial
surgery may sometimes compromise RT, e.g., by the placing of
metal supports, which may potentially shield areas of disease from
effective radiation dose [69].

Adjuvant Chemotherapy

The role of adjuvant chemotherapy in SP has not been clearly
defined at present. Although some studies have found that adjuvant
therapy may prevent or delay progression to MM, most of the
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studies have reported no benefit with the early administration of
chemotherapy [2, 5, 37]. More recently, even myeloablative ther-
apy with stem cell support has been evaluated in high-risk patients
with solitary bone plasmacytoma, but results are too premature to
draw any conclusions given the long natural history of this disease
[70].

Aviles et al. suggested benefit of 3 years of adjuvant melphalan
and prednisolone after RT in OS and time to development of MM.
Though this was a randomized-controlled trial, the number of
patients (n = 28) was small to make any conclusion [71]. Holland
et al. showed that the addition of chemotherapy delays the time for
progression of SP to MM. However, its use was not associated with
any decrease in rate of conversion to MM. Also, after progression
to MM, the patients, who received chemotherapy, had the same OS
as those who did not [72]. Furthermore, it is suggested that early
exposure to chemotherapy may predispose to the development of
resistant subclones and, therefore, limit later therapeutic options
[2]. Besides in a series, 4 out of 7 patients with SBP who received
adjuvant melphalan after RT developed secondary leukemia [73].

Therefore, given the lack of consistent data proving benefit from
chemotherapy, currently there is no current role for adjuvant
chemotherapy in the initial treatment of SP [37]. For the patients
with tumors larger than 5 cm and high-grade histology and for
tumors that have not responded to RT, adjuvant chemotherapy may
be considered. Treatment schedules effective against multiple
myeloma shall be utilized [38].

Adjuvant Bisphosphonates

Till date, there have been no reports about the role of bisphos-
phonates in preventing progression of SP to symptomatic multiple
myeloma in the published literature. Bisphosphonates are not
recommended for patients with SP, except in the setting of
osteoporosis or osteopenia on bone mineral density studies, at
doses used for osteoporosis [37, 74].
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Follow-up

Serial and frequent measurement of M protein is required to judge
disease response and progression to MM during surveillance. CBC,
serum chemistry including creatinine and corrected calcium, SPEP
with IF, serum FLCA, and 24 h urine for total protein, UPEP with
IF should be repeated at 6-week intervals for the first 6 months and
then with prolongation of clinic visits [66]. Bone survey is rec-
ommended annually or as clinically indicated. Bone marrow
aspirate and biopsy and imaging studies including CT, MRI, or
PET–CT may be done as clinically required [75].

Natural History and Prognosis

The median overall survival for SP is 7.5–12 years [2, 76]. The
most common pattern of progression among patients with SP
consists of new bone lesions, rising myeloma protein level, and
development of marrow plasmacytosis [2]. There are three patterns
of failure in these patients: local recurrence, development of new
bone lesions (without MM), and progression to MM [77].

SBPs have a poorer prognosis in comparison with EMPs [37,
54, 58, 78]. SBP has a higher risk for progression to MM at a rate
of 65–84 % in 10 years and 65–100 % in 15 years. Even after
curative therapy, the median time to progression to MM is 2–
3 years [13, 43, 56, 58, 72]. About 50–60 % of patients with EMP
develop MM [38, 61, 79]. The OS at 10 years is 40–50 % for SBP
as compared to 70 % for EMP [2, 8, 13]. Patients with EMP that
progressed to MM had a 100 % 5-year survival rate as compared to
33 % for SBP [64]. When MM evolves, most patients have fea-
tures of low tumor mass disease, a high rate of response to
chemotherapy, and a prolonged survival [2].

A variety of factors have been found to influence the risk and
frequency of progression from SP to MM. Age and tumor size at
diagnosis are important prognostic factors. Bataille et al. depicted
that older mean age and spinal involvement were more commonly
associated with progression to MM in his review of 114 cases of
SP [15]. Tsang et al. [54] reported that age more than 63 years and
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bulky tumors (>5 cm) had a much lower local control rate.
A Turkish study concluded that age more than 55 years is unfa-
vorable for myeloma-free survival in patients with SP [58].
However, the dimension of tumor at diagnosis is related to DFS
and myeloma-free survival only on univariate analysis and not on
multivariate analysis [58].

Histopathological factors play a key role in biology and hence
the prognostication of SP. Anaplastic type plasmacytomas repre-
sents a higher histologic grade and a worse prognosis [80]. Kumar
et al. studied angiogenesis in plasmacytoma and bone marrow
biopsy samples from 25 patients with SP. High-grade angiogenesis
was present in 64 % of plasmacytomas biopsy samples and none in
bone marrow biopsy samples. Patients with high-grade angiogen-
esis in the plasmacytoma sample were more likely to progress to
myeloma and had a shorter progression-free survival compared
with patients with low-grade angiogenesis (P = 0.02) [81].

Reed et al. retrospectively reviewed 84 patients with SP (70 %
—SBP and 30 %—EMP) who were treated with definitive RT
during 1988 to 2008 and found that patients who had serum
paraprotein detected at diagnosis had higher risk of progression to
MM than those who did not (60 % vs. 39 %; P = 0.016) [82]. Low
levels of uninvolved immunoglobulin may represent occult MM,
and immunoparesis at presentation is found to be an adverse
prognostic factor for the development of MM [83]. An abnormal
FLC ratio is also independently associated with a higher risk of
progression to myeloma. The risk of progression to MM at 5 years
was 44 % in patients with an abnormal serum FLC ratio at diag-
nosis compared with 26 % in those with a normal FLC ratio in a
study of patients with SBP [39].

The correlation between persistence of myeloma protein after
RT and the development of MM has been demonstrated in several
studies [15, 39, 84]. Dingli et al. constructed a risk stratification
model using abnormal SFLC ratio at diagnosis and the level of M
protein level at 1–2 years following diagnosis to identify patients
with SBP at risk of progression to MM. Patients with a normal
FLC ratio and M protein level less than 5 g/L (0.5 g/dL) were
considered low risk; with either risk factor abnormal, intermediate
risk; and with both an abnormal FLC ratio and M protein level of
5 g/L were considered high risk. The corresponding rates of pro-
gression at 5 years were significantly different in the low,
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intermediate, and high groups: 13, 26, and 62 %, respectively
(p < .001) [39].

A multivariate analysis of prognostic factors in 60 patients with
SBP at MD Anderson Cancer Centre concluded that persistence of
M protein for more than 1 year after RT is the only independent
adverse prognostic factor for myeloma-free and cause-specific
survival. At a median follow-up of 7.8 years, only 1 of 13 patients
with resolution of the paraprotein progressed to MM while over
90 % of patients with persistent paraprotein had progressed. Age,
tumor size, and level of paraprotein at diagnosis had no indepen-
dent prognostic value [55].

Multiple Solitary Plasmacytoma (–Recurrent)

Multiple solitary plasmacytomas, which may be recurrent, occur in
up to 5 % of patients with an apparently solitary plasmacytoma.
These may involve bone or soft tissue and occur concurrently or
sequentially in the absence of bone marrow evidence of MM [34].

The treatment approaches to patients with multiple solitary
plasmacytomas (±recurrent) are variable and are influenced by
factors such as patient age, sites of recurrence, numbers of lesions,
and disease-free interval. When 2 lesions occur concurrently at
sites where RT fields will be limited and non-overlapping or iso-
lated lesions develop at long intervals (i.e., >2 years), RT alone
may be administered. Patients with more extensive disease or early
relapse may benefit from systemic therapy ± autologous stem cell
transplantation, as indicated for MM, with small cases series sug-
gesting long-term disease control [34, 85, 86].
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Chapter 3
POEMS Syndrome
and Castleman’s Disease

Angela Dispenzieri, MD

POEMS Syndrome

POEMS syndrome is a rare paraneoplastic syndrome due to an
underlying plasma cell disorder. Other names of the POEMS
syndrome that are less frequently used are osteosclerotic myeloma,
Takatsuki syndrome, or Crow–Fukase syndrome [1, 2]. The
acronym, which was coined by Bardwick et al. in 1980 [3], refers
to several of the features of the syndrome: polyradiculoneuropathy,
organomegaly, endocrinopathy, monoclonal plasma cell disorder,
and skin changes. There are other important features not included
in the POEMS acronym, including papilledema, extravascular
volume overload, sclerotic bone lesions, thrombocytosis/erythro-
cytosis (P.E.S.T.), elevated VEGF (vascular endothelial growth
factor) levels, a predisposition toward thrombosis, and abnormal
pulmonary function tests [4]. There is also a Castleman’s disease
variant of POEMS syndrome may is associated with a clonal
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plasma cell disorder. A national survey conducted in Japan in 2003
showed a prevalence of approximately 0.3 per 100,000 [5].

Pathogenesis of POEMS Syndrome

The pathogenesis of the syndrome is not well understood. To date,
VEGF is the cytokine that correlates best with disease activity [6,
7], although it may not be the driving force of the disease based on
the mixed results seen with anti-VEGF therapy [8]. VEGF is
known to target endothelial cells, induce a rapid and reversible
increase in vascular permeability, and be important in angiogene-
sis. It is expressed by osteoblasts, in bone tissue, macrophages,
tumor cells (including plasma cells), and megakaryocytes/platelets.
Both IL-1β and IL-6 have been shown to stimulate VEGF pro-
duction [9]. IL-12 has also been shown to correlate with disease
activity [10], and other pro-angiogenetic factors have been impli-
cated [11]. Recently, N-terminal propeptide of type I collagen has
been described as a novel marker for the diagnosis of patients with
POEMS [12].

Little is known about the plasma cells in POEMS syndrome
except that more than 95 % of the time they are lambda light chain
restricted with restricted immunoglobulin light chain variable gene
usage (IGLV1) [4]. Translocations and deletion of chromosome 13
have been described, but hyperdiploidy is not seen.

Diagnosis of POEMS Syndrome

The diagnosis is made based on a composite of clinical and lab-
oratory features which are listed in Table 3.1 along with their
estimated frequencies. Most notably, the constellation of neu-
ropathy and any of the following should elicit an in depth search
for POEMS syndrome: thrombocytosis [13], monoclonal protein
(especially lambda light chain), anasarca, or papilledema. Any
patient who carries a diagnosis of chronic inflammatory demyeli-
nating polyneuropathy (CIDP) that is not responding to standard
CIDP therapy should be considered as a possible POEMS
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syndrome patient. Helpful cutoffs for plasma and serum VEGF
levels to diagnosis POEMS syndrome are 200 pg/mL (specificity
95 %; sensitivity 68 %) [7] and 1920 pg/mL (specificity 98 %;
sensitivity 73 %) [12], respectively.

Distinctive presenting characteristics of the syndrome that dif-
ferentiate POEMS syndrome from standard multiple myeloma
(MM) include the following: (1) dominant symptoms are typically
neuropathy, endocrine dysfunction, and volume overload (2);
dominant symptoms have little to nothing to do with bone pain,
extremes of bone marrow infiltration by plasma cells, or renal
failure; (3) VEGF levels are high; (4) sclerotic bone lesions are
present in the majority of cases; (5) overall survival is typically
superior; and (6) lambda clones predominate [14].

The neuropathy is the dominant characteristic. The neuropathy
is peripheral, ascending, symmetrical, and affecting both sensation
and motor function [15]; in our experience, pain may be a domi-
nant feature in about 10–15 % of patients, and in one report, as
many as 76 % of patients had hyperesthesia [5, 16]. Patients are
typically areflexic, and they have steppage gait. Nerve conduction
studies in patients with POEMS syndrome show slowing of nerve
conduction that is more predominant in the intermediate than distal
nerve segments as compared to CIDP, and there is more severe
attenuation of compound muscle action potentials in the lower than
upper limbs [5, 17]. In contrast to CIDP, conduction block is rare.
Axonal loss is greater in POEMS syndrome than it is in CIDP [17].

Endocrinopathy is a central but poorly understood feature of
POEMS. On examination, gynecomastia and darkened areolae may
be seen. In a recent series [18], approximately 84 % of patients had
a recognized endocrinopathy, with hypogonadism as the most
common endocrine abnormality, followed by thyroid abnormali-
ties, glucose metabolism abnormalities, and lastly by adrenal
insufficiency. The majority of patients have evidence of multiple
endocrinopathies in the four major endocrine axes (gonadal, thy-
roid, glucose, and adrenal).

The monoclonal plasma cell disorder is most typically charac-
terized by a small IgA lambda or IgG lambda found in the serum
by immunofixation. In a minority of cases, the monoclonal plasma
cell disorder is only found by biopsying one of the sclerotic or
mixed lytic sclerotic bone lesions or by iliac crest bone marrow
aspirate and biopsy. The one-third of patients who do not have
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Table 3.1 Criteria for the diagnosis of POEMS syndrome

Criteria Individual criterion %
affected

Mandatory major
(both required)

1. Polyneuropathy (typically
demyelinating)

100

2. Monoclonal plasma cell-proliferative
disorder (almost always λ)

100

Other major (one
required)

3. Castleman’s diseasea 11–25

4. Sclerotic bone lesions 27–97

5. Vascular endothelial growth factor
elevation

Minor 6. Organomegaly (splenomegaly,
hepatomegaly, or lymphadenopathy)

45–85

7. Extravascular volume overload
(edema, pleural effusion, or ascites)

29–87

8. Endocrinopathy (adrenal, thyroid,b

pituitary, gonadal, parathyroid,
pancreaticb)

67–84

9. Skin changes (hyperpigmentation,
hypertrichosis, glomeruloid
hemangiomata, plethora, acrocyanosis,
flushing, white nails)

68–89

10. Papilledema 29–64

11. Thrombocytosis/polycythemiac 54–88

Other symptoms
and signs

Clubbing, weight loss, hyperhidrosis,
pulmonary hypertension/restrictive lung
disease, thrombotic diatheses, diarrhea,
low vitamin B12 values

POEMS, polyneuropathy, organomegaly, endocrinopathy, M-protein, skin
changes. The diagnosis of POEMS syndrome is confirmed when both of the
mandatory major criteria, one of the three other major criteria, and one of the
six minor criteria are present
aThere is a Castleman’s disease variant of POEMS syndrome that occurs
without evidence of a clonal plasma cell disorder that is not accounted for in
this table. This entity should be considered separately
bBecause of the high prevalence of diabetes mellitus and thyroid abnormalities,
this diagnosis alone is not sufficient to meet this minor criterion
cApproximately 50 % of patients will have bone marrow changes that
distinguish it from a typical MGUS or myeloma bone marrow [19]. Anemia
and/or thrombocytopenia are distinctively unusual in this syndrome unless
Castleman’s disease is present
Taken with permission from [4]
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clonal plasma cells on their iliac crest biopsy are the patients who
present at with a solitary or “multiple solitary plasmacytomas.”
Two-thirds of patients have clonal plasma cells on bone marrow
biopsy, and 91 % of these cases are clonal lambda. The median
percent of plasma cells observed is less than 5 %.
Immunohistochemical staining is more sensitive than is 6-color
flow since the former provides information on bone marrow
architecture, which is key in making the diagnosis in nearly half of
cases. In our study of pretreatment bone marrows biopsies from
patients with POEMS syndrome, lymphoid aggregates were found
in 49 % of cases. Of these, there was plasma cell rimming in all but
one, and in 75 and 4 %, the rimming was clonal lambda and kappa,
respectively. This finding was not seen in bone marrows from
normal controls or from patients with MGUS, multiple myeloma,
or amyloidosis. Megakaryocyte hyperplasia and megakaryocyte
clustering are observed in 54 and 93 %, respectively, of patient’s
bone marrows [19]. These megakaryocyte findings are reminiscent
of a myeloproliferative disorder, but JAK2V617F mutation is
uniformly absent. Overall, only 8/67 (12 %) of POEMS cases had
normal iliac crest bone marrow biopsies, i.e., no detectable clonal
plasma cells, no plasma cell rimmed lymphoid aggregates, and no
megakaryocyte hyperplasia.

Skin examination may reveal hyperpigmentation, a recent
out-cropping of hemangioma, hypertrichosis, dependent rubor and
acrocyanosis, white nails, sclerodermoid changes, facial atrophy,
flushing, or clubbing (Fig. 3.1). Rarely calciphylaxis is also seen.

Papilledema is present in at least one-third of patients (Fig. 3.1)
[20, 21]. The most common ocular symptoms reported were
blurred vision in 15, diplopia in 5, and ocular pain in 3. In one
series, papilledema was an adverse prognostic feature for overall
survival [21].

After neuropathy, the next most disabling feature is the
extravascular overload. Extravascular overload most commonly
manifests as peripheral edema, but pleural effusion, ascites, and
pericardial effusions are also common. Recalcitrant ascites and
effusions are not common, but can be disabling and lead to
pre-renal azotemia. Based on low serum ascites albumin gradients,
the fluid is exudative in 74 % of cases [22].
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Osteosclerotic (or mixed lytic and osteosclerotic) lesions occur
in approximately 95 % of patients and can be confused with benign
bone islands, aneurysmal bone cysts, non-ossifying fibromas, and
fibrous dysplasia [2, 23]. Some lesions are densely sclerotic, while
others are lytic with a sclerotic rim and still others have a mixed
soap-bubble appearance (Fig. 3.1). Bone windows of CT body
images are often very informative, often even more so than FDG
uptake, which can be variable [24, 25]. FDG uptake occurs in those
lesions which have a lytic component. The advantage of whole
body CT—even low dose like what is quickly becoming the
standard in multiple myeloma—is that other features of the disease
are also seen: effusions, ascites, adenopathy, and
hepatosplenomegaly.

Laboratory findings are notable for an absence of cytopenias. In
fact, nearly half of patients will have thrombocytosis or

Fig. 3.1 Manifestations of POEMS syndrome skin changes including white
nails and cyanosis optic disk edema c–e. Mixed lytic osteosclerotic bone
lesions on plain radiograph (c) and CT scan (d and e). Taken with permission
from [4]
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erythrocytosis [23]. In the series of Li and colleagues, 26 % of
patients had anemia, which the authors attributed to impaired renal
function [26]. Their series was enriched with Castleman’s disease
cases (25 %), which may have also contributed to this unprece-
dentedly high rate of anemia.

Patients are at increased risk for arterial and/or venous
thromboses during their course, with nearly 20 % of patients
experiencing one of these complications [14, 27]. Ten percent of
patients present with a cerebrovascular event, most commonly
embolic or vessel dissection and stenosis [28]. Risk factors for
cerebral events included thrombocytosis and bone marrow
plasmacytosis. Aberrations in the coagulation cascade have been
implicated in POEMS syndrome [29].

Plasma and serum levels of VEGF are markedly elevated in
patients with POEMS [7, 9, 30] and correlate with the activity of
the disease [7, 9, 31, 32]. VEGF levels are independent of
M-protein size [31]. Other diseases with high VEGF include
connective tissue disease and vasculitis [7].

Respiratory complaints are usually limited given patients’
neurologic status impairing their ability to induce cardiovascular
challenges [33]. The pulmonary manifestations are protean,
including pulmonary hypertension, restrictive lung disease,
impaired neuromuscular respiratory function, and impaired diffu-
sion capacity of carbon monoxide, but improve with effective
therapy [33, 34]. Pulmonary hypertension has been reported to
occur in 27 % of unselected patients with POEMS syndrome [35].
It is more likely to occur in patients with extravascular overload.
Whether the digital clubbing seen in POEMS is a reflection of
underlying pulmonary hypertension and/or parenchymal disease is
yet to be determined. Impaired DLCO has been shown to be an
adverse prognostic factor another series [21].

Serum creatinine levels are normal in most cases, but serum
cystatin C, which is a surrogate marker for renal function, is high in
71 % of patients [36]. In our experience, at presentation, fewer than
10 % of patients have proteinuria exceeding 0.5 g/24 h, and only
6 % have a serum creatinine greater than or equal to 1.5 mg/dL.
Four percent of patients developed renal failure as preterminal
events [23]. In another series from China, 22 % of patients had a
creatinine clearance (CrCl) of less than 60 ml/min/m2 [37]. In our
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experience, renal disease is more likely to occur in patients who
have coexisting Castleman’s disease.

POEMS Syndrome Risk Stratification

To date, there are no known molecular or genetic risk factors that
predict for overall survival. The course of POEMS syndrome is
usually chronic with modern estimated median survivals of nearly
14 years [23, 33]. Only fingernail clubbing, extravascular volume
overload—i.e., effusions, edema, and ascites [23], respiratory
symptoms [33], pulmonary hypertension [35] impaired DLCO, and
papilledema [21]—have been associated with a significantly
shorter overall survival. The number of POEMS features does not
affect survival [14, 38]. Patients who are candidates for radiation
therapy have a better overall survival (Fig. 3.2) [23]. Patients with
coexisting Castleman’s disease may have an inferior overall sur-
vival as compared to patients without [26]. In a series of 11
patients, lower VEGF levels predicted for better response to ther-
apy, with resolution of the skin changes, improvement of the
neuropathic disturbances, and reduction all of the features assumed
to be related to increased permeability, like papilledema and
organomegaly [32]. Thrombocytosis and increased bone marrow
infiltration are associated with risk for cerebrovascular accidents
[28].

POEMS Syndrome Therapy Overview

Despite the relationship between disease response and dropping
levels of VEGF, the most experience with successful outcomes has
been associated with directing therapy at the underlying clonal
plasma cell disorder rather than solely targeting VEGF with
anti-VEGF antibodies. The treatment algorithm is based on the
extent of the plasma cell infiltration (Fig. 3.2). There are those
patients who do not have bone marrow involvement as determined
by blind iliac crest sampling and those who do have disseminated
disease, i.e., either bone diffuse marrow involvement and/or more
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than 3 skeletal lesions, and the approach to these 2 groups of
patients differs.

Treating Isolated Plasmacytomas

In the case of patients with an isolated bone lesion without clonal
plasma cells found on iliac crest biopsy, radiation is the recom-
mended therapy as it is in the case of a more straightforward
solitary plasmacytoma of bone. Not only does radiation to an
isolated (or even two or three isolated) lesion(s) improve the
symptoms of POEMS syndrome over the course of 3–36 months,
but it can be curative with a 4-year overall survival of 97 % and a
4-year failure-free survival of 52 % [39]. More than half the
“failures” occur within 12 months of radiation. Whether these were
true failures or whether they were driven by patient and physician
anxiety over slow response is unclear in this retrospective series.

Treating a Disseminated Clone

Once there is disseminated bone marrow involvement, albeit even
with a low plasma cell percentage, radiation is not expected to be
curative, and systemic therapy is recommended with the caveat that
large bony lesions with a significant lytic component may require
adjuvant radiation therapy. Decisions about adjuvant radiation
should be made on a case by case basis. Optimal FDG-PET
response may also lag by 6–12 months after completing
chemotherapy. There is a lag between completion of successful
therapy and neurologic response, often with no discernible
improvement until 6 months after completion of therapy. Maximal
response is not seen until 2–3 years hence. Other features like
anasarca, papilledema, and even skin changes may improve sooner.

Since there are no published randomized clinical trials among
patients with POEMS syndrome, treatment recommendations are
largely based on case series and anecdote. The treatment arma-
mentarium is borrowed from other plasma cell disorders, most
notably multiple myeloma and light chain amyloidosis. Table 3.2
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demonstrates a summary of observed outcomes. Corticosteroids
may provide symptomatic improvement, but response duration is
limited. The most experience has been with alkylator-based ther-
apy, either low dose or high dose with peripheral blood stem cell
transplant. The first prospective clinical trial to treat POEMS
syndrome included 31 patients who were treated with 12 cycles of
melphalan and dexamethasone [40]. Eighty-one percent of patients
had hematologic response, 100 % had VEGF response, and 100 %
with at least some improvement in neurologic status. A limitation
of this study is that follow-up was only 21 months, so long-term
outcomes are not yet available. Personal experience and retro-
spective reports of the use of cyclophosphamide-based therapy are
also promising.

The French have reported in abstract form their results of a
Phase 2 study of lenalidomide and dexamethasone for 2 cycles as
neoadjuvant therapy preceding radiation or high-dose therapy or as
primary therapy as 9 cycles followed by 12 cycles of single-agent
lenalidomide [41]. They have treated 27 patients: 10 pre-radiation
therapy; 8 pre-ASCT; and 9 as primary therapy. Although
follow-up is short, the authors report that several patients had rapid
neurologic response, no patient has died, and 1 patient has pro-
gressed. These results are similar to previous case reports and case
series [42–44] though relapses have been reported. In the largest

Fig. 3.2 Algorithm for the treatment of POEMS syndrome [4]
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case series of 20 patients [44], all patients responded, but 4 patients
relapsed 3–10 months after the end of treatment. Three of these
treatment failures responded to further therapy, including one who
responded to reintroduction of the lenalidomide–dexamethasone
combination. A systematic review of lenalidomide use in patients
with POEMS has been published [45]. Given the intrinsic risk
patients with POEMS syndrome have for thrombosis, it is imper-
ative that at least an aspirin be used for prophylaxis. The use of low
molecular weight heparin or warfarin should be balanced against
fall risk.

