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Foreword

This book is devoted to paraproteinemia, i.e., the appearance of high concentrations
of normal or abnormal plasma proteins resulting from an underlying pathologic
condition, and its ensuing clinical effects. For the first time, in one book, the reader
will find comprehensive analyses of the pathophysiological mechanisms responsi-
ble for paraproteinemias and exhaustive descriptions of their consequences.

The first chapters are devoted to the basic aspects of the diseases, focusing on the
mechanisms involved in normal and abnormal B-cell activation.

Because B cells are a critical component of the adaptive immune system and
mediate the production of immunoglobulins that target pathogens, they have been
considered the major actors of humoral immunity. Since the initial description of
B-cell functions, 60 years ago, we have learned that the roles of B cells are much
more complicated and cannot be simply summarized as the production of antibod-
ies: B-cell subpopulations have been identified and their actions described, and the
interactions between B and T cells have progressively become better understood.
Over the last decades, drugs targeting B-cell subpopulations have also become
available; they have notable clinical impact and help treat diseases arising from
B-cell involvement.

Paraproteinemia is characterized by the overproduction of a monoclonal immu-
noglobulin by plasma cells. That excessive paraprotein synthesis results in parapro-
teinemia. An excellent chapter on animal models describes the production of
paraproteins and the deposition of light chains or whole immunoglobulins in differ-
ent organs, mainly the kidneys. The clinician will find information on how to diag-
nose paraproteinemia and analyze monoclonal gammopathy patterns, which could
indicate possible outcomes.

Chapters in the second part of the book describe the diseases caused by mono-
clonal gammopathy. The exhaustive list of those diseases highlights the different
clinical manifestations and evolutions of the various paraproteinemias. For some
chapters, like those on amyloidosis, the pathogenic mechanisms, classification, and
diagnosis are addressed separately from clinical description and management. The
most recent drugs, like transthyretin-interfering agents to treat amyloidosis, are
given and, in the future, such treatments could revolutionize patients’ outcomes.

vii



viii Foreword

Multiple myeloma is certainly one of the key entities treated in this book. Monoclonal
gammopathy of unknown significance is a premalignant disease, characterized by a
low-level plasma monoclonal protein; it has no clinical manifestations during peri-
ods which can last for years. Because protein electrophoresis is widely requested by
many clinicians in developed countries, peaks of monoclonal gammopathy are quite
frequently discovered fortuitously, mainly in elderly patients. For most patients, the
outcome is favorable, with no clinical manifestations of malignant disease. For a
minority of patients, around 1%/year, these lymphoproliferative diseases can have
visceral manifestations, like peripheral neuropathy.

For decades, cytotoxic drugs have been the standard treatment of monoclonal
gammopathies. They are still prescribed extensively and are effective, at least
transiently.

New drugs are now available and several chapters focus on clone-directed thera-
pies and non-pharmacological interventions, like plasmapheresis for hyperviscosity
syndrome. The clone-targeting approach is probably not yet the optimal treatment
to cure diseases that are still considered incurable. However, they are a real positive
therapeutic advancement, which has improved patients’ outcomes and prolonged
survival. Treatment of these diseases usually combines new drugs, for example, the
26S-proteasome inhibitor, bortezomib, or/and the anti-CD38 monoclonal antibody,
isatuximab, and autologous stem-cell transplantation. Many other monoclonal anti-
bodies, new chemotherapies, and perhaps chimeric antigen-receptor (CAR) T cells
might find a place among the future therapeutic strategies for multiple myeloma or
malignant lymphoproliferative diseases with paraproteinemia.

This book will be of major interest for many specialists—hematologists, nephrol-
ogists, internists, rheumatologists, neurologists, cardiologists—and all other physi-
cians caring for patients with paraproteinemia, its consequences and underlying
pathologies.

Académie Nationale de Médecine Loic Guillevin
University of Paris
Paris, France



Preface

Dear readers

We invite you to join our expedition to explore the amazing universe of the para-
proteinemias. Our team of editors and authors gathered from around the globe.
Representing four continents and nine countries: Canada, Egypt, France, Greece,
Italy, Lebanon, Taiwan, the United Kingdom, and the United States, in alphabetical
order, they volunteered and cooperated to bring this book to light. It is the first of its
kind to deal with paraproteinemias as one group and in one tome.

Our team consists of world class experts and practitioners, both clinicians and
researchers belonging to many disciplines. You are welcome to this exciting and
hopefully fruitful journey throughout the chapters. Whether your discipline is
Immunology, Rheumatology, Hematology, Oncology, Nephrology, Neurology,
Cardiology, Internal Medicine or you are specialized in the field of Pathology,
Radiology, Laboratory investigations, etc., we are confident that you will find inter-
est in the content. It has been our objective to present our readers with the most
comprehensive and updated knowledge on the topic.

Louis Pasteur (1822-1895) was quoted to have said “Science proceeds by suc-
cessive answers to questions more and more subtle, coming nearer and nearer to the
very essence of phenomenon.” Our measure of success will be the degree to which
we managed to incite more questions and to inspire more enthusiasm.

Cairo, Egypt Gaafar Ragab

Udine, Italy Luca Quartuccio
Saskatoon, SK, Canada Hadi Goubran
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Chapter 1
The Phenomenon of Paraproteinemia

Gaafar Ragab

Introduction

Paraproteinemia or dysproteinemia is characterized by the overproduction of an
immunoglobulin by clonal expansion of cells from the B cells lineage which
includes the plasma cells. The resultant monoclonal protein can be composed of the
entire immunoglobulin or of its components [1]. The identification and categoriza-
tion of the different representatives of this group of disorders have traveled a long
distance. Amyloidosis, for example, which refers to a group of disorders in which
protein fibrils accumulate in certain organs disrupting their tissue architecture and
impairing the function of the affected organ [2] has for long been identified both
clinically and pathologically. Other disease entities have a different history, for
instance, the link of autoimmune pancreatitis with immunoglobulin G4 was only
revealed in 2001 after a long series of observations [3]. We do not, however, under-
stand the significance of their presence in other disease entities such as infections
and autoimmune diseases [4, 5]. It is interesting that paleopathologists described
cases of multiple myelomatosis (MM) in their excavations in the Old World, which
they dated back to the Middle Ages, whereas in the New World, skeletons showing
MM could be traced back to the pre-Columbian era [6].

MM is the second most common blood cancer [7], and the neuropathies associ-
ated with plasma cell dyscrasias are a major cause of morbidity for patients man-
aged by medical oncologists [8].

G. Ragab (<)
Rheumatology and Clinical Immunology Unit, Internal Medicine Department, Faculty of
Medicine, Cairo University, Cairo, Egypt
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A population-based study from Minnesota showed that in individuals aged
>50 years, the overall incidence of paraproteins is 3.2% and could be as high as
5.3% for those >70 years [9]. Paraproteins are therefore a common laboratory find-
ing in an elderly population [10].

Recent advances have been introduced in the diagnosis, risk stratifications, and
management of many members of this group of illnesses. The diagnostic list of
investigations now includes serum protein electrophoresis, immunofixation, immu-
noglobulin quantification, serum-free light and heavy-light chain arrays, MALDI-
TOF mass spectrometric methods, molecular technologies such as fluorescence in
situ hybridization and next-generation sequencing, liquid biopsies, and novel
immune biomarkers [11-13]. Novel agents (proteasome inhibitors, immunomodu-
latory drugs, monoclonal antibodies, etc.) and autologous stem cell transplantation
have improved the outcome for many patients [1, 2]. These new scientific depar-
tures are paving the way to progress in two directions, the first is the expansion of
personalized treatment that provides maximum benefit to a specific patient [12];
and the second is the growing tendency towards standardization and networking
[14, 15].

To better understand the nature, significance, and characteristics of paraprotein-
emia, we need to group, classify, and describe its representatives.

Approaching Paraproteinemia

Paraproteinemia is a phenomenon encountered in many diseases and disorders,
and it may be detected in apparently healthy individuals, particularly the elderly
[9, 10].

Why to group all this in one book and how to introduce them to the reader was
our main concern? Exact and precise use of words is needed to describe clear and
distinct ideas, and we need our ideas to be conceived very clearly and very dis-
tinctly. That is the lesson we learnt from Décartes [1596—1650], the father of mod-
ern philosophy [16, 17]. This entails resorting to semantics, the study of the meaning
of words, phrases, or systems [18].

Let us now start with a proper description of the words used in this context.

Definitions

In science, we use definitions for a clear and distinct description. Definition is
derived from Latin; it is the act of defining an exact description of a thing by its
qualities and circumstances or an expression which explains a term so as to distin-
guish it from everything else [19].
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Phenomenon

The Austrian-born German philosopher Edmund Husserl [1859-1938] stated that
nothing is known to us except as a condition or a state of consciousness, as a phe-
nomenon [20]. Philosophers and scientists used the term “phenomena” to refer to
what appears from nature since some natural events may be unobservable. Following
his lead, phenomenologists advised taking a fresh approach, as free as possible from
previous presuppositions. They also advised describing a phenomenon as faithfully,
or precisely, as possible to attain. They held that we could obtain insights into the
essential structures and relationships of these phenomena on the basis of a careful
study of concrete examples [21].

Proteins, Paraproteins, and Paraproteinemias

Protein form the functional pattern of animal organisms and all the properties
which mark animal organisms as organized units result from their protein constitu-
tion [22].

Stedman’s Medical Dictionary in 1973, “defines” a paraprotein as an abnormal
plasma protein, such as macroglobulin, cryoglobulin and myeloma protein, and
paraproteinemia as the presence of abnormal protein in the blood [23]. The word
begins with the prefix “para” denoting a departure from normal [23]. It also means
“by” or “at the side of” [24].

The expanding knowledge in the field of immunology in general and of the
B-lymphocyte line in particular directed the listing of a number of conditions
including MM, Waldenstrom macroglobulinemia, primary amyloidosis, and the
heavy chain disease in one group. They were given nomenclatures that are used
synonymously: monoclonal gammopathy, paraproteinemia, plasma cell dyscrasias,
and dysproteinemias [25]. Analysis of these nomenclatures reveals that they point to
an abnormality or a disturbance in the proteins or their cell of origin.

Disease and Disorder

The Oxford Advanced Learner’s Dictionary defines disease as a medical problem or
an illness affecting humans, animals, or plants, often caused by infection. Among
the synonyms used for a medical problem, a disorder, which is rather formal and
used to describe an illness that causes a part of the body to stop functioning cor-
rectly and is generally not an infection. When used to relate to physical problems, it
is most often used with blood, bowel, and kidney which are commonly serious,
severe, or rare. Normality and abnormality, however, cannot be fully explained by
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statistical considerations. According to the statistical approach, normality is defined
as that which is common, ignoring the fact that sometimes disease is common, and
health is rare. Remember how malnutrition can be common for children in many
parts of the world. Keeping all this in mind we need to appreciate that paraprotein-
emia or monoclonal gammopathy may be a common finding [4].

One school of thought considers illness as a deviation from normal biological
functioning. Normal functioning does not refer to the common but to what a bio-
logical organism needs to thrive, reproduce, and sustain life [26].

We must have noticed that these terms are used broadly in different contexts.

The Nature of the Problem

Earlier on, we discussed the importance of a precise choice of words. As we proceed
to address the problem of how to present the phenomenon and its representatives,
we have to answer some questions as follows:

— How should we group all the conditions associated with the presence of
paraproteins?
There were attempts by other investigators and experts to group these disorders
on a smaller scale.

Kanzaki and his group [27] recommended that the group of renal diseases
attributed to deposition of monoclonal immunoglobulins or their components are
arranged as one disease category in order to simplify the understanding of these
complicated diseases in plasma cell dysplasia. The group led by Merlini intro-
duced the concept of monoclonal gammopathies of clinical significance (MGCS).
They identified their spectrum and classified them based on the mechanisms by
which they cause tissue injury [4]. In emulation of this practical approach, we
attempt to encompass the whole spectrum of the paraproteinemias in our text-
book. This will have the dual benefit of offering the reader a panoramic view of
this group of disorders and simultaneously keeping him/her focused on its indi-
vidual representatives.

Let us address some possible questions that are likely to arise in this context.

— How do paraproteins evolve and persist in the body and how can we imitate or
reproduce this experimentally?
This entails a review of the B lymphocyte line, as the cell of origin, the immuno-
globulins as the protein molecules in question and the bone marrow, as the hot-
bed for their production. The Principle of the Uniformity of Nature tells us that
similar phenomena occur when structurally similar systems are placed in similar
situations. It is noteworthy that we are talking of similar and not identical sys-
tems [28]. Experimental animal models will also deserve an account as indis-
pensable tools for research.

— When should the medical practitioner or the investigator suspect the presence of
paraproteins when dealing with patients, samples, or images? How to detect
them and report their findings?
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— Since the phenomenon of paraproteinemia is not rare and may pass undetected
with unfavorable consequences [4], physicians should be given clues for its early
detection and once identified, the available diagnostic modalities should be
employed meticulously.

— How to deal with the disorders in terms of understanding, diagnosis, and

management?
Medical science organizes all the knowledge and experience assembled by the
careful study of individual patients and transmits it in a concise form through the
publication of textbooks. Each disease or disorder is usually given an individual
chapter the title of which is the disease name [26]. The conditions which are tak-
ing the established shape are better discussed as usual. Other conditions and
associations still in the process of acquiring shape should be covered with our
up-to-date knowledge based on observations and reports.

— What are the future prospects for therapy?

As the field is experiencing an expanding horizon, there will be a need for a glimpse
of the ongoing research for improving the therapeutic outcome of this group.

Indeed, answering the above four queries mandates the structure and organi-
zation of this text.

The Structure of this Book

We preferred to use the term paraproteinemias for the book title as it describes a
specific phenomenon which is the presence of certain proteins in the blood beside
the normal proteins. It may be present in normal healthy people, especially the
elderly [9, 10]. In certain other well-studied conditions, paraproteinemia is the focal
point of attention as in MM since here they account for the pathophysiology, explain
the manifestations, and stand as therapeutic targets. We can identify a third group in
which the existence of paraproteins is not the center of attention. In the last group,
they may represent an epiphenomenon, a transient finding, or a process in evolution.
We also preferred disorders as it is more inclusive. Furthermore, blood is the “cen-
tral stage” of this phenomenon.

This book is divided into three main parts:

Part I:

The introductory part which begins with this chapter deals with the origins of the
paraproteins, their structure, and methods of diagnosis.

Chapter 2 describes the B cell lineage, being the cells that produce the parapro-
tein. Chapter 3 describes the structure and characteristics of immunoglobulins of
which the paraproteins, or their fragments are constituted.

Chapter 4 discusses the bone marrow, the hotbed where plasma cells are actively
producing paraproteins and also the importance of the matrix, the player that has
recently attracted the attention of many researchers.

Chapter 5 deals with the experimental animal models of paraproteinemia with
their central importance for understanding its pathophysiology and their signifi-
cance as an indispensable tool for therapeutic innovations.
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Chapter 6 is meant to raise the attention of medical practitioners and direct them
to suspect the presence of that phenomenon and to guide their investigative
procedures.

Part I1:

This part includes Chaps. 7 through 21. It deals with the medical disorders asso-
ciated with paraproteinemias. It starts with the conditions that have been studied
and given the classical account. The list includes several conditions that have been
given syndrome entities.

Usually, a chapter is structured as such: definition, causes (etiology and patho-
genesis), clinical picture, prognosis, diagnosis, and treatment [26]. We followed this
structure whenever possible, but to ensure the balance, the topic of AA amyloidosis
is discussed in two successive Chaps. 7 and 8.

Chapters 17 through 20 discuss groups of diseases or disorders that are marked
or associated with the existence of paraproteins. We tried to grasp the common fea-
tures of the phenomenon in each group or class and simultaneously describe the
distinctive features or characteristics of its representatives in each entity.

Chapter 18 which deals with infections as potentially causing paraproteinemias
also serves as a practical guide to manage infections in the setting of
paraproteinemias.

Chapter 21 is dedicated to reporting on a number of miscellaneous conditions
and illnesses. We anticipate that some entities in this group will be further studied
and elucidated in the future. We also expect the list to be continuously expanding
with the discovery and reporting of new members that are likely to be added to our
database.

Part I1I:

Finally, the last two Chaps. 22 and 23 are intended to offer a futuristic outlook on
the new departures in the management of some representative diseases and disor-
ders. We present a snapshot of experimental therapies (pharmacological and non-
pharmacological) to highlight the current efforts of researchers in their endeavor to
find new solutions and fill in many gaps.

Conclusion

Paraproteinemia is a phenomenon that medical practitioners, investigators, and
researchers encounter in their practice. Recent advances have been introduced in the
diagnostic investigations, risk stratifications, and management of many members of
this group with significantly improved outcomes for patients.

For a better understanding of the nature, significance, and characteristics of para-
proteinemias, we need to group, classify, and describe its representatives.

This chapter describes the ethos and design of our textbook while adhering to a
precise and exact use of terms and definitions.



1

The Phenomenon of Paraproteinemia 9

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

Leung N, Drosou ME, Nasr SH. Dysproteinemias and glomerular disease. Clin J Am Soc
Nephrol. 2018;13(1):128-39.

Vaxman I, Gertz M. Recent advances in the diagnosis, risk stratification, and management of
systemic light-chain amyloidosis. Acta Haematol. 2019;141(2):93-106.

Hamano H, Kawa S, Horiuchi A, et al. High serum IgG4 concentrations in patients with scle-
rosing pancreatitis. N Engl J Med. 2001;344(10):732-8.

. Fermand JP, Bridoux F, Dispenzieri A, et al. Monoclonal gammopathy of clinical significance:

a novel concept with therapeutic implications. Blood. 2018;132(14):1478-85.

. Yang Y, Chen L, Jia Y, et al. Monoclonal gammopathy in rheumatic diseases. Clin Rheumatol.

2018;37(7):1751-62.

. Riccomi G, Fornaciari G, Giuffra V. Multiple myeloma in paleopathology: a critical review. Int

J Paleopathol. 2019;24:201-12.

. Ledergor G, Weiner A, Zada M, et al. Single cell dissection of plasma cell heterogeneity in

symptomatic and asymptomatic myeloma. Nat Med. 2018;24(12):1867-76.

. Rosenbaum E, Marks D, Raza S. Diagnosis and management of neuropathies associated with

plasma cell dyscrasias. Hematol Oncol. 2018;36(1):3—14.

. Kyle RA, Therneau TM, Rajkumar SV, et al. Prevalence of monoclonal gammopathy of unde-

termined significance. N Engl J Med. 2006;354(13):1362-9.

Cook L, Macdonald DHC. Management of paraproteinaemia. Postgrad Med J. 2007;83
(978):217-23.

Pawlyn C, Davies FE. Toward personalized treatment in multiple myeloma based on molecular
characteristics. Blood. 2019;133(7):660-75.

Levin A, Hari P, Dhakal B. Novel biomarkers in multiple myeloma. Transl Res. 2018;201:
49-59.

Willrich MAV, Murray DL, Kyle RA. Laboratory testing for monoclonal gammopathies: focus
on monoclonal gammopathy of undetermined significance and smoldering multiple myeloma.
Clin Biochem. 2018;51:38-47.

Hillengass J, Usmani S, Rajkumar SV, et al. International myeloma working group con-
sensus recommendations on imaging in monoclonal plasma cell disorders. Lancet Oncol.
2019;20(6):e302—-12.

Gavriatopoulou M, Musto P, Caers J, et al. European myeloma network recommenda-
tions on diagnosis and management of patients with rare plasma cell dyscrasias. Leukemia.
2018;32(9):1883-98.

Russell B. History of Western philosophy: and its connection with political and social cir-
cumstances from the earliest times to the present day. London: Unwin Brothers Limited;
1979. p. 842.

Honderich T. The Oxford companion to philosophy. 2nd ed. London: Oxford University Press;
1995. p. 1009.

Hornby AS. Oxford advanced learner’s dictionary of current English. 8th ed. London: Oxford
University Press; 2010.

Hayward AL, Sparkes JJ. Cassell’s English dictionary: including words & phrases current
among the English-speaking peoples of the world, together with many technical & scientific
terms in common use. Cassell: The University of Michigan; 1962. p. 1347.

Durant W, Durant A. Interpretations of life: a survey of contemporary literature: the lives and
opinions of some major authors of our time. New York: Simon and Schuster; 1970.
Phenomenology. In: The new Encyclopaedia Britannica, vol. 15. Encyclopaedia Britannica;
1984. p. 210.

Whyte LL. The unitary principle in physics and biology. London: Cresset Press; 1949.
Stedman TL. Stedman’s medical dictionary. 22nd ed. Williams & Wilkins Company:
Baltimore; 1973.

Godman A. Longman dictionary of scientific usage. Harlow: Longman Group Ltd; 1979.



10

25.

26.

27.

28.

G. Ragab

Munshi NC, et al. Plasma cell disorders. In: Kasper DL, et al., editors. Harrison’s principles of
internal medicine, vol. 2. 20th ed. New York: McGraw-Hill Education; 2018.

Gotzsche P. Rational diagnosis and treatment: evidence-based clinical decision-making.
London: Wiley; 2007.

Kanzaki G, Okabayashi Y, Nagahama K, et al. Monoclonal immunoglobulin deposition dis-
ease and related diseases. J Nippon Med Sch. 2019;86(1):2-9.

Toulmin S. The philosophy of science: an introduction. New York: Harper Torchbooks, Harper
& Brothers.; 1960.