Thalidomide in combination with dexamethasone has also
shown to produce responses in terms of VEGF, peripheral neu-
ropathy, and extravascular volume overload, but hematologic
responses have not been reported [46]. Enthusiasm for this therapy
should be tempered by the risk of peripheral neuropathy induced
by this drug. The Japanese are accruing to a randomized trial of
thalidomide plus dexamethasone versus dexamethasone alone [47].

Like lenalidomide and thalidomide, bortezomib also has
anti-VEGF and anti-TNF effects. Bortezomib use has been reported
in 5 patients with excellent response [4]. Enthusiasm for the
bortezomib and/or thalidomide should be tempered by their risk of
drug induced peripheral neuropathy.

High-dose chemotherapy with peripheral blood stem cell
transplant can also be quite effective, but selection basis may
confound these reports. Case series suggest 100 % of patients
achieve at least some neurologic improvement [8, 48, 49]. Doses of
melphalan ranging from 140 to 200 mg/m2 have been used, with
the lower doses used for sicker patients. In addition, tandem
transplant has been applied in one patient, but again, no informa-
tion is available regarding any added value of the second transplant
[50]. Of the 59 patients with POEMS syndrome treated at the Mayo
Clinic Rochester, progression-free survival was 98, 94, and 75 %
at 1, 2, and 5 years, respectively [48]. Treatment-related morbidity
and mortality can minimized by recognizing and treating an
engraftment-type syndrome characterized by fevers, rash, diarrhea,
weight gain, and respiratory symptoms and signs that occurs
anytime between days 7 and 15 post-stem cell infusion [51].
A starting dose of prednisone ranging between 20 and
1500 mg/day has been used.
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Although an anti-VEGF strategy is appealing, the results with
bevacizumab have been mixed, and its use is not recommended
[4, 8].

Both our experience and the literature would support that
single-agent intravenous gammaglobulin (IVIG) or plasmapheresis
is not helpful. A recent report, however, describes reduction in
serum VEGF and clinical improvement with single-agent IVIG.
The response was not durable, which prompted another course of
IVIG with radiation to a solitary plasmacytoma [52]. Other treat-
ments like interferon-alpha, tamoxifen, trans-retinoic acid,

Table 3.2 Activity of therapy for the treatment of POEMS syndrome

Regimen Outcome

Radiation 50–70 % of patients have significant clinical
improvement

Melphalan–
dexamethasone

81 % hematologic response rate; 100 % with
some neurologic improvement

Corticosteroids 50 % of patients have significant clinical
improvement

Cyclophosphamide–
dexamethasone

At least 50 % of patients have significant
improvement

ASCT 100 % of surviving patients have significant
clinical improvement

Thalidomide–
dexamethasone

Reported responses in 12 patients, but not
recommended as first line due to risk of
neuropathy

Lenalidomide–
dexamethasone

Reported responses in majority of patients (more
than 60 patients reported)

Bortezomib Used as single agent (n = 1), with
dexamethasone (n = 2), with cyclophosphamide
and dexamethasone (n = 1), and with
doxorubicin and dexamethasone (n = 1).
Reported responses in all

Bevacizumab Two out of 3 using it as single agent died within
weeks; one improved. Two other patients using it
as “salvage” improved, but relapsed and died
despite continued therapy, normal VEGF at 3.5
and 5.5 years. Six other cases of use with or after
other alkylator-based therapy yielded one death
and 4 patients with improvement

Taken with permission from [4]
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ticlopidine, argatroban, and strontium-89 have been reported as
having activity mostly as single case reports [14].

Supportive Care, Response, and Follow-up

Attention to supportive care is imperative. Orthotics, physical
therapy, and CPAP all play an important role in patients’ recovery.
Ankle foot orthotics can increase mobility and reduce falls.
Physical therapy reduces the risk for permanent contractures and
leads to improved function both in the long and short term. For
those with severe neuromuscular weakness, CPAP and/or biBAP
provides better oxygenation and potentially reduces the risk com-
plications associated with hypoventilation like pulmonary infection
and pulmonary hypertension. Patients should also be screened for
depression [53].

Patients must be followed carefully every 3–6 months tracking
the status of deficits comparing these to baseline [48]. VEGF
responses may occur as soon as 3 months [54], but they can be
delayed. VEGF is an imperfect marker since discordance between
disease activity and response have been reported, so trends rather
than absolute values should direct therapeutic decisions. Serum
M-protein responses by protein electrophoresis, immunofixation
electrophoresis, or serum immunoglobulin free light chains also
pose a challenge. The size of the M-protein is typically small
making standard multiple myeloma response criteria inapplicable
in most cases. In addition, patients can derive very significant
clinical benefit in the absence of and M-protein response [51, 55].
Finally, despite the fact that the immunoglobulin free light chains
are elevated in 67–90 % of POEMS patients, the ratio is normal in
all but 13–18 % [36, 56], making the test of limited value for
patients with POEMS syndrome.

Recommendations about how to approach organ response
have recently been suggested for the purposes of clinical trials
since there are more than 2-dozen parameters that can be
assessed in a given patient with POEMS syndrome given the
multisystem nature of the disease [48, 57]. Alternatively,
response criteria for POEMS syndrome could be abridged as
follows: (1) hematologic response using a modified amyloid
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response criteria; (2) VEGF response; (3) and a simplified organ
response, which is limited to those systems causing the most
morbidity, like peripheral neuropathy assessment, pulmonary
function testing (diffusion capacity of carbon monoxide), and
extravascular overload (grading ascites and pleural effusion as
absent, mild, moderate, or severe).

Castleman’s Disease

Castleman’s disease (CD) was first described in the 1950s as
localized mediastinal lymph node enlargement characterized by
redundancy of lymphoid follicles with germinal-center involution
and marked capillary proliferation, including follicular and inter-
follicular endothelial hyperplasia [58]. Definitions have evolved
over the decades, and the most commonly accepted classifications
relate to HIV- and HHV-8-associated disease [59]; whether the
disease is unicentric versus multicentric; and whether the pathol-
ogy demonstrates the hyaline variant or the plasma cell variant.
There is typically overlap between the hyaline vascular variant and
localized or unicentric disease and between the plasma cell variant
and disseminated or multicentric disease.

Among patients with CD, there is no gender preference, and
the age distribution is bimodal with unifocal patients being in
their 4th decade versus patients with multicentric disease in their
6th decade [60–62]. CD can also occur in the pediatric popula-
tion [63]. With the acquired immunodeficiency syndrome (AIDS)
epidemic, the incidence increased [64]; but even in this popula-
tion, it is a rare condition with MCD accounting for fewer than
2 % of lymph node biopsies in human immunodeficiency virus 1
(HIV)-infected patients [65].

Pathogenesis

The pathogenesis of CD is not understood. Most have speculated
that CD is a chronic inflammatory or immunologic process in
reaction to an unknown stimulus [58, 66]. Nearly all HIV
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infection-associated MCD cases are associated with HHV-8, and
nearly half of those MCD cases in patients without HIV are HHV-8
associated [67–70] HHV-8 is not associated with localized (uni-
centric) CD [87].

Overproduction of circulating cytokines has been implicated in
the pathogenesis and symptomatology ofMCD and the related entity
POEMS syndrome. Serum levels of IL-6 in CD patients are signifi-
cantly higher than those found in patients with lymphoid malig-
nancies [71]. Overexpression of IL-6 in mice produces a phenotype
similar to the MCD phenotype [72]. VEGF is also elevated in CD
patients, but less so than in patients with POEMS syndrome [71].

Histopathology

Histopathology of Hyaline Vascular Variant

On gross examination these lesions tend to be large, single,
rounded, encapsulated masses—more commonly found in central
than peripheral lymph node regions. HV-CD usually involves a
lymph node or a group of lymph nodes [60, 66]. Most masses are
between 5 and 10 cm, though lesions as big as 25 cm have been
described. On microscopic examination, the hyaline vascular
variant is characterized by capsular fibrosis with broad fibrous
bands traversing through the lymph node, an increased number of
lymphoid follicles scattered throughout cortex and medulla with
often more than one germinal center sharing the same mantle
(so-called twinning). Mantles tend to be broad and composed by
concentric rings of small lymphoid cells (“onion skin pattern”)
imparting a target-like appearance to the follicle. Often the ger-
minal centers are depleted of small lymphoid cells and are pre-
dominantly composed of dendritic cells with prominent hyaline
deposits (PAS positive). Sclerotic blood vessels penetrating within
the germinal centers forming so-called lollipop lesions are
observed. Dendritic cells within these depleted germinal centers
can show dysplastic features. The interfollicular region is com-
posed by prominent high endothelial venules with plump
endothelial cells, often surrounded by clusters of plasmacytoid
dendritic cells and stromal proliferation. Plasma cells,
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immunoblasts, and eosinophils are also part of the interfollicular
infiltrate; however, sheets of plasma cells, as seen in the plasma
cell variant, are not seen [66, 73, 74].

Histopathology of Plasma Cell Variant

Gross examination often reveals multiple discrete lymph nodes,
comprising the clinically observed “mass,” in contrast to the single
rounded mass that is typically seen with the hyaline vascular
variant; however, single masses may also be observed [60, 66].
Microscopically, the plasma cell variant is distinguished by the
presence of sheets of plasma cells in the interfollicular zone [66].
The interfollicular region typically contains prominent high
endothelial venules, similar to cases of hyaline vascular CD. Cases
that contain mature plasma cells without increased vascularity have
been included within this entity, but care is needed to rule out other
causes of plasmacytosis, such as chronic inflammation or autoim-
mune disease. There is follicular hyperplasia with sharply defined
mantles, polarized germinal centers, with frequent mitosis, and
histiocytes with nuclear debris.

Mixed Variant Histopathology

Lymph nodes may have characteristics of both the hyaline vascular
and plasma cell variants. Focal accumulations of plasma cells next
to extensive areas without plasma cells are found in the interfol-
licular tissue. Characteristic lymphoid follicles with normal reac-
tive germinal centers and regressed germinal centers are found in
small areas.

Diagnosis

The diagnosis of CD is histologic though treatment algorithms are
driven by HIV status and by extent of disease (unicentric versus
multicentric) [59, 75]. Although HIV-associated CD is beyond the
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scope of this chapter, a few important points will be highlighted.
CD associated with HIV differs from CD without HIV infection in
the following ways: (1) it is more likely to be multicentric;
(2) systemic symptoms are more common and more intense;
(3) lymphadenopathy is more likely to be peripheral; (4) pul-
monary symptoms are more prevalent; (5) leukopenia and throm-
bocytopenia are more common; (6) HHV-8 infection is virtually
always present, often with clinical Kaposi’s sarcoma; (7) the his-
tologic type is most commonly the mixed HV/PC variant; (8) there
is a 15-fold increased risk of developing overt malignant lym-
phoma; and (9) prognosis is dismal, with a median survival of 12–
22 months [65, 76, 77].

Once a diagnosis of CD is made, besides a thorough examina-
tion and review of systems patients should have a complete blood
count, erythrocyte sedimentation rate, C-reactive protein, liver
function tests, serum creatinine, serum protein electrophoresis with
immunofixation, interleukin-6, VEGF, serology for HHV-8 and
HIV, urinalysis, CT chest abdomen and pelvis. If there are any
pulmonary symptoms, the threshold for performing pulmonary
function tests should be low. If there is associated neuropathy,
imaging of the bones should be done looking for sclerotic bone
lesions. If elements of POEMS syndrome present, then more
extensive endocrine testing should also be performed.

Diagnosis of Unicentric Castleman’s Disease

Nearly 90 % of patients with unicentric disease have the hyaline
vascular morphology. These patients often present with either
compressive symptoms or a large incidental mass; however,
nearly 40 % of patients with localized CD have associated sys-
temic symptoms (Table 3.3), which promptly resolve after sur-
gical extirpation of the solitary mass. Unicentric disease occurs
most commonly in the mediastinum, cervical regions, and
abdominal/pelvic cavity, but nasopharyngeal, orbital, dural, and
oral occurrences have been described. Solitary subdiaphragmatic
CD is often of the plasma cell variant and associated with sys-
temic symptoms. Laboratory tests may be completely normal, but
anemia, hypergammaglobulinemia, and elevated sedimentation
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rate and liver function tests may be present, all of which
promptly resolves after successful surgical removal of the mass.

Diagnosis of Multicentric Castleman’s Disease

About 90 % of cases of MCD are the plasma cell variant.
Approximately 80 % of patients with the plasma cell or the mixed
variant have associated systemic symptoms, most commonly fati-
gue, fevers, night sweats, and weight loss (Table 3.3).
Hepatomegaly and/or splenomegaly occur in 75 % of patients.
Laboratory abnormalities are common, including anemia, low
ferritin levels, elevations of the sedimentation rate, antinuclear
antibodies, fibrinogen, C-reactive protein, and liver transaminases,
and an abnormal urinalysis.

Paraneoplastic Symptoms and Syndromes

There are number of paraneoplastic symptoms/syndromes also
associated with CD, more commonly with the multicentric form
[75, 78, 79]. These include pleural effusions, pericardial effusions,
ascites, anasarca, autoimmune hemolytic anemia, immune throm-
bocytopenic purpura, a multitude of renal disorders including
secondary (AA) amyloidosis or membranoproliferative glomeru-
lonephritis, pulmonary abnormalities ranging from infiltrates to
restrictive lung disease to lymphoid interstitial pneumonitis to
bronchiolitis obliterans and skin abnormalities ranging from rash to
hyperpigmentation to paraneoplastic pemphigus to Bechet’s dis-
ease to Kaposi’s sarcoma. In one series over the course of the
disease, 40 % of patients developed CNS signs, including seizures
and aphasia [78]. This finding should be tempered by the fact that a
number of cases from the 1980s may have been AIDS-associated
CD, which is known to have a particularly dismal prognosis [65].
Neuropathy occurs in nearly 10 % of patients, again more com-
monly those with multicentric disease, but is also possible in
patients with unicentric disease. When neuropathy is present, other
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features of POEMS syndrome should be sought including a mon-
oclonal protein and osteosclerotic bone lesions [75, 80, 81].

Relationship of POEMSSyndrome to Castleman’s
Disease and Castleman’s Disease Variant
of POEMS

Several published cases of “interesting features” associated with
Castleman’s disease are likely cases of POEMS syndrome [75].
MCD with and without peripheral neuropathy tend to be different;
it has even been proposed that the presence or absence of
peripheral neuropathy should be part of the multicentric
Castleman’s disease classification system [73]. Those patients with
peripheral neuropathy are more likely to have edema and impaired
peripheral circulation, and they are also more likely to have a
monoclonal lambda protein in their serum and/or urine [80].

Between 11 and 30 % of POEMS patients who have a docu-
mented clonal plasma, cell disorder also have documented
Castleman’s disease or Castleman-like histology [14]. In 30
patients with POEMS syndrome, 19 of 32 biopsied lymph nodes
showed angiofollicular hyperplasia typical of Castleman’s disease
[2]. In another series, 25 of 43 biopsied lymph nodes were diag-
nostic of Castleman’s disease and 84 % of these had hyaline
vascular type [26]. Only those with peripheral neuropathy and a
plasma cell clone should classified as having standard POEMS
syndrome. Without both of these characteristics, patients can be
classified as Castleman’s disease variant of POEMS if they have
other POEMS features (Fig. 3.3).

The neuropathy in Castleman’s disease patients tends to be
more subtle than that of POEMS patients with osteosclerotic
myeloma and is more often sensory. At its worst, however, it is a
mixture of demyelination and axonal degeneration with normal
myelin spacing on electron microscopy [82], and abnormal capil-
lary proliferation, similar to what is seen in the affected lymph
nodes, has been described. In contrast to the osteosclerotic mye-
loma variant of POEMS in which VEGF is the most consistently
elevated cytokine, in Castleman’s disease, IL-6 is the dominant
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aberrantly overexpressed cytokine. Castleman’s disease patients
often have a brisk polyclonal hypergammaglobulinemia.

Course and Prognosis

The course of CD is variable. Typically cases of localized disease
are cured by surgical resection. The multicentric form is more
difficult to manage, and median survival has been reported to be as
short as 26 months [83]. Frizzera et al. [78] divided patients’
courses into 2 categories—episodic and persistent. Those patients
with more extensive disease (systemic symptoms, lymphadenopa-
thy, hepatosplenomegaly, and effusions) were more likely to have
the episodic pattern of evolution. These authors also found that
male gender, episodic evolution, and predominantly proliferative
morphology in involved lymph nodes were associated with worse
survival in univariate analysis [78]. Weisenberger et al. [83]
described parsed the course for multicentric CD patients into five
categories: (1) cure; (2) stable and persistent; (3) relapse and
remission; (4) rapidly fatal disease; and (5) evolution to malignant
lymphoma.

A prognostic model for survival was developed using the
clinical information of 113 patients with CD who were not known
to have HIV [84]. Sixty patients had multicentric disease. Of the
patients with multicentric CD, 32 % had criteria sufficient for a
diagnosis of POEMS syndrome. For all patients, 2, 5, and 10-year
OS rates were 92, 76, 59 %, respectively. Most of the factors
identified as risk factors for death on univariate analysis cosegre-
gated with diagnostic criteria for POEMS syndrome, which sup-
ported the concept of four categories of CD, which are (along with
their 5-year OS): (1) unicentric CD (91 %); (2) multicentric CD
associated with the osteosclerotic variant of POEMS syndrome
(90 %); (3); multicentric CD without POEMS syndrome (65 %);
and (4) multicentric CD with POEMS syndrome without
osteosclerotic lesions (27 %).

Secondary malignancies are not uncommon in CD.
HIV-infected patients with HHV-8+ MCD are estimated to have a
frequency of lymphoma of 15-fold compared to an HIV-infected
population without CD [76]. HIV-negative patients with HHV-8+
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MCD develop malignancies, most notably lymphoma (*15 %)
and Kaposi sarcoma, in up to 1/3 of the cases [78].

Therapy

Treatment options will only be discussed for HIV-negative
patients.

Treatment of Unicentric CD

The treatment decision for unicentric disease, regardless of whether
it is hyaline vascular, plasma cell variant, or mixed type, is
straightforward: surgical removal whenever possible; if not possi-
ble, irradiation should be considered [75]. For large tumors,
embolization of solitary mass prior to surgical removal or neoad-
juvant therapy has also been applied. Though there is a low rate of
recurrence, these patients appear to have a higher risk of devel-
oping Hodgkin disease and non-Hodgkin lymphoma. A number of
patients have seemingly done well with observation alone, but one
must be vigilant about subtle development and progression of
associated paraneoplastic entities like bronchiolitis obliterans.

Of the 22 patients with unicentric disease treated with irradia-
tion that have been reported in the literature, 11 had a complete
response, 4 had a partial response, 6 had no clinical response, and
one had progressive disease [75].

When there are paraneoplastic or autoimmune conditions
associated with CD, these generally resolve within months of the
surgery, though the reports of resolution of associated pemphigus
and bronichiolitis obliterans are mixed.

Treatment of Multicentric CD

The best choice of therapy for multicentric CD is uncertain [75].
Historically, therapy had been corticosteroid and alkylator based.
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Small numbers of patients have been treated with alternative
therapies like interferon-alpha, thalidomide, rituximab, bortezomib,
and high-dose chemotherapy with hematopoietic stem cell trans-
plantation (Table 3.3) [59, 75]. The most exciting therapeutic
strategies are those that block IL-6 either as an anti-IL-6 antibody
or as an anti-IL-6 receptor antibody. The former approach has an
FDA-approved drug, siltuximab, which produced durable tumor
and symptomatic responses in 34 % of patients treated as com-
pared to placebo for whom there were no responses [85]. The
anti-IL-6 receptor approach has been used in Japan form more than
a decade [86].
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Chapter 4
Waldenstrom’s
Macroglobulinemia

Stephen M. Ansell, MD, PhD

Introduction

Waldenstrom’s macroglobulinemia is an indolent B-cell malig-
nancy defined by a lymphoplasmacytic infiltration in the bone
marrow or in other organs including lymph nodes, liver, and
spleen, as well as a monoclonal immunoglobulin M protein
(IgM) in the serum [1, 2]. The infiltration of the bone marrow and
extramedullary sites by malignant B lymphocytes, as well as ele-
vated IgM levels, typically leads to symptoms associated with this
disease. Patients may develop constitutional symptoms, pancy-
topenia, or organomegaly due to infiltration by malignant cells.
They may also develop neuropathy, symptoms associated with
immunoglobulin deposition or hyperviscosity due to the presence
of increased serum levels of the monoclonal IgM protein [3, 4].

There is, however, significant heterogeneity in the clinical
presentation of patients with this disease. Some patients may pre-
sent with the symptoms listed above, but many patients are
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asymptomatic at the time the diagnosis is made. Some of these
asymptomatic patients have very low serum IgM levels, a modest
increase in lymphoplasmacytic cells in the bone marrow and no
evidence of anemia or organomegaly. Many of the asymptomatic
patients have a very indolent disease course, and some do not
develop overt disease. Based on the extent of infiltration in the
bone marrow and the serum IgM levels, asymptomatic patients can
be further categorized as having a monoclonal gammopathy of
undetermined significance (MGUS) or smoldering Waldenstrom’s
macroglobulinemia.

While Waldenstrom’s macroglobulinemia typically follows an
indolent course, the disease remains incurable with current therapy
and the median survival for symptomatic patients is approximately
8 years [5]. Furthermore, many patients are diagnosed with
Waldenstrom’s macroglobulinemia at an advanced age and
approximately half of the patients die from causes unrelated to the
disease. Therefore, due to the incurable nature of the disease, the
heterogeneous clinical presentation, as well as the presence of
multiple comorbidities and competing causes of death, the decision
to treat patients as well as the choice of treatment can be complex.
A number of consensus meetings involving experts in the field have
outlined recommended treatment approaches [6–8]. Despite this,
the treating physician may still be faced with a difficult treatment
decision in a complex patient with an uncommon disease.

Epidemiology

The incidence of Waldenstrom’s macroglobulinemia is approxi-
mately 5 cases per million persons per year, and Waldenstrom’s
macroglobulinemia accounts for approximately 1–2 % of all
hematological cancers [9, 10]. The incidence of this disease is
highest among Caucasians, but is rare in other population groups
[11]. The majority of new patients are male, and the median age at
diagnosis varies between 63 and 68 years [3]. Patients with a
previously diagnosed MGUS are at increased risk for progression
to Waldenstrom’s macroglobulinemia [12]. In population-based
studies of individuals with MGUS, the rate of progression from
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IgM-MGUS to Waldenstrom’s macroglobulinemia has been noted
to be approximately 1.5–2 % per year [13–15].

While the development of Waldenstrom’s macroglobulinemia is
generally thought to be sporadic, there are studies suggesting a
familial predisposition for the disease [16–18]. Familial clustering
of Waldenstrom’s macroglobulinemia, as well as a significant
increase in the frequency of IgM-MGUS in first-degree relatives of
Waldenström patients, is strongly suggestive of familial risk [17].
Based on the assumption that Waldenstrom’s macroglobulinemia
and IgM-MGUS may share common susceptibility genes, strong
linkages have been identified involving chromosomes 1q, 3q, and
4q [13]. Furthermore, several studies have suggested a familial
association between MGUS/Waldenstrom’s macroglobulinemia
and chronic antigenic stimulation [18–21]. It was recently shown
that a sizable minority of patients with IgM-MGUS/Waldenstrom’s
macroglobulinemia reacted with a protein of unknown function
called paratarg-7 (P-7) [22]. Relatives of patients with
IgM-MGUS/Waldenstrom’s macroglobulinemia analyzed using an
anti-P-7-paraprotein showed that the hyperphosphorylated state of
this protein (pP7) is inherited as a dominant trait. It was also shown
that carriers of pP7 have a substantially increased risk of devel-
oping IgM-MGUS/Waldenstrom’s macroglobulinemia [22].
Hyperphosphorylated P-7 is therefore the first biological entity that
provides a potential explanation for the familial clustering of cases
of IgM-MGUS/Waldenstrom’s macroglobulinemia.

Diagnosis

In recent years, efforts to more clearly define Waldenstrom’s
macroglobulinemia have been made by the World Health
Organization (WHO) Lymphoma Classification [23], the consensus
group formed at the Second International Workshop on
Waldenstrom’s Macroglobulinemia [1], and the Mayo Clinic [24].
However, the diagnostic criteria for Waldenstrom’s macroglobu-
linemia by these respective groups are not identical. All groups
recognize Waldenstrom’s macroglobulinemia as a lymphoplasma-
cytic lymphoma associated with an IgM monoclonal protein in the
serum. The WHO definition, however, includes lymphomas other
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than lymphoplasmacytic lymphoma and does not restrict the
monoclonal protein to IgM but also allows IgG or IgA. In contrast,
the Second International Workshop on Waldenström’s
Macroglobulinemia restricts the diagnosis of Waldenstrom’s
macroglobulinemia exclusively to cases with lymphoplasmacytic
lymphoma and an IgM monoclonal protein. The Second
International Workshop on Waldenström’s Macroglobulinemia
also removed the requirement for a minimum degree of bone
marrow involvement or a threshold serum level of IgM to fulfill the
diagnosis, but instead allowed for any detectable amount of either.
In contrast, Mayo Clinic criteria require at least 10 % involvement
of the bone marrow by lymphoplasmacytic lymphoma in asymp-
tomatic patients. As regards the analysis of pathologic features, the
WHO criteria focus predominantly on nodal involvement, whereas
studies at Mayo Clinic suggest that the analysis of most cases of
Waldenstrom’s macroglobulinemia should be bone marrow based.