®

Check for
updates

Chapter 2
B Cell in Health and Disease

Marcella Visentini and Stefania Colantuono

Abbreviations

BCR B-cell receptor

BM Bone marrow

BNHL  B-cell non-Hodgkin lymphomas
BTK Bruton’s tyrosine kinase

CD21 Complemenr receptor 2

CSR Class switch recombination
CVID Common variable immune deficiency
DLBCL Diffuse large B-cell lymphoma
FO Follicular

GC Germinal center

HC Heavy chain

HSC Hematopoietic stem cells

Ig Immunoglobulin

LC Light chain

MS Multiple sclerosis

MZ Marginal zone

PC Plasma cells

M. Visentini (>4) - S. Colantuono

Department of Translational and Precision Medicine, Sapienza University of Rome,
Rome, Italy

e-mail: marcella.visentini @uniromal .it; stefania.colantuono@uniromal .it

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 11
G. Ragab et al. (eds.), Paraproteinemia and Related Disorders,
https://doi.org/10.1007/978-3-031-10131-1_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-10131-1_2&domain=pdf
mailto:marcella.visentini@uniroma1.it
mailto:stefania.colantuono@uniroma1.it
https://doi.org/10.1007/978-3-031-10131-1_2

12 M. Visentini and S. Colantuono

RA Rheumatoid arthritis

SHM Somatic hypermutation

SLE Systemic lupus erythematosus
TLR Toll-like receptor

XLA X-linked agammaglobulinemia

Introduction

B cells are at the center of the adaptive humoral immune system and are respon-
sible for mediating the production of antigen-specific immunoglobulin (Ig)
directed against invasive pathogens. For a long time, humoral immunity has been
considered pretty simple but in the last decades great effort in the field of B-cell
biology revealed the complicated cellular and molecular pathways regulating the
many B-cell functions, opening the way to still numerous major challenges that
remain to be elucidated. Since the identification of B cells by Cooper in 1965,
there has been tremendous progress in our understanding of B-cell development,
maturation, and function and today different B cell subsets with specific functions
have been identified [1]. B cells are not only responsible for antibody production
but are also efficient antigen-presenting cells for CD4+ T cells stimulation and
produce cytokines, notably interleukin (IL) 4, IL-6, IL-10, and tumor necrosis fac-
tor o, which have regulatory effects. Furthermore, B cells, pivotal actors of the
adaptive immune response, also show innate-like features through the production
of polyreactive IgM natural antibodies that bridge the innate and adaptive immune
responses. These many B-cell activities are appropriately coordinated and tightly
regulated and guarantee an efficient immune response. However, these same
mechanisms underlying the complexity and integrity of B-cell immune response
are tremendously error-prone and subject to repeated controls explaining the pos-
sible development of diseases characterized by B-cell dysfunction: (a) loss of
B-cell tolerance results in autoimmunity with self-reacting B-cell clones able to
produce autoantibodies; (b) loss of B cells, reduction or absence of serum Ig and/
or loss of antibody function results in B-cell immunodeficiencies; (c) genetic
lesion during B-cell development and activation results in malignant transforma-
tion of the B cell at a particular stage of differentiation raising the concept of “cell
of origin” of a lymphoma (Fig. 2.1).

In this chapter, physiological B-cell development is described and a focus on the
pathogenic mechanisms underlying the development of autoimmune diseases,
immunodeficiencies, and B-cell lymphoproliferative disorders is provided.
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Fig. 2.1 B cells in health and disease. B cells in health have different multifaceted roles that allow
an efficient immune response. They are part of the adaptive immune system and responsible for its
humoral arm through the production of a broad repertoire of antigen-specific antibodies. Marginal
zone B cells are able to produce poly-reactive IgM natural antibodies that rapidly respond to blood-
borne pathogens, bridging the innate and adaptive immune responses. Beside the well-known role
in humoral immunity, B cells are efficient antigen-presenting cells for CD4+ T cells co-stimulation
and produce different cytokines. The secretion of IL-10 and transforming growth factor f(TGFp),
that dampen T-cell-driven immune responses, gave rise to the concept of regulatory B cells that
have an important role in maintaining peripheral tolerance. In disease defects in the mechanisms
regulating these many physiological functions of B cells may be at the basis for its development.
Loss of B-cell tolerance results in autoimmunity with self-reacting B cell clones able to produce
autoantibodies. Loss of B cells, reduction or absence of serum Ig, and/or loss of antibody function
results in B-cell immunodeficiencies, and a genetic lesion during B-cell development and activa-
tion results in malignant transformation giving rise to B-cell lymphoma development

3. Lymphomas

B-Cell Development

B-cell development proceeds in an orderly fashion and is regulated by intrinsic
genetic programs and by external cues such as cytokines, present in the specialized
microenvironments of fetal liver, bone marrow (BM), and secondary lymphoid
organs. In general, B-cell development can be subdivided into antigen independent,
occurring in the BM, and antigen-dependent developing in the secondary lymphoid
organs [2]. Each differentiation step is characterized by a specific structure of the
B-cell receptor (BCR) and defects in each stage of the B-cell development and
maturation pathways can lead to primary immunodeficiencies, autoimmune dis-
eases, and even B-cell malignancies.
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The major stages of B—cell development in the BM include the hematopoietic
stem cells (HSC), the multipotent progenitor, the common lymphoid progenitor, the
progenitor B cell (pro-B cell), the precursor B cell (pre-B cell), and finally the
immature B cell [3].

One intriguing feature of B-cell development is that it is accompanied by Ig gene
rearrangements [4]. Progenitor B cells rearrange their Ig heavy chain (HC) genes to
differentiate into precursor B (pre-B) cells that express p HCs. Pre-B cells then rear-
range their Ig light chain (LC) genes to differentiate into immature IgM* B lympho-
cytes. Lack of a functional surrogate light chain acts as one of the first tolerance
checkpoints and those cells carrying receptors with excessive high affinity for self-
antigens undergo receptor editing to change the light chains. B cells that express a
functional (and non-autoreactive) BCR exit the BM as transitional B cells [5] and
differentiate into mature IgM*IgD*, naive B cells that will later further differentiate
into a follicular (FO) B cell or marginal zone (MZ) B cell [6].

The initiation of the second phase, antigen-dependent development of B cells for
an efficient humoral immune response, requires that mature, naive B cells get acti-
vated by antigen binding to the BCR. In T-cell-dependent immune responses,
antigen-activated B cells undergo clonal expansion in structures called “germinal
centers” (GCs) and their affinity to antigens is increased. These encounters pre-
dominantly occur in secondary (or peripheral) lymphoid tissues, including the
spleen, lymph nodes, and Peyer’s patches [7-9].

Upon binding antigen, signaling via the BCR initiates B-cell activation. The
actual mechanism by which antigen binding activates the BCR remains an area of
active investigation. One model proposes that antigen binding leads to clustering of
BCRs on the membrane to initiate signaling [10]. Conversely, an alternative model
is that BCR clusters preexist before antigen encounter, and antigen binding dissoci-
ates these clusters enabling signaling to occur [11]. A third variant of these models
suggests that the mobility of the BCR, relative to co-receptor molecules, may be
altered by antigen binding.

Complex antigens engage other receptors on the B cell in addition to the
BCR. The ligation of some co-receptors, such as toll-like receptors (TLRs) or com-
plement receptors 2 (CR2), leads to amplification and possibly qualitative modifica-
tion in the BCR signaling [12, 13].

Upon encounter with an antigen, naive B cells become activated by the interac-
tion with CD4+ T cells in the T-cell-rich area of the lymphoid tissues and aggregate
into primary follicles to form GCs. In the GC, B cells are targeted by Ig gene remod-
eling processes, namely somatic hypermutation (SHM) and class switch recombina-
tion (CSR), in order to generate cells with the ability to produce high-affinity
antibodies of different isotype classes. The GC structure consists of a dark zone,
which almost exclusively contains highly proliferating B cells and a light zone in
which B cells are intermingled with follicular dendritic cells, T cells, and macro-
phages. The dark zone is the site of B-cell division and SHM, whereas the light zone
is where B cells undergo activation and selection on the basis of the affinity of their
B-cell receptors [14]. Ongoing B-T interactions are critical for the maintenance of
GCs. As B cells terminally differentiate into plasma cells, they initially continue
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proliferating and are referred to as plasmablasts [15]. Once these cells cease divid-
ing and fully mature, they become plasma cells (PCs). The factors that determine
whether a B cell undergoes PC differentiation, becomes a GC B cell, or a memory
B cell are being actively investigated. These differentiation states are influenced by
a variety of signals, such as those from the BCR, co-receptors, and cytokines. PC
development is tightly regulated by a panoply of transcription factors, most notably
Bcl-6 and BLIMP-1. B cells with higher affinity for antigens give rise to a stronger
PC response than B cells responding with lower affinity, and this reflects the strength
of the plasmablast proliferative response [16].

Another factor that might influence the propensity to become a PC versus a GC
cell is the chronic exposure to low avidity autoantigens. B cells exposed to such anti-
gens show a downregulated expression of IgM and are in an “anergic” state, poorly
responsive in vitro to antigen stimulation. However, when exposed to a cross-reactive
multivalent antigen and T cell help, such anergic B cells preferentially enter the GC
response where they undergo somatic hypermutation to mutate away from self-
reactivity and develop increased ability to bind the foreign antigen in a process
referred to as clonal redemption [17, 18]. The PCs arising in the early phases of
B-cell responses, independently of GCs, typically remain within the peripheral lym-
phoid tissue and are short-lived PCs (SLPCs). In contrast, GCs give rise to long-lived
plasma cells, many of which have a BM tropism and can live for months (Chap. 4).

In B-cell responses, memory may be maintained in two forms, first through the
long-term production of antibody by long-lived plasma cells, and second by the
generation of a pool of relatively quiescent memory B cells expressing mutated
BCRs with enhanced affinities, persisting after antigen challenge and that can be
reactivated by subsequent antigen exposures.

Upon re-exposure to antigen, memory B cells can differentiate into GC B cells
or PCs, and specific subsets of IgM versus IgG memory B cells, defined by surface
markers such as CD73, CD80, and PDL2, show different propensities to undergo
particular differentiation programs. GC B cells are thought to give rise to a large
fraction of the B-cell memory pool, yet GC-independent memory B cells have also
been described to appear very early in the immune response [19, 20].

B Cells and Autoimmunity

B cells play a key role in regulating the immune system by producing antibodies,
acting as antigen-presenting cells, providing support to other mononuclear cells,
and contributing directly to inflammatory pathways. Accumulating evidence points
to disruption of these tightly regulated processes in the pathogenesis of autoimmune
disorders. Although the exact mechanisms involved remain to be elucidated, a fun-
damental feature of many autoimmune disorders is the loss of B-cell tolerance and
the inappropriate production of autoantibodies. Furthermore, B cells may contribute
to autoimmune pathogenesis by presentation of autoantigen to T cells, or through
production of proinflammatory cytokines.
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These findings provide the rationale for B-cell depletion as a potential therapeu-
tic strategy in autoimmune disorders and other disease states characterized by inap-
propriate immune responses [21, 22]. B-cell-targeted therapy focused on restoring
normal B-cell function and eliminating pathogenic autoantibodies have been suc-
cessful in treating rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
and multiple sclerosis (MS).

A major pathway for immune activation and tissue damage for systemic autoan-
tibodies is through formation of immune complexes that induce complement activa-
tion by both classical and alternative pathways and can lead to direct cell lysis and
damage as well as recruitment of leukocytes to further enhance inflammatory
responses. Immune complexes can activate Fc receptors that are expressed by a
variety of cells, particularly by immune cells of the myeloid lineage. Autoantibodies
have been shown to activate these immune cells through FcyR-dependent pathways
or through direct modulation of signaling receptors on target cells [23].

Multiple self-tolerance checkpoints exist to remove autoreactive specificities
from the B-cell repertoire or to limit the ability of such cells to secrete autoantigen-
binding antibodies. These include receptor editing and deletion of immature B cells
developing in the BM, competitive elimination of chronically autoantigen-binding
B cells in the periphery, and a state of anergy that disfavors PC differentiation [24,
25]. Autoantibody production can occur due to failures in these checkpoints or in
T-cell self-tolerance mechanisms.

However, despite this undisputed involvement of B cells, little is known about
B-cell subpopulations with distinct immune functions that may play a role in the
spectrum of autoimmunity. One distinct subset that is implicated in the autoreactive
B-cell response are the innate-like MZ B cells.

In contrast to FO B cells, which primarily express mono-reactive BCRs and give
rise to highly specific, high-affinity antibodies, the innate-like MZ B cells express
poly-reactive BCRs and rapidly produce low affinity antibodies with self-reactivity
to clear pathogens and apoptotic cell debris [26]. MZ B cells are strategically located
at the interface between the circulation and the white pulp of the spleen, where they
provide a first line of defense by rapidly producing IgM and class-switched IgG
antibodies in response to infections by blood-borne viruses and encapsulated bacte-
ria. MZ B cells have a lower activation threshold than follicular B cells, which per-
mits the rapid initiation of IgM production and of IgG- and IgA-inducing (CSR) in
the absence of CD40-dependent help from T follicular helper cells. This T-cell-
independent pathway requires dual BCR and TLR engagement by conserved micro-
bial antigens together with co-stimulatory signals from dendritic cells, macrophages,
and neutrophils via various cytokines, including BAFF, a proliferation-inducing
ligand (APRIL), interleukin-6 (IL-6), IL-10, IL-21, interferon-a (IFN«), IFNf, and
CXC-chemokine ligand 10 (CXCL10).

MZ B cells share the feature of being “innate-like,” meaning they exist in a “pre-
activated” state and differentiate into antibody-secreting cells very rapidly (within
1-2 days) following antigen encounter. They have a B-cell repertoire enriched with
specificities that recognize carbohydrate and lipid moieties present on various life-
threatening microbes [27].
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Unlike their murine counterpart, human MZ B cells carry mutated BCRs [28]. It
was recently suggested that they complete their maturation not in the spleen, but
rather in gut-associated lymphoid tissue [29]. Here they can interact with gut bacte-
ria, mutate, and then be selected for (self-/) poly-reactive-binding abilities before
circulating back to the spleen. Thus, the microbiota may play a crucial role in shap-
ing the MZ B-cell compartment in humans. This may be one of the mechanisms
whereby the microbiome, influenced both by genetics and diet, can play a signifi-
cant role in the pathogenesis of several autoimmune conditions, for example, SLE,
systemic sclerosis, and RA [30].

Another important feature of MZ B cells and other innate-like B cells is the pro-
duction of natural antibodies [31, 32]. Natural antibodies can be produced in germ-
free contexts although their composition is shaped by the microbiota. Natural
antibody provides a first line of defense against a range of pathogens and, through
opsonization, augments the follicular B-cell response. In general, natural antibodies
are characterized by their low affinity, high avidity, and broad/multi-reactivity
against self-antigens, but some have the ability to recognize evolutionarily con-
served epitopes occurring in foreign antigens. A subset of B cells in mice, named
B-1 cells, was recognized as the main source of natural antibodies. B-1 cells are
found in various tissues of adult mice, including the peritoneal cavity, pleural cavity,
spleen, bone marrow, lymph nodes, and blood and are considered an innate like
B-cell population. In humans B1 B cells have not been identified and the main pro-
ducers of natural antibodies are MZ B cells. Natural antibodies have a key role in
the first defense against bloodborne pathogens but also in maintaining the immune
homeostasis through the clearance of apoptotic cells and regulation of inflamma-
tory, autoimmune, and allergic responses. Interestingly, natural antibodies seem to
have potential functions in the pathogenesis and progression of other chronic
inflammatory condition, such as atherosclerosis. It was demonstrated that oxidation-
derived epitopes on apoptotic cells and oxidized low-density lipoproteins are recog-
nized by the phosphorylcholine-specific natural antibody that seem to play a
protective role in atherosclerosis [33].

Another recently identified B-cell population with a possible role in autoimmune
and chronic infectious diseases is a subset of B cells characterized by low expres-
sion of the complement receptor 2 (CD21), the so-called CD21"" B cells. These B
cells have been found expanded also in aged female mice, have an increased expres-
sion of the transcription factor T-bet and of CD11c, and were named ABCs (aged B
cells) or T-bet"*CD11* B cells. Their formation and expansion rely on TLR7 or TLR9
signals in the context of Thl cytokines [34]. CD21" B cells are enriched in the
peripheral blood of patients with pathogenic infections (malaria, tuberculosis, HIV)
as well as in several autoimmune conditions including SLE, RA, common variable
immunodeficiency, primary Sjogren’s syndrome, hepatitis C virus-associated mixed
cryoglobulinemia [35, 36], and MS, but their role in disease development or pro-
gression remains elusive. Functionally, this memory subset demonstrated altered
responsiveness to stimuli compared to conventional memory B cells, express low or
no CD27, and are therefore atypical memory B cells with features of innate-like B
cells. It is possible that chronic BCR stimulation due to exposure to self-antigens
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desensitizes BCR signaling, rendering these cells hyporesponsive and exhausted.
Moreover, there is an enrichment of poly-reactive and auto-reactive clones within
the CD21'" compartment and in chronic infection, such as HIV, these cells produce
high titers of virus-specific antibodies. These features suggest that CD21" B cells
might not only be an epiphenomenon but may participate in the pathogenic mecha-
nisms of many diseases characterized by B-cell dysfunction. It is curious that TLR7,
whose gene is located on chromosome X, is crucial for CD21°" B-cell generation is
found expanded in aged female mice, raising the question on the strong female bias
seen in many autoimmune diseases. In this view, it is widely known that estrogens
are immune system modulators, which may influence the induction of autoimmu-
nity [37]. In murine disease models of autoimmunity, it has been established that
estrogen potently exacerbates B-cell autoimmunity by promoting the expansion and
activation of autoreactive MZ B cells, which are consequently induced to secrete
antibodies and undergo class-switch recombination.

Another interesting B-cell population with relevant functions in autoimmunity,
allergy, and cancer are the B regulatory cells (Bregs). In addition to the well-
established contribution of Tregs in the maintenance of immune homeostasis,
immunosuppressive Bregs cells producing IL-10 have been shown to contribute to
the maintenance of tolerance and of homeostasis in the immune system. The impor-
tance of Bregs is emphasized by the different immune-related pathologies that are
associated with abnormalities in the number and function of Bregs, such as SLE,
RA, and MS. For these reasons, Breg-based immunotherapies might be an interest-
ing promise and could provide a more improved and targeted approach to treat vari-
ous immune-related pathologies [38].

B Cell and Immunodeficiency

Among primary immune defects, B-cell immunodeficiencies are clinically predom-
inant. The study of the impairment in B-cell development or function that character-
ize these conditions represents the most illuminating lesson about B-cell biology.
The end product of the multiple steps that include continuous reconfiguration of
genes for the B-cell antigen receptors along with the elimination of perhaps 90% of
poly-reactive and autoreactive B cells is the generation of functional antibodies.
Thus, a variable loss of B cells, reduction or absence of serum immunoglobulins,
and/or loss of antibody function are features of most immunodeficiencies [39]. The
clinical spectrum of B-cell immunodeficiencies is heterogeneous and reflects the
stage of B-cell development impairment, the entity and quality of antibodies defect,
and eventually the interactions with other immune cells.

Agammaglobulinemia is characterized by the absence of circulating B cells with
severe reduction in all serum immunoglobulin levels. X-linked agammaglobulinemia
(XLA) is due to mutations of Bruton’s tyrosine kinase (BTK) gene [40]. Member of
a family of cytoplasmic tyrosine kinases, it is expressed at all stages of B-cell dif-
ferentiation except for plasma cells. Mutations in BTK account for approximately
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85% of patients presenting with congenital agammaglobulinemia, whereas mutations
in components of the pre-BCR, including p heavy chain, Ig-a, Ig-f, or A5 are found
in 5-7% of patients with isolated defects in B cell development [41]. All the reported
mutations of the p heavy chain are associated with the complete absence of B cells in
the peripheral circulation, so patients with p heavy chain defects tend to have a more
severe phenotype and are diagnosed earlier. B-cell linker (BLNK) defects [42]
PIK3R1 [43] and E47 Transcription Factor/TCF3 mutations [44] are responsible for
rare forms of agammaglobulinemia. The clinical features of homozygous PIK3R1
mutation include almost total loss of B cells (1%) and agammaglobulinemia without
abnormalities in the T-cell compartment. Bone marrow findings were consistent with
an early block in B-cell development with minimal VDJ rearrangement.

In common variable immune deficiency (CVID), B cells either do not become
fully activated, proliferate normally, and/ or terminally differentiate into plasma
cells and/or memory B cells, reflecting the various blocks in B-cell development
[45]. Although most CVID patients have low to normal numbers of circulating B
cells, the main characteristic is the failure in differentiation of B cells into
immunoglobulin-secreting plasma cells, resulting in antibody deficiency. Reduced
numbers of isotype switched CD27* memory B cells with increases in CD21" or
increased transitional B cells has become a useful basis for subclassification of
CVID patients [46].

The clinical spectrum of a/hypogammaglobulinemia predominantly consists of
recurrent infection susceptibility, over-represented for encapsulated or atypical bac-
teria. Autoimmune and/or inflammatory features also coexist [47]. Moreover, indi-
viduals with CVID are susceptible to malignancy, particularly non-Hodgkin
lymphoma, but also solid cancers [48].

Genetic defects account for only a few patients with CVID and nearly 75% of
patients have no known defect. Mutations of transmembrane activator and CAML
interactor (TACI), expressed on mature B cells, especially marginal zone B cells,
CD27* memory B cells and plasma cells, are found in 8-10% of CVID patients
[49]. More rare gene defects may affect B-cell activating factor of the tumor necro-
sis family receptor (BAFF-R) [50], TNF-like weak inducer of apoptosis (TWEAK)
[51], inducible T-cell co-stimulator (ICOS) [52] and B-cell costimulatory molecule
(CD19, CD20, CD21, CD27, CD81) [53-56].

As mentioned above, CSR and SHM result in high-affinity antibody production
and the differentiation of B cells into long-lived memory B cells and plasma cells.
Immunoglobulin class switch recombination deficiencies, previously termed “hyper-
IgM syndromes (HIGM)” are rare primary immunodeficiencies characterized by
impaired production of switched immunoglobulin isotypes and normal or elevated
IgM levels. Some of the CSR deficiencies are caused by defects in CSR machinery
and are predominately intrinsic B-cell defects, which include mutations in activa-
tion-induced cytidine deaminase (AID) [57] and uracil-DNA glycosylase (UNG)
[58]. In contrast, CD40 ligand (CD40L) and CD40 deficiencies are combined
immune defects with impaired interaction between activated CD4+ T cells express-
ing CD40L and cell types expressing CD40 which include B cells, dendritic cells,
monocytes/macrophages, platelets, and activated endothelial/epithelial cells [59].
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Selective IgA deficiency (SIGAD), IgG subclass deficiency, selective IgM
Deficiency, and the rare Kappa (k) chain deficiency are antibody deficiencies char-
acterized by generally normal numbers of B cells. In transient hypogammaglobu-
linemia of infancy (THI), usually, also the low antibodies levels spontaneously
return to normal within 2-3 years of age.

B Cell and Malignancies

About 95% of the lymphomas are of B-cell origin, the rest are T-cell malignancies.
This high percentage is understandable considering the specific factors that influ-
ence the pathogenesis of B-cell lymphomas that are linked to B-cell development.
Studies of the status of the Ig genetic regions within lymphoma cells can align their
origin in either pre- or post-GC B cells. Malignant B cells seem to be “frozen” at a
particular differentiation stage, which reflects their origin. With the exception of the
relatively rare lymphoblastic and mantle-cell lymphoma subtypes, all B-cell non-
Hodgkin lymphomas (B-NHL) display somatically mutated IgV genes, indicating
that they are derived from B cells that are blocked within or have passed through the
GC [60-62].

A diverse group of B-cell lymphomas, including follicular lymphoma, Burkitt
lymphoma, and diffuse large B-cell lymphoma (DLBCL) are thought to have a GC
origin and comprehensive gene expression studies have provided evidence that
these malignancies derive from different stages of the reaction.

Burkitt lymphoma seems to derive from dark zone B cells, whereas follicular
lymphoma and DLBCLs correspond to B cells arrested by transformation events
that occur at various stages of the GC transit.

Follicular lymphoma and the GC B-cell (GCB)-like subtype of DLBCL resem-
ble light zone B cells, whereas activated B-cell (ABC)-like DLBCLs seem to derive
from GC cells arrested during the early stages of post-GC plasma cell differentia-
tion (plasmablasts). Primary mediastinal B-cell lymphoma represents a distinct sub-
type that originates from post-GC thymic B cells in the mediastinum.

Interestingly, the same genetic mechanisms that enable the development of high-
affinity immunoglobulin receptors of different isotype classes are involved in the
malignant transformation of B cells. It is generally accepted that the GC microenvi-
ronment is the main source of memory B cells and plasma cells that produce high-
affinity antibodies, which are necessary to protect against invading microorganisms.
However, the beneficial role of GC B cells in immunity is somewhat counterbal-
anced by their detrimental role in lymphomagenesis, as the majority of B-cell lym-
phomas originate from GC B cells. The GC B cell is at a particularly high risk for
undergoing malignant transformation, due to attenuation of certain DNA damage
and cell proliferation checkpoints, which is essential for immunoglobulin affinity
maturation. Although the GC reaction is tightly regulated, SHM can disrupt this
delicate equilibrium by generating off-target mutations that enable B cells to gain
selective advantages.
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B-NHLs carry numerous genetic aberrations including amplifications, deletions,
and non- synonymous point mutations that are associated with gain- or loss-of-function
consequences [63]. Two additional types of genetic alterations characterize B-cell
NHLs: (a) chromosomal translocations and aberrant SHMs (ASHMs), both of which
are dependent on immunoglobulin remodeling mechanisms including V(D)J recombi-
nation, SHM, and CSR that occur during the GC reaction. The transit from the dark
zone to the light zone, the recycling between the two zones and the post-GC differen-
tiation of B cells are controlled by a complex network of cellular and soluble signals
that affect GC B-cell responses by activating and repressing specific transcriptional
programs. The pathways driving these programs are commonly hijacked through
genetic alterations during malignant transformation. The dissection of these pathways
provides insights into the process of lymphomagenesis and contributes to the under-
standing of the GC physiology. The common denominator of chromosomal transloca-
tions associated with B-NHL is the transcriptional dysregulation of genes that regulate
GC B-cell development, or the ectopic expression of genes not normally expressed in
a particular developmental stage of mature B cells.

Chromosomal translocations associated with GC-derived non-Hodgkin lympho-
mas frequently involve the immunoglobulin locus, with the breakpoints either in the
switch region or in the target region for SHM. Notable exceptions to the SHM- and
CSR-associated translocations are represented by the t(14;18) chromosomal trans-
location involving the immunoglobulin and BCL2 loci in follicular lymphoma, and
a subset of the t(8;14) chromosomal translocation involving the immunoglobulin
and MYC loci in endemic-type Burkitt lymphoma, which probably represent by-
products of an error which could have occurred during V(D)J recombination, pre-
sumably in immature pre-GC B cells.

In contrast to BCL-2, BCL-6 is normally expressed in GC B cells, but its expres-
sion needs to be switched off for the post-GC differentiation of B cells. Chromosomal
translocations involving BCL6, commonly associated with DLBCL and less fre-
quently with follicular lymphomas, dysregulate BCL-6 expression by preventing its
silencing at the conclusion of the GC response.

A block in post-GC differentiation might also be the functional consequence of
the chromosomal translocations affecting PAX5 and the IgH locus in lymphoplas-
macytoid lymphoma. In fact, the constitutive expression of PAXS, which maintains
the B-cell phenotype, might prevent the silencing of its program and therefore block
the terminal differentiation of B cells into plasma cells.

Translocations of MYC into the immunoglobulin heavy chain or light chain loci
are associated with 100% of Burkitt lymphoma cases and up to 10% of DLBCL
cases. These tumors are derived from the oncogenic transformation of a GC B cell,
as a fraction of tumors shows ongoing IgV SHM and the tumor cells are strongly
related in their gene expression profile to GC B cells.

The study of B-cell lymphomas and their associated genetic derangements con-
tinues to be illuminating for the understanding of the physiologic B-cell differentia-
tion process, leading to the development of targeted therapies [64, 65]. For example,
the finding that CLL cells depend on BCR signaling for survival has led to the devel-
opment of BTK and PI3Kd inhibitors as treatments for this cancer [66].



22 M. Visentini and S. Colantuono
Conclusions

B cells are essential for efficient immune responses and the maintenance of health.
B cells not only participate in the immune response by producing antibodies but
show multifaceted roles that range from antigen presentation to regulatory func-
tions. Emerging data shows that different B-cell subpopulations exist and have spe-
cific functions that also include innate-like features through the production of
natural IgM antibodies. Thus, it is not surprising that defects in many processes
regulating B-cell development, differentiation, and activation result in the develop-
ment of autoimmune diseases, immunodeficiencies, and lymphoproliferative disor-
ders. Untangling these molecular and cellular pathways may improve the therapeutic
strategies of diseases characterized by B-cell dysfunction, not through a generalized
B-cell depletion approach but through a more specific and targeted strategy.
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Chapter 3
Immunoglobulins, Structure, and Function

T. Prescott Atkinson

History

The history of immunology and the development of knowledge about the function
and structure of immunoglobulins are intimately tied to that of infectious diseases
as researchers struggled to find ways to prevent and treat the often-devastating types
of infections plaguing humanity [1, 2]. The first evidence that immune serum con-
tains specific activities that can protect from disease was developed in the 1890s by
von Behring and Kitasato, who showed that serum from animals that had been ren-
dered resistant to diphtheria through the use of toxoids could protect naive animals
[3]. This discovery, for which von Behring received the Nobel Prize in 1901, led
directly to the use of immune sera in the treatment of infectious diseases such as
diphtheria. In 1897, Paul Ehrlich published his side chain theory, a remarkably pre-
scient concept in which he postulated the existence of certain cells of the immune
system with “side chain” molecules on their surfaces which exhibited specificity for
toxins such as diphtheria toxin. This proposed mechanism for antibody activity was
thus analogous to the “lock-and-key” hypothesis put forward earlier by Emil Fisher
for enzyme activity. Ehrlich further postulated that soluble side chains released in
large amounts could circulate in the body and protect the host [4]. By the 1930s, the
term “antibodies” began to be used to describe this specific antigen binding activity
in serum, a translation of the term Antikorper, which was first employed in 1900 by
Karl Landsteiner [2]. A completely different type of highly specific activity was
described in 1902 by Paul Portier and Charles Richet, a dramatic and lethal response
to antigen which, because it was the opposite of protection of the host, they named
“anaphylaxis” [4]. This activity Richet later showed in animal experiments resided
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in and was transferrable by serum, a finding replicated in humans in 1921 by Carl
Prausnitz and Heinz Kiistner [5].

Physical properties of antibodies also began to be identified in the late 1800s
with the observation by Rudolf Kraus in 1897 that toxin/antitoxin reactions could
generate a precipitate in solution [2]. John Marrack proposed the lattice theory in
1934, which required both antigens and antibodies to have more than one binding
site, in order to explain how the combination of antigen and antibody could com-
bine to form a precipitate [6]. Characterization of the antibodies advanced fur-
ther with the development of electrophoresis by Arne Tiselius in 1937, which
permitted the separation of molecules by their net surface charge in buffer [1].
Tiselius and his post-doctoral student Elvin Kabat used the new technique to
prove that the bulk of antibodies were gamma globulins, [7] later named
IgG. Using the technique of ultracentrifugation developed a decade earlier by
Theodor Svedberg [8], a second high molecular weight antibody that sedimented
at 19 Svedberg units (19S) was simultaneously described by Waldenstrom and
Pedersen and Kunkel [9, 10]. This, the second of the immunoglobulin isotypes to
be defined, was later named IgM for the macroglobulinemia patients described
by Waldenstrom. After further improvement of the technique to include precipi-
tation in gel (immuno-electrophoresis), first published by Grabar and Williams in
1953 [11], J.F. Heremans in 1959 proposed the term “immunoglobulins” for all
these related proteins after his discovery of IgA [12, 13]. In 1966, the fourth
isotype of immunoglobulin, IgD, was described from a myeloma protein by
Rowe and Fahey [14] and the last isotype, IgE, was identified from patient sera
by the Ishizakas and colleagues in the United States and Johansson and Bennich
in Sweden in 1966-1967 [15-17].

Ehrlich’s side chain hypothesis proposed that antibody molecules were able to
bind with high specificity to antigens, but as the work of immunologists proceeded,
it became more and more baffling as to how such a vast number of molecular shapes
could be produced. In 1940, the American chemist Linus Pauling proposed a physi-
cochemical mechanism called the instructive theory of antibody formation to
explain what was beginning to seem a near infinite variety in chemical compounds
to which antibodies could bind [18]. According to this theory, antigen forms a tem-
plate around which antibody forms a specific configuration. It took over 40 years for
the elegant recombinatorial mechanism of immunoglobulin diversity to be revealed
with the demonstration of DNA recombination in the immunoglobulin kappa locus
by Hozumi and Tonegawa, a stunning achievement for which Susumu Tonegawa
received the Nobel Prize in 1987 [19, 20]. In 2004, Zeev Pancer and Max Cooper
discovered that lampreys, primitive jawless chordates that lack immunoglobulin
genes, instead have their own combinatorial immune system that is markedly simi-
lar in organization to that of higher vertebrates but is composed of gene segments
coding for leucine-rich repeats instead of the characteristic immunoglobulin-like
domains [21]. The astounding parallel evolutionary development of this genetic sys-
tem for antibody diversity suggests that there must be few if any other solutions to
serve this important function.
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Immunoglobullns Structure

The immunoglobulins are heterodimeric glycoproteins composed of two disulfide-
linked heavy chains, each associated through disulfide linkages with a light chain
forming a Y-shaped molecular configuration (Fig. 3.1). They are composed of
repeating globular immunoglobulin-like domains, a motif that forms a large super-
family found in many other proteins [23]. The basic structure of the immunoglobu-
lin domain is a disulfide-linked sandwich of two beta sheets made up of antiparallel
strands (Fig. 3.2). Digestion of immunoglobulin with the enzyme papain, a protease
derived from the fruit of the papaya tree, results in the release of the light chain-
bound arms, termed Fab fragments, which contain the antigen binding activity, and
the remainder of the dimeric heavy chains, termed the Fc fragment, which encom-
passes the Fc receptor and complement-activating effector functions. The molecular
weights, glycosylation, Fc binding properties and the ability to activate complement
vary with immunoglobulin isotype and subclass (Table 3.1). Differences in the
amino acid sequences give rise to other properties such as the number and location
of N-linked glycosylation sites, which affect Fc effector functions and can provide
protection from bacterial proteases in the lumen of the respiratory and gastrointesti-
nal tracts, and disulfide bridges joining the heavy chains at the hinge region, the
region joining the constant and variable domains of the heavy chains. IgM and (vari-
ably) IgA are polymeric, composed of (usually) five and two complete immuno-
globulin molecules, respectively, that are joined in the final stage of intracellular
assembly by the addition by disulfide bridges of a single 15 kD molecule called the
J chain that also serves as the ligand for the polymeric Ig receptor (pIgR) at the basal
surface of epithelial cells (Fig. 3.2). This receptor mediates the intracellular passage
of bound polymeric IgM and IgA across the mucosal epithelium into the lumen [31].
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Fig. 3.1 General structure of the five immunoglobulin isotypes (modified from Arnold, 2007 [22])
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Fig. 3.2 Ribbon diagram of the crystal structure of IgA2 [24, 25]. The heavy chains are shown in
blue and green and the light chains in pink and brown. The structural similarities of the 4-5 immu-
noglobulin domains in each heavy chain and the two in each light chain are evident

The extracellular portion of the pIgR is cleaved and remains associated with the
secretory IgA and IgM as the secretory component when they enter the secretions.

Immunoglobulins Function

IgG, the isotype of immunoglobulin that makes up the bulk of serum immunoglobu-
lins was the first to be identified because of its dominance of the gamma region of
the serum electrophoretic profile, hence its original designation as gamma globulin.
There are four IgG subclasses, two of which activate complement well (IgG1 and
IgG3), one of which activates complement poorly (IgG2), and one of which not at
all (IgG4) (Table 3.1). IgG subclass-specific production of antibodies is regulated
by cytokines, particularly Interferon y and IL-4, a process better understood in mice
than humans at present [32, 33]. IgG4, in particular, has interesting properties that
are worthy of comment. In 1974, three different groups published the observation
that there was an association between a late rise in IgG4 and the development of
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Table 3.1 Immunoglobulin properties [22, 26-30]

Mol. | Serum Serum
wt. concentration | half-life | Complement | Carbohydrate
Isotype | Subclass | (kD) | (mg/mL) (days) activation content Polymer
IgM 970 |0.5-1.5 5 +++ 12% 5
IgD 170 | 0-04 3 - 11%
1gG 3%
1gGl1 146 | 5-12 21 ++
1gG2 146 |2-6 21 +
1gG3 165 |0.5-1.0 7 ++
1gG4 146 |0.2-1.0 21 -
IgA 6 10%
IgAl 160 |0.5-2.0 5-9 - 1-2
IgA2 160 | 0-0.2 4-5 - 1-2
IgE 190 | 0-0.002 2 - 12%

Refs: Middleton Ch 5, Metabolic properties of human IgA subclasses Morell 1973; Metabolic
properties of IgG subclasses in man Morell 1970

Carbohydrate content: Muller-Eberhard HJ, Kunkel HG.1959 PMID: 13639270; Cohen S, Porter
RB. 1964. PMID: 14333020. Arnold JN 2007. PMID:17029568.

tolerance in patients receiving allergen-specific immunotherapy [34]. It is now
known that like IgE, IgG4 is dependent upon IL-4/IL-13 for production and as a
consequence tends to be produced in response to nonbacterial antigens [35].
Uniquely, [gG4 undergoes a dynamic process of half-antibody formation, reforming
to produce heterodimers with different Fab antigen binding specificities [36]. This
process, termed “Fab arm exchange,” has also been observed to occur in therapeutic
monoclonal antibodies, potentially impairing the desired therapeutic effect or even
inducing unwanted effects [27]. The functional consequence of a monovalent anti-
body is that it can no longer crosslink antigens forming a lattice/immune complex,
and it can even potentially break up existing complexes. Thus, the normal function
of IgG4 appears to be an anti-inflammatory effect, particularly on Type 2 inflamma-
tion. For example, IgG4 antibodies have been found to represent 50-95% of anti-
filarial IgG antibodies [25]. Nevertheless, there is one inflammatory and enigmatic
disorder which is linked to excessive local production of [gG4: IgG4-related disease
[37], an entity that will be described in detail elsewhere in this volume (Chap. 15).
In concert with its antigen binding functions, IgG carries out a complex array of
effector functions through its Fc domain which, in addition to the activation of com-
plement by three of the four subclasses (Table 3.1), are mediated in part by a group of
receptors belonging to the immunoglobulin superfamily (FcyR1, FcyRIIA, FcyRIIB,
FcyRIITA), two of which (FcgRIIB and FcgRIII) have isoforms that add a further
degree of complexity. A second class of receptors are C-type lectins (CD23 and
CD209/DC-SIGN). Although IgG has the lowest percentage of glycosylation of any
of the five isotypes, the relative affinities for different IgG subclasses of both of these
groups of receptors is modulated by the nature and extent of Fc glycosylation, particu-
larly fucosylation and sialylation, which can vary considerably among different indi-
viduals [38]. FcRn is an MHC class I-related Fc-receptor for IgG that performs a
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similar function to that of the pIgR with IgA and IgM, transporting IgG across epithe-
lial boundaries and, by continuously recycling IgG, extending the half-life of the dif-
ferent isotypes [39, 40]. FcRn binds to no other isotypes except IgG and is expressed
in placenta and lung but not in the gastrointestinal tract [39]. A further discussion of
these receptor-mediated effector functions is outside the scope of this chapter.

IgM, together with IgD, serves as the surface receptor for nascent and mature B
cells and without IgD for “switched” and memory IgM B cells. With the deletion by
alternate splicing of the exon coding for the transmembrane domain, secreted solu-
ble IgM is produced [41]. Because IgM antibodies are the first isotype of immuno-
globulin produced during an immune response, they are often useful in the diagnosis
of acute infections. IgM antibodies typically have relatively low affinity, but because
of their polymeric structure they have relatively high avidity. Similarly, because of
the inherent proximity of the Clq binding regions of the Fc domains, activation of
complement through the classical pathway by IgM antibodies is robust. Because
pentameric IgM molecules contain the J chain, like IgA they are transported across
mucosal borders by the pIgR. However, IgM plasma cells are typically much less
abundant along mucosal surfaces, and thus by far the larger amount of immuno-
globulin secreted into the mucosal lumen is IgA. A receptor for IgM has been
described and is expressed on T and B lymphocytes where it has been reported to
modulate T cell function and affect T-B cell interactions [42].

IgA, the third isotype to be described, has primarily an anti-inflammatory role in
controlling interactions with the environment through its dominant presence in the
mucosal secretions. It does not activate complement and serves to block microbial
and antigen interactions with the mucosal immune system, limiting pathogen inva-
sion and antigen-mediated sensitization. Although only a minor component of
serum immunoglobulin (10-15%), IgA comprises the bulk of immunoglobulin pro-
duced daily by the immune system, some 3 g per day in the adult human, more than
all the other immunoglobulin isotypes combined [43]. Two thirds of the IgA pro-
duced daily is dimeric or tetrameric and is transported across mucosal surfaces into
the secretions by the pIgR. Although the basic structure of the two IgA subclasses
in humans is similar, there are differences in the location and extent of N- and
O-linked glycosylation, in the specificity for certain types of antigens, and in effec-
tor functions [22, 44]. The relative proportion of IgA in different mucosal sites var-
ies considerably. In the gastrointestinal tract, the largest proportion of
immunoglobulin is IgA, with some IgM and virtually no IgG while the respiratory
tract contains equivalent amounts of IgA and IgG with some IgM and IgD. As men-
tioned previously, the transport of IgG into the respiratory secretions occurs via
FcRn, which is present in the lung mucosa but not in the gut [39]. IgA1 comprises
about 85% of serum IgA, and the majority of IgA in secretions, except the colon and
the vagina, is also IgA1 [44]. Serum IgA is derived principally from IgA plasma
cells in the bone marrow, while mucosal IgA is secreted by IgA plasma cells in the
mucosae. The relatively low serum IgA concentration is a function of its relatively
short half-life (4-9 days) compared to IgG (generally about 21 days) (Table 3.1).

IgD, the fourth immunoglobulin isotype to be identified, remains the most enig-
matic of the five. Produced by alternative splicing of the common RNA precursor
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that also includes IgM, it is present on the surface of naive B cells. Antigen-induced
antibody responses are intact in IgD-deficient mice but careful scrutiny reveals that
they have less efficient affinity maturation, the process that generates higher affinity
antibody in germinal centers through somatic hypermutation of the portion of the
variable domain that forms the antigen binding site [45]. Despite the fact that IgD is
highly expressed on mature naive B cells, secreted IgD antibody makes up only a
small fraction of the serum immunoglobulin (0.25%) compared to IgG (75%), IgA
(10-15%), IgM (5-10%), and IgE (0.002%) [31]. Intriguingly, IgM-IgD+ B cells
utilize the lambda light chain, suggesting that there is a yet to be defined differentia-
tion pathway in which they are selected from IgM+IgD+lambda+ precursors [45].
IgD does not activate complement, and there is no clear evidence that the Fc portion
of the molecule has an effector function although there is some functional evidence
that IgD can bind to T-cells, basophils, monocytes, and mast cells, suggesting that a
specialized receptor may exist [46]. It seems clear that the full importance of this
immunoglobulin isotype has yet to be defined because it has been conserved
throughout the history of vertebrate evolution from the cartilaginous fish through
mammals [45].

IgE, the last of the immunoglobulin isotypes to be identified, can also be detected
in respiratory and gastrointestinal secretions, particularly in the presence of allergy
or parasitic infections. It seems clear that the principal evolutionary function of IgE
and Type 2 immune responses lies in host defense against parasitic infestation.
Isotype switching to IgE is dependent on IL-4/IL-13. A considerable body of clini-
cal and experimental evidence exists concerning the details of how IgE functions in
binding to the multimeric high affinity Fc receptor, FceRI, primarily on mast cells
and basophils, and how aggregation of that receptor by antigen augments Type 2
immune responses. Like IgM, IgE differs from the other immunoglobulin isotypes
in possessing a fourth heavy chain constant domain (Fig. 3.1). IgE is the most heav-
ily glycosylated of all the isotypes and although the low affinity receptor CD23 is a
member of the C-type lectin family, binding of CD23 to IgE does not involve carbo-
hydrate. Instead CD23 binds to amino acids in the region between the third and
fourth heavy chain constant domains where it sterically inhibits binding by FceRI
[39]. While the function of the high affinity receptor is to augment Type 2 immune
responses by inducing activation of cells bearing the receptor and the release of
Type 2 mediators, the function of CD23 is at least partly to down-regulate IgE pro-
duction by B cells [47].

The kappa and lambda light chains, which are covalently linked by disulfide
bonds to the first heavy chain constant domain, form the other half of the antigen
binding site through their rearranged variable domains. As occurs with heavy chain
rearrangement, expression of light chain genes is sequential, regulated, and exhibits
a distinctive process known as allelic exclusion, in which only one allele among
several possible is translated to form a functional gene product. The other allele
continues to be transcribed but does not form a functional protein because of lack of
or incomplete rearrangement [48]. This exclusion of other alleles is essential in
order for the B cell to maintain monospecificity of its antigen receptor and secreted
immunoglobulin product, a property characterized by the “one B cell — one
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antibody” rule inherent in Burnet’s clonal selection theory of the adaptive immune
system [49]. Following successful rearrangement of the p heavy chain, the heavy
chain forms a complex with two surrogate light chain proteins encoded within the
Igh locus at chromosome 22q11.2 (AS and V), which together possess substantial
homology to A light chains and cover the hypervariable HCDR3 region on the heavy
chain, thus preventing antigen-driven clonal selection before light chain rearrange-
ment occurs [50]. Rearrangement of the Igk locus on chromosome 2p11.2 proceeds
first, and if a successful rearrangement of either allele that can pair with the p heavy
chain does not occur, the cell switches to rearrangement of the Igh genes [48].
Ultimately, if the cell is unable to undergo a productive rearrangement of heavy and
light chain genes to create a functional B cell receptor, it undergoes apoptosis.