Lymphoplasmacytic lymphoma, whether involving the bone
marrow or nodal sites, typically exhibits a cytologic spectrum
ranging from small lymphocytes with clumped chromatin, incon-
spicuous nucleoli, and sparse cytoplasm to well-formed plasma
cells [1, 25]. Also commonly present are “plasmacytoid lympho-
cytes,” which have cytologic features of both lymphocytes and
plasma cells, although the cytology and extent of plasmacytic
differentiation may vary from case to case. Involvement of lymph
nodes is typically characterized by paracortical and hilar infiltration
with frequent sparing of the subscapular and marginal sinuses. The
bone marrow involvement usually exhibits a combination of
nodular, paratrabecular, and interstitial infiltration. Plasma cells
containing Dutcher bodies are commonly present.

The lymphoplasmacytic cells present in Waldenstrom’s
macroglobulinemia display a broad cytologic spectrum and the
immunophenotypic features of the lymphocytic and plasmacytic
components can be rather varied. The lymphocytic infiltrate com-
monly displays high levels of surface CD19, CD20, and
immunoglobulin light-chain expression, but the malignant B lym-
phocytes typically lack CD10 expression [25]. In approximately
half of the cases, malignant lymphocytes show some degree of
CD5 expression; however, the intensity of expression is not as
strong as on malignant B cells from patients with chronic lym-
phocytic leukemia/small lymphocytic lymphoma or mantle cell
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lymphoma. The plasmacytic component expresses the same
immunoglobulin light chain as the lymphocytic component, is
positive for CD138 and shows diminished expression of
B-cell-associated antigens such as CD19, CD20, and PAX5.
Overall, the lymphoplasmacytic lymphoma cells are positive for
surface IgM, and on the basis of the WHO criteria, they may
express any immunoglobulin isotype. In cases that have undergone
isotype switching, the phenotype of the plasma cells closely
resembles that of myeloma plasma cells with strong CD38 and
CD138 co-expression and complete lack of CD19 expression.
Waldenstrom’s macroglobulinemia tumor cells have also been
shown to variably express CD25, CD27, FMC7, and Bcl2, and lack
expression of Bcl6 and CD75.

Conventional cytogenetic analyses initially determined dele-
tions of chromosome 6q to be the most common recurrent abnor-
mality in Waldenstrom macroglobulinemia, and this abnormality
was identified in approximately half of the patients studied [26]. In
a study by Schop et al. [27], 23 % of patients with an abnormal
karyotype had a 6q deletion, while FISH analysis found deletions
of 6q in 42 % of patients. Further analysis to assess minimal areas
of deletion used multiple FISH probes on the 6q arm, and the
results suggested a minimal deleted region at 6q23–24.3 [28].
Although the deletion of 6q is present in around 50 % of
Waldenstrom macroglobulinemia patients, its presence cannot be
used for diagnosis of the disease as the deletion is widely observed
in other B-cell malignancies, such as marginal zone lymphoma,
multiple myeloma and chronic lymphocytic leukemia [29–32].

Recent data obtained from whole-genome sequencing of
Waldenstrom’s macroglobulinemia patients reported a mutation in
MYD88 in 90 % of cases (46/51), which leads to a leucine-to-
proline substitution in codon 265 (L265P) [33]. This MYD88
mutation is likely to become a biomarker for differentiating
Waldenstrom’s macroglobulinemia from other related entities such
as marginal zone lymphoma, where MYD88 L265P was detected in
less than 10 % of cases. Furthermore, a low prevalence of MYD88
mutations in IgM-MGUS suggests that the mutation is associated
with disease progression or that there is more than one type of
IgM-MGUS, with only certain types of IgM-MGUS progressing to
Waldenstrom’s macroglobulinemia.
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Gene expression profile (GEP) analysis of Waldenstrom’s
macroglobulinemia has also provided useful information about
the transcriptional signature of the disease. Two studies have
studied the similarities and differences in GEP between
Waldenstrom’s macroglobulinemia, chronic lymphocytic lym-
phoma (CLL), multiple myeloma, normal B cells, and normal
plasma cells [34, 35]. These studies have identified similarities
between GEP in Waldenstrom’s macroglobulinemia and CLL.
When analyzed in an unsupervised fashion, gene expression in
Waldenstrom’s macroglobulinemia cells clustered with CLL
rather than with multiple myeloma [34]. This may not be sur-
prising as both Waldenstrom’s macroglobulinemia and CLL have
a strong B-cell signature, are characterized by expression of
similar B-cell markers and are defined by low proliferation rates
and a lack of immunoglobulin heavy-chain mutations [35].
The GEP of Waldenstrom’s macroglobulinemia and CLL shared
similar profiles, particularly with regard to cell surface markers
and cytokines such as IL-10 [34, 35].

A significant finding in both studies was the high level of IL-6
transcript expression in Waldenstrom’s macroglobulinemia when
compared to multiple myeloma, CLL, and normal B cells [34, 35].
IL-6 is an inflammatory cytokine that increases lymphocyte
activity, including antibody production [36]. IL-6 plays a key role
by activating the MAPK pathway, and while the genetic studies
found no specific mutations in MAPK, its activity was notably
increased, likely due to the upregulation of IL-6 [34]. The increase
in IL-6 expression in Waldenstrom’s macroglobulinemia cells,
more so than in normal B cells, is suggestive of an autocrine
loop. IL-6 binds to the tyrosine kinase receptor Janus kinases
(JAK) 1 and 2, which activate the downstream transcription factor
Stat3, leading to increases in gene transcription and IgM produc-
tion [37]. Recently, a functional relationship between IL-6,
RANTES (CCL5), and IgM secretion was observed and appears to
be mediated through the JAK/STAT and PI3K pathways [38].
Although the specific mechanisms of increased immunoglobulin
secretion in Waldenstrom’s macroglobulinemia are still not entirely
understood, the pathogenic role of IL-6 and the JAK/STAT path-
way in Waldenstrom’s macroglobulinemia merits further study.
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Clinical Presentation

Infiltration of the bone marrow by malignant cells and the
increased levels of circulating IgM protein in patients with
Waldenstrom’s macroglobulinemia are responsible for the majority
of the signs and symptoms associated with this malignancy. While
some patients with Waldenstrom’s macroglobulinemia are
asymptomatic at diagnosis, others present with anemia, bleeding,
or neurological complaints [39]. Additionally, because IgM protein
circulates in the serum as a large pentameric molecule, many
patients present with symptoms associated with immunoglobulin
deposition and hyperviscosity syndrome [40]. Symptoms due to
hyperviscosity syndrome have been reported in approximately
one-third of Waldenstrom’s macroglobulinemia patients and
include skin and mucosal bleeding, retinopathy, other visual dis-
turbances, and cold sensitivity [39, 41].

Due to an absence of curative therapies, as well as significant
variability in clinical presentation and comorbidities, when and
how to treat patients diagnosed with Waldenstrom’s macroglobu-
linemia can be a challenging decision. Before treatment can even
be considered, it is important to differentiate between
Waldenstrom’s macroglobulinemia, IgM-MGUS and smoldering
Waldenstrom’s macroglobulinemia, as the appropriate treatment
strategy varies depending on the diagnosis. To aid in this
decision-making process, Mayo Clinic has described diagnostic
criteria to differentiate between these IgM gammopathies based on
the extent of bone marrow involvement and the presence or
absence of symptomatic disease (see Table 4.1) [24].

Prognostic Factors

After the diagnosis of Waldenstrom’s macroglobulinemia is made,
the next step is to use a risk-adapted approach to determine how best
to manage the disease. The International Prognostic Staging System
for Waldenstrom Macroglobulinemia (IPSSWM), a multicenter
collaborative project, used five adverse prognostic factors to define
three different risk groups for patients with Waldenstrom’s
macroglobulinemia [42]. These factors include age >65 years,
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hemoglobin <11.5 g/dL, platelet count <100,000/mcL, β2-micro-
globulin >3 mg/L, and monoclonal IgM protein >7 g/dL. Patients
with 0–1, 2, or >2 of these factors are considered to be at low risk,
intermediate risk, or high risk, with 5-year survival rates of 87, 68,
and 37 % respectively.While the IPSSWM is not specifically used to
determine the most appropriate treatment regimen, understanding a
patient’s risk group may be helpful in deciding whether and when
treatment is necessary. Conversely, many asymptomatic patients
may not require any therapy at all. To illustrate this point, a study by
Garcia-Sanz et al. found that 50 % of patients who were

Table 4.1 Diagnostic criteria for Waldenstrom's macroglobulinemia [24]

Waldenstrom's macroglobulinemia IgM monoclonal gammopathy
(regardless of the size of the M
protein) with >10 % bone marrow
lymphoplasmacytic infiltration
(usually intertrabecular) by small
lymphocytes that exhibit
plasmacytoid or plasma cell
differentiation and a typical
immunophenotype (surface IgM+,
CD5−, CD10−, CD19+, CD20+,
CD23−) that satisfactorily excludes
other lymphoproliferative disorders
including chronic lymphocytic
leukemia and mantle cell lymphoma

IgM-MGUS Serum IgM monoclonal protein
level <3 g/dL, bone marrow
lymphoplasmacytic infiltration
<10 %, and no evidence of anemia,
constitutional symptoms,
hyperviscosity, lymphadenopathy,
or hepatosplenomegaly

Smoldering Waldenstrom's
macroglobulinemia (also referred to
as indolent or asymptomatic
Waldenstrom's macroglobulinemia)

Serum IgM monoclonal protein
level ≥3 g/dL and/or bone marrow
lymphoplasmacytic infiltration
≥10 %, and no evidence of
end-organ damage, such as anemia,
constitutional symptoms,
hyperviscosity, lymphadenopathy,
or hepatosplenomegaly that can be
attributed to a lymphoplasmacytic
disorder
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asymptomatic at diagnosis did not require therapy for almost 3 years
[39]. Similarly, one in ten patients who were initially observed
without therapy did not require therapy for ten years. These data
highlight the need to carefully consider a patient’s prognostic risk
prior to starting treatment so as to limit therapy to only those patients
in whom it is necessary.

Indications for Treatment

To better identify the patients with Waldenstrom’s macroglobu-
linemia who should receive therapy, a consensus panel at the Second
International Workshop on Waldenstrom Macroglobulinemia
agreed that treatment should be initiated in patients with a specific set
of clinical findings and/or laboratory parameters [43]. Specifically, it
was recommended that treatment be initiated in patients presenting
with any of the following: constitutional symptoms including fever,
night sweats or weight loss; lymphadenopathy or splenomegaly;
hemoglobin <10 g/dL or a platelet count lower than 100× 109/L due
to bone marrow infiltration; as well as complications of
Waldenstrom’s macroglobulinemia including symptomatic senso-
rimotor peripheral neuropathy, systemic amyloidosis, renal insuffi-
ciency, or symptomatic cryoglobulinemia. It was also recommended
that patients with IgM-MGUS and smoldering (asymptomatic)
Waldenstrom’s macroglobulinemia with preserved hematological
function should be observed without treatment. Furthermore, all
patients should be evaluated for symptoms of hyperviscosity (rarely
observed with IgM levels <4 g/dL) such as visual deterioration,
neurological symptoms, or unexplained bleeding. These patients
should undergo plasmapheresis if necessary prior to receiving
chemotherapy or a monoclonal antibody such as rituximab [44].

Initial Therapy

Initial therapy for previously untreated patients with symptomatic
Waldenstrom’s macroglobulinemia may involve various
chemotherapeutic combinations typically with the addition of the
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CD20+-directed antibody, rituximab [45]. However, low-risk
patients with symptomatic Waldenstrom’s macroglobulinemia
may sometimes receive rituximab alone as first-line treatment.
Treatment regimens containing nucleoside analogs, such as
fludarabine, have demonstrated good efficacy in symptomatic
Waldenstrom’s macroglobulinemia patients particularly when used
in combination, including fludarabine/cyclophosphamide/
rituximab (FCR) and fludarabine/rituximab (FR). In a multicenter
prospective study of previously untreated patients with symp-
tomatic disease, the FCR regimen was associated with an overall
response rate of 79 %, including 12 % who had a complete
remission and 21 % who had very good partial remissions [46].
Significant myelosuppression, however, is a limitation of this
combination, as grade 3 or 4 neutropenia was reported in 45 % of
treatment courses and was the main reason for discontinuing
treatment. A separate study similarly examined patients who
received six cycles of fludarabine combined with eight infusions of
rituximab (FR) [47]. Of the 43 patients enrolled, complete
responses were achieved in two patients, with 81 % of patients
achieving either a very good partial response or partial response.
Similar toxicities to the FCR regimen were seen, and neutropenia,
thrombocytopenia, and pneumonia of grade 3 or higher were
reported in 63 % of patients treated with FR.

Despite the clinical activity of nucleoside analog-based thera-
pies in the treatment of Waldenstrom’s macroglobulinemia, an
increased incidence of transformation to large cell lymphoma, as
well as the development of myelodysplasia, has been associated
with the use of these agents. A recent study followed 439 patients
with Waldenstrom’s macroglobulinemia, of whom 193 were pre-
viously treated with nucleoside analogs, 136 who were treated
without a nucleoside analog, and 110 who were observed without
treatment. All were followed for a median of five years [48].
Among the nucleoside analog-treated cohort, 5 % of patients
transformed and 2 % developed myelodysplasia, whereas only one
patient transformed within the other groups. These data suggest
that while nucleoside analog-based therapeutic regimens are
effective, the additional long-term risks associated with these
therapies must be taken into account when deciding upon an initial
treatment strategy for patients with Waldenstrom’s
macroglobulinemia.

80 S.M. Ansell, MD, PhD



Initially considered to be the standard of care, alkylating agents
have also been used in patients with Waldenstrom’s macroglobu-
linemia. Over time, combinations of alkylating agents, such as
chlorambucil and cyclophosphamide, have been studied with vinca
alkaloids, nucleoside analogs, and anthracyclines and have been
shown to be effective [49–52]. The addition of rituximab to
alkylator-based combinations has further increased patient
response rates. In a prospective, randomized trial including patients
with Waldenstrom’s macroglobulinemia treated with R-CHOP or
CHOP without rituximab, a significantly higher overall response
rate was achieved in the patient group receiving chemoim-
munotherapy as compared to chemotherapy alone (94 % vs. 67 %,
p = 0.008), with no major differences noted in toxicity [53].
Furthermore, patients in the R-CHOP group experienced a signif-
icantly longer time to treatment failure as compared to patients in
the CHOP arm (63 months vs. 22 months, p = 0.003). Similarly,
significant activity with less toxicity has been achieved in
Waldenstrom macroglobulinemia patients with other combinations
containing alkylating agents and rituximab, suggesting that such
regimens may be preferable as initial therapy for this disease [44].
For example, treatment with dexamethasone, rituximab, and
cyclophosphamide (DRC) yielded an overall response rate of 83 %
in previously untreated patients, 7 % of whom had a complete
response to therapy [54]. Toxicity was mild, and only 9 % of
patients experienced grade 3 or 4 neutropenia.

Bendamustine, a newer alkylating agent, has also shown sig-
nificant activity in Waldenstrom macroglobulinemia, particularly
when combined with rituximab. In a cohort of relapsed and
refractory patients treated with bendamustine in combination with
rituximab, an overall response rate of 83 % was seen [55]. While
the therapy was well tolerated, there was an increased incidence of
myelosuppression in patients who had previously been treated with
nucleoside analogs [48]. Bendamustine plus rituximab has now
become a standard frontline therapy in Waldenstrom macroglob-
ulinemia based on a randomized comparison with R-CHOP [56].
When compared with R-CHOP, treatment with bendamustine plus
rituximab resulted in fewer relapses, was better tolerated and was
associated with a longer progression-free survival, despite identical
response rates for both regimens.
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Rapid and durable patient responses have also been achieved
with the proteasome inhibitor bortezomib when used in combina-
tion with rituximab in this disease. When bortezomib, dexam-
ethasone, and rituximab (BDR) were administered to previously
untreated, but symptomatic Waldenstrom’s macroglobulinemia
patients, the overall response rate was extremely high (96 %) and
responses occurred at a median of 1.4 months [57]. Unfortunately,
a high incidence of peripheral neuropathy led to the discontinuation
of bortezomib in almost two-thirds of patients. Similar results were
seen in a separate study that reported an overall response rate of
88 % in patients with symptomatic Waldenstrom’s macroglobu-
linemia who received only bortezomib and rituximab [58]. In this
study, no grade 3 or 4 neuropathies were reported, and the most
significant adverse event was neutropenia in 12 % of patients.

When used as a single-agent, rituximab has been associated
with response rates ranging from 29 to 65 %, and single-agent
rituximab is a reasonable option in the treatment of Waldenstrom’s
macroglobulinemia. This approach may be most appropriate in
low-risk patients with symptomatic disease and minimal hemato-
logical compromise, as well as in patients with IgM-related neu-
ropathy requiring treatment [44]. In a study of 69 symptomatic
patients, an overall response rate of 52 % was reported following
administration of rituximab as a single agent [59]. When using
rituximab as a single agent, clinicians need to be aware of the
paradoxical increase in IgM protein levels seen in some patients,
known as the rituximab “flare” [44, 60]. IgM levels may remain
elevated for up to 4 months following treatment with rituximab,
and while this does not necessarily indicate treatment failure,
additional treatment such as plasmapheresis may be necessary to
alleviate symptoms of hyperviscosity.

Based on the variety of different agents that are clinically active
in this disease, a risk-adapted approach to the management of
Waldenstrom’s macroglobulinemia is necessary. Three groups of
patients have previously been identified [44]. Firstly, patients
with IgM-MGUS or smoldering (asymptomatic) Waldenstrom’s
macroglobulinemia and normal hematological function constitute a
low-risk group. Second, symptomatic Waldenstrom’s macroglob-
ulinemia patients with modest hematological compromise,
IgM-related neuropathy or hemolytic anemia are at intermediate
risk of disease progression and subsequent morbidity or mortality.
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Thirdly, Waldenstrom’s macroglobulinemia patients who have
constitutional symptoms, significant hematological compromise,
bulky disease or hyperviscosity have a high risk of disease pro-
gression and early mortality. Utilizing these risk groups, we rec-
ommend the following: (1) Patients with IgM-MGUS or
smoldering (asymptomatic) Waldenstrom macroglobulinemia and
preserved hematological function should be observed without ini-
tial therapy. (2) Symptomatic Waldenstrom’s macroglobulinemia
patients with modest hematological compromise, IgM-related
neuropathy, or hemolytic anemia unresponsive to corticosteroids
should receive four standard doses of rituximab alone without
maintenance therapy. (3) Waldenstrom’s macroglobulinemia
patients who have significant constitutional symptoms, profound
hematological compromise, bulky disease, or hyperviscosity
should be treated with chemoimmunotherapy using either ben-
damustine in combination with rituximab or the DRC regimen
(dexamethasone, rituximab, and cyclophosphamide). Any patient
with symptoms of hyperviscosity should first be treated with
plasmapheresis (see mSMART algorithm in Fig. 4.1) [44].

Management of Relapsed Disease

Even though there are high overall response rates associated with
the upfront treatment regimens and despite the introduction of new
therapeutic agents into initial treatment combinations, studies have
not clearly demonstrated a significant improvement in the overall
outcome of patients with Waldenstrom’s macroglobulinemia trea-
ted during the last 25 years [61]. These findings highlight the need
for more effective agents to further improve patient survival,
especially in patients who have failed previous treatment regimens.
Fortunately, new therapies and new treatment combinations are
currently being tested in patients with refractory and relapsed
disease.

Examples of new agents being used in patients with relapsed
disease include immunomodulating drugs (IMiDs), including
thalidomide and lenalidomide, which have been studied in
Waldenstrom’s macroglobulinemia in combination with rituximab
as these agents enhance rituximab-mediated antibody-dependent
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cellular cytotoxicity (ADCC) [62]. However, despite relatively
high overall response rates, treatment with both thalidomide and
lenalidomide has been associated with significant toxicity [63]. In
the case of lenalidomide and rituximab, the clinical trial was closed
early due to reports of significant anemia, which occurred in 13 of
16 treated patients [64]. Therefore, while these agents have
demonstrated significant clinical activity, further studies are nec-
essary to identify the optimal dose and schedule of the drug that
results in maximal activity with minimal toxicity.

Everolimus, a mammalian target of rapamycin (mTOR) inhibitor,
has also been studied in patients with Waldenstrom’s macroglobu-
linemia, due to the previously described role of the PI3K/Akt/mTOR
signal transduction pathway as a driver of tumor viability in various
hematological diseases, including Waldenstrom’s macroglobuline-
mia [65]. When everolimus was used as a single agent in patients
with relapsed or refractory Waldenstrom’s macroglobulinemia, an
overall response rate of 70 % was reported with a 12-month
progression-free survival of 62 % [66]. The drug did have significant
toxicity with 56 % of patients developing grade 3 or greater

Fig. 4.1 Mayo clinic [mayo stratification of macroglobulinemia and
risk-adapted therapy (mSMART)] consensus for management of newly
diagnosed Waldenstrom's macroglobulinemia [44]. MGUS monoclonal gam-
mopathy of undetermined significance. SI conversion factor: to convert
hemoglobin values to g/L, multiply by 10
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toxicities that required dose reductions in more than half of the
patients. However, despite its toxicity profile, single-agent ever-
olimus appears to be a potential new therapeutic option for the
treatment of Waldenstrom’s macroglobulinemia.

Due to antitumor activity seen in preclinical studies of the
histone deacetylase inhibitor panobinostat in Waldenstrom’s
macroglobulinemia cell lines, this agent has been studied in a phase
II trial of patients with refractory or relapsed disease [67].
Panobinostat was found to be an active in this patient population
with an overall response rate of 60 %. Because of frequent
hematological toxicities, the dose of panobinostat was decreased
from 30 mg three times per week to 25 mg three times per week,
and the lower dosing schedule was better tolerated.

In addition to chemotherapeutics, other novel antibodies tar-
geting CD20 are also in development in Waldenstrom’s
macroglobulinemia to improve upon the response rates seen with
single-agent rituximab and to limit the “flare” in IgM often seen
with rituximab therapy. One such monoclonal antibody is ofatu-
mumab that targets a different epitope on CD20. Ofatumumab
targets an epitope encompassing both the large and small extra-
cellular loops of CD20, whereas rituximab targets only the large
loop [68]. Ofatumumab has been studied as a single agent in 37
patients with Waldenstrom’s macroglobulinemia, 28 of whom had
received a median of three prior therapies [69]. An overall response
rate of 59 % was reported, and there was a lower incidence of IgM
“flare” as compared to what is typically seen with rituximab. The
toxicity profile, which included the development of infection in 15
patients, was deemed to be acceptable, making ofatumumab a
further therapeutic option in Waldenstrom’s macroglobulinemia,
particularly in patients with refractory disease.

Whole-genome sequencing of tumor cells in Waldenstrom’s
macroglobulinemia has revealed a highly prevalent somatic
mutation in MYD88 [33]. MYD88 L265P is present in >90 % of
patients with Waldenstrom’s macroglobulinemia, and supports
malignant growth via signaling involving Bruton’s tyrosine kinase
(BTK). Ibrutinib, an inhibitor of BTK signaling, induces apoptosis
of malignant cells bearing MYD88 L265P. In a clinical trial of
ibrutinib in relapsed or refractory patients with Waldenstrom’s
macroglobulinemia [70], the overall response rate including minor
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responses or better was 90.5 %, with a major response rate (partial
response or better) of 73 % and a median time to response of
4 weeks. Rapid reductions in serum IgM and improvement in
hematocrit occurred in most patients receiving ibrutinib, and the
estimated 2-year progression-free survival was 69 %. Furthermore,
response rates were higher in patients with mutated MYD88 com-
pared to wild type. The study confirmed that ibrutinib is highly
active and well tolerated in patients with relapsed or refractory
Waldenstrom’s macroglobulinemia and this agent is now an
approved therapy in this disease. It is typically used as the standard
second-line agent in relapsed patients.

Finally, stem cell transplantation (SCT) is another potential
option in the treatment of patients with advanced Waldenstrom’s
macroglobulinemia. Autologous SCT is relatively well tolerated,
and durable complete responses have been reported [44]. In a
retrospective analysis of 158 heavily pretreated patients with
Waldenstrom’s macroglobulinemia who underwent autologous
(SCT), nearly half of the patients remained in remission at 5 years,
with a non-relapse mortality rate of only 3.8 %. Five-year
progression-free survival and overall survival rates were 40 and
68 %, respectively [71]. While additional prospective studies are
needed, these initial results suggest that autologous SCT may have
a place in the treatment of Waldenstrom’s macroglobulinemia,
particularly in younger patients.