Conclusion

Immunoglobulins represent the humoral arm of the adaptive immune response.
Defects in the process of B cell differentiation and selection to produce protective
immunoglobulins of the appropriate isotypes for host defense are responsible for a
wide array of diseases. Deficiency of specific antibody production is the most com-
mon manifestation of primary immune deficiency while production of autoreactive
antibodies is a common mechanism for autoimmunity. The protean manifestations
of disease caused by unregulated production of immunoglobulins by neoplastic B
cells and plasma cells comprise a vast and complex area of medicine and will be the
focus of the remainder of this book.
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STAT3 Signal transducer and activator of transcription 3
TCA Tricarboxylic acid cycle

TNF-a Tumor necrosis factor alpha

UPR Unfolded protein response

VCAM Vascular cell adhesion protein 1

XBP1 X-box binding protein 1

YWHAZ  14-3-3 protein zeta/delta

Introduction

Apart from its role as the primary lymphoid organ, the bone marrow (BM) also
functions as a secondary one. Thus, aside from hematopoiesis and conditional ini-
tial priming of the hematopoietic stem cell (HSC) towards the lymphoid and there-
after the B-cell lineage, the effects of homing of the B-lymphocytes within it expand
much further [1, 2]. Primarily affected from this interaction are the terminally dif-
ferentiated B cells, both memory B cells (MBCs) yet most importantly plasma cells
(PCs). For the latter, homing within the BM might eventually change the fate of a
newly developed plasmablast (Pb) and instead of it forming a short-lived plasma
cell (SLPC) guides it towards a long-lived phenotype with a subsequent dependency
on the BM microenvironment for longevity and survival [3]. The foundation for this
dependency lies on the ability of the BM microenvironment to attract the precursor
cell subset, the Pb, allowing the PC differentiation to be complete and most impor-
tantly facilitate its long-term survival [3, 4]. On the other hand, the newly formed
and thereafter BM residing long-lived plasma cells (LLPC) themselves interact with
their surrounding niche and this ambiguous relationship eventually allows for a ter-
minally differentiated otherwise transient cell to survive without dividing, for even
decades in acquired quiescence [5-7].

Apart from homing the BM micro-niche which offers essential trophic signals
and confers extensive bioenergetic reprogramming, the prerequisites for B cell to
LLPC differentiation remain largely unknown [8]. According to the established
knowledge, only Pbs that have differentiated through the germinal center (GC) reac-
tion, namely against a T-dependent antigen are capable of homing the BM and
becoming LLPCs [9]. Although scattered evidence exists that extra-GC Pbs against
T-independent stimuli are capable of long-term survival, no solid experimental
work has been until now published either confirming or dismissing this theory [10-
12]. Tt is also unclear if there exists a differential ability of longevity dependent on
the type of antigen (Ag) against which the Pb is specialized. It has been proposed
that monovalent Ags such as single proteins, for example, tetanus toxoid, elicit
shorter term longevity in PCs than multivalent Ags, for instance [13, 14].
Theoretically, given that most self-antigens are monovalent such an evolutionary
advantage would offer an extra protective hindrance against autoimmunity so that if
autoreactive Pbs were to form they would be extremely transient. The theory could
also explain the necessity of repeated vaccinations for tetanus and the impressive
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longevity of anti-measles LLPC against the structurally complex viral for longer
than lifetime [15]. Besides, LLPC formation happens at the very late stages of the
GC reaction long after memory B cells have formed in order for the maximum
specificity of the secreted Ab to be achieved [16, 17].

While in its infancy, research around the BM microenvironmental niches has
already made a great impact on the way we consider physiology, pathophysiology,
and therapeutics. The potentials though of such microenvironmental influence and
especially that of the BM on the residing cells particularly the PCs are only now
starting to be investigated. Moreover, it is now clear that such relationships which
develop between pathogenic PC and their niche increase their resistance to thera-
peutic interventions hindering effective treatment of all PC-mediated diseases [18].
In this chapter, we aim to summarize and critically present the acquired knowledge
surrounding the relatively novel and expanding field of the effects of a healthy BM
microenvironment on the PC fate, the components of the LLPC niche as well as the
biological processes allowing for the BM to function as a selective/supportive “hot-
bed” for long-term PC survival and immunologic memory. Special tribute will be
paid to the recycling of LLPCs during infection and the ability of the LLPC pool to
adapt to newly acquired antigens expanding their antibody (Ab) repertoire. We will
also briefly discuss the importance of the BM PC niche with regard to the major
PC-driven diseases, monoclonal gammopathy of undetermined significance
(MGUS), multiple myeloma (MM), and antibody-mediated autoimmune diseases,
including systemic lupus erythematosus (SLE).

The Bone Marrow as a “Hotbed” for Plasma Cells in Health.
The LLPC Niche

LLPC are responsible for the baseline Ab titers of immune humans and do not
need constant antigenic stimulation to survive [19, 20]. They are terminally dif-
ferentiated Ab-secreting CD19- CD38"s"CD138* BM residing PCs. Their sur-
face B-cell receptors (BCRs) and major histocompatibility complexes type II
(MHCII) are both downregulated [21], hence they are practically insensitive to
external Ags.

Cellular Components of the LLPC Niche. Attracting
and Maintaining the LLPCs

The first step in understanding the BM PC niche is to describe its cellular compo-
nents. To begin with, no single factor has been established as absolutely essential for
LLPCs survival, thus the idea of their niche should be considered as a whole of cells
and soluble factors. Many different stromal and hematopoietic cells along with their
secretome cooperate to initially attract, then engage and thereafter retain the Pbs
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that will eventually transform into LLPCs, constantly offering them an essential
mixture of survival intermediates [22]. The general principle governing niche orga-
nization is work allotment. A stable meshwork of specialized bone marrow stromal
cells (BMSCs) and the reticular mesenchymal stromal cells (rMSCs) attract the
circulating CXCR4+ Pbs by expressing and secreting a mixture of chemokines,
including but not limited to the CXCR4 ligand, CXCL12 [23]. Interestingly, con-
trary to their secretome these CXCL12/VCAM+ MSCs proved not to be essential
for PC longevity but instead create a docking site for circulating Pbs to attach to
[24]. In this process, several other integrins collaborate with CXCR4+/CXCL12 to
stabilize the BMSC-PC interaction [8, 23].

Out of the rMSC secretome both activating, for example, APRIL, as well as bind-
ing, fibronectin (FN-1) along with metabolic modifiers and antiapoptotic mediators
such as the protein YWHAZ regulate the fate of adjacent PCs [22, 25]. Of note,
YWHAZ is a 4-3-30/6 cytoplasmic protein with complex action that favors longev-
ity of LLPCs through an mTORC1-dependent reshaping of their bioenergetic state.
It thus induces prosurvival signaling through the BCL2 family member Mcl1 [25].
Such a high level of cooperation exists that LLPCs have, for instance, upregulated
the surface marker CD138 (cluster of differentiation 138) to bind the rMSCs-
secreted FN-1 and anchor them in close proximity to rMSCs [26]. In fact, it is now
established that rMSCs’ numerical limitation, comprising approximately
0.001-0.1% of nucleated stromal cells, limits the healthy BM LLPC capacity [25,
27]. It is suggested that cohabitation with the rMSCs allows the LLPCs to receive
their secretory feedback and quiescently survive in the massive BM span something
otherwise impossible given the confined number of both populations. The intrinsic
cellular requirements of such quiescence and the contribution of the BM micro-
niche for the Pb to LLPC metamorphosis will be further analyzed in the next section.

Aside from the BMSCs, a variety of accessory transient hematopoietic cells sup-
port the extended LLPC life span. To name the most important of them, eosinophils,
megakaryocytes, and myeloid progenitors which under normal conditions secrete
APRIL and IL-6 [8, 22]. APRIL from both the BMSCs and the hematopoietic cells
along with BAFF and to a much lesser extent in the healthy state TNF-alpha are all
differentially secreted by niche components. They all stimulate the surface PC
receptor, BCMA adding to the prosurvival effect of the niche [23, 28]. Moreover, in
the case of APRIL, it is proved to cross activate the LLPCs CD138 receptor through
interaction with its side chains and therefore increase the prosurvival (Mcll medi-
ated) signal it transduces [26, 28, 29]. LLPCs have a profound dependency on Mcl1
for survival [30]. Out of all accessory niche cells, eosinophils are most vital for
LLPC maintenance likely through production of the largest amounts of IL-6 and
APRIL [22]. Given their transient nature though, it is not surprising that even eosin-
ophils are not indispensable for memory plasma cell quiescence. Impressively
enough combined deprivation of both IL-6 and the BCMA ligands, APRIL with or
without BAFF/TNFa, can severely compromise the in vitro survival ability of
human memory plasma cells [22, 24, 25, 31]. Such essential combinations are con-
tinuously being identified and their description will contribute to novel therapeutic
target identification against the LLPC-driven pathologies.
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The list of LLPC trophic agents/pathways is rapidly expanding. Several interac-
tions that improve the life span and Ab production of either human or mouse LLPCs
are being described. Maybe the most ambitious of them is the CD28-CD80/CD86
interaction and the CD28-induced PC intracellular reprogramming. Engagement of
the CD28 receptor on Pbs with the CD80/CD86 receptor of bystander niche den-
dritic cells (DCs) is essential for their bioenergetic reshaping that culminates in the
LLPC phenotype. Activation of the CD28-induced pathways impressively increases
the effect of CD28-CD80/CD86 interaction on PCs while causing upregulation of
the latter receptors on the niche DCs, kind of a self-stimulatory loop. Moreover,
SLPCs seem incapable of unlocking the CD28-induced profile being in a way
unable to unlock niche beneficial program, which makes the CD28-CD80/CD86 a
turning point for the LLPC fate [32]. Ectonucleotide pyrophosphatase/phosphodies-
terase 1 (ENPP1), a transmembrane glycoprotein with ATP degrading activity has
also been identified to positively affect the ASC to LLPC transition in that its defi-
ciency markedly increases SLPC numbers at the expense of BM LLPCs in mice
[33]. The exact mechanism by which ATP degradation by ENPP1 promotes LLPC
survival remains elusive. One possibility is that PPi produced through ATP hydroly-
sis inhibits bone mineralization preserving the niche space. ENPP1 is also known to
regulate glucose metabolism in pancreatic cells. Enhancement of glycolysis and
reduction of exogenous ATP-induced oxygen consumption in LPS-induced Pbs has
also been associated with ENPP1 and leads to the LLPC phenotype [3, 33, 34].

To sum it up, it is now more than ever evident that the biology of LLPCs is
tightly interwoven with the BM microenvironmental niche and that the niche
itself is a balanced medley of transient cellular components with overlapping sec-
retomes. This type of organization ensures maximal efficiency as no specific
ingredient is absolutely indispensable for LLPC maintenance and can be substi-
tuted by bystander cellular presence and function. The question arising at this
point is the etiology of this uniqueness of the BM to form the LLPC micro-niche.
It is likely that apart from the niche itself, the oxygenation and nutritional state of
the BM per se largely impact the LLPC longevity. The cellular components of the
BM micro-niche along with the major interactions regulating the LLPC inside it
are summarized in Fig. 4.1.

Intrinsic Cellular Requirements for Longevity. The LLPC Niche
Reshapes the PC Bioenergetic Profile

The life span of an LLPC extends from months in vitro and in vivo mouse models
to several years or even decades in stochastic human models while their short-lived
counterparts, SLPCs, are known to survive for a mere 3-5 days [15]. This remark-
able difference between two cell populations that are or at least seem similar yet
possess profound different capabilities is achieved through extensive intracellular
reprogramming. In order to better understand the requirements for such longevity,
we will briefly assess the Pb to either SLPC or LLPC differentiation process. In this



4  The Bone Marrow as a Hotbed for Plasma Cell Activation 43

CXCL12

IL6R

Fibronectin

Collagen

Integrin

Fig. 4.1 Cellular component of the LLPC BM niche. Several cells contribute to the homing, reten-
tion, and survival of LLPCs in the BM niche. Stromal cells provide the adequate docking site for
passing Pbs both through secretion of chemokines (CXCLI12) and extracellular matrix
(Fibronectin-FN-1/collagen) as well as directly through VCAM-ICAM and integrins. Transient
components of the niche, mostly eosinophils and megakaryocytes along with the niche stromal
cells ensure survival of the attracted PC through secretion of the BCMA ligands APRIL/BAFF and
IL6. Of course, the niche, through these and many more signals confers extensive intracellular
reprogramming of the PCs to achieve their longevity. The figure was created with BioRender.com

section, we will pay special tribute to the intracellular transitions that allow for such
a massive antibody secretion to occur and comment on the impressive ability of
LLPC to deal with the imposed stress in order to survive.

Following the GC reaction to a T-cell-dependent antigen, two distinct transcrip-
tion programs arise in the differentiating B-cell population. The one, dominated by
Pax5, IRF8, and BCL6 drives terminal B-cell fate and eventual memory B-cell for-
mation [11]. A portion of the newly formed MBCs exits lymph nodes and the spleen
and following chemokine gradients migrate to the BM where they reside in silence
[23]. For their survival, a constant level of specific minor antigen stimulation is
required [35]. The other population which undergoes extensive GC maturation is
driven by the transcriptional program induced by IRF4, Blimpl, and XBP1 and
marks the antibody-secreting phenotype [36]. The B cell to antibody-secreting cell
(ASCs) transition coincides with a profound metabolic change governed by mito-
chondrial respiration and its related tricarboxylic acid cycle (TCA) [37]. This meta-
bolic adaptation that is largely governed by the mTORCI1 complex is needed for
rapid energy and metabolite production in order for the large quantities of Abs to be
synthesized [38, 39]. As anticipated, most ASCs that are produced will die in


http://biorender.com

44 A. Poulaki et al.

3-5 days. Overwhelmed by the consequent stress, a mere portion of them however
will undergo extensive intracellular reprogramming and following chemokine sig-
nals from the future LLPC niche will be home to the BM where they reside for years
[14, 40]. Impressively, this terminally differentiated portion will continue antibody
secretion and deal with the stress that comes with it until forced to leave the niche
[27, 41]. These cells, as already mentioned, in contrast to MBCs are not in need for
a constant antigen stimulation to survive and are in charge of producing the baseline
antibody titers that are detected in the plasma of immune subjects. LLPCs are there-
fore a vital part of the acquired immunity [11, 15]. The major differences between
the SLPCs and LLPCs are visualized in Fig. 4.2.

Two intrinsic cell programs that facilitate the ability of LLPC to meet the require-
ments for constant antibody production along with longevity distinguish LLPC
from SLPC, autophagy and a global metabolic reprogramming dominated by an
optimized unfolded protein response (UPR) coupled with an impressively efficient
mitochondrial respiration [5, 42, 43].

Briefly, the ability of a GC-derived Pb for longevity is judged from its bioener-
getic state. The increased ability to import glucose and highly functional mitochon-
drial respiration dominate their metabolism [44, 45]. The active mTOR axis drives
intracellular glucose towards oxidation into pyruvate and subsequent import into
mitochondria [3, 46]. Because of mTOR activity, pyruvate is not further oxidized to

SLPC

LLPC

BLIMP1™ BLIMP1"s"
XBP1 XBP1

Fig. 4.2 Major differences between the SLPC and the LLPC. Apart from differences in surface
receptors that allow LLPC BM homing and binding (ICAM/integrins), SLPC and LLPC share the
rest of their surface receptors. The major difference that eventually regulates the LLPC fate is the
ability of the cell to import glucose (through GLUT glucose transporters) and unlock a CD28-
mediated bioenergetic reprogramming after stimulation from the hypoxic BM microenvironment.
In this novel bioenergetic state, autophagy and mitochondrial respiration/metabolism are predomi-
nantly featured. The figure was created with BioRender.com
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lactate despite BM microenvironmental hypoxia [37, 46]. Although one would
anticipate that in order to maintain longevity mitochondrial respiration should be
silenced to avoid reactive oxygen species (ROS) release, LLPCs seem to do things
quite differently. In fact, contrary to most stem cells in which protecting the genome
from ROS attack is essential for quiescence, LLPCs are a terminally differentiated
cell in which a balanced amount of ROS seems to play a rather unexpected role [32].
ROS act as mediators to reshape and in a way train the LLPC to effectively regulate
the increased stress it deals with [25, 32, 47].

The abundant pyruvate is used to feed TCA with resultant production of lipid
intermediates. Lipids that eventually form expand and/or replenish the endoplasmic
reticulum that is being consumed in the process of antibody making through the
UPR [309, 45, 48, 49]. The UPR is a complex intracellular reflex to increased ER
stress such as that exists in PCs due to increased presence of intra-ER unfolded Ab
or Ab fragments. Excessive UPR leads to apoptotic death. To this end, balance is
ensured through a negative UPR regulator, X-box-binding protein 1 (XBP1) which
was impressively enriched in the LLPC transcriptome and proteome [22, 48]. A
detailed review regarding the UPR and its necessity for PC function are beyond the
purpose of this chapter yet the reader can refer to the following documents for fur-
ther information [48, 50].

UPR is indispensable for PC fate as it allows for the ASCs to survive the extreme
ER stress elicited by the massive Ab production [39]. While the ability to unlock
UPR thus dictates the ASC fate, it does not suffice to sustain longevity [51]. The
downstream effector of UPR though, autophagy does [51]. The initiation and main-
tenance of balanced autophagic levels is a prerequisite for the LLPCs lifestyle [3].
Apart from participating in the UPR, autophagy serves a double role in LLPCs,
which is unique and essential for their persistence, (a) mitochondrial quality control
and (b) limitation of ER expansion [51, 52]. While the former has an obvious posi-
tive effect on cellular fate, the latter requires further explanation. PCs are massively
secretory cells, their ERs continuously expanded to adjust to the Ab production
needs. Trimming the ER through autophagy confines the Abs produced and thus
regulates both the ER stress and the amount of energy consumed in this process.
Accordingly, recycling of the unfolded proteins released from the ER as autophago-
somes does not seem to play a vital role in healthy LLPCs reflecting their ability to
self-maintain a balanced Ab release [3, 5, 22]. To this end, BMSC-LLPC cellular
contact is shown to directly prevent overt mitochondrial and ER stress that would
lead to caspase-mediated apoptotic death in PI3K-dependent way [28]. Besides,
mitochondrial and ER-stress responses in LLPCs, namely the proteasome, the UPR,
and the autophagic response largely intersect to regulate cellular survival in the
heavily functioning Ab factory [52, 53].

The hypoxic BM environment is likely to allow the described bioenergetic adap-
tation. Hypoxia was an independent positive factor for LLPC longevity [25]. It is
established that moderate hypoxia can act to optimize mitochondrial electron trans-
port instead of increasing ROS release [54]. Moreover, although mitochondrial
exchange has been established as a crucial factor in MM cell survival and drug
resistance in a CD38-driven way, and it is now generally accepted that the LLPC is
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the physiologic analog of the MM cell, a direct proof of mitochondrial transfer in
the healthy BM has yet to be established and can only be hypothesized [18]. Besides,
the hypoxic BM microenvironment could also regulate the degree of OXPHOS and
thus the amount of glucose in the form of pyruvate being shunted for mitochondrial
respiration and TCA, leaving adequate amounts of sugars for the glycosylation of
produced Abs [43]. Of course, this whole metabolic adaptation is achieved through
continuous LLPC-BM stroma feedback. Several pathways on LLPC have been
shown to facilitate this reprogramming by communicating one way or another
extracellular signals to the intracellular compartment. It is noteworthy to mention
the most important two, the CD27-slp70- and the CD38-induced pathways [25, 32].
Detailed ascription of those lies beyond the scope of this chapter.

Eventually, the LLPC-BM interaction succeeds in making a terminally differen-
tiated heavy duty-secreting cell, with increased ER stress to acquire quiescent fea-
tures in the BM hypoxic “hotbed.” The summary of the LLPC bioenergetic
reprogramming described in this section is shown in Fig. 4.3.

Hypoxia

l@
CD138

Fig. 4.3 Overview of the LLPC bioenergetic reprogramming. (1) Mitochondrial transport from
adjacent stromal cells has been established in MM, suggested in healthy LLPCs but not yet estab-
lished. (2) The exocytic pathway of the LLPCs, or otherwise described, Ab secretion. (3) The
endocytic pathway where exosomal release from the surrounding niche stromal regulates LLPC
intrinsic reprogramming. (4) CD28/CD80-CD86 interaction is a major determinant of the LLPC
fate decision through modulation of the cellular bioenergetic state. (5) Autophagic degradation of
misfolded Abs is a part of the LLPC intrinsic survival program with subsequent ER trimming. (6,
7) Proteasomal degradation of unfolded Abs and the UPR. (8—11) Glucose import [11] with subse-
quent mitochondrial metabolism [8] or Ab glycosylation [9] is vital for effective Ab production and
replenishment of the ER that is consumed during autophagy-UPR [10] accordingly. (11) CD138 is
essential in communicating extracellular signals to the LLPC intracellular compartment. The fig-
ure was created with BioRender.com
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The LLPC Niche in Disease

LLPCs have a complex biology that, as elaborately explained, relies on and subse-
quently affects the BM micro-niche. In the following paragraphs, we will briefly
discuss current knowledge regarding the LLPC in several pathologic conditions.