A similar retrospective study has also been performed to assess
the role of allogeneic SCT in the treatment of Waldenstrom’s
macroglobulinemia. In a review of 86 patients with Waldenstrom’s
macroglobulinemia who received an allograft after either
myeloablative or reduced-intensity conditioning (RIC) regimens,
both the myeloablative and RIC regimens were associated with
significantly higher risks of non-relapse mortality at 3 years (33
and 23 %, respectively) [72]. At present, allogeneic SCT is not
considered a routine therapeutic option for patients with
Waldenstrom’s macroglobulinemia outside of a clinical trial.

As there is currently no standard approach to the management of
patients with relapsed Waldenstrom’s macroglobulinemia, the
approach of our group (Fig. 4.2) is to consider all patients for
participation in a clinical trial either as definitive therapy for their
disease or as preparative therapy prior to considering an autologous
SCT [44]. For patients who are ineligible or unwilling to go on a
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clinical trial, the choice of therapy is determined by their response
to frontline treatment. Because responses to initial therapies are
often delayed and can occur a year or more after initiating treat-
ment, we recommend using a 3-year cutoff to determine treatment.
For patients with a durable response that lasted >3 years, the
original therapy can be repeated. For patients who have an inad-
equate response to initial therapy or a response lasting <3 years, an
alternative approach should be used. Our group will commonly use
ibrutinib in these patients if not previously used. An autologous
stem cell transplant can also be considered in eligible patients with
relapsed disease.

Conclusions

Waldenstrom’s macroglobulinemia is a rare disease, and practicing
physicians may infrequently treat these patients. Patients may
present with a variety of clinical findings, and many patients do not
require treatment initially. When patients do require therapy, it is
important to select therapies that do not limit future treatment

Fig. 4.2 Mayo clinic [mayo stratification of macroglobulinemia and
risk-adapted therapy (mSMART)] consensus for management of relapsed
Waldenstrom's macroglobulinemia [44]
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options. To provide a simple risk-adapted approach to managing
patients with Waldenstrom’s macroglobulinemia, we have outlined
what we feel to be a rational approach to this disease [44]. These
recommendations are regularly updated as new data become
available and the most current guidelines are available at www.
mSMART.org.
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Chapter 5
Light Chain Amyloidosis

Amara S. Hussain, MD and Anita D’Souza, MD, MS

Introduction

Light-chain (AL) amyloidosis, also known as primary systemic
amyloidosis, is a rare plasma cell neoplasm. It shares with multiple
myeloma the feature of clonal plasma cells but is clinically distinct
from myeloma both by low tumor burden and an inherent tendency
of the malignant clone to produce paraneoplastic organ damage
from AL deposition. Clonal plasma cells secrete light chains that
have a predisposition to misfold. The resultant misfolded and these
insoluble fibrils deposit in organs leading to organ dysfunction.
Light-chain amyloidosis gathers its morbidity and mortality
through this spectrum of end-organ damage in vital organs such as
the heart, kidneys, liver and nerves.
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Epidemiology

Light-chain amyloidosis is the most common form of systemic
amyloidosis in the developed world. In Western countries, the
reported incidence is approximately 1 case per 100,000 with an
estimated 3000 new patients diagnosed each year in the USA. The
disease shows a male predisposition (male:female ratio 2:1). The
median age at diagnosis is 64 years. Patients with AL amyloidosis
may have known preceding monoclonal gammopathy of undeter-
mined significance (MGUS); AL amyloidosis accounts for 10 % of
MGUS progressions. Multiple myeloma and AL amyloidosis may
coexist; 10–15 % of myeloma patients have AL deposits and
approximately 10 % of AL amyloidosis patients have multiple
myeloma.

Pathogenesis

Pathologically, AL amyloidosis is one of several protein misfold-
ing diseases. At the microscopic level, AL amyloid is characterized
by the extracellular deposition of immunoglobulin light chains
converted to anti-parallel beta-sheets that cause insoluble fibrils.
Plasma cells secrete immunoglobulins which consist of heavy and
light chains. In AL disease, clonal plasma cells produce an over-
abundance of pathogenic light chains resulting in excess free light
chains in circulation. The mechanisms of conversion of these free
light chains into amyloid fibrils are not fully understood but have
been extensively studied in in vitro models. Factors that affect
amyloid fibril formation in vitro include physicochemical factors
such as temperature, pH, ionic strength, agitation, protein con-
centration, pressure and interactions with other ions [1].

Diagnostic Investigations

Hematologic: serum and urine protein electrophoresis with
immunofixation, free light-chain assay, bone marrow biopsy.
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Histologic diagnosis of amyloid deposits: Congo red stain of
bone marrow and abdominal fat pad aspirate/biopsy. If both are
negative, and clinical suspicion is high, proceed with biopsy of
suspected organ. Sub-typing of amyloid deposits using proteomic
analysis.

Detect and measure organ involvement (based on clinical
suspicion)

– cardiac: troponin T, NT-proBNP, 2-dimensional echocardio-
gram, cardiac magnetic resonance imaging if echocardiogram is
inconclusive,

– renal: 24-h urine protein, creatinine, albumin,
– hepatic: hepatomegaly (physical examination or imaging),

bilirubin, alkaline phosphatase,
– neurologic: tilt table testing, electromyography and nerve con-

duction studies,
– gastrointestinal: fecal fat in cases of malabsorption syndrome,
– bleeding: factor X level.

Prognostication of AL Amyloidosis

A disease process with such clinical variability is difficult yet vital
to prognosticate. Repeatedly, it has been shown that those patients
who achieve the one-year milestone, from the date of diagnosis,
have a better overall survival. To further understand this hetero-
geneous disease and its impact on overall survival, multiple out-
come measures have been analyzed.

Early on, the degree of organ involvement, especially cardiac,
underscores prognosis. Later on, the ongoing extent of light-chain
clonal burden prognosticates overall survival. Table 5.1 shows
factors associated with prognosis in AL amyloidosis. Cardiac
involvement is the critical factor associated with early mortality.
Using a NT-proBNP >1800 pg/ml, troponin T > 0.01 ng/ml and
uric acid >8 mg/dl allows a prognostication of early events. The
presence of none, 1, 2 or all 3 risk factors has been shown to be
associated with 12, 24, 46 and 69 % risk of dying within 1 year,
respectively [2]. Other prognosticators are reflective of tumor
load, amyloid burden and clinical consequence of organ amyloid
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involvement (Table 5.1). This highlights the need for uniform and
consistent use of a standard staging system for the disease as well
as individual amyloid organ involvement and response to therapy,
a process that was most recently revised in 2012 [3] (Table 5.2).
Similarly, it is critical to define response and progression both
hematologically, and in the target involved organ. Hematologic
response focused on the extent of light-chain reduction. In a 2012
revision of hematologic response criteria proposed by Palladini
et al. [4], complete response is defined as a negative serum and
urine immunofixation electrophoresis and normal serum free
light-chain ratio, very good partial response as the dFLC of less
than 40 mg/L, partial response as a dFLC decrease of more than
50 % and no response. Similarly, organ response and progression
are defined for key target organs such as the heart, kidneys and
liver and depicted in Fig. 5.1.

Treatment

The current state of art amyloid therapies in AL amyloidosis is
focused on anti-plasma cell-directed treatments. This is achieved in
the form of chemotherapy that targets the underlying
light-chain-secreting clone. Chemotherapy however has minimal or
no effect on preformed amyloid fibrils or aggregates. These usually
clear over time. As a result, there is often a lag between hemato-
logic responses seen from reduction of the amyloidogenic clone
and organ responses which needs a clearance of amyloid deposits.
Often, during this time, patients, particularly those with advanced
amyloidosis, can continue to worsen. Indeed, the risk of early
mortality which is about 40 % in the first year after diagnosis has
remained unchanged over 4 decades despite improvements in
efficacy of anti-plasma cell chemotherapy [2]. Good prognostica-
tion in order to better identify the patients who are at increased risk
of death or poor outcomes thus is critical.

Given that the underlying plasma cell neoplasm is similar to
what is seen in multiple myeloma (albeit at a lower tumor burden),
it is not surprising that AL-directed therapeutics are imported from
the multiple myeloma platform. As eluded to earlier, ideal amyloid
treatment would include 2 components used in conjunction:
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(a) anti-plasma cell chemotherapy (control underlying amyloido-
genic clone) and (b) amyloid fibril-directed therapy (allow fibril
breakdown and/or clearance). At the current time, there are no
approved amyloid fibril-directed therapies, and so treatment
strategies are focused on chemotherapy and intense supportive
care. Figure 5.2 provides a timeline of amyloid therapeutics, and
Table 5.3 further describes the various treatments that are currently
tested or in testing.

Autologous Hematopoietic Cell
Transplantation (Auto-transplant)

Auto-transplant using high dose melphalan chemotherapy followed
by stem cell rescue is another form of plasma cell clone control.
While transplant series from specialized amyloid centers have
shown a benefit of auto-transplant in effective hematologic disease
control and long-term survival, there is an increased risk of

Table 5.1 Factors associated with prognosis in AL amyloidosis

Early mortality
Cardiac troponin T [cTnT] > 0.01 ng/mL

N-terminal prohormone of brain natriuretic peptide
[NT-proBNP] > 4200 pg/mL

Serum uric acid > 8 mg/dl

Plasma cell clone
Absolute measure of amyloidogenic light-chain burden (dFLC > 18 mg/dl)

Size of bone marrow plasma cells, >10 %

Β2-microglobulin

Proliferation rate of plasma cells

Presence of plasma cells in the peripheral circulation

Organs involved with amyloidosis
Number of organs involved with amyloidosis

Extent of organ involvement (e.g., the presence of symptomatic heart failure,
orthostatic hypotension, etc.)

Weight loss
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Table 5.2 Staging using current definitions established in 2012 [3, 5]

Staging [6]

Thresholds Categories Survival
(months)

NT-proBNP > 1800 pg/ml I (0
factors)

94.1

Troponin T > 0.025 II (1
factor)

40.3

dFLC > 18 mg/ml III (2
factors)

14

IV (3
factors)

5.8

Cardiac involvement
Echo mean wall thickness > 12 mm

NT-proBNP > 650 pg/ml

NYHA class 3 or 4

Histologic diagnosis

Renal involvement
24-h urine protein > 0.5 g/day, predominantly albumin

Histologic diagnosis

Hepatic involvement
Total liver span > 15 cm (in absence of heart failure)

Alkaline phosphatase > 1.5 times upper limit of normal

Histologic diagnosis

Neurologic involvement
Peripheral nerve Autonomic nerve

Symmetric distal sensorimotor peripheral
neuropathy

Orthostatic hypotension

Gastroparesis

Histologic diagnosis Pseudo-obstruction

Gastrointestinal
Macroglossia

Histologic diagnosis in upper, mid or lower gut

Other organs
Cutaneous

Carpal tunnel syndrome

Myopathy

Lymph node

Arthropathy
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transplant-related mortality particularly among patients with
advanced disease. In 2007, the results of a much anticipated ran-
domized control clinical trial comparing auto-transplant to oral
chemotherapy (melphalan/dexamethasone) failed to show a sur-
vival benefit with auto-transplant compared to oral chemotherapy
[8]. However, several issues were raised regarding this study
including several patients in the auto-transplant arm not getting
planned transplants, lowering of melphalan conditioning dose in a
third of transplanted patients, and an exceedingly high mortality of
24 % in the transplant arm which in part was likely related to
patients with advanced cardiac involvement and may be a center
experience. Prognostic factors related to increased early mortality
post-transplant and poor overall survival include a poor
pre-transplant performance score (Karnofsky <80 %), advanced
cardiac involvement (NYHA 3 or 4, EF <40 %), biomarkers,
NT-proBNP > 5000, troponin T > 0.06, more than 3 organ
involvement with AL and severe autonomic neuropathy. The use of
these criteria to guide transplant eligibility has lowered the risk of
early mortality. Indeed, improved patient selection and supportive
care have led to decreasing rates of post-transplant mortality and
translated into improved overall survival in a large transplant series

Fig. 5.1 Definitions of organ response and progression
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of over 1500 patients reported to the Center for International Blood
and Marrow Transplant Research (CIBMTR) [9]. Allogeneic
transplant has been reported in individual case reports and small
series. The European Group of Blood and Marrow Transplantation
reported 19 patients with allogeneic transplant (including 4 with
syngeneic transplant) showing a high transplant-related mortality
of 40 % with 7 survivors at a median follow-up of 19 months [10].

Supportive Care

Good supportive care is essential in the care of amyloid patients.
AL patients have unique clinical problems. For e.g., patients are at
an increased risk of becoming volume overload; however, over
diuresis leading to even mild intravascular depletion can precipi-
tate gastrointestinal upset, including nausea and vomiting, or
worse, induce cardiorenal syndrome. As a result, diuresis and
albumin infusions may be necessary to achieve euvolemia.
Patients with orthostatic hypotension may need midodrine and
fludrocortisone. However, fludrocortisone can worsen fluid
retention. Other complications that may be more amplified in AL
patients include bleeding (gastrointestinal), cardiac arrhythmias
and unresponsive hypotension. Table 5.4 provides examples of
supportive care that is often needed. This again highlights the
need for a multi-disciplinary team approach while caring for these
patients.

Solid Organ Transplant in AL Amyloidosis

The UNOS data in both renal and cardiac transplant suggest poor
outcomes in amyloidosis (regardless of amyloid sub-type) [11, 12];
however, there may be a role for organ transplant in AL amyloi-
dosis. A concern for recurrence of the amyloid process in the
transplanted organ, in the setting of an incurable underlying clonal
disease, is not to be understated. Sequential transplant in select
patients with limited organ burden outside of the organ to be
transplanted may be attempted either following chemotherapy or
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with an adjuvant autologous hematopoietic cell transplantation
post-organ transplant. This has been reported with varying success
from high-volume specialized amyloid centers such as the National
Amyloid Center in the United Kingdom, Mayo Clinic and Boston
University in cardiac and renal organ transplants.

The Future of AL Therapies

Results of clinical trials testing newer agents in a randomized
controlled setting including bortezomib (melphalan/dexamethasone
versus bortezomib/melphalan/dexamethasone, NCT01277016) and
ixazomib (ixazomib compared to investigator choice in relapsed
AL amyloidosis, NCT01659658) are eagerly anticipated. The role
of auto-transplant needs to be re-defined in the current era of
improved selection criteria and novel therapies. With refinements
in transplant eligibility and lowering of transplant-related mortality,
it may be time to re-consider a randomized clinical trial comparing
transplant versus non-transplant approaches with novel
chemotherapies. Finally, there is excitement over anti-fibril-
directed therapies with agents such as NEOD001 entering the
clinical phase testing (NCT02312206).

Fig. 5.2 Timeline of therapies (when the therapy was first described in the
literature. Therapies marked in red imply drugs in active testing)
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Table 5.4 Supportive care in treatment of AL amyloidosis

Helpful

Fluid retention and weight gain Loop diuretics, spironolactone

Periodic pleurocentesis may be
needed

May be worsened by salt tablets,
fludrocortisone often used in
orthostatic hypotension

Heart failure Diuretics

Salt and fluid restriction

Caution with calcium channel
blockers, digoxin (can bind to
amyloid fibrils leading to digoxin
toxicity), beta blockers may cause
decompensation

Afterload reduction (ACE-I, ARBs)
poorly tolerated

Cardiac arrhythmias (atrial
fibrillation, ventricular
arrhythmias, Sudden Cardiac
Death)

Amiodarone

AV nodal ablation and pacemaker

AICD in select patients may be
considered

Caution with rate lowering agents
such as calcium channel blockers,
beta blockers, digoxin

Orthostatic hypotension Waist-high elastic stockings

Midodrine

Salt tablets, fludrocortisone (can
worsen fluid retention)

Continuous noradrenalin infusion
(for refractory hypotension)

Neuropathic pain Gabapentin

Pregabalin

Duloxetine

Amitriptyline

Nortriptyline

Topical agents (lidocaine, TCA,
ketamine)

Nephrotic syndrome Diuretics

Low-dose ACE-I (if patient is not
hypotensive)
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Table 5.4 (continued)

Helpful

Renal failure Dialysis

Patients may need pre-transplant
midodrine (particularly in those with
autonomic neuropathy)

Gastroparesis causing nausea and
vomiting

Anti-emetics, metoclopramide

Intestinal pseudo-obstruction Neostigmine

Diarrhea Fiber supplements

Bile salt binding agents

Loperamide

Octreotide (in refractory cases)

Malnutrition Dietician consultation early

Parenteral nutrition may be needed in
those with severe steatorrhea

Anti-coagulation May be needed in patients with
cardiomyopathy, atrial fibrillation

Check factor X levels

Higher risk of GI bleeding
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Chapter 6
Immunoglobulin Deposition
Diseases

Vinay Gupta, MD, Wilson I. Gonsalves, MD
and Francis K. Buadi, MB, ChB

Introduction

Monoclonal immunoglobulins may be associated with a variety of
renal diseases as a result of direct deposition of the monoclonal
immunoglobulin and also from an indirect mechanism via dys-
regulation of the alternative pathway of complement. A thorough
and complete clinical evaluation of the patient is required prior to
categorizing their renal disease as related to the monoclonal pro-
tein. Tissue biopsy is essential for the diagnosis, and the initial
workup should also include quantification and identification of
monoclonal proteins with serum protein electrophoresis (SPEP),
urine protein electrophoresis (UPEP), immunofixation (IFE), and
quantitative serum light-chain assay. However, some may also
present without evidence of a circulating paraprotein. Furthermore,
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in a significant proportion of patients, with a detected circulating
monoclonal paraprotein, the end-organ pathology may not be
directly attributable to monoclonal gammopathy making a directed
biopsy of the kidney essential in establishing the diagnosis [33].

This chapter will review the clinical presentation and manage-
ment of a spectrum of rare monoclonal gammopathy-associated
renal lesions such as: monoclonal immunoglobulin deposition
disease (MIDD), Type I cryoglobulinemia, proliferative glomeru-
lonephritis with monoclonal IgG deposits (PGNMID), C3
monoclonal-associated glomerulonephritis, immunotactoid
glomerulonephropathy (ITG), light-chain proximal tubulopathy
(LCPT) or Fanconi’s syndrome and light-chain crystallopathy.
Myeloma-related cast nephropathy and renal disease secondary to
systemic light-chain amyloidosis will not be discussed in this
chapter.

Monoclonal Immunoglobulin Deposition
Disease (MIDD)

MIDD is a systemic disorder characterized by tissue deposition of
monoclonal immunoglobulin protein. An underlying plasma cell
proliferative disorder is responsible for production and secretion
of these immunoglobulin chain fragments, leading to their depo-
sition into vital organs such as kidneys, heart, and liver, resulting
in organ dysfunction. Depending on the component or fragment of
the immunoglobulin that is deposited, MIDD is divided into
light-chain deposition disease (LCDD), heavy-chain deposition
disease (HCDD), or mixed light- and heavy-chain deposition
disease (LHCDD). Although, MIDD remains a rare disease with
an estimated annual incidence of 8 cases per million [22], large
retrospective case series and database analyses have attempted to
improve our understanding of the disease. In the largest case series
of 64 patients with pathologically verified renal MIDD [31], a
majority of patients carried a diagnosis of LCDD (80 %; 51 of
64), followed by 7 patients with HCDD and 6 patients with
LHCDD.
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Clinical Presentation and Course

Most of the clinical data on MIDD are based on reports of patients
with LCDD. The median age of patients is around 50–60 years
which is significantly lower than other plasma cell dyscrasias. The
incidence is higher in men as compared to women. They tend to
present in an insidious fashion; however, cases of rapid progression
manifested by rapid organ dysfunction have been described. The
most common site of immunoglobulin deposition is the kidneys,
presenting with progressive decline in glomerular function leading
to renal insufficiency, albuminuria which often reaches nephrotic
range, hypertension, and hematuria. In the absence of timely ini-
tiation of therapy, renal dysfunction progresses to ESRD [17], and
in a small but significant number of patients, ESRD requiring renal
replacement therapy is the presenting feature. Cardiac involvement
is relatively less frequent and may be symptomatic with findings
consistent with congestive heart failure and life-threatening
arrhythmias [38]. The plasma cell burden is low in MIDD and
does not meet criteria for diagnosis of MM [11]. Additionally,
cytogenetic abnormalities associated with MM are rare in MIDD
[11]. Other organ systems that may be involved include the liver,
lungs, and nervous system. The degree of hepatic involvement
ranges from mild transaminitis to portal hypertension and liver
failure [38].

In LCDD, light microscopy demonstrates monoclonal protein
deposits along glomerular and tubular basement membrane
resembling nodular glomerulosclerosis (Fig. 6.1).
Immunofluorescence (IF) reveals clonality of deposited
immunoglobulin light chains (Fig. 6.2). On electron microscopy
(EM), the deposits appear granular and unorganized in nature. The
light chains are predominantly κ in nature in up to 85 % cases [22].
In contrast to amyloidosis, LCDD does not show a β-pleated
folding configuration or fibrillar pattern and does not stain positive
with Congo red or show apple green birefringence under polarized
light [22]. In HCDD, either complete heavy-chain or truncated
heavy-chain immunoglobulins are deposited into tissues, often
along with light-chain fragments. The heavy chains are composed
of γ isotype [31]. As in LCDD, HCDD is distinguished from AH
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amyloidosis by non-fibrillar deposits and negative Congo red
staining.

The prognosis of MIDD is dependent upon various factors, such
as degree of renal and cardiac involvement, age, clinical comor-
bidity, and timeliness of initiation of therapy. Length of survival,
therefore, ranges widely across various case series, with a median
of 4 years [27]. In a case series of 63 patients, factors indepen-
dently associated with poor prognosis and inferior survival in
LCDD included increased age at presentation, coexisting plasma
cell proliferative disorder, and extrarenal light-chain deposition
[35].

Treatment

Given rarity of disease, no randomized trial data are available to
establish standard of care. The primary goal of therapy is to
abrogate production of immunoglobulin light chains and prevent
further renal damage. Essentially, this translates into administration
of therapy directed at elimination of the underlying clonal plasma
cells, which are typically associated with a low proliferative index.

Fig. 6.1 A case of LCDD shows nodular mesangial sclerosis and thickening
of tubular basement membranes. The monoclonal protein deposits in the
mesangium and tubular basement membranes are positive for periodic acid–
Schiff stain (X 400)
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Currently, the use of induction-based chemotherapy followed by
consolidation with an autologous stem cell transplant if appropriate
is the favored approach of managing such patients.

The combination of melphalan and prednisone remained a
frontline agent in the management of LCDD for years. In appropriate
candidates, consolidation therapy with stem cell transplantation is

Fig. 6.2 Immunofluorescence on a case of lambda type LCDD shows diffuse
linear glomerular and tubular basement membranes positivity for lambda
(a) with negative kappa (b) (X200)
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associated with acceptable toxicity and improved long-term out-
comes as opposed to chemotherapy alone [40, 50]. Improvements in
renal function after ASCT have been reported, with reversal of
dialysis dependence in one report [10, 50]. Weichman et al. [50]
reported a case series of six patients with LCDD, who underwent
ASCT with melphalan-based conditioning. Five of total six patients
achieved a complete hematological remission (CHR), which was
maintained at a median follow-up of 12 months. Encouragingly,
improvement in renal function was also noted [50]. In another
single-center retrospective analysis of six patients, high-dose
chemotherapy followed by ASCT achieved both hematological
and renal response [23]. Similarly, another report from Telio et al.
[46] retrospectively reviewed eight patients with LCDD or LHCDD
who underwent ASCT with melphalan-based conditioning regimen
resulting in high rates of hematological and renal response.

Novel agents such as proteasome inhibitors may also be espe-
cially useful in this disease, as they are effective in patients with
plasma cell dyscrasias presenting with renal insufficiency. Kastritis
et al. reported the use of combination of bortezomib and dexam-
ethasone as induction regimen in four patients with LCDD
resulting in partial response in two and complete response in the
other two patients. Of these, three patients proceeded to ASCT with
melphalan-based conditioning and achieved a CHR at last
follow-up [20]. Recently, Tovar et al. have reported the use of
combination of bortezomib and dexamethasone as induction ther-
apy followed by ASCT in three patients, of which two achieved a
complete response (CR) with last follow-up at 34 and 40 months
[48].

End-organ dysfunction and damage necessitates appropriate
supportive care. Given near universal renal involvement, renal
replacement therapy in the form of dialysis may be needed. The
role of renal transplantation is unclear [22]. Median allograft sur-
vival in patients with LCDD is low secondary to recurrence of
primary disease in the transplanted kidney. In a retrospective
analysis, 71 % of patients were noted to have recurrence LCCD
leading to a median graft survival of only 37.5 months, which is
significantly lower than the decade or longer survival seen in
non-LCDD patients [22]. Given poor allograft survival, selection
of appropriate patients for renal transplantation is necessary.
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Patients who achieve a complete hematological response with
residual renal dysfunction may be appropriate candidates in this
regard. Close surveillance and institution of further therapy as
needed to prevent production and deposition of monoclonal
immunoglobulins is needed to justify allocation of donor organs.