The LLPC Niche in Infection/Vaccination

LLPCs maintain the baseline Ab titers that are detected in the plasma of immune
humans. Their physiologic role is as vital for immunity as that of classical MBCs.
Contrary to the MBCs’ B-cell receptor (BCR), the LLPCs’ ontogeny has provided
them with the highest affinity Ab. Thus, maximal binding to Ags is ensured while
reactivity to self-antigens is minimized [16]. During the GC reaction, two chrono-
logically distinct B -cell producing phases can be identified [17]. The first phase
corresponds to the production of MBCs. These are polyclonal semi-mature B-cell
subsets that have BCRs with partial and variable specificity for the targeted antigen.
Upon antigen re-exposure, these poorly specific B cells can reenter a GC reaction,
undergo further BCR modification, and eventually produce PCs with highly specific
class switched Abs that will enter either the short ASC pool or enrich the LLPC
repertoire by homing to the BM [17]. The second phase in the GC maturation is
marked by a switch towards the ABS phenotype either short- or long-lived. These
cells possess BCRs which are specialized to recognize the antigen that eluted the
GC reaction. In fact, the more the GC matures, the higher the specificity is [5]. BM
LLPCs are enriched in such maximal specificity ABSs [55]. It thus seems that a
prerequisite for an LLPCs formation is the achievement of maximal Ab-Ag speci-
ficity couples [13, 14]. The question that arises though is, if LLPC depends on the
niche to survive, and there is limited niche availability, how can the LLPC pool
renew to adapt to the newly met Ags?

It has been shown that upon encountering new Ags, following the GC reaction
and Pbs BM homing, these classes switched newly formed Pbs antagonize with the
resident LLPCs for niche access [27, 56]. Some newcomers succeed in supplanting
the old residents of the niche and settle. Of course, senescence and death of old BM
LLPCs can free vital niche space that will thereafter be co-opted by young plasma-
blast and be their home afterwards [57]. The experimental data supporting both
hypotheses are miniscule but exist. Mobilization of BM LLPCs has been hypothe-
sized due to disruption of the niche cellular meshwork under cytokine pressure due
to infection/inflammation possibly weakening the old LLPC-stromal interaction
[56]. Further research is required to describe the kinetics of the LLPC pool upon
inflammation, yet the immunophenotypic similarity of activated LLPCs to the
infection induced newly formed SLPCs hinders a detailed pathophysiological
description.
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The LLPC Niche in Antibody-Mediated Autoimmune Diseases

Antibody-mediated autoimmune diseases including but not limited to SLE,
antiphospholipid syndrome (APS), rheumatoid arthritis, myasthenia gravis, etc.
pose a therapeutic challenge for all clinician at least at some point during their
medical career. The mainstay of therapeutic approach is B-cell depletion using, for
instance, the nitrogen mustard cyclophosphamide or targeted anti-CD20 approaches,
or even combinations of several agents. Despite the aggressive nature of the estab-
lished therapeutic algorithms, refractoriness with variable duration of remissions
circumscribes the clinical course of such diseases [19, 58]. The pathophysiological
background of this autoimmune category is summarized as an aberrant T-helper 2
immune response against self-antigens with subsequent B involvement. B cells
mature through GC reactions and produce both self-reactive SLPC and memory B
cells. The Abs that are produced thereafter drive the main pathology of the dis-
ease [59].

For many years, this established GC-mediated Ab-driven pathophysiology has
shaped the therapeutic armamentarium and algorithms. The subsequent B-cell
depletion though does not always suffice to clear autoreactive Ab titers and prevent
exacerbations as anticipated. In an effort to explain such a therapeutic failure, the
global scientific community paid more attention to the primary pathologic structure
of the disease(s), the GC itself [60].

One inevitable consequence of the GC B-cell maturation is the generation of Pbs
with long-lived potential. It has been proved, especially in SLE and APS, that
LLPCs against self-antigens not only exist in BM of autoimmune patients but most
likely have preexisted years before clinical eruption [58]. Moreover, multiple inde-
pendent teams worldwide have proved that upon chronic inflammation, such as in
autoimmunity, peripheral organs like the spleen, or the kidney in SLE can in a way
support long-term survival for the infiltrating Pbs transformation into peripheral
LLPC niches [61]. These do not have the impressive structure and stability of the
BM micro-niche but due to continuous cytokine stimulation they express many of
the vital homing, CXCL12/integrins and survival, APRIL, TNF-a, BAFF, IL-6, etc.
Factors that are able to sustain prolonged ASC survival [9]. Therefore, a vital need
arises that these autoreactive LLPCs are taken into account in the establishment of
therapeutic approaches. Indeed, the extinction of such autoreactive LLPCs that are
notoriously refractory to B-cell depleting agents has led recently to a revised thera-
peutic strategy involving PC depleting agents through proteasome inhibition [62].
Bortezomib has now proven efficacy against multirefractory autoimmune thrombo-
cytopenia, autoimmune anemia, and Evan’s syndrome [63]. Bortezomib in combi-
nation with B-cell depletion with, for example, cyclophosphamide has yielded
promising results in refractory SLE nephritis and the list is continuously expanding
[62]. The pathophysiology and therapeutics of Ab-mediated autoimmunity are
being extensively analyzed in corresponding chapters. Besides, IgE producing
LLPCs have been extensively described in the BM of allergic patients upon con-
stant/repeated allergen exposure [64].
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A last aspect of the Ab-mediated autoimmune pathobiology that merits further
notice is the possible implication of LLPCs in the autoimmunity-associated immu-
nosuppression [65]. If we accept the theory of LLPC-Pb antagonism for vital BM
niche homing, given the continuous production of autoreactive LLPCs during the
disease course, along with the niche disruption due to ongoing inflammation, it is
logical to hypothesize that protective LLPCs that confer Ag immunity may crowded
out by invading autoreactive PBs. Of course, more extensive work addressing these
subjects is yet to come.

The LLPC Niche in PC Malignancies. MM and MGUS
(Fig. 4.4)

LLPCs have long been considered the healthy analog of MGUS and MM PCs [9].
Several pieces of evidence point towards this consensus, the most obvious one being
the dependency of malignant PC on the BM microenvironment. Moreover, several
signaling pathways vital for normal LLPC survival have also been proven to have a
positive effect on the MM PC fate [66]. To name a few, the IL6/STA3 and BCMA/

ER expansion

Hypoxic
micronenvironment

APRIL/BAFF/TNFa Autophagy

Fig. 4.4 The MM BM Niche. MM cells are considered the malignant analog of LLPCs. In this
figure, we summarize the interactions of the malignant PC with its BM microenvironment that
facilitate survival and drug resistance. The figure was created with BioRender.com
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NF-kB pathways, along with the upregulated CD 138 protein the basis for anti-MM
effects of the monoclonal antibody daratumumab [25, 67]. Bioenergetically, MM
cells show upregulated autophagic drive and increased glucose consumption with
preserved OXPHOS and mitochondrial function [24, 68]. This metabolic profile
matches that of LLPC. Starting from this beneficial metabolic state, several adapta-
tions are observed as the tumor cells become more malignant [69]. Therapy-resistant
MM PCs have been documented to heavily rely on glycolysis and pentose phos-
phate pathway to produce adequate reducing power and nucleotides for the upcom-
ing divisions accordingly [69]. It has also been documented that in such
circumstances, mitochondrial function is sustained through glutaminolysis provid-
ing the cell with adequate lipid intermediates for ER synthesis and ATP [35, 69].
This kind of metabolic adaptation which is a common model observed in malig-
nancy, reshapes the surrounding BM microenvironment into a disease permissive
niche. Extracellular space acidosis mostly due to lactate export and glutaminolysis
stimulates the surrounding BMSCs [67]. Indeed, mitochondrial transfer through
tunneling nanotubes from adjacent stromal cells along with their exosomal release
have both been established in MM and proven essential for disease progression and
chemo-resistance [18, 70—74]. Besides, manipulation of the tumor microenviron-
ment for malignant cell survival and progression is now a common feature among
all hematological malignancies [75, 76].

The dependency of MGUS/MM PCs on autophagy is another common aspect
they share with LLPCs. Several autophagy inhibitors have been studied in the pro-
cess of MM drug discovery either alone or in combination with proteasome inhibi-
tors [77]. Results were variable but, in most cases, promising. Given the great
variability of the disease and the intersecting autophagic and proteasomal pathways
caution is needed when evaluating the potential and thereafter the in vivo efficiency
of such approaches.

Another aspect of the MGUS/MM PC-BM microenvironment interactions that
merits further notice is the immunosuppressive effect the malignant cells have on
their surrounding niche. Two pathways have been involved. The CD28-CD80/CD86
pathway has already been mentioned in the LLPC bioenergetic metamorphosis
along with its self-stimulatory nature [78]. In case of MM and most likely also
MGUS though, it further involves the immunosuppressive effects the of ectoenzyme
indoleamine-pyrrole 2,3-dioxygenase (IDO) and IL6 that bystander DCs are forced
to produce and that negatively regulate bystander T-cell functions [67]. The second
noteworthy pathway involves the PD1/PDL1 axis and the potential role of CD38, a
transmembrane protein abundant in LLPCs and in MGUS/MM cells. Although
PD1/PDLI1 is active in the MM microenvironment its therapeutic manipulation is
promising in multirefractory or primary resistant cases. Much more studies are on
the way to establish such immunomodulators in the mainstay of MM therapeutics
[72, 79]. Increasing manipulation of the BM microenvironment from the malignant
PC translates to MGUS clonal expansion and diversion towards MM [80]. To this
end, mobilization of multiple BM residing cell subsets including HSCs and myeloid
progenitors marks this transition as the malignant PCs antagonize with physiologic
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BM residents for access to the survival niche [41]. Although the pathways underly-
ing such phenomena remain greatly elusive, they most likely include vital space
acquisition through expansion and thus usage of BM stromal components for
self-proliferation.

Conclusion

LLPCs are an indispensable component of acquired immunity and an exceptional
paradigm of the magnificence and complexity of cellular—microenvironmental
interactions. Many discoveries about this unique, highly specific B-cell minority
have been made, but many more are still to be made. Research around their normal
physiology will shed light on many dark spots in the human immune response. The
acquired and now expanding knowledge has immediate applications in vaccination
response improvement, autoimmune disease treatment optimization yet also in MM
drug discovery and therapeutic algorithm design.
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NAS Nonsense-associated altered splicing
NHL Non-Hodgkin lymphoma

NSG NOD/SCID gamma null

RAG-2  Recombinase-activating gene-2
SCID Severe combined immunodeficient
v Variable

ZOL Zoledronic acid

Introduction

The term “paraproteinemias” or “plasma cell dyscrasias” is used to describe a group
of clinically distinct disorders that commonly include immunoproliferative disor-
ders like multiple myeloma (MM), lymphoplasmacytic lymphoma (LPL), B-cell
non-Hodgkin lymphoma (NHL), primary light chain amyloidosis (AL), and
plasmacytoma.

Paraproteinemias are usually associated with the deposition of components of, or
entire immunoglobulin (Ig) molecules in major organs, with accumulation usually
associated with damage and compromised functioning of the affected organs. This
is observed mainly in the kidneys where damage to all anatomically distinct areas
including the tubular, glomerular, and vascular areas can be seen. Glomerular dam-
age is Ig deposition related and commonly causes immunotactoid glomerulopathy,
Ig amyloidosis, and monoclonal Ig deposition disease as well as Types 1 and 2
cryoglobulin-linked cryoglobulinemic glomerulonephritis. Renal injury also occurs
by complement deposition, as seen in C3 glomerulopathy (as a result of comple-
ment cascade activation), as well as by cytokine/growth factor-induced thrombotic
microangiopathy [1-3].

Another associated condition has previously been called “Monoclonal
Gammopathy of Undetermined Significance (MGUS).” MGUS is a monoclonal
gammopathy where the clonal proliferation is not sufficiently extensive to be con-
sidered malignant [4—-6]. MGUS was previously thought to be a clinically benign
entity because it transforms to a full-blown MM or a lymphoma at a rate of less than
1% per year; however, recent studies show that vital organ damage occurs in this
setting as well [4, 5]. Renal damage has recently been described to occur secondary
to MGUS, and this entity is now called “Monoclonal Gammopathy of Renal
Significance (MGRS)” [1, 4, 7]. In addition, other pathologies such as specific types
of neuropathies, including demyelinating ones, dermopathies like Monoclonal Ig
Cryoglobulinemia (Type 1 and Type 2) associated petechiae and purpura, and ocular
conditions like crystalline keratopathy (due to light-chain crystal deposition in the
epithelial and stromal areas of the cornea) have also been reported.

A clear understanding of the pathogenesis of paraproteinemias is central to the
development of effective strategies for the management of these diseases, and pre-
clinical animal models play a significant role in this. In this chapter, we review both
the animal models available for studying monoclonal Ig-related diseases, and their
resultant pathologies in the kidney and other organs.
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Animal Models Investigating Specific Paraproteinemias

Table 5.1 summarizes the animal models used for these disease entities.

The MM Family of Disease Entities (Including
Lymphoplasmacytic Lymphoma, Plasmacytoma, Primary Light
Chain Amyloidosis and Non-proliferative

Monoclonal Gammopathy)

It is interesting to note that despite the clinically distinct entities described in the
previous section, due to the shared pathogenesis there is extensive overlap in utiliza-
tion of animal models. Therefore, in the following sections, MM will indicate mul-
tiple diseases of the MM “family” as described previously.

In MM, a vicious circle is created where bone cells are stimulated by the prolif-
erating monoclonal plasma cells that in turn stimulate growth of bone. Animal mod-
els help in understanding this complex interaction between the proliferating plasma
cells and the bone cells at the tissue, cellular and molecular levels. At present, most
model work in this respect is done in mouse models focusing on pathogenesis of
MM and the effect on remodeling of bone, and in the evaluation of novel potential
therapies which have anti-osteoblastic/anti-tumor activity [9].

The most commonly used mouse MM models come under one of three catego-
ries: induced, cell transplantation, or transgenic models.

Table 5.1 The common animal model types used for investigating the paraproteinemias

Genetic modification (where
Disorder Model type applicable) References
Multiple myeloma Induced [8]
Cell [8-19]
transplantation
Transgenic KalwRij [20-24]
RAG-2 [6]
IL-6 [25-31]
v-abl [32, 33]
XBP-1 [34-38]
c-MAF [39, 40]
BCL-2 family [41-44]
B-cell non-Hodgkin’s Cell [45-47]
lymphoma transplantation
Transgenic myc [31,
48-50]
NFS.V [51]
IL-14a [52]
HCV [53]
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Induced Models

First reported in 1969, plasmacytoma growth can be stimulated by intraperitoneal
injection of the mineral oil Pristane into BALB/c mice, with plasmacytomas evident
16 weeks after injection [9]. These cells can subsequently be passed into other
Pristane pre-treated mice for further studies. This model is well suited for studying
genetic involvement in the disease, and has been especially useful in determining
the role of c-myc and IL-6 in MM development [9]. It has also played a key role in
the development of drugs implicated in controlling growth of plasmacytomas such
as zoledronic acid (ZOL) [9]. This drug is the most potent third-generation bisphos-
phonate and is currently in use to treat human MM, having demonstrated its ability
in controlling skeletal events in human MM [9]. Reduced plasmacytoma production
and increased longevity was seen in pristane injected BALB/c mice who had
received ZOL [9].

The main drawback in using the induced model is that unlike human MM where
IgG is the main antibody type secreted, the plasmacytomas induced here only
secrete monoclonal IgA. Also, the characteristic bone lesions of MM are not seen in
this model, with growth only in the peritoneum, which limits its use in pathophysi-
ological studies of systemic disease for human MM [9].

Cell Transplantation Models

The most common cell transplantation model used to study MM is to transplant
human plasma cells into immunodeficient mouse strains, with severe combined
immunodeficient (SCID) mice the host of choice due to their very limited innate
immunity which reduces the chances of graft rejection. These models are well
suited for studying bone colonization of malignant plasma cells (in the marrow cav-
ity), and osteolytic lesions are formed in a similar fashion to human MM [9]. In
addition, as with human MM, a monoclonal protein is secreted that can be quanti-
fied in serum [9]. The model has also been frequently used for screening drug can-
didates, such as Ibandronate, as well as antisense MIP-1a and the recombinant
RANK antagonist, RANK-Fc tested using the ARH77 cell line [6, 9]. One limita-
tion of these models is the EB V-positive status of the majority of the immortalized
cell lines used [6, 9].

“Modified” SCID Models

The SCID model has undergone further modifications over time to enhance the
mimicry of specialized aspects of the human disease, with elements of their tissue
microenvironment replaced by elements from other species created to study the
bone marrow microenvironment (BMM) and MM plasma cell “Interactome” [8].
For MM-specific models, this is done by implantation of bone from a different ani-
mal, for example, rabbit, within the flanks of mice followed by subsequent seeding
with MM cell lines or fresh explanted cells from the primary bone marrow of the
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initial donor species [6]. This allows for the study of MM cells in a species-specific
environment [8, 10-12].

1. SCID-hu. A piece of human fetal bone is inserted in the mouse. The implanted
MM cells choose this implant over parent mouse bone for colonization. The
human bone develops human MM-like lesions (increased osteoclastic activity
with neoangiogenic responses) and monoclonal protein can be detected in mouse
sera. Vital signaling pathways for MM propagation, like p38 MAPK, have been
discovered using this model, and it has been reported that ZOL limits bone
destruction in this model. The main disadvantage of this model is that fetal BMM
is not the same as mature adult human BMM where classical MM is usually seen
[8, 10-12].

2. SCID-rab. Adult rabbit bone is inserted, and MM cells colonize the rabbit bone
and proliferate. This model has been used for studying the bone building activity
of the proteasome inhibitor bortezomib [8]. The drawback of this model is that
while there is ontogenic similarity, rabbit and adult human bones are not the
same, and any finding still has to be translated to human models [8, 13, 14].

3. SCID-synth-hu. This is a step closer to the simulation of the human MM micro-
environment. Here a three-dimensional synthetic scaffold made of polye-
caprolactone polymers and human trabeculae, within which MM cells/primary
PCs can be inserted, is implanted subcutaneously in the flanks of SCID mice [6].
This model has been used to demonstrate the anti-myeloma activity of bortezo-
mib in combination with dexamethasone [8, 15, 16].

4. NOD/SCID gamma null (NSG). This mouse strain lacks the IL-2 gamma chain
which results in a total absence of B-cell/T-cell/NK-cell function and severe defi-
ciencies of antigen-presenting cell function and complement system defects [8].
Post-radiation intravenous introduction of MM cells in these mice has demon-
strated homing of MM cells to the murine bone marrow with the subsequent
development of classic MM bone lesions. The main drawback of this model is
the large load of extramedullary disease and a phenotype closer to a plasma cell
leukemia than the typical indolent MM [8]. NSG studies have shown that ZOL
can control bone disease but not reduce tumor burden, and that the proteasome
inhibitor Carfilzomib decreased tumor load and stimulated anabolism in MM
[8, 17-19].

Transgenic Models

Transgenic models take another step closer to simulating MM, as since the tumors
form in a syngeneic background, the influence of the tumor microenvironment can
also be considered, and this aids in identifying proteins that promote
tumorigenesis.

1. 5TMM model (Radl model). This C57BL/KalwRij mouse model was developed in
1978 by Radl et al. [23]. It spontaneously develops MM and following intravenous
transplantation of bone marrow cells from these mice into syngeneic donors, mul-
tiple phenotypically distinct cell lines have been created and assigned nomencla-
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ture with a root of “STMM” [6, 9, 20-23, 54]. Some of these derived cell line
models are well suited for pathophysiological and pharmacotherapeutic studies
due to the pathophysiological similarities (of some popular subtypes) with human
MM [6]. They are also a good model for bone microenvironment studies as further
genetic manipulation can be done by breeding mice with specific genetic traits,
with the RAG-2 model, described below, as a good example of this [6, 8, 9, 21].
However, some differences exist with typical human MM, as renal lesions due to
light chain deposits are not observed. In addition, some cell lines, such as ST2MM,
behave very aggressively and non-hematopoietic organ involvement is seen [9].

Bisphosphonates, the current standard therapy of human MM due to their
anti-osteoclastic action (promotion of apoptosis in osteoclasts), have been tested
extensively in 5STMM models. Drugs tested include oral pamidronate (tested in
5T2MM models), ibandronate (in both ST2MM and 5T3MM models), and
newer bisphosphonates like ZOL or apomine (in 5T2MM models) [9]. The pro-
teasome, a physiological mechanism for degrading proteins in eukaryotes, was
identified as having key involvement in the pathogenesis of MM where it regu-
lates the RANK/RANKL biosystem. Proteasome inhibitor drugs (e.g., bortezo-
mid) which are currently used in the treatment of human MM, have been studied
extensively in the ST3MM model [9, 54].

. RAG-2 model. Developed with the express goal of making a mouse MM model

suitable for host microenvironment studies. C57BL/6 mice were made with
aberrant B- and T-cell development that was stimulated by a Recombinase-
activating gene-2 (RAG-2)-immunodeficiency. This produced a myeloma-
permissive mouse model. Inoculating RAG-2-deficient mice with GFP-tagged
5TGMI1 plasma cells produced similar MM features to the STMM Radl model
[6, 8]. The model is classified by some as a modified STMM Radl model while
some consider it as a distinct entity [8]. This model is useful for host microenvi-
ronment studies since the RAG-2-deficiency is non-lethal and hence mice can
grow to maturity [8].

. IL-6 model. IL-6 has been shown to be central to MM development [8], and IL-6

transgenic mice developed large polyclonal plasmacytomas that when trans-
planted into mineral oil-treated BALB/c mice produced monoclonal IgA plas-
macytomas that also had c-myc and t(12;15) gene rearrangements. These early
studies confirmed the central role of IL-6 in MM [8, 24-27].

. v-abl model. Several studies have indicated that the myc locus is involved in the

transition from a MGUS to overt MM (refs). A complex genetic manipulation
activates the myc locus and stimulates giant cell reaction and monoclonal plasma
cell proliferation within bone marrow and at extramedullary sites, thus accu-
rately mimicking MM disease. These clonal plasma cells when inserted into syn-
geneic mice produce an MGUS like state with monoclonal protein production in
the recipient mice. This model, interestingly, accurately recapitulates the slow
progression of typical human MM disease and is thus suitable to study MM
pathogenesis. It has been used to test MM therapeutic candidates such as protea-
some inhibitors as well as histone deacetylase (HDAC) inhibitors [8, 28, 32].

XBP-1 model. XBP-1 is needed for normal plasma cell differentiation. There is
a rapid XBP-1 upregulation in B cells upon exposure to stimuli that bring about
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plasma cell differentiation, and mice lacking XBP-1 retain normal B-cell activity
but show very low levels of antibodies in the absence of plasma cell differentia-
tion [8]. XBP-1 transgenic mice with increased expression of XBP-1 develop
MM after 2 years with typical kidney and bone lesions [8]. This model has been
used to identify molecular pathways involved in MM such as upregulation of
chaperone protein gp96 in MM [8, 33-37].

6. c-MAF model. The c-MAF proto-oncogene shows overexpression in MM in the
presence of a specific translocation, t(14:16). Transgenic mice with overexpres-
sion of c-MAF develop high proliferation of plasma cells in the bone marrow,
and renal disease along with monoclonal gammopathy. The tumors produced
here are, however, phenotypically closer to plasma cell lymphomas than typical
MM [8, 38, 39].

7. BCL-2 model. BCL-2 promotes plasma cell survival by its anti-apoptotic action.
Transgenic mice for both BCL-XL and Bcl-B have been studied [8]. The
BCL-XL transgenic mouse has no M-protein spike, but extramedullary plasma
cell deposits are seen and MM-like renal cast nephropathy. Bone marrow disease
is rare [8, 40-42].

Previously, BCL-B was shown to be overexpressed in overt MM but not in
MGUS. BCL-B transgenic mice demonstrated bone marrow plasmacytosis (that
was reversed by MM drugs), anemia, and M-protein spike in serum. These find-
ings demonstrate the promise of this model to test future MM drugs [8, 43].

8. IL-6 “Knock-in” humanized mouse model. A recent model where the MM-
promoting cytokine IL-6 human gene has replaced its mouse counterpart [8]. On
bone marrow injection of MM cells into the mice [8], they grew preferentially in
the bone marrow like human MM without infiltrating extramedullary sites like
the spleen. However, the tumors showed genomic variability possibly linked to
new sub-clones [8, 29, 30, 44].

B-Cell NHL

B-cell NHL covers a series of pathologies. Around 50% are of the diffuse large
B-cell variety, with the others belonging to a heterogeneous group made up of mar-
ginal zone lymphomas, follicular lymphomas, Burkitt’s type lymphomas and B-cell
mediastinal lymphomas [31]. The most common NHL models come under one of
two categories: cell transplantation or transgenic models.

Cell Transplantation Models

These models have formed the cornerstone of development of novel therapies for
NHL and fall into four subtypes; (1): Purely syngeneic models; (2): Syngeneic mod-
els containing murine tumor cells that express human antigens; (3): Xenogeneic
type of models; (4): “Humanized” models. These can be inoculated with either
human(h) or murine(m) cells [31].
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Examples of these include: (1) Syngeneic: immunocompetent mice strains such
as BALB/c that have been inoculated by murine cells like with Pi-BCL1 (m) or
FL5.12 transfected Bcl2 (m), A20 (m) 4TOO (m) or BCL1 (m). Inoculation can be
intravenous, as in the above cases, intrasplenic (A20 (m)), intraperitoneal (CH44
(m) BCL1 (m) 38C13 (m)), subcutaneous (LY-ar or LY-as (m)), intramuscular
(MSV-MuLV-M induced) or even intracerebral (A20.IIA-GFP (m)). (2) Syngeneic
expressing human antigens: immunocompetent strains such as C3H/HeN express-
ing antigens like 38C13 Her2/neu (m) through intravenous inoculation or 38C13
Her2/neu (m) through subcutaneous inoculation. (3) Xenogenic: immunodeficient
SCID mice expressing human cells like Z138 (h), BJAB (h), and SU-DHL-4 (h),
all inoculated intravenously, or Ramos (h), BJAB (h), and SC-1 (h) cells, all inocu-
lated subcutaneously. (4) Humanized: SCID/beige mice with “partially rebuilt”
immunity with Daudi (h) or Jijoye (h) cells are introduced subcutaneously [31,
45, 46].

Rituximab, a key therapeutic for NHL, was mainly developed through utilizing
xenogeneic type models [31]. The SCID model was used to study rituximab against
Diffuse Large B-Cell Lymphoma (DLBCL SU-DHL4) and Burkitt Lymphoma
where rituximab successfully controlled the NHL [47, 55]. The success of these
studies led to analyses of newer monoclonal antibody drugs like humanized GA101
or EMAB-6 on induced lymphoma models comprising human SUDHL4 tumor cells
that were introduced into SCID/beige mice [45, 46].

The main drawback of many of these experimental models is that they involve
immunodeficient mice that do not possess the adaptive type of immunity found in
the tumor microenvironment of human tumors, and thus they do not accurately rep-
resent the complex interactions seen in human disease [31].

Transgenic Models

1. myc models. Models centered around manipulation of the myc oncogene are fre-
quently used for studying B-cell NHL, with the myc oncogene frequently impli-
cated in these diseases [56]. There are two phenotypically distinct subtypes of
this transgenic mouse model. The first subtype develops early and is made up of
immature B cells, which has a Burkitt’s lymphoma-like phenotype. The second
subtype develops later, after at least a year, and is primarily made up of mature
B cells, having a diffuse large B-cell lymphoma-like phenotype [31, 48, 56].
This transgenic mouse model of lymphoma has been found to have genetically
distinct subtypes that display the full spectrum of aggressive human B-cell neo-
plasia [48]. The most common model, the Ep-myc model, has a translocation that
is located behind an enhancer/promoter area that is B-cell specific inside the IgH
locus [31, 56]. B-cell lymphomas invariably develop over a time interval that
ranges from a month to almost 2 years. This variability in speed of formation is
also seen in human NHL [31, 56].

Many studies have identified genes that not only change the onset of this lym-
phoma but also influence how it responds to single-agent chemotherapeutic
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drugs. This model has also been used as a genetic screening test to identify genes
that influence response to doxorubicin therapy [48].

A disease like human Burkitt’s Lymphoma could be established in the mouse
if the myc gene was inserted under the enhancer region area of the Ig light chain
genes [31, 49]. It was found that myc derangement, at least in some cases, was
insufficient for oncogenesis, however oncogenic virus exposure can be a trigger.
Lymphoma development, for example, was also found to be accelerated in myc
altered mice by concurrent infection with oncogenic viruses like murine Moloney
Leukemia virus [31]. The tumor microenvironment is also important in produc-
ing a malignant phenotype. Studies focused on the role of Bcl-2 overexpression
in follicular B-cell lymphomagenesis found that CD4+ T cells were vital in stim-
ulating the proliferation germinal center B cells and thus in promoting follicular
B-cell lymphomas [31].

2. Other transgenic models. Many other models exist that are beyond the scope of
this chapter, and we would recommend the review by Donnou et al. [31] which
covers these in great detail. What is abundantly clear, however, is that the diver-
sity of these models makes it very difficult to draw definitive conclusions about
the influence of specific characteristics on the creation of very specific lympho-
mas in experimental animals and to extrapolate these findings on human B-cell
lymphomas [31].

Examples of popular (and successful) models in this category are the NFS.V
mouse model for marginal zone lymphomas [50], the mantle cell lymphoma
(blastoid variant) murine model [51], and the recent model where HCV trans-
genic mice that expressed the full HCV genome in B cells (RzCD19Cre mice)
show a high incidence of diffuse large B-cell NHL [52].

Models for the Pathologies Resulting
from the Paraproteinemias

The pathologies can be divided into those associated with deposition of single light
or heavy chains, and deposition of complete Ig molecules. Given that many animal
models can act as a surrogate for the pathologies associated with paraproteinemias,
the general model types for the single chain or complete molecules will be dis-
cussed before progressing to describe the models for specific pathologies. Table 5.2
summarizes the animal models used for these disease entities.

Models of Diseases Caused by Deposition of Single Ig Chains

Two general approaches have been taken to model these diseases: light chain injec-
tion and transgenic models, and these have been utilized for modeling specific dis-
eases as described below.
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Table 5.2 Common animal models used in investigating pathologies arising from the
paraproteinemias

Genetic modification
Disorder Model type (where applicable) References
Monoclonal LC-induced proximal Induced [57-59]
tubulopathy associated with renal
Fanconi syndrome
Cell [60]
transplantation
Transgenic VrJk [61-63]
Amyloidosis Induced [64, 65]
Transgenic A6LC [66, 67]
Randall-type MIDD Induced [68]
Transgenic VkIV [69]
yHC [62]
Myeloma cast nephropathy Induced [70,71]
MGUS/MGRS Transgenic xLC [72]
Type I and type II Cryoglobulinemias | Cell [73-77]
transplantation

Purified Human Ig Light Chain Injection Models

Ig light chains for these mouse models are obtained either by purifying patient urine
(by salt precipitation, column purification, or dialysis) or by recombinant protein pro-
duction techniques (using cloned monoclonal Ig genes from patients that are expressed
in E. Coli or mammalian cell lines). These have been introduced to the mouse by injec-
tion into the tail vein, intraperitoneally or into the penile vein (a technique that was
found to deliver the maximum light chain load to the kidneys) [53, 69, 78, 79]. The
technical challenges of these models are that they present low light chain levels which
do not accurately mimic human pathology. This is further exacerbated by the short
half-life of these light chains which necessitates repeated injections to maintain load.

Zebrafish and C. Elegans have been successfully used as alternative hosts [57,
60, 80]. C. Elegans has been used as a model to evaluate the heart damage by AL
light chain heart amyloidosis. Studying the pharynx (the equivalent of the vertebrate
heart), it was seen that pharyngeal function was reduced significantly by exposure
to light chains of AL patients with cardiomyopathy. It was also demonstrated that
exposure to human amyloid-producing light chains caused cardiac dysfunction
related to early death in Zebrafish [57, 60, 80].

Transgenic Models
Hybridoma Cells Engineered to Secrete Ig Fragments
SP2/0 non-producing hybridoma cells from BALB/c mice were stably transfected

with a gene that encoded a human monoclonal Ig fragment and cultured in vitro.
The most competent clones were then introduced into immunocompetent BALB/c
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mice intravenously (tail vein) and as the tumors grew over weeks, retroperitoneally,
they secreted human pathological Igs. Immunofluorescence studies revealed depos-
its of human « chain determinants in the basement membranes in the tumors as well
as in the liver, kidneys, spleen, heart, and ovaries [79].

The key advantage of these models is continuous Ig production, mimicking
human disease, and in addition, mutation analyses can also be undertaken to study
the contribution of individual residues in the variable (V) domain in light chain
deposition/aggregation. The main drawback of this model is that animals die quickly
due to rapid progression to advanced disease, and this prevents not only detailed
disease studies but also studies of potential therapeutic drugs [69, 79].

Direct Plasma Cell Engineering

Initial efforts have focused on inserting the light chain gene flanked by the main regu-
latory areas of the IgH locus to induce “physiological” production of the pathological
Igs by the plasma cell population. While this was seen ex vivo, in the mouse free light
chains were only produced in small amounts, and mostly the human light chains
joined with mouse heavy chains making hybrid Igs which failed to form deposits [81].

LMP2A Transgenic Models

In this knock-in transgenic mouse model, the gene encoding latent membrane pro-
tein 2A (LMP2A), sourced from Epstein—Barr virus, replaced the JH segments in
the IgH locus. As a result, since the viral-sourced LMP2A efficiently replaces B-cell
receptor signaling, complete B-cell development occurs in the absence of Ig heavy
chains. LMP2A mice have an increased plasma cell population and thus can produce
a large quantity of free light chains without having any hematological pathology. As
a result, after crossing these LMP2A mice with human «light chain knock-in mice,
circulating human light chains are of quantities that exceed the circulating light
chain quantities in the humans from whom the light chains were originally isolated,
and hence this improves upon the models described above [82, 83]. More recent
studies using this model have shown that aberrant Ig chains deficient in V domains
can be made post non-sense-associated altered splicing (NAS) events. Expression of
these shortened Ig polypeptides increases endoplasmic reticulum stress and reduces
plasma cell life span. V domain exon skipping appears to be coupled to transcription
and this only increases as plasma cell differentiation proceeds [84].

Subsequently transgenic models have been constructed for specific conditions as
described in the section below with varying amounts of success.

Monoclonal Light Chain-Induced Proximal Tubulopathy

The light chain-induced tubulopathy has a varied clinical presentation and the exact
pathogenesis of this entity remains poorly understood [60, 85]. It is associated with
renal Fanconi Syndrome (FS) where low molecular weight protein is found in the
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urine, and osteomalacia and a slowly progressive renal failure occurs; light chains
accumulate here within the lysosomes in the cells of the proximal convoluted
tubules [58, 86].

FS can be modeled through exposure of mouse renal tubules to human monoclo-
nal light chains through injection of Bence-Jones protein, with a reduced proximal
tubular uptake of glucose and amino acids observed [60, 86, 87]. SP2/0 hybridoma
grafts also led to the development of the first human FS mouse model which dis-
played proximal tubular lesions that closely resembled the human lesions [69].
However as mentioned previously, the rapid onset of progressive disease limits
these models for any therapeutic studies.

In a successful FS transgenic mouse model, the mouse Jk cluster was replaced by
a human VkJx rearranged gene that was cloned from a patient with smouldering
myeloma related FS [59]. The V region here was of the VkI subgroup, a V segment
that was linked to FS with light-chain crystallization in many myeloma patients.
This marriage of the human VI domain with the mouse k constant domain in the
transgenic animal produced nephrotoxicity that closely resembled human FS, thus
proving that the nephrotoxic abilities of the monoclonal FS Light Chains were
linked to the V domain [59, 61, 62].

AL and Related Diseases

Ig amyloidosis is the most frequent and the most aggressive form of amyloidosis. It is
a systemic disease that affects the heart and liver as well as the kidneys. Most com-
monly light chains (AL Amyloidosis) are deposited, but sometimes heavy chain depo-
sition (AH Amyloidosis) in combination with light chain deposits (AHL Amyloidosis)
also occurs. Deposits are usually extracellular and in toxic Ig fibril form though unsta-
ble oligomers of these amyloidogenic proteins are also deposited. Invasion of the
extracellular space of vital organs by these toxic fibrils ultimately leads to functional
compromise and can potentially precipitate organ failure [63, 88-91].

Initial models injected large quantities of Bence-Jones protein in mice and found
Congo Red-positive deposits in mouse organs. This model had some major problems
in that multiple doses were usually needed for deposits to occur, and mouse deposits
only occurred in samples from patients with high serum creatinine levels, exceeding
168 pmol/L [64, 92]. Engineered hybridoma models, as detailed in Sect. 5.3.1.2.1,
consisting of SP2/0 cells that expressed AL amyloidosis light chains within BALB/c
mice, or grafts made up of human AL amyloidosis plasma cells in the immunodefi-
cient mouse, had very disappointing results. Animals died quickly due to fulminant
disease which prevented detailed targeted studies of not only the pathogenesis of the
disease but also the role of potential drugs [60]. A partially successful model is where
the ubiquitous expression of human A6 light chains (CMVA6) has produced a few
(Ig) amyloid deposits within the gastric glands [60]. Light chain production is strictly
localized with levels of circulating human light chains in the transgenic mice below
the detection limit, and no deposits in other organs. This model has been important
for establishing doxycycline as a therapeutic for this disease [65, 66].
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Randall-Type Monoclonal Immunoglobulin Deposition Disease (MIDD)

In Randall-type MIDD extracellular deposits of a non-amyloid variety comprising
monoclonal Ig fragments are observed which have an amorphous ultrastructure.
Deposits are both renal and extra-renal (hepatic and cardiac). Renal lesions are typi-
cally linear depositions of Ig in tubules and the glomerular basement membranes;
nodular glomerulosclerosis typically ensues, ultimately causing a progressive kid-
ney failure [67, 93, 94]. Commonly, light chains are deposited but heavy chain
deposition has also been described [60, 95-97].

Unlike in AL Amyloidosis, the general models described in Sect. 5.3.1 above
have been successful in recreating Randall-Type MIDD. Penile dorsal vein/renal
artery injection of light chains from a biopsy of confirmed human Light Chain
Deposit Disease (LCDD) into mice reproduced the typical renal features of Randall-
type MIDD nephropathy. It was seen that when these light chains were injected into
Caveolin 1 (Cavl)-knockout mice, they escaped developing the renal lesions thus
signifying the importance of Cavl in the genesis of MIDD nephropathy [98].

In another study, transgenic mouse models were made to evaluate alterations to
x L chain sequences (of human origin), comparing a somatically mutated chain
(LCDD) with a related control « chain, both encoded by the distinctive VkIV gene.
Mice that secreted the LCDD but not the control chain developed deposits that were
similar to those found in human MIDD [79].

Randall-type heavy chain deposition disease (HCDD) is a variant where amor-
phous renal (glomerular/peritubular) deposits of truncated monoclonal Ig heavy
chains (HC) with a deletion in the first constant domain (CH1) are seen. A trans-
genic mouse model of MIDD (HCDD) was made by insertion of a (MIDD patient-
sourced) human HC in the Ig « locus. This led to significant expression of the human
heavy chains in the mouse B cells and plasma cells. Conditional deletion of the CH1
domain here closely recreated human MIDD (HCDD), with marked reduction of
HC levels in the serum. Histopathological analyses showed renal lesions commonly
seen in typical Randall-type nephropathy which were not seen in mice that expressed
the complete human HC. Treatment with bortezomib reduced the renal deposition.
Thus, this model appeared to suggest that MIDD (HCDD) nephropathy is promoted
by the presence of isolated truncated HC, that, when coupled with the absence of an
LC partner, aggregates readily, even at very low serum levels [61].

Myeloma Cast Nephropathy (MCN) Models

In MCN, toxic monoclonal light chains damage the kidney by release of proinflam-
matory cytokines in the proximal tubule epithelium. In addition, some light chains
undergo precipitation with uromodulin in the distal convoluted tubule, leading to
tubular blockade and renal interstitial inflammation, conditions that can precipitate
renal failure [60, 85].

Injection of large amounts of purified Bence-Jones proteins into the mice effi-
ciently recreated human MCN [68, 70]. Light chains were found to precipitate with
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uromodulin when they exceeded a threshold level, helped by triggering factors such
as furosemide, low pH, high salt concentrations, and application of contrast
agents [85].

MGUS/MGRS

During clinical MM, the large number of light chains filtered by the glomerulus is
far in excess of the absorptive capacity of the processing receptors cubilin and
megalin in the proximal convoluted tubule, and this leads to AL. Even small accu-
mulations of light chains can lead to damage of the affected organs. This resulted in
the re-classification of MGUS in this condition to MGRS, as discussed previously
[60, 71, 99].

A recent transgenic model used site-directed insertion of the variable domain
area of a disease-producing human light chain gene into the Ig k locus of a mouse
to ensure its production by all mouse plasma cells. High levels of free light chains
were obtained after backcrossing with mice that had increased levels of plasma cell
differentiation but absence of heavy chain production [100].

Models of Disorders Involving Deposition of Complete
Monoclonal Ig Molecules (Two Heavy Chains and Two
Light Chains)

Three disorders fall into this category, and as discussed below, there is a lack of suc-
cessful models for investigating two of these disorders.

In the cryoglobulinemias abnormal Igs (called cryoglobulins) in the serum pre-
cipitate at lower temperatures but redissolve on warming. These cryoglobulins can
be made up of monoclonal Igs (Simple Type I cryoglobulinemias), monoclonal Igs
attached to polyclonal Igs (Mixed Type II cryoglobulinemias), or may be composed
entirely of polyclonal Igs (Mixed Type III cryoglobulinemias).

In the paraproteinemia context, only Type 1 and Type 2 are significant. Type I
cryoglobulinemia presents clinically with symptoms and signs that are often
related to intravascular obstruction, whereas for Type 2 the precipitates result in
immune complex-mediated vasculitis with purpura and skin ulcers. The peripheral
nerves and joints are also affected. Renal effects are seen as cryoglobulinemic
glomerulonephritis, which is a membranoproliferative glomerulonephritis
(MPGN). The glomerulus shows a blockade of the peripheral capillary lumens by
numerous infiltrating cells of monocytic lineage, and pink immune thrombi, made
up of cryoglobulin deposits, are observed [72, 101]. The renal damage seen in this
disorder has been successfully modeled [73-76, 102], and an example is dis-
cussed here:
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Murine Ig3 Hybridoma Model

This model is induced by infusion of murine hybridoma cells that secrete monoclo-
nal IgG3, which stimulates a Type I cryoglobulinemia [75]. These mice have cuta-
neous leukocytoclastic vasculitis in addition to glomerular injury. Glomerular
involvement produces sclerosis and crescents in addition to the membranoprolifera-
tive glomerulonephritis that is typically associated with cryoglobulinemia. Around
a third of mice also show necrotizing arteritis in the skeletal musculature and the
kidneys [75]. Further investigation demonstrated that the kidney and skin lesions
occur via distinctly different pathways [77].

Immunotactoid Glomerulopathy

Considered today as distinct from amyloidosis and common paraproteinemias due
to its composition (“immuno”) and polymeric glomerular deposits (“tactoid”).
Deposits are mainly mesangial and appear ultrastructurally as parallel microtubules
or random fibrils which comprise C3 and IgG. Unlike AL, deposits are negative for
Congo Red and Thioflavin T. These patients do not have systemic manifestations,
unlike other diseases commonly linked to deposition of organized IgG [103-105].
There are currently no well-characterized animal models for immunotactoid glo-
merulopathy; however, a group in Japan have reported spontaneous renal lesions
pathologically similar to immunotactoid glomerulopathy (global fibrillary and
microtubular subendothelial glomerular deposits of IgG, IgM, IgA, and C3 that
were amorphous, eosinophilic, and Congo Red negative) in young female mice of
the ddY strain which is maintained as a closed colony with only one repository
[106]. Models for other renal diseases have been derived from the ddY strain such
as the HIGA mice model for IgA nephritis [107], and thus it may be that new deriva-
tives from the ddY strain have the potential to model for immunotactoid nephropathy.

Proliferative Glomerulonephritis with Monoclonal Ig Deposits

A monoclonal gammopathy seen in the kidneys that closely mimics immune-
complex glomerulonephritis, and has a poor renal prognosis, with progression to
end-stage disease in around a quarter of patients in 3 years. Histologically, most
cases show a predominantly membranoproliferative pattern while other patients have
endocapillary proliferation with membranous features. Immunofluorescence studies
show glomerular deposition of granular deposits consisting of a solitary light-chain
isotype with a single heavy chain subtype, commonly IgG3«x [108, 109]. No experi-
mental animal model has yet been established for this distinct disease entity.



72 S. D. Shnyder et al.

Conclusions

Animal models are an essential tool to investigate paraproteinemias since they offer
a platform to study not only the disease itself, but also prospective therapeutic com-
pounds in a whole-body system that closely mimics human physiology, allowing
detailed study of interactions between different cell types, which is not afforded in
the more basic in vitro models.

Given the heterogeneity of the paraproteinemias, multiple models exist, which
cover both the diseases themselves, and the pathological conditions that arise. Each
model has its own advantages and disadvantages, and careful consideration must be
taken to ensure that a specific model has the desired characteristics which mimic the
facet of the disease under investigation to ensure meaningful correlation of the
results with the clinical situation.