Type I Cryoglobulinemia

Cryoglobulinemia is characterized by the presence of cryoglobu-
lins which are serum proteins that tend to precipitate under con-
ditions of cold exposure. The broquet classification, based on the
clonality of involved immunoglobulins, classifies cryoglobuline-
mia into Type I (monoclonal; commonly IgG or IgM), Type II
(both monoclonal and polyclonal), and Type III (polyclonal) [4].

Type I cryoglobulinemia is associated with clonal plasma cell or
B-cell disorder, commonly MM or Waldenstrom’s macroglob-
ulinemia.

Clinical Presentation and Course

The majority of patients with Type I CG remain asymptomatic.
Depending on the degree of cryoglobulinemia and offending fac-
tors, patients may present with sequelae of thrombosis character-
istically manifesting as Raynaud phenomenon, acral cyanosis, and
ischemia or with symptoms of hyperviscosity such as blurred
vision, headache, diplopia, and confusion. Cryoglobulinemia,
however, has protean manifestations, and the involvement of other
organ systems such as cutaneous, pulmonary, renal, and muscu-
loskeletal structures is common. Of these, renal involvement
presents as membranoproliferative glomerulonephritis with micro-
tubular deposits composed of monoclonal cryoglobulin [19].
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Treatment

The management of cryoglobulinemia relies heavily on patient
education and close monitoring for complications. Limiting cold
exposure is encouraged. The treatment of underlying plasma cell or
lymphoproliferative disorder may be required if preventive mea-
sures are inadequate. The general paradigm of managing cryo-
globulinemia is to direct treatment against the underlying cause
leading to the formation of cryoglobulins. It is also important to
gauge the severity of the cryoglobulinemia symptoms when
choosing an appropriate therapeutic regimen. For mild symptoms
such as purpura, arthralgias, or mild neuropathy, observation,
avoidance of cold temperatures, or wearing warm clothing should
suffice.

Type I cryoglobulinemia should be managed with therapies
directed against eradicating the underlying clonal cells responsible
for producing the offending immunoglobulin. In cases secondary to
overt neoplastic disorders such as MM, non-Hodgkin’s lymphoma,
or Waldenstrom’s macroglobulinemia, established chemothera-
peutic regimens for each of those respective malignant conditions
should be utilized to halt the production of cryoglobulins [13, 34,
41]. In one series, high-dose melphalan chemotherapy was utilized
in four patients with Type I cryoglobulinemia due to MM, all of
whom derived disease control for at least 18 months or more [34].
However, more indolent clonal processes such as MGUS can be
treated with agents ranging from corticosteroids or alkylating
agents [9, 47]. Novel biological agents such as bortezomib,
thalidomide, and lenalidomide may be used in severe and/or
refractory patients [2, 5, 9, 32, 47].

Patients with life-threatening vasculitis including cryoglobu-
linemic nephropathy, skin ulcers, or symptoms related to hypervis-
cositymay require the use of plasmapheresis to help reduce the levels
of circulating cryoglobulin complexes [37, 43, 45]. However, this
does not treat the underlying disease and is unable to achieve
long-term disease control. Furthermore, there can be rebound ele-
vation in cryoglobulin production after the cessation of plasma-
pheresis [7]. Thus, cytotoxic therapy must be instituted concurrently
to help maintain disease control.
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Proliferative Glomerulonephritis
with Monoclonal IgG Deposits (PGNMID)

PGNMID is a distinct entity that resembles immune
complex-mediated glomerulonephritis except that immunoglobulin
deposits are comprised of intact monoclonal immunoglobulins [29].

Clinical Presentation and Course

The most common clinical features include varying degrees of
hematuria, renal insufficiency, hypertension, and nephrotic syn-
drome. A low serum C3 level can also be present. The kidney
biopsy typically shows a membranoproliferative pattern of injury
in most cases. On immunofluorescence, monoclonal
immunoglobulins deposits are seen in the mesangial and capillary
wall. If the heavy chain consists of IgG, subtyping the IgG com-
monly finds the IgG3 subclass [30]. In the Nasr study, a mono-
clonal serum protein was detected at presentation in 30 % of
patients, only one patient had multiple myeloma; however, none of
rest of the patients went on to develop an overt hematological
malignancy. In 32 patients for which extended follow-up was
available, complete response (CR) as defined by remission of
proteinuria to <500 mg/d with normal renal function was noted in
4 and partial response (PR) as defined by reduction in proteinuria
by at least 50 % with stable renal function in 8 patients, while
progression to ESRD was noted in 7 patients.

Treatment

There is no standard treatment for PGNMID. In one case series, 18
patients received immunomodulatory drugs, 9 received
angiotensin-converting enzyme inhibitors (ACE) or angiotensin II
receptor blockers (ARB), 3 received alkylating agents, 1 each
received bortezomib or combination of bortezomib and thalidomide,
while 5 patients were not treated. Patients demonstrating at least a
PR or better were seen in 8 of 18 patients who received
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immunomodulatory agents and 4 of 9 patients who received an
ACEi or an ARB [30]. If the offending monoclonal immunoglobulin
detected on a renal biopsy is also detected in serum or urine or both,
we prefer to combine bortezomib, cyclophosphamide, and dexam-
ethasone for IgG and IgA monoclonal proteins and rituximab alone
or in combination with cyclophosphamide and dexamethasone for
IgM monoclonal proteins.

C3 Monoclonal-Associated Glomerulonephritis

C3 monoclonal-associated glomerulonephritis (C3 GN) is charac-
terized by proliferative glomerulonephritis in response to aberrant
glomerular deposition of complement factors secondary to func-
tional inhibition of complement regulatory pathways by mono-
clonal paraproteins [51]. The hallmark pathological finding is
intense C3 staining without evidence of concomitant
immunoglobulin deposition.

Clinical Presentation

In a retrospective review of 32 patients by Zand et al., the clinical
course was variable reflecting the heterogeneous nature of the
disease. Despite aggressive workup, only 10 (31 %) had a serum
monoclonal protein, of these 1 patient was identified to have
chronic lymphocytic leukemia, while the rest were classified as
MGUS. One patient, who underwent a kidney transplant, devel-
oped pathological evidence of recurrent C3 GN on follow-up
biopsy of the graft, suggesting the importance of controlling the
underlying clonal cell disorder.

Treatment

In many cases, the condition remains indolent and requires no
therapy. However, in the setting of progressive renal dysfunction,
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steroids or steroids in combination with cyclophosphamide can be
used in patients with no detectable monoclonal protein. There is no
clear evidence of the benefit of immunomodulatory agents, pro-
teasome inhibitors, or alkylator-based regimens in the management
of C3 GN. However, in patients who have an IgG or IgA mono-
clonal protein with rapidly progressive disease not responsive to
steroids alone or steroid in combination with cyclophosphamide,
bortezomib in combination with cytoxan and dexamethasone has
been used. Furthermore, for IgM monoclonal protein, rituximab
alone or in combination with cyclophosphamide and dexametha-
sone can be used. Within this context, interventions are dictated by
the clinical picture and close follow-up remains important.
Targeting the complement system remains an active area of
research.

Immunotactoid Glomerulonephropathy (ITG)

ITG is an extremely rare disorder associated with a monoclonal
gammopathy, as exemplified by an incidence rate of *0.06 %
based on 10,108 native kidney biopsies [39]. It is characterized by
proliferative glomerulonephritis on light microscopy, IgG deposits
on immunofluorescence microscopy, and focal intraglomerular
deposition of non-amyloid microfibrils or microtubules, usu-
ally >30 nm in diameter and arranged in parallel or stacked arrays
as seen on electron microscopy. It is important to distinguish ITG
from the more common fibrillary glomerulonephritis (FGN), which
is associated with polyclonal immunoglobulin deposits and lack of
association with underlying plasma cell and lymphoproliferative
disorder.

Clinical Presentation

Clinically, hematuria, renal insufficiency, hypertension, and
nephrotic syndrome are commonly seen in patients with ITG [36].
Extrarenal involvement is rarely seen in these patients. The com-
mon hematological malignancies associated with ITG are chronic
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lymphocytic leukemia, myeloma, and lymphoplasmacytic
lymphoma.

Treatment

The management strategy is aimed at treating the underlying
hematological process. Given rarity of disease, no clear outcome
with specific agents is identified. Reports have demonstrated that
one patient with underlying chronic lymphocytic leukemia did
have a response to treatment with fludarabine-based regimen with
decreased proteinuria and improvement in renal function.
Cadaveric renal transplantation has been performed in these
patients with maintenance of the allograft function for significant
duration despite ITG recurrence in the transplanted kidney.

Light-Chain Proximal Tubulopathy (LCPT)
or Fanconi Syndrome

LCPT is the most common subtype of crystal-storing histiocytosis
disorders which are a group of monoclonal gammopathy disorders
characterized by lysosomal processing and intracellular deposition
of crystallized immunoglobulin free light chains in the kidneys,
and other organ systems, such as the spleen, liver, and bone mar-
row, may also be involved [25].

Clinical Presentation

In LCPT, the disease is localized to the proximal renal tubular
epithelium and extrarenal manifestations are rare [42]. The
underlying plasma cell dyscrasia is commonly low-grade MM or
MGUS [24] secreting immunoglobulin light chains [26]. It is rarely
associated with LPL [3, 49]. The clinical presentation is consistent
with defects in sodium-coupled cellular co-transport mechanisms.
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This is then seen clinically as Type II renal tubular acidosis,
aminoaciduria, glycosuria, and phosphaturia [42]. Urinary loss of
phosphorus leads to increase in parathyroid hormone and resultant
vitamin D-resistant osteomalacia, often presenting as microscopic
bone fractures and bone pain [11, 16, 26].

Treatment

The optimal therapy is unknown; however, institution of therapy
directed at the underlying hematological disorder may be required
in a small number of patients. Recently, stem cell transplantation
has been utilized with good success in stabilization or improvement
of the renal function in LCPT patients. Fortunately, the rate of
progression to ESRD or symptomatic multiple myeloma remains
low. Furthermore, measures to ameliorate further bone loss include
calcium, phosphate, and vitamin D supplementation [6].

Light-Chain Crystallopathy

The crystallization and subsequent deposition of monoclonal
paraproteins into systemic vasculature is exceedingly rare, with
less than fifty reported cases in literature [1, 8, 14, 15, 18, 21, 28,
44]. Among these, an underlying plasma cell dyscrasia, most
commonly MM, is often identified. However, there are no clearly
identified risk factors in myeloma patients who are predisposed to
crystallopathy.

Clinical Symptoms

Crystalglobulin deposition injures and activates the vascular
endothelium, thus triggering procoagulant mechanisms, ultimately
leading to thrombosis and consequent vascular compromise lead-
ing to end-organ damage. The renal vasculature is most commonly
involved and often presents as sudden decline in renal function,
which is often irreversible. Less appreciated are the cutaneous,
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ocular, neurological, and musculoskeletal complications. Biopsy of
the involved organ, commonly kidneys and skin, is required to
establish the diagnosis.

Treatment

Despite rarity of the condition, crystal-induced glomerulopathy
should be included in the differential diagnosis, as directed and
timely therapy to reduce monoclonal paraproteinemia in the form
of plasmapheresis and high-dose steroids may prevent or reverse
renal dysfunction and also serve as bridging therapy for definitive
therapy. The mainstay of therapy remains treatment of the under-
lying plasma cell disorder. There is no clear evidence for efficacy
of alkylator-based therapy. Hashimoto et al. reported resolution of
cutaneous ulcers and partial correction of renal dysfunction in a
patient treated with thalidomide- and dexamethasone-based therapy
[15]. We have recently employed a bortezomib-based approach
with encouraging results in one patient, with stabilization of renal
dysfunction and complete resolution of cutaneous ulceration [12].

Conclusion

Renal diseases associated with monoclonal gammopathy are the
result of a toxic monoclonal protein produced by lymphoid-derived
hematopoietic cells such as B cells or plasma cells. These disorders
rarely require treatment to prevent their progression to overt
malignancy, but urgent therapy is sometime required to prevent
deterioration of renal complications. A thorough and complete
clinical evaluation that may involve a renal biopsy must be per-
formed in every patient suspected of having their renal disease
related to a monoclonal gammopathy.
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Chapter 7
Cryoglobulinemic Syndromes:
Diagnosis and Management

Todd M. Zimmerman, MD

Overview

Cryoglobulinemia refers to the presence of blood proteins that
precipitate at temperatures below 37 °C and subsequently redis-
solve when warmed. These proteins, called cryoglobulins, are
composed of either monoclonal or polyclonal immunoglobulins or
the combination of immunoglobulins and complement compo-
nents. The composition of the cryoglobulin is dependent upon the
underlying disorder, varying from lymphoproliferative disorders to
autoimmune diseases and chronic infections. While the presence of
cryoglobulins is most often asymptomatic, the precipitation of
these proteins is associated with a variety of different clinical
syndromes resulting from either the accumulation of cryoglobulins
or autoimmune vasculitis. The clinical syndromes, outcome, and
management vary in accordance with the underlying etiology [1].
These syndromes, which arise as a complication of these cryo-
globulins, will be reviewed in this chapter.
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Classification of Cryoglobulins

The most commonly utilized classification for cryoglobulins is the
Brouet classification [2] as outlined in Table 7.1. The classification
is largely dependent upon determination of the clonality of the
detected cryoglobulins. Type II and III cryoglobulinemia account
for the majority of the cryoglobulinemic syndromes and are also
referred to as mixed cryoglobulinemia; together, they account for
approximately 75 % of all cases of cryoglobulinemia. This schema,
while generally inclusive, does not account for all cases of cryo-
globulinemia, as some cases have atypical characteristics [3, 4] and
are thought potentially to represent a transition between types.

Type I—Type I cryoglobulinemia is characterized by the
presence of a single monoclonal immunoglobulin, most commonly
IgG or IgM and while significantly less prevalent, IgA and light
chain only cryoglobulins have been reported. The underlying cause
of Type I cryoglobulinemia is a monoclonal expansion of B cells,
most often an underlying antibody-producing lymphoproliferative
disorders. In a large series of patients with Type I cryoglobulinemia
[5], monoclonal gammopathy of unknown significance was the
most common diagnosis, accounting for 44 % of the cases and
overt malignancies accounted for the remaining cases. Of those
patients with a malignancy, Waldenstrom’s macroglobulinemia
and multiple myeloma accounted for 70 % of the cases.

Table 7.1 Brouet classification for cryoglobulinemia

Class

Cryoglobulin component Common underlying
conditions

Type I

Monoclonal immunoglobulin Lymphoproliferative
disorders

Mixed cryoglobulinemias

Type II

Monoclonal component and polyclonal
immunoglobulin

Hepatitis C infection

Type III

No monoclonal present Autoimmune disorders
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Type II—Type II cryoglobulinemia is mixture of polyclonal
immunoglobulins in association with a monoclonal rheumatoid
factor. These cases are frequently associated with persistent viral
infections, most commonly hepatitis C, but human immunodefi-
ciency viruses and Epstein–Barr have also been reported [6].

Type III—Type III cryoglobulins consist of both polyclonal
immunoglobulins and polyclonal rheumatoid factors. These are
frequently associated with connective tissue disease, although
infections with hepatitis C still account for a significant percentage
of the cases.

Prevalence, Etiology, and Pathogenesis

Prevalence

The presence of small amounts of cryoglobulin is not necessarily a
sign of disease as minute levels of cryoglobulin have been detected
in many healthy people, and polyclonal cryoglobulins have tran-
siently been detected during some viral and bacterial infection [7].
The overall incidence of cryoglobulinemia has not been well
established as the prevalence of viral infections can vary consid-
erably in different populations. The incidence of detectable cryo-
globulin has been reported in 15–20 % of patients with HIV, 15–
25 % of patients with autoimmune disorders and 40–65 % of
patients with hepatitis C [8–10]. While the presence of asymp-
tomatic cryoglobulinemia remains poorly defined, symptomatic
cryoglobulinemia is considered a relatively rare condition esti-
mated at ten per million people [11]. It also appears to be more
common in women than men with a peak between the ages of 45
and 65 years [12, 13].

Etiology and Pathogenesis

Type I—Type I cryoglobulinemic states are brought on by the
monoclonal immunoglobulin which is produced by the underlying
lymphoproliferative process. Outside of the manifestations of the

7 Cryoglobulinemic Syndromes: Diagnosis and Management 129



underlying malignancy, there are several unique mechanisms by
which Type I cryoglobulinemia can manifest clinical symptoms.
The monoclonal immunoglobulin can itself cause hyperviscosity
with its associated clinical symptomatology, and the cold induced
precipitates physically obstruct small to medium sized vessel,
thereby mediating an inflammatory vasculitis.

Type II and III—Although lymphoproliferative disorders have
been associated with type II and III cryoglobulinemic syndromes,
the mixed cryoglobulinemic states are most often resultant from
chronic viral infections and chronic inflammatory states including
connective tissue disorders [14]. Many of these clinical syndromes
arise from an expansion of cryoglobulinemic B cells [15], and the
most intensely studied of these states is in the setting of patients
with hepatitis C infections.

Clinical Manifestations

Although cryoglobulinemia simply refers to the presence of the
cryoglobulin, the clinical manifestations that result are primarily
caused by small to medium vessel vasculitis from the
cryoglobulin-containing immune complexes. Most investigators
have used the terms cryoglobulinemic syndrome or cryoglobulin
vasculitis to describe the presence of the clinical manifestations
in the presence of a cryoglobulin, as opposed to the asymp-
tomatic presence of a cryoglobulin without clinical
manifestations.

Type I—The clinical spectrum of Type I cryoglobulinemia
differs from the mixed cryoglobulinemias, Type II and III. In
addition, much of the symptomatology in patients with Type I
cryoglobulinemia are related to the underlying malignancy and
may include symptomatic anemia, constitutional symptoms, and
skeletal complications. Other common clinical manifestations of
Type I cryoglobulinemia are related to hyperviscosity or
thrombosis and include livedo reticularis, purpura, Raynaud’s
phenomenon, digital ischemia, and thrombosis which in severe
cases can progress to gangrene [16]. Neurologic syndromes
related to hyperviscosity are often exhibited as well, manifesting
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as visual changes, epistaxis, headache, and in severe cases,
stroke or coma [17]. These symptoms are most commonly noted
in patients with Waldenstrom’s macroglobulinemia and multiple
myeloma.

In a recent series of 64 patients with symptomatic cryoglobu-
linemia [18], almost 80 % of patients presented with severe sys-
temic vasculitis which included extensive cutaneous ulcerations,
peripheral neuropathy, and glomerulonephritis. Overall, dermato-
logic features were the most common features, including purpura,
acrocyanosis, skin necrosis, skin ulcers, and livedo reticularis.
Systemic manifestations included peripheral neuropathy, and renal
and joint involvement.

Type II and III—The mixed cryoglobulinemias (Type II and
III) commonly cause systemic and constitutional symptoms
including arthralgias, fatigue, peripheral neuropathy, and palpable
purpura which in some cases can lead to cutaneous ulcerations.
Concurrent with the clinical manifestations of the Type II and III
cryoglobulinemia, the underlying etiologic condition including
infectious process or autoimmune disorders complicates the clini-
cal picture with additional symptoms related to the infection or
autoimmune disorder. An underlying etiology for the cryoglobu-
linemia can be identified for the vast majority of patients, but if a
cause cannot be identified, it is classified as essential
cryoglobulinemia.

The classic clinical feature of mixed cryoglobulinemia is
Meltzer’s triad, consisting of palpable purpura, arthralgia, and
weakness, but this triad is seen in as few as 25–30 % of patients
[19, 20]. Cutaneous manifestations occur in most patients with
mixed cryoglobulinemia and can precede other systemic manifes-
tations by years [21]. Musculoskeletal complaints including
myalgias and arthralgias are common, but frank arthritis is
uncommon [22]. Finally, peripheral neuropathy afflicts a high
number of patients with mixed cryoglobulinemia [23], much higher
than seen with Type I cryoglobulinemia. Other organ involvement
including subclinical pulmonary involvement and renal disease is
most commonly associated with immune complex disease [24, 25].
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Laboratory Evaluation

The initial diagnostic approach to a patient with suspected cryo-
globulinemia should focus on two features. First, identification and
characterization of the cryoglobulin are crucial for establishing the
diagnosis but can help guide the second goal of the evaluation, the
identification and characterization of the causative disorder, which
is crucial for long-term management and control of the disease.

Cryoglobulin

The first step toward the evaluation of a patient with suspected
cryoglobulinemia is the identification and characterization of the
cryoglobulin [26]. If a cryoglobulin is suspected, a cryocrit should
be requested for the detection and quantification of the cryoglob-
ulin. The value which is typically reported as percentage and the
final level may take several days to completely precipitate. If a
cryoglobulin is identified, the precipitate can be dissolved upon
warming. The redissolved cryoglobulin can be further character-
ized with immune electrophoresis or other immunologic assays so
as to help guide the evaluation of the underlying etiology. If the
clinical suspicion remains high and the cryocrit is negative, repeat
testing should be performed after consultation with the laboratory
in order to ensure appropriate handling of the specimen.
Furthermore, as it may take several days for the full precipitation of
the cryoglobulin, especially for Type III cryoglobulinemia, await-
ing the final analysis is important to rule out the presence of a
cryoglobulin.

SPEP/Immunofixation

Of particular importance for patients with Type I Cryoglobulinemia
is the detection and characterization of monoclonal immunoglob-
ulin which is helpful for the diagnosis and eventual management of
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the underlying malignancy. In addition to the monoclonal
immunoglobulin, mild to moderate polyclonal expansion of
immunoglobulins can be seen in all types of cryoglobulinemia and
is indicative of the inflammatory state. Furthermore, classical
markers of inflammation, including elevation of erythrocyte sedi-
mentation rate (ESR) and C-reactive protein, are frequently seen
and can be supportive of the diagnosis. When symptomatic
hyperviscosity is suspected, a serum viscosity should be ordered;
symptoms are usually not seen unless the serum viscosity exceeds
4.0 centipoise [27].

Complement/Autoantibodies

Decreased serum complement levels are indicators of ongoing
consumption by the precipitation process and are useful for the
diagnosis and monitoring the eventual response to therapy.
Type I cryoglobulinemia less commonly results in suppression
of complement levels which is most often noted in patients with
mixed cryoglobulinemia. The most common laboratory pattern is
a decrease in total hemolytic complement (CH50) as well as
early complement proteins including C1q, C2, and C4 [28, 29].

Infectious Workup

Of particular importance in patients with mixed cryoglobulinemia, a
careful evaluation for underlying etiology is crucial. As ongoing
viral infections, particularly hepatitis C, is the most common cause
of mixed cryoglobulinemia, serologic evaluation for viral hepatitis
should be performed but assessment of other viral infections
including Epstein–Barr virus and HIV should be included in the
workup of these patients [30, 31].
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Pathologic Findings

Cutaneous

Cutaneous manifestations of cryoglobulinemic vasculitis may be
manifested by palpable purpura, petechia, or even ulcers. Skin
lesions associated with Type I cryoglobulins are most often
non-inflammatory thrombotic lesions while skin lesion from mixed
cryoglobulins frequently reveal leukocytoclastic vasculitis and less
commonly inflammatory or non-inflammatory purpura [32]. Direct
immunofluorescence of acute lesions frequently reveals deposits of
IgG, IgM, or C3 complement [33].

Peripheral Nerve

Peripheral nerve involvement, which is frequently asymptomatic,
affects a high number of patients with mixed cryoglobulinemia and
is less commonly exhibited in patients with Type I cryoglobu-
linemia. Some studies have demonstrated EMG and NCV abnor-
malities in up to 80 % of patients, but symptomatic in a much
smaller number of patients [34, 35]. Microscopic evaluations of the
lesions typically demonstrate vasculitis and affected nerves
demonstrate axonal degeneration.

Renal

Renal involvement is frequently encountered in patients with
cryoglobulinemia, and approximately 30 % of patients have some
degree of renal impairment at diagnosis [36]. Renal biopsy typi-
cally demonstrates membranoproliferative glomerulonephritis [37].
Hypertension is common among patients with membranoprolifer-
ative glomerulonephritis and cryoglobulinemia and frequently is
the presenting manifestation for many patients.
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Bone Marrow

The bone marrow biopsy in patients with Type I cryoglobulinemia
will often reveal the presence of the underlying lymphoprolifera-
tive disorder or plasma cell dyscrasia. Commonly associated con-
ditions include monoclonal gammopathy of unknown significance,
multiple myeloma, and Waldenstrom’s macroglobulinemia. The
morphologic and genetic information obtained from the bone
marrow biopsy is crucial for the diagnosis and therapeutic
approach. The bone marrow findings in patients with mixed
cryoglobulinemia have not been well described and should only be
done when the clinical situation dictates.

Diagnosis and Differential

The diagnosis of symptomatic cryoglobulinemia is frequently
made when a patient presents with symptoms typically seen with
vasculitic involvement of the involved organs, primarily the skin
and kidneys. With suspected cryoglobulinemia, repeat testing for
the presence of the cryoglobulin should be pursued if the initial test
was negative since false negatives are not uncommon.
Furthermore, the cryoglobulin, particularly in patients with
Type III cryoglobulinemia, may take several days to precipitate.
Prior to ordering, a discussion of the testing with the phlebotomist
and performing laboratory can help ensure the proper handling on
the specimen if repeat testing is requested. Additional testing as
described earlier, including serum chemistries, serum elec-
trophoresis, complement levels, and rheumatologic evaluation,
acute phase reactants, and infectious serologies should be per-
formed. Tissue biopsy of suspected involved organs should also be
performed to determine the extent of involvement. A preliminary
international classification system has been developed and is out-
lined in Table 7.2 [38].