While significant improvements in transgenic technology and ‘“humanized”
models have been made over time, no one animal model can truly represent the
complexity of a paraproteinemia, and therefore further advancements are still
required in this area.
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Paraproteinemia (PP), also known as “monoclonal gammopathy” (MG) is the
term used to describe the presence of excessive amounts of a single clone of gamma
globulin or paraprotein in the blood. This phenomenon can be encountered in many
disorders including autoimmune, autoinflammatory, infectious, neoplastic, and
many other miscellaneous disorders [1]. It has been described even in healthy indi-
viduals, especially the elderly group, and its prevalence cannot be considered insig-
nificant [2]. The diagnosis and the identification of paraproteinemia can thus be a
challenging task for the clinician.
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PP may be reached for, purposefully, as an imperative step in the context of a
suspected disease entity like multiple myeloma (MM) or it may be present surrepti-
tiously in association with another disorder. In both situations, they should be
detected, specified, and quantified for a complete diagnosis and a proper
management.

The physician should be alert to the presence of certain patterns or clusters of
findings that can provide important clues. These can be gathered from medical his-
tory, physical examination, laboratory investigations, imaging modalities, and tis-
sue biopsies. A high index of suspicion is mandatory otherwise the diagnosis will
be missed.

In this chapter, we plan to present some of the patterns or clusters that have been
studied and reported, highlighting the important investigative procedures that can be
helpful in our endeavor. Once PP has been detected, systematic investigation should
proceed to characterize and quantify the PP.

When to Suspect the Presence of Monoclonal Gammopathy

During a standard meticulous clinical examination, the physician should be alert to
certain renal, neurological, cutaneous and ophthalmological findings, or specific
patterns of combinations or clusters. This also applies to the existence of certain
findings or phenomena that may be encountered when interpreting laboratory results
or imaging reports.

Clusters of Clinical Symptoms that Can Provide Clues
to MG Diagnosis

Hypercalcemia, renal impairment, anemia, and bony lesions are given the acronym
CRAB, and can point to MM [3].

The presence of bleeding, dizziness, headache, visual, or auditory involvement
will betray the presence of hyperviscosity and Waldenstrom macroglobulinemia
(WM) [3] or cryoglobulinemia type 1 [4].

The classic triad of hyperviscosity comprises mucosal bleeding, visual distur-
bance, and manifestations of nervous system disorder. Also, headache, light-
headedness, and hearing loss may be present, but the most dreaded ophthalmological
outcome of hyperviscosity is central retinal vein occlusion. Blood viscosity is at its
maximum in small venules which can cause wall tearing when tissue support is
inadequate. This is most likely to take place in the nasal mucosa, the gum, the retina,
and the alimentary tract, as well as the brain surface.

Cardiac, renal, and peripheral nerve symptoms should raise suspicion of amyloid
light-chain (AL) amyloidosis [5].
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The important clusters and their attribution to major organ involvement are sum-
marized in Table 6.1.

The eye can be very helpful as a clue. Symptoms such as transient or progres-
sive diminution of vision or even complete blindness may be present [14].
Examination may reveal conjunctival, corneal deposits, myositis, and proptosis.
Eleven distinct types of MGUS-related paraproteinemic keratopathies have been
identified [15, 16].

Fundoscopy is indispensable and can unmask increased viscosity or hypertension.

Table 6.1 Important clusters and major organ involvement

Category Specific diseases and disorders

Monoclonal gammopathy of neurological AL amyloidosis
significance [6, 7] * POEMS syndrome
¢ Cryoglobulinemia
« CANOMAD
* DADS-M
Monoclonal gammopathy of renal Includes:
significance [6, 8, 9] * (3 glomerulopathy with MG and thrombotic
microangiopathy
* The nonorganized deposits include
- MIDD
— Proliferative GN with monoclonal immune
deposits
e Organized deposits:
— Fibrillar deposits, which include
AL amyloidosis (nephrotic syndrome)
Monoclonal fibrillary GN
— Microtubular deposits, which include
Immunotactoid GN
Cryoglobulinemia GN
— Inclusions or crystalline deposits, which
include
LC proximal tubulopathy
Crystal-storing histiocytosis
Cryocrystalglobulin

Monoclonal gammopathy of cutaneous e Schnitzler syndrome
significance [10, 11] ¢ Scleromyxedema
* NXG

¢ TEMPI syndrome

¢ Cryoglobulinemia
e SCLS

¢ POEMS syndrome

Muscles [12, 13] * Sporadic late onset nemaline myopathy

AL Amyloid light-chain, POEMS polyradiculoneuropathy, organomegaly, endocrinopathy, mono-
clonal plasma cell disorder, and skin changes, CANOMAD chronic ataxic neuropathy, ophthal-
moplegia, immunoglobulin M [IgM] paraprotein, cold agglutinins, and disialosyl ganglioside
antibodies, DADS-M distal acquired demyelinating symmetric neuropathy with M protein, MIDD
Monoclonal immunoglobulin deposition disease, GN glomerulonephritis, LC light chain, NXG
Necrobiotic xanthogranuloma, TEMPI telangiectasias, elevated erythropoietin and erythropoiesis,
monoclonal gammopathy, perinephric fluid, intrapulmonary shunting, SCLS Systemic capillary
leak syndrome
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Fundoscopic Examination May Detect the Following

W AW N =

. Acute or chronic uveitis [17]

. Maculopathy, foveolar drusen [18, 19], Doyne retinal dystrophy [20]

. Exudative macular detachment, retinal hemorrhage, or cotton-wool spots
. Papilledema, distended and tortuous retinal veins, and hemorrhages

. Central retinal artery or vein occlusion [21]

Moreover, there are areas in medical practice where we are more likely to

encounter MG. These include autoimmune diseases with severe activity, specific
types of autoinflammatory diseases, certain infections like Epstein—Barr virus, and
malignancies (refer to Chaps. 17-20).

Imaging Findings that Can Help to Suspect Paraproteinemia

The detection of certain findings, even if inadvertently discovered in radiological
images and other imaging modalities can be extremely helpful.

1.

Plain radiography

Multiple round punched out lytic lesions affecting skull, vertebrae, ribs, pelvis,
and less commonly long bones appear in MM. However, when a solitary lesion
is found, it is called plasmacytoma [22]. Evidence of pulmonary infiltrates, effu-
sions, and congestive heart failure in the absence of lytic bony lesions are present
in WM. Osteosclerosis, hyperostosis, and periosteal reaction may be found in
Schnitzler syndrome usually affecting distal femur, proximal tibia (hot knees
sign), and iliac bones [23].

Computerized tomography (CT)

CT scan showing cortical involvement and diffuse osteopenia may be indicators
of MM involvement even before discrete lesions become conspicuous. CT scan
of the chest, abdomen, and pelvis provide evidence of lymphadenopathy and
hepatosplenomegaly which are more common in WM, IgG and IgM heavy chain
diseases and amyloidosis.

. Magnetic resonance imaging (MRI)

MRI is useful in detecting thoracic and lumbar spine lesions, paraspinal involve-
ment, and early cold compressions. In this regard, it is more sensitive than plain
radiography and can detect as many as 40% of spinal abnormalities in patients
with asymptomatic gammopathy whose radiographic studies might be nor-
mal [24].

Ultrasonography

Can reveal organ enlargement like hepatomegaly, splenomegaly, and lymphade-
nopathy in lymphoma or WM. It can also detect pancreatic masses, for example,
IgG4-related disease [25].
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Laboratory Findings that Raise Suspicion of MG if Unexplained
by Other Causes [26-28]

These include the following abnormalities, particularly if more than one abnormal-
ity is reported: normocytic normochromic anemia, rouleaux formation of erythro-
cytes, pancytopenia, renal impairment, proteinuria, hypercalcemia, hyperuricemia,
elevated erythrocyte sedimentation rate (ESR), and C-reactive protein, elevated
total protein and globulin, hypoalbuminemia combined with elevated globulin.

Proceed Further Towards Establishing Complete Diagnosis

Once PP is detected, there will be a need to obtain a full description of its character-
istics as well as those of its related disease.

In PP, the released proteins are used as diagnostic markers as well as quantitative
measures during the follow-up of disease progression [27]. There is no single labo-
ratory test considered to be diagnostic. A panel of tests is customarily used to estab-
lish the diagnosis and/or monitor the course of illness [28].

We derived a great deal of our knowledge in the field of PP from the medical
experience with MM. This influenced our diagnostic approach to similar diseases
associated with PP. There exist clinical practice guidelines stating the obligatory
laboratory tests in MM investigations.

We refer the reader to five internationally recognized recommendations for such
tests. These are recommendations of the Myeloma Canada Research Network
Consensus Guideline Consortium [4], the International Myeloma Working Group
(IMWG) guidelines [29], the National Comprehensive Cancer Network (NCCN)
Guidelines: Multiple Myeloma [30], the European Hematology Association (EHA),
and the European Society for Medical Oncology (ESMO) guidelines [3]. Figure 6.1
represents an algorithmas a practical guide to approach a case of PP based on inter-
nationally acknowledged guidelines and recommendations [3, 4, 35, 42].

Imaging for a Suspected Case with Paraproteinemia

Similarly, there are recommendations concerning the imaging modalities in cases
suspected of having PP.

1. Skeletal survey
Plain radiography is usually requested once MM is considered. It usually
shows lytic lesions in myeloma [22]. However, the NHS and BCSH consider
skeletal survey by plain radiography for evaluation of MGUS or MM obsolete,
they recommend whole-body low-dose CT scan (WBLDCT), whole-body MRI
or positron emission tomography-CT scan PET-CT scan [29]. Whole-body low-
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Fig. 6.1 Algorithm to Approach a case of paraproteinemia: This algorithm follows the internation-
ally recognized guidelines and recommendations for laboratory evaluation of paraproteinemia.
p2M Beta 2 microglobulin, CBC Complete blood count, ESR Erythrocyte sedimentation rate,
IMWG International Myeloma Working Group

dose computed tomography has successfully replaced skeletal survey as the
recent standard imaging modality in MM to assess bone involvement. It has
approximately 70% sensitivity and 90% specificity making it more accurate than
skeletal surveys, having a low dose of radiation exposure, amounting to only
1-2x the radiation dose of skeletal survey.
2. Whole-body MRI

This can yield more accurate data in MGUS, smoldering multiple myeloma
(SMM), and MM. MRI also is the gold standard modality to detect bone marrow
(BM) involvement [24]. MRI can also delineate CNS involvement in Bing-Neel
syndrome, a rare complication in WM, where it shows diffuse thickening and
increased enhancement of the meninges and cranial nerves [30].
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3. Fluorodeoxyglucose positron emission tomography-CT scan (FDG PET-CT)
PET-CT scanning is increasingly recognized for its usefulness. It is superior to
skeletal survey and useful also for prognosis and treatment follow-up [31]. Its
combination with MRI increases its sensitivity and positive predictive value [32]
since it describes the disease extent more accurately.

4. Bone scan
Technetium bone scan may be a cost-effective test for Schnitzler syndrome [23].
It should not, however, be used in the evaluation of myeloma because the cyto-
kines secreted by myeloma cells suppress the osteoblasts; hence, there will be no
uptake enhancement. More than 50% of bone involvement may pass undetected
on this scan [33].

5. Bone densitometry by dual energy X-ray absorptiometry
This may show osteopenia or osteoporosis and can assess fracture risk.

Laboratory Evaluation of Suspected Paraproteinemia
Complete Blood Count (CBC) and Blood Smear

Normocytic normochromic anemia is detected in the blood count of 75% of MM
patients. The latest criteria for end-organ damage by the IMWG describes anemia as
a myeloma-defining event. MM-associated anemia describes a hemoglobin level
>20 g/L (2 g/dL) below the lower limit of the reference range for age and sex, or an
absolute hemoglobin level below 100 g/L (10 g/dL) [34-36]. Anemia is the most
prevalent complication of MM. It is associated with poor outcomes [36]. Lanting
and his group (2020) reported the blood count of newly diagnosed MM (NDMM)
patients (n = 1363) and demonstrated that 84.4% of patients (1150/1363) had ane-
mia (Hgb < 120 g/L) at the time of diagnosis regardless of their gender. In the same
study, 55.2% (753/1363) of patients manifested with moderate (90-120 g/L) or
severe anemia (60-90 g/L) at diagnosis [37].

The patients who had the lower figures of hemoglobin reveal an advanced stage
disease both in the DS (Durie—Salmon) staging system (80.1 + 0.8 g/L in DS stage
IIT) and in the Revised International Staging System (RISS) (84.3 + 1.6 g/L in RISS
stage IIT). Hemoglobin figures in MM are in negative correlation with BM myeloma
cells infiltration (r = —0.1545, p < 0.0001) [37].

Thrombocytopenia occurs less frequently [38]. Morphological examination of
peripheral smear, however, may occasionally reveal circulating plasma cells and
leukoerythroblastic reaction. The increased background staining, a bluish tinge to
the blood film, is due to increased PP. This bluish background can be detected in
MM while non-secretory MM (NSMM) lacks this feature [36].

Pathological rouleaux formation of red cells in peripheral blood smear is evident
in PP. Rouleaux formation describes aggregation of red blood cells giving a “stack
of coins” like appearance [38, 39]. In pathological states, the high level of plasma
proteins (e.g., fibrinogen and globulins) coats the red blood cells. This renders the
red cells “sticky” and results in rouleaux formation [39]. Rouleaux formation is
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associated with any condition that results in an increase of plasma proteins including
acute and chronic inflammatory conditions, plasma cell myeloma, and polyclonal or
monoclonal hyperglobulinemia [40, 41]. In MM and WM rouleaux formation is
always detected [40]. This also explains the abnormally elevated ESR in parapro-
teinemias including MM which may exceed 100 mm in one third of cases [38].

Blood Chemistry Tests

Calcium

As previously stated, the acronym CRAB comprises a high calcium level.

Diagnosis of MM requires the presence of end-organ damage criteria, high

Calcium level, Renal impairment, Anemia, and Osteolytic Bone lesions

(CRAB) [42].

The new definition of active MM describes CRAB features and myeloma-
defining events that include hypercalcemia with a calcium level of >0.25 mmol/L
(>1 mg/dL) higher than the upper limit of the normal reference range or a cal-
cium level of >2.75 mmol/L (>11 mg/dL) [42].

Hypercalcemia, most of the time, is explained by the cytokines that are
expressed in MM or secreted locally by the myeloma cells. Hypercalcemia can
be explained by the increased receptor activator of nuclear factor-kappa B ligand
(RANKL), macrophage inflammatory protein (MIP)-1a, and tumor necrosis fac-
tors (TNFs). These cytokines increase osteoclastic activity causing bone resorp-
tion. Hypercalcemia manifests later during the course of MM [43, 44].

Renal Function Tests

The revised IMWG Diagnostic Criteria for MM have changed and so the criteria

of renal failure with inclusion of creatinine clearance <40 mL/min as a myeloma-

defining event. Renal insufficiency with creatinine clearance less than 40 mL/

min or serum creatinine level of more than 177 mmol/L (>2 mg/dL) is also

described [34, 42, 45].

Light chain cast nephropathy (biopsy proven or presumptive) renal failure is
the described myeloma-defining event. SFLC >500 mg/L is suggestive of cast
nephropathy [34, 45].

In 2012, the term monoclonal gammopathy of renal significance (MGRS) was
coined by the International Kidney and Monoclonal Gammopathy Research
Group (IKMG). After the IKMG meeting in April 2017, the updated diagnostic
criteria for MGRS-related diseases describe any B cell or plasma cell clonal
lymphoproliferation with both of the following characteristics:

— The presence of one or more kidney lesions related to monoclonal
immunoglobulin

— The underlying B cell or plasma cell clone not causing any current hemato-
logical criteria with the absence of any tumor complications [8, 46].

— MGRS was introduced to describe the associated paraprotein as a nephrotoxic
protein which may cause progressive renal pathology independent of the
clonal size and with no increase in the paraprotein concentration. This allows
early treatment and preservation of renal function [8].
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* Liver Function Tests

A minority of patients with MM may show mild elevation of liver enzymes.
Patients with hepatic involvement may manifest hepatomegaly, ascites, and jaun-
dice. Although this is uncommon, it is still possible. MM patients with hepatic
amyloid deposition may present with jaundice. Liver function tests should
include total and direct bilirubin, alanine aminotransferase, aspartate amino-
transferase, gamma-glutamyl transferase, and alkaline phosphatase which has
been described in sporadic cases of amyloid liver to be elevated. Prothrombin
time is also part of the hepatic evaluation tests in this condition [47].

Protein Electrophoresis and Immunofixation

In PP, the full laboratory workup at any stage includes serum protein electrophoresis
(SPEP), serum immunofixation (SIFE), immunoturbidimetric or immunonephelo-
metric quantification of serum Igs, routine urinalysis, as well as protein electropho-
resis and immunofixation of collected 24-h urine sample [37, 48]. The M-protein
appears as a sharp restricted band in the electrophoresis migration pattern (Fig. 6.2).
Igs make up the gamma fraction. The IgG and IgM Igs usually migrate in the gamma
region, while the IgA immunoglobulin can migrate in the beta-gamma and beta
fractions. However, M-proteins can be detected anywhere from alpha-2 to gamma
regions [27].

Although rarely a false-positive result, all patients with localized band or non-
homogeneous distribution of the gamma region on SPEP require additional IFE or
capillary zone immunosubtraction electrophoresis (ISE) tests to confirm and iden-
tify the isotype of the Ig heavy and light chains (Fig. 6.3) [27, 48]. IFE is highly
sensitive and can detect small bands with ~ten-fold more sensitivity [34, 48].

The precise and accurate interpretation of EP and IFE, following the published
diagnostic criteria, is important to approach the diagnosis. For example, the MGUS
is defined as serum monoclonal protein (non-IgM) level < 30 g/L and urinary mono-
clonal protein level < 500 mg/24 h while SMM is defined as a serum M-protein (IgG
or IgA) level of >30 g/L and/or urinary M-protein level of >500 mg/24 h [27].

In patients with oligo-secretory disease, such as light-chain MM, SPEP, and
SIFE may not be able to detect the light-chain aberrations. Serum free light chains
(FLC) have a rapid renal clearance because they have low molecular weight. The
oligo-secretory disease reveals low serum gamma globulins, while a simultaneous
24-h urine collection shows a large light chain peak (Bence Jones protein). In such
cases, a 24-h urine collection to measure the monoclonal band, or a serum sample,
is collected for automated SFLC immunoassay which is characterized by a higher
sensitivity in detection and quantification of the involved light chain [27].

An investigator should be cautious since M-protein may exist in spite of report-
ing all other fractions to be within the reference range. The M-protein could be
hidden in other serum fractions on the gel. The IFE must be requested, even in the
context of a normal SPEP, since the latter is not as sensitive as IFE particularly if
MM is suspected [4].
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Albumin

0 10 20
Index Band Rel. Area Conc.(g/l)  Range (g/l)
1 Albumin 18.50% 20.90 L 32.00...50.00

2 Alphat 0.31% 0.35L 1.00...4.00

3 Alpha2 8.44% 9.54 5.00...11.00

4 Beta 14.78% 16.70 H 6.00...13.00

5 Gamma 57.78% 65.51 H 7.00...15.00
Total 113.00

Fig. 6.2 SPEP graph of a patient with monoclonal gammopathy showing a typical M spike in the
gamma region

Fig. 6.3 Immunofixation strips. (a): The type of the M-band is IgG with kappa light chain restric-
tion. (b): The type of the M-band is IgA with lambda light chain restriction
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The IMWG recommends performing serum and urinary EP, IFE as well as SFLC
assay to diagnose monoclonal plasma cell disorders [34].

Mass Spectrometry-Based Methods

The various heavy chains and the light chain isotypes when combined with nanobody-
immuno-enrichment possess distinct unique molecular mass signatures. Such a char-
acteristic feature is exploited in this assay to produce information-rich spectra which
can identify isotype and quantify M-proteins. This has the potential to substitute IFE,
M-protein quantitation, and heavy/light chain (HLC) measurements [27].

If the initial workup is abnormal, pursue additional investigations. These
include serum beta 2 macroglobulin, lactate dehydrogenase, SFL.C, and bone
marrow (BM) examination.

Serum Free Light Chain Ratio

The principle of the FLC assays depends on the addition of antisera which are
directed against light chain epitopes that are exposed only when the light chains are
free (unbound to heavy chain) in solution. The ratio of kappa to lambda FLC con-
centrations can thus reveal unbalanced light chain synthesis and confirm clonality.
The normal ratio ranges from 0.26 to 1.65. The ratio may be as high as 3.5 in the
context of renal failure not due to gammopathy as the optimal range is 0.82-3.6 for
eGFR <55 mL/min/1.73 m? [49]. In MM, the test reveals abnormal SFLC ratio in
90-95% of cases while in MGUS it reveals abnormal SFLC ratio in about 40% of
cases. If the SFLC ratio is found to be >100, diagnosis of myeloma that requires
treatment is made [7, 26]. The diagnosis of non-secretory myeloma requires SFLC
levels and biopsy. The oligo-secretory type is a non-measurable disease where
serum M-protein <10 g/L and urine M-protein <200 mg/24 h [4].

Heavy/Light Chain Immunoassay

New diagnostic parameters are assessed, such as the heavy/light chain (HLC)
immunoassay which detects different Ig subclasses and quantifies them separately
(IgG /A, IgA /A, IgM «/A). The HLC measurement identifies the ratio of the
involved monoclonal and the uninvolved polyclonal immunoglobulin, termed HLC-
matched pair. HLC x/A-ratio can more precisely detect early disease relapse and
minimal residual disease (MRD). This assay is also useful in patients with oligo-
secretory disease and in monitoring B-migrating monoclonal IgA or difficult to
detect IgM monoclonal protein by EP [50].

The results of Greil et al. in 2016 verified the close association between both
HLC values and HLC «/A-ratios with standard MM diagnostics, as well as with
disease staging and remission status [50].
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Quantitative Total Immunoglobulin Testing

For quantitative Total Ig testing nephelometry is the method of choice, especially
when M-spike >30 g/L. Ig testing is mainly used in diagnosing concomitant hypo-
gammaglobulinemia and monitoring monoclonal proteins that cannot be accurately
quantified on SPEP such as IgAs [4].