The differential diagnosis of cryoglobulinemic vasculitis
includes other vasculitis syndromes that affect small to medium
sized vessels, including vasculitides associated with drug hyper-
sensitivity and those associated with autoimmune disorders.
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Disorders that mimic vasculitis may also be confused infectious as
well as thrombotic and embolic disorders.

Clinical Management

The management of patients with cryoglobulinemia is dependent
upon the underlying disorder and the severity of the syndrome.
Addressing the complications of the cryoglobulinemia is absolutely
crucial to the management of patients with cryoglobulinemia.

Table 7.2 Preliminary classification for the diagnosis of cryoglobulinemic
vasculitis

Item
1:

Subjective symptoms

Positive answer to at least two of the questions

A. Do you remember one or more episodes of small red spots on
your skin, particularly involving the lower limbs?

B. Have you ever had red spots on your lower extremities which
leave a brownish color after their disappearance?

C. Has a doctor ever told you that you have viral hepatitis?

Item
2:

Objective Symptoms (present or past)

Presence of at least three of the following:

A. Constitutional symptoms (fatigue, fever, fibromyalgia)

B. Articular involvement (arthralgias, arthritis)

C. Vascular involvement (purpura, skin ulcers, necrotizing
vasculitis, hyperviscosity syndrome, Raynaud phenomenon)

D. Neurologic involvement (peripheral neuropathy, cranial nerve
involvement, CNS involvement)

Item
3:

Laboratory abnormalities

Presence at the time of the diagnosis of at least two of the following:

A. Low serum C4 levels

B. Positive serum rheumatoid factor

C. Positive serum M component

Criteria fulfillment: at least two of the three items in a patient with
cryoglobulinemia (serum cryoglobulins detected at least two times during an
interval of at least 12 weeks)
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These complications often require emergent therapy and should be
addressed prior to the management of the underlying condition. For
patients presenting with symptomatic hyperviscosity, urgent
plasmapheresis is required to remove the cryoglobulin. While
plasmapheresis will help alleviate the signs and symptoms of
hyperviscosity, the effects are temporary and additional therapy to
manage the underlying condition is required to prevent recurrence
of the symptoms and complications.

Management of Type I

In patients with Type I cryoglobulinemia, the therapy should target
the underlying lymphoproliferative disorder. In a series of
sixty-four patients with Type I cryoglobulinemia and vasculitis
[39], fifty-six received at least one course of treatment. The vast
majority of patients received corticosteroids and in patients with
underlying MGUS, additional therapy with plasmapheresis,
immunosuppressant agents, or rituximab was also required in a
significant portion of the patients. For patients with more overt
malignancies, such as multiple myeloma or Waldenstrom’s
macroglobulinemia, treatment of the malignancy helps provide
longer term control.

Management of Mixed CG

In contrast to Type I cryoglobulinemia, the mixed cryoglobuline-
mias are associated with a number of different underlying condi-
tions varying from viral infections to autoimmune disorders and
malignancies. If a known cause of the cryoglobulin cannot be
identified, it is termed essential cryoglobulinemia. The main cause
of mixed cryoglobulinemia is persistent infections, of which hep-
atitis C infections account for 90 % of all cases [40].

Antiviral therapy should be considered for all patients with
HCV, and the introduction of the new agents including the protease
inhibitors has changed the outcomes for patients with mixed
cryoglobulinemia related to hepatitis C infections [41]. The use of
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non-interferon-containing regimens has improved tolerability of
hepatitis C therapy, and all patients diagnosed with such an
infection should be referred to an appropriate specialist in the field.
The most promising non-antiviral therapy for patients with mixed
CG has been B-cell depletion therapy with rituximab. In two
prospective trials of patients with mixed CG and hepatitis C
infections, the addition of rituximab to standard antiviral therapy
improved the outcomes for patients compare to patients treated
with antiviral therapy alone [42, 43].

For patients with non-infectious mixed CG, the most common
cause is autoimmune disorders yet in about half of the cases, no
etiology has been identified. The therapeutic approach to
non-infectious mixed CG is focused on the use of immunosup-
pressive agents which suppress B-cell clonal expansion similar to
strategies of other vasculitides including azathioprine, glucocorti-
coids, and cytotoxic chemotherapy agents such as cyclophos-
phamide [44]. Likewise, the addition of rituximab to corticosteroid
therapy resulted in improved outcomes, and in another
meta-analysis, rituximab was superior to other agents including
alkylating agents and other immunosuppressive agents [45]. While
the rate of severe infection was higher in those patients receiving
rituximab, the mortality was not higher.

Conclusion

The cryoglobulinemia syndromes consist of a conglomerate of
syndromes in which a cryoglobulin, made up of immunoglobulin
and complement component precipitates upon cooling. While the
majority of the patients with a cryoglobulin are asymptomatic, the
clinical syndrome that is often resultant from the cryoglobulin
requires a thorough understanding of the disease, a careful diag-
nosis, and thoughtful management. The Brouet classification uses
the clonality of the cryoglobulin to define the subtype, and the
clinical manifestations vary upon the type of cryoglobulinemia
Type I versus mixed cryoglobulinemias (Type II or III). Likewise,
the management is contingent upon the underlying condition that
gave rise to the cryoglobulin. Immediate management of the
organ-specific complications is necessary if required, but
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management of the underlying condition, if identified, is crucial to
long-term control. In Type I cryoglobulinemia, treatment of the
underlying lymphoproliferative disorder remains the focus of the
primary management, while with the mixed cryoglobulinemia, the
management is dependent upon treating the infectious or
non-infectious etiology. For patients with infectious mixed cryo-
globulinemia, the combination of antiviral therapy and rituximab
appears to result in improved outcomes while those patients with
non-infectious, or essential CG, the combination of corticosteroids
and rituximab should be considered.
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Chapter 8
Idiopathic Systemic Capillary
Leak Syndrome (Clarkson
Disease)

Prashant Kapoor, MD

Introduction

Idiopathic systemic capillary leak syndrome (SCLS) or Clarkson
disease is an exceedingly rare, but potentially fatal disorder related
to microvascular hyperpermeability. Massive leakage of intravas-
cular fluids and macromolecules manifests clinically as stereotyp-
ical “attacks” or “flares” of transient, but profound hypotension and
generalized edema [1]. During an acute episode, hemoconcentra-
tion and hypoalbuminemia develop as a result of capillary hyper-
permeability. However, during the asymptomatic periods,
inbetween the attacks, serum monoclonal protein and elevated
plasma vascular endothelial growth factor (VEGF) may be the only
laboratory abnormalities pointing toward SCLS [2–4].

It can be challenging to give a unifying diagnosis of idiopathic
SCLS to a patient presenting with a perplexing and rapidly pro-
gressive symptomatology and non-specific laboratory abnormalities.
As such, the disorder is oftenmisdiagnosed upon initial presentation,
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and the true incidence of SCLS remains unknown. Notably, during
the last two decades, the number of published cases has surged, likely
a reflection of increased awareness of this enigmatic disease among
clinicians [5, 6]. Several new cases have been reported from all over
the world since the initial reports of SCLS from the United States and
Europe [7–10].

History

The eponym, Clarkson syndrome, traces its roots to a case
described in 1960 by Bayard Clarkson and colleagues, of a young
female with persistent paraproteinemia who ultimately succumbed
to a cyclical illness characterized by episodes of low grade fevers,
anasarca, hypovolemic shock, hypoalbuminemia, and elevated
hematocrit [11]. In 1962, another case with similar features
involving a 29-year-old man with flares of anasarca, urticaria,
fever, and malaise in the background of increased serum gamma
globulins, splenomegaly, and marked eosinophilia (50–70 %) was
published [12]. However, unlike the index case, hypotension was
conspicuously absent. This case of episodic angioedema with
eosinophilia went on to be later recognized as Gleich’s syndrome
[13, 14].

Subsequently, in 1963, Weinbren suggested the term “sponta-
neous periodic edema” instead of “cyclical edema” for the cluster
of recurrent symptoms similar to those originally described by
Clarkson et al. that would spontaneously develop in a 45-year-old
Englishman with sporadic bouts of edema [15]. Four years later, in
1967, Melvin Horwith who had described the index case with
Clarkson reported another fatal case of hypovolemic shock of
unknown etiology. The postmortem study revealed diffuse inter-
stitial edema, pulmonary edema, and serous effusions [16]. Over
the course of the next two decades, only 20 more accounts
appeared in the medical literature, attesting to the rarity of this
sporadic disorder [17, 18].

In 1992 and 1999, two small case series from Mayo Clinic
reported on the efficacy of terbutaline and aminophylline in idio-
pathic SCLS [19, 20]. In 1997, a larger, multicenter, retrospective,
French study outlined the course of SCLS and evaluated the
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efficacy of the available therapies in a cohort of 13 patients [21].
By the year 2006, approximately one hundred cases of idiopathic
SCLS had been reported worldwide. More recently, two larger
studies, one from Mayo Clinic and the other from a European
registry, reported on the clinical experience with 25 and 28 patients
with SCLS, respectively, shedding light on the nuances in the
diagnosis and management of idiopathic SCLS [22, 23].
Regardless, there remains a paucity of high-level evidence and
even though single case reports in various clinical settings continue
to be a major source of clinical information currently, caution
should be exercised in interpreting anecdotal reports, particularly
with regard to the management.

Definition and Pathogenesis

The criteria for the diagnosis of SCLS include documentation of
recurrent characteristic attacks of (1) hypotension, (2) elevated
hematocrit, (3) peripheral edema, and (4) hypoalbuminemia in the
absence of albuminuria [22]. Importantly, resolution of the attacks
is accompanied with the normalization of hematocrit and albumin
levels. Monoclonal gammopathy is not a mandatory criterion,
albeit its presence in the appropriate clinical setting serves as a
useful diagnostic clue [22]. Clinically relevant disease-related
information is available at the National Organization of Rare
Disorders Web site as well as a patient-support Web site, www.
rareshare.org.

The molecular events that trigger the episodic vascular hyper-
permeability are unknown, and the pathogenesis of SCLS remains
indeterminate [24]. Immune dysregulation, cytokines, leukotrienes,
VEGF, and complement system have been implicated.
Interleukin-2 receptor-positive peripheral blood mononuclear cell
counts can increase substantially during periods of hyperperme-
ability [25]. Proteins with weights up to 900 kilodaltons can
extravasate. Ultrastructural studies have revealed endothelial
apoptosis including endothelial microvesicular body and bleb
formation during attacks, suggesting disruption of the microvas-
culature [26]. Sera of patients with SCLS have been found to
possess endothelial cell damaging properties. This mechanism
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appears to be distinct from other edema-associated conditions,
including anaphylaxis in which the endothelial shape changes and
widening of intercellular gaps rather than apoptosis are associated
with swelling [3, 24].

A majority (76–90 %) of patients with SCLS has concurrent
evidence of monoclonal gammopathy; a notable proportion com-
pared to the 3 percent incidence of monoclonal gammopathy of
undetermined significance (MGUS) in the general population over
50 years of age [22, 23]. A few accounts of SCLS with other
plasma cell disorders, including plasma cell leukemia, multiple
myeloma, and amyloidosis have been published [4, 5, 8, 22, 23, 27,
28]. However, a direct monoclonal protein-mediated vascular
injury has never been proven [26, 29]. Moreover, cytotoxicity has
not been observed on exposure of the cultured endothelial cells to
the purified monoclonal protein [29]. It has been hypothesized that
the monoclonal protein could potentially inhibit a factor integral
for maintaining the endothelial barrier function [3].

Two studies which reported on increase in interleukin-6 and
tumor necrosis factor-alpha levels in the sera of SCLS patients
hinted on the possibility of the systemic inflammatory response.
However, recent studies have counteracted this observation high-
lighting the lack of a prominent role of inflammation in SCLS. In
contradistinction, inflammation plays a dominant role in sepsis
associated with the vascular leak [24]. Laboratory evidence sug-
gests that high baseline, as well as intra-attack levels of plasma
VEGF (previously called vascular permeability factor) and
angiopoietin-2 (Ang 2), is instrumental in inducing capillary
hyperpermeability [3]. However, much remains to be clarified
regarding the molecular processes that induce promoters of
enhanced vascular permeability. Blood samples of 20 patients with
acute SCLS and 3 patients with chronic SCLS were collected to
perform experiments studying the effects of SCLS sera on human
microvascular endothelial cells (HMVECs). Upon application of
the sera obtained from patients at the onset of an attack (episodic
sera), HMVECs demonstrated interendothelial junction disruption,
retraction, and hyperpermeability (through internalization of the
junctional protein VE cadherin), but not apoptosis. These effects on
HMVEC were, however, not recapitulated when the sera obtained
during remission or the IgG isolated from episodic sera were uti-
lized. Serum VEGF and Ang 2 levels were found to be substantially
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elevated during acute episodes compared to quiescent phases.
Interestingly, the elevated VEGF levels at onset have been shown to
precipitously decline during the course of an attack and return to
baseline prior to the onset of the “post-leak” phase. Pretreatment
with intravenous immunoglobulin and anti-Ang 2, but not
anti-VEGF antibody, bevacizumab, demonstrated a protective effect
on the capillary permeability [3].

Correlating with the mechanistic studies of SCLS sera outlined
above, the NIH group recently reported the preliminary findings of
genomewide single nucleotide polymorphism (SNP) analysis in 12
patients with SCLS, the first nine of whom also underwent
whole-exome sequencing. Interestingly, SNPs were identified in
the genes with potential role in endothelial barrier function or
capillary permeability. Additionally, SNPs in genes related to
clonal plasma cell expansion were discovered [30].

Epidemiology

Middle aged adults of Caucasian race are more likely to be affected
by idiopathic SCLS, but a wide variation in the age at presentation
has been observed. The disorder has also been reported in both
Asians and Blacks [5]. The largest case series to date from a
European registry attempts to shed light on the epidemiological
aspects, laboratory findings, and management [23]. In this study,
28 consecutive patients with SCLS from 34 medical centers in 5
countries were prospectively monitored over 13 years. The median
age at onset of attacks was 49 years (range: 5–78 years) and at
diagnosis was 53. Only two patients were Black. The median
frequency of attacks per patient was 4.5 attacks (range, 1–59),
including two severe attacks per patient. No gender preponderance
was noted in the Mayo Clinic or the European study [22, 23].
However, the European registry study demonstrated that the first
manifestation of SCLS occurs more than a decade later in men
[23].

A single case of familial SCLS has been reported in a Jewish
family [31], and additionally, the appearance of this syndrome in a
17-day-old newborn in the Mayo Clinic series raises the possibility
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of intrauterine transfer of soluble mediators or an inherited disorder
[22].

Clinical Symptoms, Signs, and Diagnostic
Challenges

Massive third-spacing of fluids and protein leakage as a conse-
quence of endothelial barrier dysfunction leads to various clinical
manifestations. The attacks classically start spontaneously, rapidly
progress within a few hours and resolve within 1–4 days.
Remobilization of fluids back into the intravascular compartment
occurs just as spontaneously as the flares arise, leading to resolu-
tion of symptoms and diuresis [24].

Attacks often appear to be unprovoked. Triggers for attacks
include upper respiratory tract infection (74 %); physical strain and
nearly a quarter of female patients have experienced intramen-
struation flares [22].

Although non-specific, prodromal symptoms (Fig. 8.1) of pro-
found fatigue (88 %), presyncope/ lightheadedness (76 %), myal-
gias or flu-like symptoms (56 %), throat irritation (32 %), reduced
urinary output (28 %), or rarely mood changes (4 %) have been
observed. While such symptoms may vary among patients, for an
individual patient, the prodromal symptoms prior to a flare are
generally similar, and if recognized early, can alert a patient to see
prompt medical attention [22].

A serotypical “flare” or an “attack” is characterized by a tetrad
of vascular collapse or hypotension, generalized edema, hemo-
concentration, and hypoalbuminemia. The edema characteristically
worsens on initial intravenous fluid resuscitation (Fig. 8.1) [22]. In
the Mayo Clinic series, 76 % of patients presented with generalized
or localized body ache, 64 % with facial edema, and over one-half
with dyspnea. Nearly a third of patients had nausea and/or vom-
iting. Loss of consciousness and/or weight gain was also noted in
approximately a third of patients [22].

Polydipsia with salt craving, headache, diaphoresis, fever, rhi-
norrhea, hoarseness, arthralgia, lacrimation, pruritus, flushing,
dysphagia, and jaw claudication are some of the other features that
can be observed during a flare [22, 23].
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Timely and accurate diagnosis of SCLS can be challenging,
particularly with the first episode. It is important to consider this
rare entity in any individual presenting with edema and shock. In
the Mayo Clinic study, 25 patients evaluated over a 27-year period
fulfilled all the diagnostic criteria for SCLS. The series highlighted
the delay in diagnosis as suggested by the median time of
1.13 years (range: 0–32) between the onset of symptoms and
definitive diagnosis. A unifying diagnosis was made more than five
years after onset of symptoms in 12 % of the patients in that series.
In the European study, the median delay in diagnosis was 7 months
(range, 0–110 months) [22, 23]. Unless the first attack is fatal,
classic clinical course entails recurrence of symptoms, with sub-
stantially varying frequency or severity of attacks among patients.
Considerable delay in the diagnosis, in part, results from the lack of
specific symptoms and distinct findings that would be attributable
to this diagnosis of exclusion. Patients with SCLS are often ini-
tially misdiagnosed as other conditions with overlapping features
(Table 8.1).

During the quiescent period inbetween the attacks, the physical
examination is typically unremarkable, except in patients with
chronic SCLS who exhibit long-standing generalized edema with
serous (pleural and pericardial) effusions [32].

All patients demonstrate hemoconcentration during an attack. In
the Mayo series, the median absolute increase in hematocrit was

Fig. 8.1 Different phases of idiopathic systemic capillary leak syndrome
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19.8 % (range: 7.0–40.6 %) from the baseline (P < 0.001) and
leucocytosis was observed in nearly one-third of the cohort.
A significant reduction in albumin (median reduction 1.9 g/dL,

Table 8.1 Differential diagnoses of idiopathic systemic capillary leak
syndrome

Alternative
diagnosis

Disease features

Secondary SCLS
[62–67]

Hypotension, edema, presence of inciting factors
(alpha- and beta-interferon, acitretin, gemcitabine,
interleukin-2, denileukin diftitox and filgrastim,
hepatitis C infection, post-stem cell transplantation,
and malignancies

Polycythemia
vera [68]

Erythrocytosis, thrombocytosis, leukocytosis, DVT,
low erythropoietin levels, JAK 2V617F mutation

Gleich’s
syndrome [13]

Cyclic edema, urticaria, eosinophilia, elevated IgM

Carcinoid
syndrome

Flushing, hypotension, elevated 5HT3, and its
metabolites

Mastocytosis Elevated tryptase and urticaria pigmentosa

Nephrotic
syndrome

Anasarca, proteinuria, and hypoalbuminemia

Sepsis Hypotension, edema, fever, and leucocytosis

Acute
gastroenteritis

Nausea, vomiting, and abdominal pain

Congestive heart
failure

Edema, hypotension, and dyspnea

Toxic shock
syndrome

Hypotension, leucocytosis, and desquamatory rash

Hereditary
angioedema

Low C1 esterase inhibitor or function

AL amyloidosis Edema, monoclonal protein, diarrhea, and proteinuria

Pancreatitis Nausea, vomiting, abdominal pain, and elevated
pancreatic enzymes

Adrenal
insufficiency

Hypotension, abdominal pain, and hyponatremia

POEMS
syndrome [69]

Polyneuropathy, Organomegaly, Endocrinopathy,
Monoclonal gammopathy, Skin changes,
polycythemia, edema, elevated VEGF, and
thrombocytosis
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range: 0.5–2.7; P < 0.001) was also observed [22]. Eosinophilia, a
hallmark of Gleich’s syndrome [13] or thrombocytosis, is not typi-
cally observed. Monoclonal protein studies are indicative of an
M-protein in 75–89 % of cases, and the M-protein is predominantly
IgG kappa type. IgA monoclonal gammopathy associated SCLS is
exceedingly uncommon [33]. The size of the M-protein is typically
low. Twenty-hour urine protein electrophoresis and immunofixation
studies show a monoclonal protein in nearly a third of patients.
A bone marrow biopsy in patients with elevated M-protein may
demonstrate a clonal plasma cell population and assist in ruling out
advanced plasma cell proliferative disorders. The bone marrow
plasma cell percentage is usually below 10 %, suggesting a low
clonal burden as noted in MGUS. In the European registry study,
eighty-nine percent of patients had evidence of concurrent mono-
clonal gammopathy, and in all but one patient, monoclonal gam-
mopathywas of undetermined significance. A single case ofmultiple
myeloma was identified [23].

Complement 1 esterase (antigen and function) assays are used to
rule out hereditary angioedema [34, 35]. C3 and C4 levels can be
low in nearly a quarter of the patients of SCLS. Poor renal per-
fusion resulting in acute renal failure can occur in up to one-half of
patients, underscoring the need to closely follow the renal function
during an attack [22].

Management

Acute Attacks

Owing to paucity of level 1 evidence in the management of SCLS,
therapeutic strategies are dependent upon the information available
through small case series or reports. The optimal management is
unclear, but as the patient progresses through the distinct phases of
an acute attack, specific phase-related approach is warranted.
During the initial capillary leak phase, prompt institution of sup-
portive care is imperative [22, 24]. Oral hydration with
electrolyte-rich fluids should be initiated at the onset of an attack
until intravenous fluids and a higher level of care are available.
Admission to an intensive care unit may be required for closer
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monitoring of hemodynamic and metabolic parameters and man-
agement. The central venous pressure monitoring by intensivists
and judicious use of vasopressors and colloids (25 % albumin,
10 % pentastarch) may avert organ dysfunction and recruitment
pulmonary edema that can precipitate with overhydration.
Overzealous attempts of hydration to achieve normotension should
be avoided. Patients should be closely observed for the develop-
ment of complications such as rhabdomyolysis, life-threatening
dyselectrolytemias, compartment syndrome, deep venous throm-
bosis (DVT), and acute kidney injury [22, 24, 36]. Attempts to
maintain adequate cerebral and renal perfusion and simultaneous
prevention of fluid overload can be challenging [20].

The role of steroid therapy [18, 37, 38] during the
cytokine-mediated endothelial damage is controversial [39], and
steroids are best avoided in the face of a progressive flare as well as
for long-term prophylaxis. Both plasmapheresis [18, 21, 40, 41]
and intravenous gamma globulin (IVIG) [21, 42, 43] have been
reported to successfully thwart an acute attack.

A recently proposed Severity Scale takes into account the
decrease in albumin level, increase in hemoglobin, and response to
therapy (Table 8.2) in patients with recurrent attacks [24]. In Grade
1 attacks, oral hydration alone is sufficient to restore normotension
while grade 2 flares require outpatient management with IV fluids.
Grade 3 attacks mandate hospitalization and require intensive care
unit management, and Grade 4 attacks are unresponsive to therapy
and uniformly fatal [24].

Prevention of Recurrent Attacks

The importance of prophylactic therapy is underscored by the data
provided in the European series which displayed a five-year sur-
vival of only 20 % from diagnosis in patients not receiving any
prophylactic therapy versus 85 % in the subset that received some
form of prophylactic therapy [23]. A large proportion of patients
(82 %) in the series received at least one of prophylactic therapies.
However, the small sample size (n = 28) prohibited accurate
ascertainment of the magnitude of benefit with this approach. With
the prophylactic therapy, the median decrease in annual frequency
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of attack was 1.55 (range, 0.14–8.84) per patient compared to a
median decrease of 0.71 attacks/patient observed in the cohort not
receiving prophylactic therapy. All five patients who did not
receive prophylactic therapy succumbed compared to 3/23 who
received prophylactic therapy (P < 0.001) [23].

Beta-Adrenergic Agonists
and Phosphodiesterase Inhibitors

Continuous use of beta-adrenergic agonists such as terbutaline
(400 mg twice daily) and phosphodiesterase inhibitors such as
theophylline (5 mg five times a day) and aminophylline [19] has
the potential to increase intracellular cyclic adenosine monophos-
phate or inhibit intracellular Rho kinase pathway [44], reduce
bradykinin- and histamine-mediated hyperpermeability, and
maintain prolonged attack-free periods [20].

An initial series of 8 patients from Mayo Clinic reported efficacy
of terbutaline and theophylline in reducing the severity as well as
the frequency of SCLS attacks [20]. The beneficial effect was
confirmed by Gousseff and Amoura in a review of 33 cases that
showed an improvement in frequency offlares in nearly two-third of
the patients [45]. However, nearly half of the patients who experi-
enced an improvement in symptoms eventually relapsed. Although
a therapeutic range for theophylline has not been validated in SCLS
patients, prior to labeling it ineffective, and switching to another
regimen, it may be useful to ensure that the levels of theophylline
are in the range considered therapeutic (10–20 mg/L) in patients
with asthma.

Intravenous Immunoglobulin

In the past decade, SCLS attacks have been successfully prevented
or the frequency and severity of attacks reduced with the use of
IVIG alone [4, 23, 43, 45–47]. Sixty-four percent of patients in the
European study had received IVIG prophylactic therapy and an
increase in its use has been noted in the recent years.
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MGUS-related acquired von Willebrand factor or acquired neu-
ropathy has been shown to respond to IVIG lending further support
to its use in other monoclonal gammopathy-related disorders such
as SCLS. While the exact mechanism of action of IVIG in SCLS is
not known, several theories including anti-idiotype effect against
antibodies and blockade of Fc receptors on leukocytes, inhibition
of complement-mediated damage, and prevention of SCLS trig-
gering infections have been proposed [47, 48]. In the European
study, 44 % of the patients receiving IVIG prophylactic therapy
experienced no recurrent attacks after initiation of this therapy.
Prophylactic IVIG is typically administered as 0.4–2 g/kg per
month intravenously, and common adverse effects include infu-
sional reactions, headaches, fatigue, and nausea. Serious side
effects, including thromboembolic events, hemolytic anemia, and
acute renal failure, have also been reported.

Alternative Approaches

Anecdotal reports of efficacy of verapamil [49], leukotriene inhi-
bitors [50, 51], epoprostenol [52], immunoadsorption [50], and
thalidomide [40] in SCLS have been published. Endothelial targets

Table 8.2 Severity scale of an acute idiopathic systemic capillary leak
syndrome attack

Severity Hemoglobin increase and Albumin
decrease

Responds to

Grade 1
A

Hgb↑ ≤ 3 g/dL
Alb↓ ≤ 0.5 g/dL

Oral hydration

Grade 1
B

Hgb ↑ ≥ 3 g/dL
Alb ↓ ≥ 0.5 g/dL

Grade
2A

Hgb ↑ ≤ 3 g/dL
Alb ↓ ≤ 0.5 g/dL

Outpatient
intravenous fluids

Grade
2B

Hgb ↑ ≥ 3 g/dL
Alb ↓ ≥ 0.5 g/dL

Grade 3 Present, but the degree of change is
not applicable

Intensive care unit
monitoring

Grade 4 Present, but the degree of change is
not applicable

Intractable/fatal

Adapted from Druey and Greipp [24]
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such as VEGF have also been exploited for therapeutic interven-
tion. Monoclonal antibodies, bevacizumab (anti-VEGF), and
infliximab (anti-TNF-α) have exhibited varying efficacy although a
recent preclinical study failed to highlight any benefit of beva-
cizumab [2, 40, 53, 54]. Ex vivo screening for effective therapies
with quantitative and humanized cell-based assays for humoral
mediators of permeability has been proposed [33] as analysis of
patients’ cytokine profiles during attacks could potentially help
tailor therapy, particularly in cases recalcitrant to commonly used
agents [33].

Attacks of SCLS in patients with concomitant multiple mye-
loma appear to abate with the institution of anti-myeloma therapy
[21], and given the dearth of highly effective anti-SCLS therapies,
a case in favor of using novel anti-myeloma agent(s) even in
patients with otherwise asymptomatic multiple myeloma, but
coexisting SCLS, can be made.

Prognosis, Complications, and Outcome

Idiopathic SCLS has an unpredictable course. Severe attacks or
complications thereof can be fatal [22, 23]. In the Mayo study,
24 % of the patients did not have recurrence of attacks for 2 years
or longer. Acute renal impairment (57 % of cases) with or without
rhabdomyolysis (36 %) was observed in the series. Close moni-
toring of creatinine, creatinine kinase, uric acid, and electrolytes is
required such cases. The study indicated that greater the reduction
of albumin from baseline during an attack, the higher the likelihood
of developing rhabdomyolysis (P = 0.03). However, no such
association between rhabdomyolysis and hematocrit increase was
observed. Pericardial effusion (32 %), pleural effusion (28 %),
seizures (8 %), and deep venous thrombosis (8 %) can also
potentially result from an attack. In the European study, 75 % of
patients death occurred because of SCLS related–ventricular
arrhythmias, multiorgan failure, septic shock, or pericardial
tamponade.

Compartment syndrome [55–58] and acute ischemic stroke are
two dreaded complications with long-term sequelae. A majority of
patients with compartment syndrome require fasciotomy [22, 23].
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Development of cardiac tamponade may require urgent pericar-
diocentesis followed by pericardial window placement.
Overzealous hydration in the face of normalizing capillary per-
meability during the recovery or recruitment phase commonly
leads to an iatrogenic complication of pulmonary edema [7, 59]. In
the Mayo series, recruitment pulmonary edema developed in 40 %
of the patients with a few cases requiring mechanical ventilation
[22].

The prognosis appears to be superior in the pediatric population
[22, 60]. In the patients with abnormal monoclonal protein studies,
the rate of progression to multiple myeloma appears to be no
greater than that of MGUS without coexisting SCLS [22, 61].
However, lifelong surveillance for related plasma cell proliferative
disorders is necessary in those with monoclonal gammopathy.
Survival rate was 73–76 % at 5 years in the two major series [22,
23], reflecting an improvement in mortality when compared to
previous studies [18, 21].

Summary

Diagnostic as well as therapeutic challenges encountered with the
complex disorder of idiopathic SCLS can be perplexing to the
patients and clinicians alike. Moreover, the attacks in SCLS are
often sudden, prodromal features are non-specific, and plasma
extravasation can rapidly progress, allowing little time for prompt
intervention. Restoration of normal perfusion requires judicious
use of vasopressors, fluids, and occasionally diuretics. Preventive
therapy with beta-2 agonists, methylxanthines, or IVIG may reduce
the frequency and severity of attacks. Idiopathic SCLS should
invariably be excluded in all patients presenting with transient
episodes of distributive shock of unclear etiology. With fewer than
200 cases reported in the literature, SCLS remains an underrec-
ognized disorder of substantial morbidity and mortality. The need
to establish greater awareness of this orphan disease among clini-
cians cannot be overemphasized. The treatment paradigms would
continue to evolve with deeper understanding of the disease
biology.
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Chapter 9
Renal Disease Associated
with Monoclonal Gammopathy

Nelson Leung, MD and Samih H. Nasr, MD

Nearly 60 years after the description of the Bence-Jones protein,
Alfred von Decastello described the plugging of renal tubules by
an amorphous substance in a patient who died of multiple myeloma
[1]. This was one of the first descriptions of a kidney disease
resulting from a monoclonal protein which later became known as
“cast nephropathy.” Since cast nephropathy almost always occur
with multiple myeloma, the term myeloma kidney became syn-
onymously used. Indeed, one study noted that only 3 % of mye-
loma patients with renal impairment had low tumor burden [2].
However, this association between a malignant condition and a
kidney disease is not entirely accurate. First, cast nephropathy can
be seen in patients with chronic lymphocytic leukemia (CLL) or
lymphoplasmacytic lymphoma with Waldenström’s macroglobu-
linemia (WM) [3, 4]. In addition, the human kidney diseases: cast
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nephropathy, immunoglobulin light-chain (AL) amyloidosis,
monoclonal immunoglobulin deposition disease (MIDD) and
light-chain Fanconi syndrome (LCFS) can be replicated by
injecting just the monoclonal protein into animals [5]. Finally,
except for cast nephropathy, multiple myeloma or lymphoma is not
required for the development of the above kidney diseases. The
evidence overwhelmingly supports the monoclonal proteins and
not the tumor as the agent directly responsible for the kidney
disease. This chapter will review the clinicopathologic character-
istics of these renal diseases and their association with monoclonal
gammopathy of renal significance.

Monoclonal Gammopathy of Renal
Significance

Kidney diseases, once linked to multiple myeloma or lymphoma,
are now recognized to be capable of developing independently of
the malignancy. Only about 15 % of AL amyloidosis and 20–65 %
of MIDD patients meet criteria for multiple myeloma or lymphoma
[6–8]. Many of these patients never progress to multiple myeloma
[9]. In fact, their biology is more similar to monoclonal gam-
mopathy of undetermined significance (MGUS) or smoldering
multiple myeloma than multiple myeloma. However, the use of the
term MGUS in these patients is problematic and confusing. First,
the term MGUS denotes undetermined significance and requires
the absence of end-organ damage. In these patients, the signifi-
cance of kidney damage has been established. Furthermore, the
current guidelines regarding the treatment of plasma cell disorders
clearly recommend against treating patients with MGUS [10]. This
makes sense in true MGUS patients where there is no end-organ
damage and the transformation rate to multiple myeloma or other
more serious conditions is low. This is not applicable to patients
who have pathologic lesions attributable to their monoclonal
gammopathy. The conflicts created by the term MGUS make it
inappropriate for these patients. As a result, a new term monoclonal
gammopathy of renal significance (MGRS) has been created to
better classify these patients and avoid confusion.
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The main difference between MGRS and MGUS is the presence
of a kidney disease that is attributable to the monoclonal protein
[11]. Both conditions are characterized by less than 10 % clonal
plasma cells in the bone marrow, <3 g/dl of monoclonal
(M) protein and the absence of other defining features of multiple
myeloma such as hypercalcemia, anemia, and bone lesions.
However, where there is no end-organ damage in MGUS, the
kidney is injured by the monoclonal protein in MGRS. This is most
often as a result of deposition of monoclonal immunoglobins, but
monoclonal protein can also injure the kidney by other means such
as activation of the complement system. Regardless of the patho-
physiology, this direct link between the kidney and the monoclonal
protein is what defines MGRS. By definition, cast nephropathy is
not a MGRS-related kidney disease because it is almost always
associated with multiple myeloma [2, 12].

MGRS-Related Kidney Diseases
with Organized Monoclonal Immunoglobulin
Deposits

AL Amyloidosis

AL amyloidosis is a fatal systemic disease characterized by the
extracellular deposition of congophilic fibrils in soft tissues [13].
The amyloid in AL is composed of monoclonal immunoglobin light
chains (LC) while monoclonal immunoglobulin heavy-chain amy-
loid is called AH and those containing the intact components of
immunoglobulin light and heavy chain are ALH [14, 15]. AL is by
far the most common subtype representing over 95 % of the cases
of immunoglobulin amyloidosis and for the purpose of this chapter
will represent all of the subtypes of immunoglobulin amyloidosis.
The pathogenesis is the result of the misfolding of immunoglobulin
LCs into a lower energy state. The misfolded LC self-aggregates to
form fibrils, which are more resistant to degradation. These are
deposited in various organs. There is increasing evidence to suggest
that cellular toxicity cannot be entirely explained by deposition. In a
zebra fish model, impaired cardiac function, pericardial edema, and
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increased cell death can be induced by the introduction of amy-
loidogenic LC but not control LC from myeloma patients [16].
These changes are observed prior to any fibril formation. In addi-
tion, divergent phenotypic changes are observed in mesangial cells
incubated with LC from patients with AL amyloidosis versus LC
from MIDD patients [17]. This data strongly suggest the toxicity is
determined by the primary sequence of the LC. Finally, repeat renal
biopsy of patients treated with autologous stem cell transplantation
shows no regression of the amyloid deposits despite achievement of
a complete hematologic response (CR) and significant improvement
in proteinuria [18].

AL amyloidosis is the most common glomerular lesion in
patients with MM [19, 20]. It is found in 5–15 % of patients with
MM at autopsy [19, 21, 22]. However, only a small percentage of
patients actually have multiple myeloma. In a study of 474 patients,
22 % of patients have 10–19 % plasma cells while 18 % of patients
have >20 % plasma cells in the bone marrow [6]. Seven percent of
patients have >3 g/dl of M protein in the serum. Only 9.5 % met
criteria for MM, and they all had lytic bone lesions. Median age of
patients with AL amyloidosis is 64 years, and 69 % are male. The
light chains are not equally represented as 70 % of the M-proteins
are lambda restricted. AL amyloidosis has also been reported to
occur in B-cell lymphoproliferative disorders and CLL [23, 24].

In systemic AL amyloidosis, kidney is the most commonly
involved organ. An abnormal creatinine is seen in nearly half of the
patients. Proteinuria and nephrotic syndrome are noted in 73 and
28 %, respectively [6]. Median proteinuria is 5.8 g/d. The pro-
teinuria is mainly albuminuria, which makes up on average 70 % of
the urinary proteins [25]. In a small percentage of patients, a
vascular-limited AL amyloidosis has been described, which pre-
sents with progressive renal insufficiency but little (<1 g/d) or no
proteinuria [26]. Rare patients may present with nephrogenic dia-
betes insipidus [6]. End-stage renal disease (ESRD) mainly devel-
oped in those who presented with renal manifestations. In a study of
145 patients, ESRD developed in 41.6 % of patients who presented
with renal manifestations versus 4.9 % without [27]. ESRD
appeared to negative impact survival as the median survival was
10.4 months after the start of dialysis.
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The diagnosis of AL amyloidosis requires a biopsy. In the kid-
ney, amyloid appears as an amorphous periodic acid–Schiff (PAS)-
negative and silver-negative deposits (Fig. 9.1). By definition,
amyloid deposits regardless of type are Congo red positive and
exhibit an apple green birefringence when viewed under polarized
light. Amyloid deposits are seen in glomeruli and vessels in the vast
majority of cases and in the interstitium in more than half of cases.
Glomerular involvement leads to mesangial expansion, which may
show nodular appearance at times. When amyloid affects the
glomerular basement membrane, it usually forms spicules, a char-
acteristic feature of this disease, which can be readily identified on
silver stain. For AL, the deposits should stain for a single LC by
immunofluorescence (IF) (Fig. 9.1). A single heavy chain would
also stain positive in ALH while only the heavy chain will stain in
AH. Amyloid fibrils have a diameter of 7–12 nm and are randomly
arranged when viewed by electron microscopy (EM) (Fig. 9.1).
Since only amyloidosis of immunoglobulin subtypes are treated
with chemotherapy, typing of the amyloid is essential prior to ini-
tiation of treatment [28]. While IF can be quite informative for AL
and its subtypes, laser microdissection followed by proteomics by
mass spectrometry (LM-MS) has become the gold standard and
should be performed in equivocal or uncertain cases [14].

Tremendous advances have been made in the treatment of AL
amyloidosis in the past decades. During this time, overall survival
has increased from 18 months to over 5 years [29–32]. Details
regarding treatment are covered in other chapters. What is important
to note is that response in the kidney is associated with patient
survival. Using a 50 % reduction in proteinuria as a marker of
response, renal response was strongly associated with patient sur-
vival [33]. In subgroup analysis, patients who achieved 75 % or
more proteinuria reduction were the ones who benefitted in overall
survival and those who achieved 95 % reduction had the best out-
comes [34]. Patients who had between 50 and 74 % reduction in
proteinuria did not show an improvement in OS as compared to
those who had <50 % reduction in proteinuria. Of note, the reduc-
tion in proteinuria can take 10–12 months to occur [35]. More rapid
method of assessment of renal response is currently being
investigated.
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Immunotactoid Glomerulonephritis

Immunotactoid glomerulonephritis (ITG) is a rare kidney disease
characterized by the deposition of microtubules in the glomerulus
[36]. Unlike amyloid, these fibrils are much larger and do not stain
with Congo red. The average diameter of immunotactoid fibrils is
38.2 nm with a range of 20–55 nm (Fig. 9.2). The most distin-
guishing feature, however, is the hollow center, which is similar to
microtubules. Other fibrils with similar features are cryoglobulins,
thus by definition, cryoglobulinemia must be ruled out.
Historically, fibrillary glomerulonephritis has been described
together with ITG and was once thought to the same disease.

Fig. 9.1 Pathology of renal AL amyloidosis. a There is extensive, global
mesangial, and segmental glomerular capillary wall deposition of acellular,
silver-negative amyloid deposits (jones methenamine silver, ×400). b The
figure shows global glomerular Congo red-positive amyloid, which exhibits
red/yellow/green colors when viewed under polarized light (×100). c On
electron microscopy, amyloid fibrils appear haphazardly oriented and measure
between 7 and 12 nm in diameter (×46,000). d On immunofluorescence,
amyloid deposits appear smudgy and stain for one of the light chains only. The
figure shows smudgy transmural, arterial, and arteriolar staining for lambda
(×200). Staining for kappa was negative (not shown)
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Histologically, they do share common features such as membra-
noproliferative pattern (Fig. 9.2) with endocapillary proliferation,
mesangial expansion and hypercellularity, membranous-like pat-
tern (Fig. 9.2), even hyaline pseudothrombi in the glomeruli and
crescents [20, 37, 38]. Major differences include smaller fibril size
in fibrillary glomerulonephritis. The fibrils are solid and randomly
arranged in fibrillary glomerulonephritis whereas the microtubules
in ITG are hollow and usually arranged in parallel arrays (Fig. 9.2)
[37]. More importantly, ITG microtubules are commonly com-
posed of entire monoclonal immunoglobulins while fibrillary
glomerulonephritis is rarely monoclonal [39].

Clinically, patients with ITG present with heavy proteinuria.
Median proteinuria is 11.1 g/d with a range of 1.4–36 g/d [20, 37,
38]. Microscopic hematuria is often present. Renal impairment is
often mild with a median serum creatinine (SCr) at presentation of
1.5 mg/dl (0.7–3.8 mg/dl). The percentage of male patients ranges
from 71.4 to 83.0 %, and the median age is from 59 to 66 years.
Monoclonal gammopathy is present in 63–86 % of cases. One
unique characteristic of ITG is the high rate of CLL reported in
these patients. It can be up to 50 % in some series. Multiple
myeloma was found in 12.5 % of cases in another series [40].
There are currently no clinical trials on ITG. Cytotoxic agents
capable of reducing the clone have been found to be successful at
preserving renal function [37].

Light-Chain Fanconi Syndrome

Light-chain Fanconi syndrome (LCFS) is a rare condition charac-
terized by electrolyte abnormalities as a result of proximal tubular
injury. The tubular injury is due to intracellular crystalline depo-
sition of monoclonal light chains. Fanconi syndrome and proximal
tubular cytoplasmic crystals may also be present in crystal-storing
histiocytosis (CSH). The latter, however, is different from LCFS in
that the crystals are mainly seen within the cytoplasm of histiocytes
in the renal interstitium, bone marrow, and other organs. Like CSH,
nearly 90 % of the cases of LCFS are kappa restricted with VkI

being the most common subtype [41, 42]. Multiple myeloma is
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diagnosed in about half of the patients with smaller percentage of
patients diagnosed with WM, CLL, smoldering MM, and MGRS.

LCFS patients often present in their sixth decade with a median
age of 57 years. It is slightly more common in men with 58 %
male. Typical presentation includes tubular proteinuria (usually not
high grade), glycosuria, and renal insufficiency. Extrarenal mani-
festations include bone pain, osteomalacia, and fatigue.
Insufficiency fractures are not uncommon. Many patients will also
have electrolyte abnormalities such as hypouricemia (66 %),

Fig. 9.2 Pathology of immunotactoid glomerulonephritis. a In this case of
immunotactoid glomerulonephritis and a membranoproliferative pattern of
injury, there is global mesangial and glomerular capillary wall deposition of
silver-negative immune material together with widespread duplication of the
glomerular basement membrane (jones methenamine silver, ×400). b In this
case of immunotactoid glomerulonephritis with a membranous pattern of
injury, the glomerular basement membrane appears thickened and shows global
silver-positive spikes (jones methenamine silver, ×400). c In this case of
immunotactoid glomerulonephritis, there is bright glomerular capillary wall,
mesangial, and intraluminal staining for IgG (immunofluorescence, ×200).
Similar glomerular staining for lambda is seen, with negative staining for kappa
(not shown). d Electron microscopy from a case of immunotactoid glomeru-
lopathy shows mesangial deposits composed of large microtubules with hollow
centers, which are organized in parallel arrays. The microtubules measured
52 nm in mean thickness (×24,500)
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hypophosphatemia (50 %), and hypokalemia (44 %), but these
tend to disappear as the renal function declines [41]. One clue may
be normal levels of uric acid, potassium, and phosphorus despite
advanced degree of chronic kidney disease. Diagnostically, ami-
noaciduria (100 %) is the most common urinary abnormality fol-
lowed by glycosuria (*100 %) and phosphaturia (43 %). Patients
who have aminoaciduria but no glycosuria or phosphaturia are
considered to have an incomplete Fanconi syndrome.

On kidney biopsy, elongated hypereosinophilic and
PAS-negative crystals can be identified within proximal tubular
cells (Fig. 9.3), usually accompanied by patchy tubular injury and
varying degrees of tubular atrophy and interstitial fibrosis.
Occasionally, proximal tubular cells appear swollen by the crystals
[42]. Toluidine blue is the best stain for the identification of
crystals. Only a single immunoglobulin LC should be present on IF
(Fig. 9.3). On EM, rhomboid or rod-shaped crystals are seen in the
cytoplasm (Fig. 9.3). Cast nephropathy is not uncommonly seen
coexisting within the same biopsy.

The renal outcome in LCFS is variable. The percentage of
patients reaching ESRD ranged from 15.6 to 72.7 % [41, 42]. It
was interesting that one study found the presence of multiple
myeloma was not a risk factor for ESRD [41]. Unfortunately,
interpretation of the data regarding treatment had been difficult.
Since most of the data came from the melphalan and prednisone
era, patients who underwent treatment often did worse due to
infection and other complications. Furthermore, treatment did not
seem to improve renal function. The results may be quite different
with the use of novel agents. There are reports of 2 patients
improving after treatment with bortezomib-based therapy [43].
Both had a significant reduction in their serum kappa FLC levels.

The term light-chain proximal tubulopathy should be discussed,
and it is often associated with LCFS in the literature but the precise
definition has yet to be unified. Sometimes, it refer to LCFS
without crystals while in others, it is used to describe light-chain
crystal deposition but the absence or presence of just a partial
Fanconi syndrome [44, 45]. Some feel LCFS and light-chain
proximal tubulopathy are the same entity while others feel they are
separate [46, 47]. One series found that light-chain proximal
tubulopathy without crystals represented 3.2 % of cases of
light-chain-related renal diseases, compared to 0.9 % for
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light-chain proximal tubulopathy with crystals [45]. In this series, 9
of the 10 cases with light-chain proximal tubulopathy without
crystals were composed of lambda light chain that is opposite of
what one would expect for LCFS. Patients exhibited lysosomal
abnormalities (some of which had a mottled appearance) along
with signs of acute tubular injury such as cytoplasmic swelling,
blebbing or flattening with dilatation of tubular lumen and loss of
brush border. Multiple myeloma was diagnosed in 8 of 13 patients
who were diagnosed with light chain proximal tubulopathy. In
another series of 190 biopsies of patients with multiple myeloma,
only 1 was diagnosed as light-chain proximal tubulopathy with
crystals [20]. Clearly, more research is needed in order to better
define the entity of light-chain proximal tubulopathy.

Cryoglobulinemia

Cryoglobulins have the characteristic of reversibly precipitating in
cold temperatures. They are composed of immunoglobulins. Three
types of cryoglobulins have been identified. In type I, the
immunoglobulin is monoclonal, often IgM but it can also be IgG or
IgA [48]. Type II involves a monoclonal immunoglobulin most
commonly IgM with affinity toward polyclonal immunoglobulins.
This is often referred to as rheumatoid factor activity. Type III is
composed of polyclonal immunoglobulin. Only types I and II can
be considered to be MGRS and only if they are not the result of a
lymphoma or multiple myeloma. Type I is the result of a B-cell
lymphoproliferative disorders. Most commonly, it occurs in lym-
phoplasmacytic lymphoma with WM, but can be seen in multiple
myeloma and CLL [48]. The most common causes of type II
cryoglobulinemia are infections and autoimmune diseases but a
lymphoproliferative disorder producing a monoclonal IgM will
also result in type II cryoglobulinemia. The number one infectious
cause of type II cryoglobulinemia in the world is hepatitis C
infection, accounting for as many as 73 % of cases in some series
[49].

Clinical manifestations are the result of precipitation, hyper-
viscosity, and leukoclastic vasculitis due to the cryoglobulins [48].
Manifestations can range from cutaneous rash and ulcers, to
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neuropathy, arthritis, acrocyanosis, and Raynaud’s to acral ische-
mia. In the kidney, cryoglobulinemia presents as glomeru-
lonephritis with or without endovasculitis. The most common
histologic pattern is membranoproliferative glomerulonephritis, but
mesangioproliferative and endocapillary proliferative glomeru-
lonephritis are also frequently observed (Fig. 9.4). Even membra-
nous pattern has been reported. Florid monocytic infiltration of
glomeruli is typical of cryoglobulinemic glomerulonephritis.
Cryoglobulins can be seen forming pseudothrombi in the lumen of
glomerular capillaries (Fig. 9.4) and may also be seen in the intima
and lumina of arterioles and interlobular arteries, occasionally
causing endovasculitis. On IF, the deposits should stain for the
monoclonal immunoglobulin involved in the cryoglobulin
(Fig. 9.4). C3 can also be detected. Most patients present with

Fig. 9.3 Pathology of light-chain proximal tubulopathy. a Large rhomboid
and rod-shaped hypereosinophilic crystals are seen within proximal tubular
cells. (H&E, ×600). b Proximal tubular cell crystals stain strongly for kappa by
immunofluorescence performed on pronase-digested, paraffin-embedded tissue
(×400). The crystals were negative for lambda. C&D are from a different case
of light-chain proximal tubulopathy. The proximal tubular cells are loaded with
electron-dense non-membrane-bound light-chain crystals with rhomboid, rod
or rectangular shapes (electron microscopy, ×13,500 for c and 33,000 for d)
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proteinuria and moderate renal insufficiency [49]. Only 20 % of
patients have nephrotic syndrome at presentation. Another 20–
30 % may present with a nephritic picture with macro- or micro-
hematuria. A small percentage will present like a rapidly pro-
gressive glomerulonephritis (RPGN) with quick loss of renal
function. One striking feature of cryoglobulinemia is severe
hypertension. Hypertension associated with cryoglobulinemia is
often difficult control. In fact, studies have found only 15 % of
patients with cryoglobulinemia died of renal failure, but they are
much more likely to die of cardiovascular complications or
infection [49].

Treatment of cryoglobulinemia depends on the type and etiol-
ogy. Anti-viral therapy has been effective for type II cryoglobu-
linemia secondary to hepatis C [49]. This can be combined with
rituximab in severe cases [50]. Rituximab can also be used in type
II secondary to autoimmune diseases and type I secondary to a
lymphoproliferative disorder [49]. Plasmapheresis can be an
effective adjuvant therapy to reduce hyperviscosity and ischemia.
A known complication of rituximab is cryoglobulin flare. While
most cases are benign and it does not denote treatment failure, the
flare can result in typical complications of cryoglobulinemia [51].
Plasmapheresis and additional immunosuppressive therapy may be
needed to treat the flare.

MGRS-Related Kidney Diseases
with Non-organized Monoclonal
Immunoglobulin Deposits

Monoclonal Immunoglobulin Deposition
Disease

MIDD represents a group of kidney diseases characterized by
deposits of monoclonal immunoglobulin and its components. They
include light-chain deposition disease (LCDD), light- and
heavy-chain deposition disease (LHCDD), and heavy-chain depo-
sition disease (HCDD) [7]. LCDD is the most common subtype of
MIDD. MIDD is seen in 5 % of MM patients in autopsy series at
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approximately half the incidence of AL amyloidosis [19]. The
kidney is almost universally affected while systemic involvement
in the lungs, heart, liver, and other soft tissue is less common and
often asymptomatic [52]. The most common malignant condition
associated with MIDD is multiple myeloma occurring in 59–65 %
of cases while CLL is found in 3 % [7, 8]. In the past, the
remainder of patients was described as idiopathic [8]. However, a
recent study found 100 % of the patients with MIDD had an
abnormal serum FLC ratio suggesting that these patients would be
more accurately classified as MGRS [7, 11].

The most characteristic histological lesion in MIDD is nodular
mesangial sclerosis [7, 53–55]. On light microscopy, these nodules
are PAS and silver positive similar to Kimmelstiel–Wilson nodules
of diabetic nephropathy (Fig. 9.5). Other features include mesan-
gial sclerosis without nodules, membranoproliferative pattern, and
crescents. The deposits in MIDD are Congo red negative. The most
distinguishing features are seen on IF where monoclonal light
chains, heavy chains or entire immunoglobulin can be seen in a
linear pattern along the GBM and even more consistently along the
tubular basement membranes (TBM) (Fig. 9.5). Staining of the
immunoglobulin components can be seen in the mesangium, but it
is less consistent than the TBM or GBM. C3 may also be detected
in cases of LCHDD and HCDD. The deposits should not have any
organized structure on EM and should appear as powdery or
amorphous electron-dense deposits in the same compartment as
seen on IF (Fig. 9.5). Occasionally, small fibers have been
described.

Kappa is more commonly represented in LCDD. In opposite
proportion to AL amyloidosis, 75 % of MIDD cases are due to a
kappa clones [7, 8, 55, 56]. Even within the kappa light-chain
family, the VkI subtype seems to be most common [57]. A potential
explanation may be found in its tertiary and quaternary structure.
Analyses show a β-edge that is formed in the CDR2 loop of kappa
light chains as a result of a conserved cis-proline at position 8 [58].
In lambda light chains, this proline is in the trans-position and it is
often followed by another trans-proline at position 9 making for-
mation the β-edge extremely unlikely. As a result of exposure of
the β-edge, spontaneous aggregation of kappa light chains into
oligomers has been demonstrated. These oligomers can then
elongate into a fibril. These fibrils do not bind serum amyloid P
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(SAP) or Congo red and possess no amyloid properties. It is
postulated that these oligomers form the deposits that are seen in
MIDD.

Median age of presentation ranged from 51 to 57 years, and
roughly two-thirds of the patients were male [7, 8, 59, 60].
Proteinuria was nearly universally present with a median protein-
uria of 2.7–4.1 g/d [7, 8]. Approximately 40 % of patients had
nephrotic range proteinuria. Patients with HCDD present with have
higher degree of proteinuria [7]. Microscopic hematuria was
common (62 %), but gross hematuria was rare (3 %). Renal

Fig. 9.4 Pathology of cryoglobulinemic glomerulonephritis. a–d are images
from a 57-year-old female who was referred for new onset hypertension,
proteinuria, and hematuria. Serum, urine, and cryoprecipitate immunofixation
showed an IgG kappa monoclonal protein. Bone marrow biopsy showed 5 %
plasmacytosis. a On light microscopy, glomeruli show mesangial hypercellu-
larity and large glassy intracapillary hyaline thrombi “pseudothrombi,” which
stain bright red on trichrome stain (×400). b Ultrastructural examination shows
large highly electron-dense subendothelial and mesangial deposits. Adjacent
macrophages contain numerous phagolysosomes with the same electron
density as the subendothelial deposits, consistent with phagocytosed immune
material (×2000). The glomerular deposits stain brightly for IgG (c, ×400) and
kappa (d, ×600) with negative lambda, trace IgM, and negative IgA (not
shown) consistent with type 1 cryoglobulinemic glomerulonephritis
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insufficiency was also nearly universal with an average serum
creatinine of 3.8 mg/dl [7, 8]. End-stage renal disease (ESRD) was
reached by 39–57 % of patients.

The prognosis of these patients is variable. One study noted a
13-month overall survival in patients with LHCDD while another
showed a 90-month overall survival [7, 60]. Independent factors
that influenced overall survival were age, serum creatinine at
diagnosis, the presence of multiple myeloma, and the presence of
lytic bone lesions [7, 8, 60]. In patients who have multiple mye-
loma or CLL, treatment should be specified by the disease type.
Patients with MGRS should also be treated to prevent the devel-
opment of ESRD. In one study, although the patient survival was
71 % at 5 years, the renal survival was only 40 %. Inadequate
treatment was one of the factors leading to the high rate of ESRD.
It is important to recognize that these patients do not have a
malignant condition so minimizing chemotherapy-related toxicity
is as important as efficacy since these patients may live for a long
time with their adverse effects. Bortezomib has been shown to be
effective in these patients especially with its ability to inhibit NFκB
[61, 62]. The least toxic schedule and route should be employed as
toxicities have been reported [63]. Autologous stem cell trans-
plantation either alone or after induction has also produced good
results [62, 64–67]. In the past, kidney transplantation in MIDD
was avoided due to the high rates of recurrence (*80 %) [68].
However, patients who had achieved a hematologic complete
response (CR) prior to kidney transplantation may have lower risk
of recurrence and better kidney allograft outcome [65].

Membranoproliferative Glomerulonephritis
with Monoclonal Deposits

Membranoproliferative glomerulonephritis (MPGN) is a group of
kidney diseases that share a common histopathologic pattern of
injury. MPGN traditionally had been classified by the location of
the deposits. Of the three types, type II MPGN, also known as
dense deposit disease (DDD), had a unique pathophysiology [69,
70]. DDD is the result of abnormal complement activation resulting
in the deposition of C3 [71]. MPGN secondary to infection,
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autoimmune diseases, malignancy and other complement dysreg-
ulation can present as either type I or III. The contribution of
monoclonal gammopathy in the pathogenesis of MPGN was not
recognized until recently. In a single-center study that excluded
patients with hepatitis (B & C) and DDD found 41 % of the
MPGN cases had a circulating monoclonal protein [72].
Monoclonal protein deposits were found in the kidney in most of
these patients. While majority of the cases were MGRS, 21 % met
criteria for multiple myeloma and another 17.8 % had WM, CLL,
and other lymphomas.

Histologically, MPGN is characterized by mesangial hypercel-
lularity, endocapillary proliferation, and capillary wall remodeling
[70]. The glomeruli often appear lobular, and double contours can
be seen along the basement membranes on light microscopy.
Electron-dense immune deposits can be seen in the mesangium and
subendothelial space with or without subepithelial deposits.
Granular deposits can be seen on IF that should stain for single
heavy chain and a single light chain [72]. C3 deposits are usually
found along the capillary walls.

Renal impairment and proteinuria were the most common pre-
sentation. Median SCr was 2.5 mg/dl, and proteinuria was 3.8 g/d
[72]. Many of the patients also had microscopic hematuria.
Hypertension, which was usually mild, was common among these
patients. Complement levels were normal. Median age at presen-
tation was 59 years with 57 % males. Limited follow-up did not
allow for long-term prognosis assessment. However, patients with
concomitant multiple myeloma appear to have the worse renal
outcomes.

Proliferative Glomerulonephritis
with Monoclonal IgG Deposits

A relatively new kidney disease associated with MGRS is the
proliferative glomerulonephritis with monoclonal IgG deposits
(PGNMID) [15, 73]. A unique feature of these patients is their
preference for monoclonal IgG3. IgG3-κ accounts for more than
50 % of cases, and IgG3-λ contributes to another *13 % of cases.
Hematologically, they tend to have a low clonal disease burden.

178 N. Leung, MD and S.H. Nasr, MD



Less than 10 % of patients qualify for multiple myeloma and over
half do not even have detectable circulating monoclonal protein.
Despite that, they have a high rate of recurrence after kidney
transplantation, which has been detected as early as 3 months
post-transplant [74].

On biopsy, the dominate feature is mixture of proliferative and
membranoproliferative glomerulonephritis (Fig. 9.6). This is often
diffuse endocapillary proliferation and leukocyte infiltration.
PGNMID may show membranous features and crescents [15].
Interstitial fibrosis can be seen in more advanced cases. Glomerular
capillary walls and the mesangial deposits are granular in

Fig. 9.5 Pathology of renal monoclonal immunoglobulin deposition disease.
a Glomeruli have a nodular appearance due to mesangial sclerosis and massive
deposition of lambda light chain. The nodules are paucicellular, glassy, and
stain PAS positive, mimicking diabetic glomerulosclerosis (PAS, ×100). b and
c are from the same biopsy as a. Immunofluorescence shows diffuse linear
glomerular and tubular basement membranes and smudgy mesangial staining
for lambda (b, ×200) with negative staining for kappa (c, ×200). The
diagnostic ultrastructural finding in MIDD is punctate, powdery electron-dense
deposits involving the inner aspect of the glomerular basement membranes (not
shown) and the outer aspect of the tubular basement membranes (d, electron
microscopy, ×9700)
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appearance on IF and should be positive for only a single IgG
subtype and light chain (Fig. 9.6). C3 and C1q are detected in
glomeruli in most cases. By EM, the deposits are predominantly
granular (i.e., without substructure) and are predominately suben-
dothelial and mesangial in location (Fig. 9.6). A minority of
deposits may show lattice-like array with a periodicity of 15 nm.
An IgA variant has been described [75].

These patients commonly present with nephrotic syndrome
(>50 %) [73]. Mean proteinuria is 5.7 g/d. Most will also have
renal impairment with the median SCr of 2.8 mg/dl. Microscopic
hematuria may be detected in majority of the patients. Mean age of
presentation was 54 years with 62 % females. During a mean
follow-up of 30 months in one study, 21.9 % of the patients
developed ESRD and 15.6 % had died [73]. Response has been
reported with alkylator and steroids, rituximab, and steroids alone.
Experience with anti-myeloma therapy especially with novel
agents is small, and effectiveness remains to be determined.

MGRS-Related Kidney Disease Without
Monoclonal Immunoglobulin Deposits

C3 Glomerulonephritis

C3 glomerulonephritis (C3GN) is a subset of C3 glomerulopathy
that includes DDD and CFHR3 nephropathy [76]. It is character-
ized by deposits that are predominate C3 and without C1q, C4 or
immunoglobulins (Fig. 9.7) [77]. By light microscopy, it may
show features of MPGN, mesangial proliferative glomeru-
lonephritis or endocapillary proliferative glomerulonephritis
(Fig. 9.7) It may also exhibit prominent glomerular neutrophil
infiltration mimicking postinfectious glomerulonephritis. Deposits
can be both subendothelial, subepithelial, and/or mesangial on EM
(Fig. 9.7). The appearance is, however, less electron dense than
those of immunoglobulin deposits (Fig. 9.7).

Majority of the cases of C3GN is due to dysfunctional regula-
tion of the alternative complement pathway. This is similar to the
pathophysiology of DDD [77]. However, some patients with
C3GN also have circulating monoclonal protein [78, 79]. In one
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series, the incidence was up to 31 %. It has been shown that
autoantibodies known as C3 nephritis factor (C3nef) can bind C3
convertase to stabilize it against the degradation effects of factor H
[76]. These autoantibodies were typically thought to be polyclonal
[80]. However, a study of 17 serum samples of patients with C3nef
activity showed differential C3nef activity in samples treated with
either anti-κ or anti-λ Sepharose, suggesting the possibility of
monoclonal proteins acting as C3nef [81]. Indeed, monoclonal IgG
and IgM C3nef have been isolated from patients with MPGN [82].
These evidences support the possibility that a monoclonal gam-
mopathy could have C3nef activity resulting in C3GN or DDD
[83].

Fig. 9.6 Pathology of proliferative glomerulonephritis with monoclonal IgG
deposits. a The glomerulus exhibits a membranoproliferative glomerulonephri-
tis pattern of injury with moderate global mesangial hypercellularity and
sclerosis, together with segmental duplication of the glomerular basement
membrane and endocapillary hypercellularity (PAS, ×400). b On electron
microscopy, there are large mesangial, intramembranous, and subendothelial
deposits, together with segmental duplication of the glomerular basement
membrane. The electron-dense deposits appear granular (without substructure)
(×3000). c–e Glomeruli in this patient with PGNMID exhibit bright global
mesangial and glomerular capillary wall staining for IgG3 (c) and kappa (d).
Glomeruli are negative for lambda (e), IgA, IgM, IgG1, IgG2, and IgG4 (not
shown). No extraglomerular staining for IgG or kappa is seen (×400 for c–e)
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Thrombotic Microangiopathy in POEMS
Syndrome

POEMS syndrome also known as Crow–Fukase syndrome is
multisystemic disease most commonly due to a lambda-restricted
monoclonal gammopathy [84]. The name POEMS is taken from 5
of the more common presentations, which include polyneuropathy,
organomegaly, endocrinopathy, monoclonal gammopathy, skin
manifestations, and sclerotic bone lesions [85]. Other features
include extravascular volume overload, thrombocytosis, elevated
levels of vascular endothelial growth factor (VEGF), and inter-
leukin (IL)-6. The monoclonal protein is almost always lambda.
This disease mimics MGUS as the median percentage of plasma
cells in the bone marrow is 5 %. POEMS syndrome can also arise

Fig. 9.7 Pathology of C3 glomerulonephritis. a On light microscopy,
glomeruli show marked global mesangial hypercellularity (PAS, ×200).
b On electron microscopy, there are large moderately electron-dense,
ill-defined mesangial, intramembranous, and subendothelial deposits
(×10,000). c On immunofluorescence, there is global granular mesangial and
glomerular capillary wall staining for C3 (×400). Glomeruli are negative for
IgG, IgA, IgM, kappa, and lambda in this case (not shown)
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from smoldering multiple myeloma, plasmacytoma, lymphoplas-
macytic lymphoma, and Castleman disease.

Renal manifestations are not prominent features in POEMS.
Often, patients may have renal insufficiency due to issues with
volume. One unique feature is asymmetric size of the kidneys,
which is thought to be due to unilateral renomegaly while other
feels it is due to unilateral atrophy [86]. Rare patients can develop
ESRD. Renal pathology in these patients often shows an
MPGN-like lesion [87]. Immunoglobulin deposits are often not
found [88]. In addition to the typical mesangial and endocapillary
proliferation, mesangiolysis, microaneurysm, and swelling of the
endothelial cells resembling thrombotic microangiopathy are
common found, but thrombi associated with microangiopathic
hemolytic anemia have not been reported [87–90]. Alterations in
VEGF, platelet-derived growth factor (PDGF) and IL-6 levels have
been suggested as the pathogenesis but elevated levels are not
consistently found in patients with renal involvement [91]. Renal
response to treatment has been reported but relapses are common
although no data on renal response with novel agents had been
reported [87].

Recurrent Diseases After Kidney
Transplantation

One common feature shared by all MGRS-related kidney disease is
the high frequency of recurrence after kidney transplantation. All
glomerular diseases can recur after kidney transplantation. Diseases
such as membranous nephropathy and focal segmental glomeru-
losclerosis have recurrence rates between 7 and 50 % [92].
Recurrence of IgA nephropathy can be as high as 61 % but loss of
kidney allograft is uncommon. Recurrence of ANCA-associated
vasculitis is less than 10 % likely the result of immunosuppression
[93]. On the other hand, MGRS-related kidney diseases can recur
at >80 %. Often, this is associated with allograft loss and death of
the patient, making kidney transplantation difficult.

The best example of the high recurrence rate in MGRS-related
kidney diseases is MIDD. In a single-center study, 5 of 7 patients
with LCDD developed recurrent disease in their renal allograft
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[68]. Median time to recurrence is 33 months with a range of 3–45.
Recurrence disease was associated with loss of kidney allograft
and/or death. Similar experience was noted in a review of 7
patients where 6 eventually developed recurrent disease [94].
Similar results are found in patients with fibrillary glomeru-
lonephritis. In a study of 12 patients with fibrillary glomeru-
lonephritis, 4 of 7 patients with a monoclonal gammopathy had
recurrent disease after kidney transplantation [95]. One patient had
recurrence in the second allograft after losing the first allograft to
recurrent disease. In comparison, patients with fibrillary glomeru-
lonephritis but without monoclonal proteins had no recurrence. In a
study of recurrent MPGN, the only factor that was predictive of
recurrence was abnormal complement levels at the time of kidney
transplantation [96]. However, the presence of a monoclonal
gammopathy showed a trend toward significance with nearly 3
times as many recurrences in those with a monoclonal protein. No
large studies have been reported for PGNMID but recurrences have
been reported. Recurrence tends to be rapid in these patients with a
median time to recurrence at 3.8 months [74]. Graft lost is not
uncommon.

Diagnosis of MGRS-Related Kidney Diseases

The definition of MGRS requires that the monoclonal gammopathy
has a direct role in the pathogenesis of the kidney disease [11]. This
can only be demonstrated by a kidney biopsy. This is especially
important in patients over the age of 60 where the rate of MGUS
far exceeds the rate of kidney disease [97, 98]. In separate studies
from the same county, the prevalence of glomerular disease was
found to be 9.0/100,000 person-year while the incidence of finding
a monoclonal gammopathy in persons between the ages of 60–70
was 3 and 4.6 % for those 70–80 years of age. The presence of a
monoclonal gammopathy and renal insufficiency is not sufficient to
make the diagnosis. The most direct way to establishing the
association between the kidney disease and the monoclonal protein
is to demonstrate deposition of the monoclonal protein in the
kidney. This can be assessed by immunofluorescence [14].
Restriction to a single light chain and/or heavy chain is required for
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demonstration of monoclonality. In some cases, immunohisto-
chemistry may be inconclusive. In such circumstances, proteomics
by mass spectrometry has been extremely useful. In fact, mass
spectrometry has become the gold standard for protein identifica-
tion and typing for amyloid deposits [99]. Proving the connection
between C3 deposits and a monoclonal gammopathy is more dif-
ficult. Ideally, a C3 (or C4) nephritic factor should be detected and
should be identified as the monoclonal protein. This would insure
that the monoclonal protein is activating complement. However, a
C3 (C4) nephritic factor is not always found. In one series, only 2
of 10 patients with C3 glomerulonephritis and monoclonal gam-
mopathy had a C3nef [79]. In another series, none of the 6 patients
with MPGN and monoclonal gammopathy demonstrated a C3nef
activity but two patients had anti-factor H IgG antibodies [78].

Once the monoclonal protein deposits have been identified in
the kidney, the monoclonal protein should be measured in the
circulation and the clone responsible should be identified. The
monoclonal protein in blood or urine confirms the deposits are
monoclonal. It also serves as a marker for treatment response. It is
particularly important when there is a biclonal gammopathy to
identify the pathologic one for targeting and monitoring.
Identification of the clone will allow better and more direct treat-
ment. Many of these clones may be very small, and higher sensi-
tivity techniques such as flow cytometry may be needed. For
lymphocytic clones, lymph node biopsy may provide additional
information.

Treatment of MGRS

In the past, the risk of therapy-related myelodysplastic syndrome
was often considered too high to use cytotoxic therapy for
MGRS-related kidney diseases [100]. The one notable exception
was AL amyloidosis. Since it is capable of being rapidly fatal,
cytotoxic therapy including high-dose chemotherapy was accepted
even for patients without multiple myeloma [32, 101, 102]. The
same approach, however, was not practiced with the other
MGRS-related kidney diseases. In a study of Italian patients with
MIDD, patients with multiple myeloma were more likely to receive
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vincristine–doxorubicin–dexamethasone (VAD) or vincristine–
doxorubicin–methylprednisolone (VAMP) than patients without
multiple myeloma (p = 0.007) [8]. Whether this practice affected
the life expectancy of MIDD patients without multiple myeloma
was unclear, but the poor renal recovery rate and high recurrence
rate after kidney transplant were attributable to inadequate treat-
ment [59, 68]. In diseases with low rate of multiple myeloma such
as PGNMID, myeloma therapy was rarely used [74]. Fortunately,
the introduction of novel agents in the treatment of multiple
myeloma had changed the perspectives. First, concern of
myelodysplastic syndrome is much less with novel agents than
with alkylators [103]. More importantly, the higher and deeper
responses afforded by novel agents have changed the renal out-
come of these patients.

Treatment for some of these diseases is covered in greater
details in other chapters (Please refer to the respective chapters for
details). Instead, this section will cover the principles of treatment.
First, as much as possible, treatment should be tailored to each
specific clone rather than the kidney disease. In patients without an
identifiable clone, one practical approach is to start with
cyclophosphamide, bortezomib, and steroids [104]. The use of
bortezomib as a frontline agent is preferred over other novel agents
due to its rapid response, lack of nephrotoxicity or need for dosage
adjustment in renal impairment [105]. Since many of the
MGRS-related diseases have low malignant potential, the primary
purpose of treatment for most cases (except AL amyloidosis) is
preservation of kidney function rather than life [11]. Thus, for
patients with advance degree of renal damage with little prospect of
renal recovery and no other systemic involvement, and who are not
candidates for kidney transplantation, treatment may not be nec-
essary [104]. On the other hand, patients with rapidly declining
renal function should be treated aggressively to avoid development
of ESRD. Similarly, patients with advance chronic kidney disease
or ESRD who are eligible for kidney transplantation should be
treated in order to minimize their chances of recurrence after kid-
ney transplantation. One important aspect to keep in mind when
treating these patients is the separation between hematologic
response and renal response. While renal response is dependent on
hematologic response, it is also depended on the severity of the
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renal damage [35]. Kidneys with advanced damage may not
recover despite achievement of complete hematologic response.

Kidney transplantation in the past has been difficult due to the
high rate of recurrence and graft loss and ineffective and risky
therapies [68]. Adding alkylator therapy to immunosuppression
often resulted in overimmunosuppression leading to infection and
sepsis. The use of high-dose therapy followed by autologous stem
cell transplantation (SCT) has made it possible to perform kidney
transplantation in these patients. The achievement of hematologic
complete response (CR) either prior to or after kidney transplant
has produced satisfactory results in both allograft and patient sur-
vival in patients with AL amyloidosis [106]. Similar strategy has
been successfully employed in patients with MIDD to prevent
recurrence in the kidney allograft [65, 66]. Whether CR is required
prior to kidney transplantation remains a question and is dependent
on the disease. One consideration is damage to the renal allograft
during treatment. Changes in immunosuppression during SCT have
resulted in acute rejection of the kidney allograft [107]. Another
important aspect is how quickly the disease can recur. In LCDD
and PGNMID, recurrence can occur within 3 months of kidney
transplantation whereas it is much slower in AL amyloidosis [68,
74, 108]. In diseases with rapid recurrence, achievement of CR
should be done prior to kidney transplantation to avoid unneces-
sary damage to the kidney allograft. With the deep responses novel
agents are capable of producing, the question whether SCT is
required is valid and pertinent [61, 109–111]. More data are needed
for salvage therapy after kidney transplantation before further
recommendations can be made.
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