Western Blot Analysis

The spectrum of monoclonal gammopathy of clinical significance (MGCS) mani-
fest as a result of deposition of all or part of the monoclonal immunoglobulin
(Mlg) in the form of aggregates, amorphous, crystalline, microtubular, or fibrillar
forms in different organs. MGCS includes an organized type like AL amyloidosis
and a nonorganized type known as monoclonal immunoglobulin deposition dis-
ease (MIDD). MIDD deposits contain the LC deposition disease (LCDD), some-
times the heavy chain deposition disease (HCDD), or the combination of both
(LHCDD). MIDD is characterized by HCDD which could be a truncated HC only
(mostly y1 and y3) or LHCDD with LC plus truncated HC. It remains to be deter-
mined whether HC truncation in HCDD is attributed to a defective LC production
or other factors. Western blot analysis performed on serum samples at the time of
disease diagnosis could confirm that a truncated chain corresponding to the depos-
ited HC is present [51].

Serum Viscosity

The increased circulating Igs results in increased serum viscosity. Serum viscosity
evaluation is recommended in patients with suspicious clinical manifestations. IgM
levels >40 g/L, IgA > 50 g/L, 1gG > 60 g/L are indications of hyperviscosity [4].
WM is commonly associated with hyperviscosity (10-30% of patients). In MM, it
is reported in 2—6% of cases [52]. Viscosity can be measured in centipoise (cP), or
in relative terms in comparison to water (0.894 cP). The normal serum viscosity
equals 1.5 cP [52, 53].

Serum 2M and LDH Levels

In MM, B2M level correlates with the tumor burden and evaluates response to
therapy. It is one of the key features of the International Staging System (ISS) as
well as the more recent revised ISS (R-ISS). p2M is considered a biomarker for
kidney diseases [54]. It accumulates in cases with renal disease. They can precipi-
tate as hemodialysis-related amyloidosis. So f2M loses its significance in renal
impairment with MM but remains a prognostic marker for MM. Albumin and lac-
tic dehydrogenase (LDH) are important baseline laboratory tests in MM. Baseline
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LDH is an important risk stratification factor. LDH is part of the R-ISS, and in
itself may correlate with aggressive disease or plasma cell leukemia. Albuminuria
indicates glomerular disease which is a feature of AL amyloidosis and MGRS
conditions [4].

Bone Marrow Examination

BM aspiration and core biopsy are required for the quantification of plasma cells
(Fig. 6.4) and are mandatory components of MM investigation. Clonality is deter-
mined by in situ hybridization (ISH) for kappa/lambda LC, mRNAs or less accu-
rately with immunocytochemistry, on the core (trephine) biopsies [4]. Revised
IMWG for MGUS, SMM, and MM include lymphoplasmacytic infiltration of BM
with <10% in MGUS, 10-60% in SMM, and >60% in MM [42].

Flow Cytometry

Flow cytometry identifies aberrant immune profiles of the plasma cell. It is not
needed for the diagnosis when BM biopsy is done [4]. In 2016, the IMWG updated
MM response categories. It defined MRD-negative responses assessed by next-
generation flow cytometry or next-generation sequencing both in and outside the
bone marrow [55].

Fig. 6.4 Bone marrow
Leishman-stained smear
showing plasma cells;
plasma cells appear as
ovoid cells with abundant
deep blue cytoplasm. The
cytoplasm of plasma cells
has a clear or pale
perinuclear zone or hollow
corresponding to the
cytoplasmic organelle,
Golgi apparatus. The
nucleus is eccentric with
coarse chromatin arranged
in a clock face (cartwheel
appearance) pattern
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Cytogenetic Analysis and Risk Stratification

Myeloma cells divide slowly, hence they may go undetected by standard cytogenet-
ics. The chromosomal aberrations that can be detected in MM cases include dele-
tions (del), translocations (t), and amplifications (gain) [4].

Myeloma-associated translocations are not detected by G-banding karyotyping
[4]. The G-banding technique is used to detect myeloma-associated chromosomal
aberrations. This includes detection of numerical chromosomal 13 aberrations,
monosomy, or interstitial deletion with a high sensitivity [56].

MM diagnostic criteria do not include chromosomal aberrations; however, cytoge-
netic evaluations by FISH are needed for all new MM cases as they are helpful for
prognostication including remission duration and overall survival (OS). The IMWG
presented a high-risk MM model designated by its cytogenetic aberrations where one
or more of the following, as detected by FISH is present: dell7p, t(4;14), or
t(14;16) [57].

It has been shown that the association of any of these aberrations results in a
lower OS [55]. Moreover, high-risk MM patients were reported to have the follow-
ing cytogenetic aberrations: gain (1q) with R-ISS III, with or without del(1p), and
t(14;20) [58]. Some of these genomic aberrations are included in the R-ISS for
MM [58].

FISH technique is considered the standard technique for chromosomal aberra-
tions analysis in MM [4]. Other techniques that have been introduced to detect
chromosomal aberrations are not routinely used in clinical settings. They include
single-nucleotide polymorphism, comparative genomic hybridization, and gene
expression profiling, but they are not incorporated in clinical practice [4].

Tissue Biopsy and Histopathological Examination

Some disease entities will further necessitate tissue sampling for histopathological
examination. Biopsies can be obtained for amyloidosis by fat pad aspiration or
biopsy from periumbilical subcutaneous tissues, the rectum, or the kidney [5]. In
IgG4-related disease, a biopsy may be obtained from salivary or lacrimal glands,
but it may be more tedious to obtain it in case of presenting with retroperitoneal
fibrosis.

The use of certain stains is important and helps in the differentiation between
disease entities. Congo red stain will be positive in amyloidosis, but it will always
be negative in MIDD [59].

Microscopic examination can be performed employing polarized microscopy as
in amyloidosis [60]. Fluorescent microscopy is beneficial in LCDD [61]. Electron
microscopy proved to be of great value in MIDD [59, 62]. Other microscopic tech-
niques have been introduced. These include light microscopy immunohistochemis-
try and immunoelectron microscopy [63].
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Other Modalities

The list of investigative techniques is incessantly expanding and includes highly
sophisticated procedures like molecular genetic testing [64], proteomics, and mass
spectrometry [65].

(For a deeper understanding of these techniques, we refer our reader to Chaps. 7
through 21 which discuss individual diseases and disorders in more detail.)

Conclusion

Paraproteinemia is a phenomenon that can be encountered in many disorders and
has been described even in healthy individuals.

Awareness of its existence demands maintaining a high index of suspicion by all
medical practitioners. The clinician should be highly attentive while obtaining the
symptoms and signs. On the other hand, the laboratory investigator and the radiolo-
gist should deal with their data very meticulously.

Once identified it is imperative to proceed further to investigate the paraprotein.
This is usually directed by guidelines and recommendations that are internationally
acknowledged.

A systematic approach will be extremely productive in the assessment of both
the paraproteinemia and its associated disorder.
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Introduction

Amyloidoses are heterogeneous pathological conditions characterized by the extra-
cellular deposition of insoluble protein fibrils that cause progressive organ damage.
Amyloidosis may be a systemic disorder, resulting in a spectrum of clinical presen-
tations, or a localized disease associated with single tissue or organ involvement.
The term amyloid was first adopted by Rudolph Virchow in 1854 to describe the
deposition of a starch-like material with hyaline appearance under light microscopy
[1]. The fibrillar nature of amyloid was revealed only in the second half of the twen-
tieth century and the first amyloid protein, namely a fragment of a monoclonal light
chain, was isolated from natural amyloid deposits in 1970 [2].

Amyloid has a pathognomonic microscopic appearance, showing apple-green
birefringence under polarized light after Congo red staining. Amyloidosis may be
hereditary or acquired. The latter also includes an iatrogenic form such as
B2-microglobulin amyloidosis occurring in patients on chronic haemodialysis.

Pathogenesis

Amyloid fibrils are derived from globular precursor proteins that undergo misfold-
ing and aggregation into a highly ordered structure. Under electron microscopy
amyloid fibrils are rigid, non-branching and around 8-12 nm in diameter (Fig. 7.1)
[3]. X-ray diffraction demonstrates a crossed beta-sheet structure.

In vitro studies indicate that the fibrillogenesis process involves protein misfold-
ing, generation of partially unfolded intermediates, aggregation into oligomeric spe-
cies and/or protofibrils, and ultimately formation of mature, crossed beta-sheet fibril
structures. Fibril formation is accelerated in the presence of amyloid seeds, accord-
ing to nucleation kinetics [4].

Several mechanisms, often acting in combination, are known to play a role in
promoting in vivo amyloidogenesis. These include a persistent increase in the con-
centration of the circulating precursor, mutations that perturb the stability of the
native structure, an intrinsic misfolding propensity of the protein in its wild-type
form and/or proteolytic remodelling leading to the generation of amyloidogenic
fragments [3, 6]. In hereditary amyloidosis, fibrillogenesis is promoted by a genetic
variant, mostly consisting of a point mutation leading to single amino acid substitu-
tion or a premature stop codon. Amyloidogenic mutations result in protein struc-
tural changes that destabilize the native conformation. Acquired forms of
amyloidosis associated with increased or abnormal production of the precursor
include, for example, AA amyloidosis secondary to chronic inflammation and AL
amyloidosis resulting from underlying plasma cell dyscrasia.

Moreover, amyloidogenesis is favoured when the proteostasis system, that tar-
gets misfolded and aggregated proteins to degradation in the cellular and extracel-
lular compartments, is overwhelmed and/or reduced in its capacity by ageing [7].
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Fig. 7.1 Electron microscopy appearance of amyloid (in renal amyloidosis). Photo courtesy of Dr.
B Vydianath, University Hospitals Birmingham NHS Foundation Trust

Amyloid deposits not only consist of one key precursor protein among those
indicated in Table 7.1 but also contain additional constituents including heparan
sulphate proteoglycan (HSPG), serum amyloid P component (SAP), apolipoprotein
E, and vitronectin. These components, that are invariably present, serve as universal
amyloid signatures [8]. The pathological roles of these additional molecules in amy-
loidogenesis are not fully clarified although there is evidence that glycosaminogly-
cans may act as scaffold for amyloid aggregation and SAP inhibits fibril
degradation [9].

Whereas systemic forms of amyloidosis are caused by circulating precursor pro-
teins, in localized amyloidosis, such as AL amyloidosis involving the lungs, the
skin, or the genitourinary tract the precursor immunoglobulin light chain is synthe-
sized and processed at affected local sites [10, 11].

Amyloid Protein Nomenclature and Classification

According to the International Society of Amyloidosis (ISA) nomenclature, all
amyloid fibril proteins are named protein A together with the specific protein name
as a suffix, for example, AL (L for immunoglobulin light chain), ATTR (TTR for
transthyretin), or AFib (Fib for fibrinogen alpha chain). The protein name may be
further specified, for example, ATTRwt or ATTRv (wt for wild type and v for vari-
ant). Hereditary amyloidosis protein variants are named according to the mature
protein substitution or deletion, with the amino acid involved and the change posi-
tion listed, for example, ATTRV30M (methionine replacing valine). The main
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Table 7.1 Amyloid fibril proteins and their precursors in human [8]
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Systemic
Fibril and/or Acquired or
protein Precursor protein localized hereditary | Target organs
AL Immunoglobulin light S,L A H All organs, usually except
chain CNS
AH Immunoglobulin heavy S,L A All organs except CNS
chain
AA (Apo) serum amyloid A | S A All organs except CNS
ATTR Transthyretin, wild type | S A Heart mainly in males,
lung, ligaments,
tenosynovium
Transthyretin, variants S H PNS, ANS, heart, eye,
leptomeninges
Ab2M b2-microglobulin, wild S A Musculoskeletal system
type
b2-microglobulin, variants | S H ANS
AApoAl | Apolipoprotein A I, S H Heart, liver, kidney, PNS,
variants testis, larynx (C terminal
variants), skin (C terminal
variants)
AApoAIl | Apolipoprotein A 1I, S H Kidney
variants
AApoAIV | Apolipoprotein A IV, S A Kidney medulla and
wild type systemic
AApoCII | Apolipoprotein C II, S H Kidney
variants
AApoCIII | Apolipoprotein C 111, S H Kidney
variants
AGel Gelsolin, variants S H Kidney, PNS, cornea
ALys Lysozyme, variants S H Kidney
ALECT2 | Leukocyte chemotactic S A Kidney, primarily
factor-2
AFib Fibrinogen a, variants S H Kidney, primarily
ACys Cystatin C, variants S H CNS, PNS, skin
ABri ABriPP, variants S H CNS
ADan ADanPP, variants L H CNS
Ab Ab protein precursor, L A CNS
wild type
Ab protein precursor, L H CNS
variant
AaSyn a-Synuclein L A CNS
ATau Tau L A CNS
APrP Prion protein, wild type | L A CIJD, fatal insomnia
Prion protein variants L H CJD, GSS syndrome, fatal
insomnia
Prion protein variant S H PNS
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Table 7.1 (continued)

Systemic
Fibril and/or Acquired or
protein Precursor protein localized hereditary | Target organs
ACal (Pro)calcitonin L A C-cell thyroid tumours
S A Kidney
AIAPP Islet amyloid polypeptide¢ | L A Islets of Langerhans,
insulinomas
AANF Atrial natriuretic factor L A Cardiac atria
APro Prolactin L A Pituitary prolactinomas,
ageing pituitary
Alns Insulin L A latrogenic, local injection
ASPC Lung surfactant protein L A Lung
ACor Corneodesmosin L A Cornified epithelia, hair
follicles
AMed Lactadherin L A Senile aortic, media
AKer Kerato-epithelin L A Cornea, hereditary
ALac Lactoferrin L A Cornea
AOAAP Odontogenic ameloblast- | L A Odontogenic tumours
associated protein
ASeml Semenogelin 1 L A Vesicula seminalis
AEnf Enfurvitide L A Tatrogenic
ACatK Cathepsin K L A Tumour associated
AEFEMP1 | EGF-containing L A Portal veins
fibulin-like extracellular Ageing associated
matrix protein 1
(EFEMP1)

clinical presentation may be added to the amyloidosis name, for example, ATTRv
cardiomyopathy or ATTR polyneuropathy [8].

To date, at least 36 proteins have been identified that form amyloid deposits in
humans. As mentioned before, amyloid deposits may be systemic, affecting various
organs and tissues throughout the body, or localized, with deposits being formed in
a single organ or tissue.

Exclusively localized amyloid deposits have been associated with 22 proteins,
while 18 proteins (and many more variants) are classified to be associated with sys-
temic amyloidosis. Interestingly, some protein types (most notably AL/AH, amyloi-
dosis derived from immunoglobulin light or heavy chain, respectively, and
amyloidosis derived from prion protein) can occur as either localized or systemic
forms (Table 7.1). This list is periodically updated. In addition, novel potential amy-
loidogenic precursor proteins are currently under investigation [8].

Certain amyloid proteins have specific target organs resulting in typical clinical
manifestations. In general, however, systemic amyloidoses are clinically heteroge-
neous, with considerable overlap in presenting features. The potential contribution
of genetic and/or environmental factors to the phenotypic variability that character-
izes these diseases has been suggested, particularly in hereditary transthyretin amy-
loidosis and in AL amyloidosis [7].
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Fifteen inherited amyloid types are known that are caused by genetic variants of
the precursor proteins, mostly represented by missense mutations. Genetic variants
result in protein products more amyloidogenic than their wild-type counterparts
[12]. Some polymorphisms are also associated with increased amyloid risk, such as
certain alleles of the apolipoprotein E gene in acquired cerebral amyloid angiopathy
[13] and some specific isoforms of serum amyloid A protein in systemic AA amy-
loidosis [14]. Moreover, hereditary autoinflammatory disorders such as familial
Mediterranean fever (FMF) or cryopyrinopathies may result in chronic inflamma-
tion and development of AA amyloidosis [15].

Epidemiology

Amyloidosis is a rare disorder for which it is still difficult to obtain a reliable esti-
mate of incidence and prevalence [16]. In 2013, the UK National Amyloidosis Centre
(NAC) reported that the estimated incidence of systemic amyloidosis was exceeding
8.0 per million inhabitants per year with around one third diagnosed with AL amy-
loidosis [17]. In the developed world, AL amyloidosis has long been the most preva-
lent with significant increases in diagnosis in the last decade [18]. Moreover,
wild-type ATTR amyloidosis, which typically affects male subjects over the age of
60, is more and more recognized nowadays, with a prevalence that increases accord-
ing to age. On the contrary, AA amyloidosis is more frequent in developing countries
where endemic infectious diseases (e.g. tuberculosis or leprosy) and/or autoinflam-
matory diseases are relatively frequent (e.g. familial Mediterranean fever in the
Mediterranean countries) [19]. Hereditary amyloidoses are much rarer, constituting
approximately 10% of all systemic forms. However, their prevalence is still likely
underestimated due to lack of clinical suspicion and insufficient detection of genetic
mutations [20]. ATTRv is the most common hereditary amyloidosis worldwide.

Diagnosis

Diagnosis of systemic amyloidosis relies on the critical combination of clinical
findings, histopathological evidence, genetic results, and imaging studies. Family
history may guide towards an inherited form, leading to further investigations.
Histologic demonstration of amyloid deposits and characterization of the amy-
loid precursor protein in tissue is the cornerstone for a definitive and accurate diag-
nosis (Fig. 7.2). First, a tissue sample should be examined by polarized light
microscopy after Congo red staining in order to detect the presence of amyloid
(Figs. 7.3 and 7.4). Biopsies can be initially obtained from abdominal fat, minor sali-
vary glands, skin, or rectal mucosa. If negative, an affected organ (e.g. kidney, heart)
should be investigated to definitively confirm or exclude the diagnostic suspicion.
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Fig. 7.2 Amyloid deposition in a renal glomerulus as seen on Haematoxylin and Eosin stain.
Original magnification x 200, Photo courtesy of Dr. Y Hock, University Hospitals Birmingham

NHS Foundation Trust

Subcutaneous fat pad aspiration or biopsy is suggested as a good initial sampling
source as it’s a safe, rapid, simple, and cheap procedure with no risk of serious
bleeding. Congo red staining and examination using polarizing microscopy of sub-
cutaneous fat pad aspiration or biopsy has an overall sensitivity of 57-85% and a
specificity of 92-100% for light chain (AL) and secondary (AA) amyloidosis [21—
23]. Single organ involvement may yield lower sensitivity of fat pad aspiration or
biopsy [24]. Other potential sites of biopsy have variable degrees of sensitivity,
rectal biopsy reported to be 84% sensitive in one large series. The sensitivity of
kidney, liver, and carpal ligament biopsies were 90% or more in the same cohort

(Fig. 7.4) [25].

When a positive biopsy is identified, the second step is to define the amyloido-
genic protein in order to unequivocally establish the type of amyloidosis, as this
guides its specific treatment. Amyloid typing can be performed by light microscopy
immunohistochemistry (IHC), immunoelectron microscopy (IEM) characterization

or proteomics, the latter being now considered the gold standard.

IHC involves the use of antibodies for a panel of amyloidogenic proteins. It is not
expensive, and it is potentially widely available. However, due to its low specificity
and sensitivity, it needs to be performed by a highly specialized pathologist usually
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Fig. 7.3 Abundant amyloid deposition in renal blood vessels as seen by Congo red staining (with
polarization). Apple green birefringence of amyloid in blood vessels can be seen in the lower part
(white arrow) with non-birefringent collagen fibres in the upper part for comparison (black arrow).
Original magnification x 200, Photo courtesy of Dr. Y Hock, University Hospitals Birmingham
NHS Foundation Trust

Fig. 7.4 Abundant amyloid deposition in liver as seen on Congo red stain (with polarization dem-
onstrating apple green birefringence). Original magnification x 200, Photo courtesy of Dr. Y Hock,
University Hospitals Birmingham NHS Foundation Trust
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in expert centres. It is mandatory to use antibodies specifically developed for the
recognition of amyloidogenic proteins to avoid false-positive or false-negative
results.

In a study conducted by the national amyloidosis centre in the UK, IHC was
diagnostic in 76%, and showed 100% concordance with the results of laser capture
microdissection and mass spectrometry (LCM-MS) performed on the same samples
[26]. The rate of false positives and negatives may be unacceptably high without
using a validated panel of antibodies and proper methods. Background staining may
occur due to non-immunological binding or to the presence of normal proteins con-
taining epitopes targeted by the antibody in the extracellular space, such as normal
immunoglobulins, resulting in false-positive results [27].

IEM is a technique available in few referral centres that combines immunohisto-
chemistry and electron microscopy. Using gold-labelled secondary antibodies, IEM
can co-localize the protein within amyloid fibrils and greatly reduce background
staining, increasing accuracy. In an Italian study, IEM was equally sensitive
(75-80%) but significantly more specific (100% vs 80%; P < 0.001) in diagnosing
the type of systemic amyloidosis compared to light microscopy [28].

In cases where IHC is equivocal and not decisive or additional information is
considered useful for clinical or diagnostic purposes, samples should be analysed
by mass spectrometry-based proteomics. This approach relies on laser microdissec-
tion of Congo red positive amyloid deposits followed by mass spectrometry of
digested proteins (LMD-LC-MS/MS), a sophisticated and highly accurate approach
to determine the amyloid fibril type based on accurate measurement of the molecu-
lar mass of the more abundant peptides. This technique requires accurate sample
preparation, mass spectrometry analysis, and protein identification by bioinformat-
ics tools [29]. It is highly effective in recognizing all amyloid types in a single assay,
increasing the diagnostic accuracy from 76 to 94% compared to IHC [26, 30].
Limitations include costs, accessibility, the need for experience and longer turn-
around time [29].

In parallel with histological investigation and tissue amyloid typing, the corre-
sponding protein precursor should be identified and quantified in blood by means of
biochemical and/or genetic tests. The presence of a monoclonal protein in patients
with suspected or biopsy-proved AL amyloidosis should always be investigated by
serum and urinary immunofixation coupled with measurement of monoclonal free
light chains (FLC). Only the combination of these tests allows detecting and quan-
tifying the culprit monoclonal protein in 100% of cases.

Molecular genetic testing is essential for the diagnosis of hereditary amyloidosis.
This is usually performed by Sanger sequencing of selected genes but next-
generation sequencing (NGS) is becoming an increasingly available tool to test a
panel of potentially involved genes at the same time.

Diagnosis of ATTRv amyloidosis, the most common form of hereditary amy-
loidosis worldwide, still takes several months or years from symptom onset in
people with no known family history from non-endemic regions. This is still
mostly due to limited disease awareness and/or misdiagnosis with other more
common diseases. However, once an index patient has been identified in a family,
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genetic counselling and pre-symptomatic testing in at-risk relatives can be under-
taken to identify possible mutation carriers, ensuring close monitoring and early
diagnosis [31].

Bone tracer scintigraphy, particularly *™Tc-labelled 3,3-diphosphono-1,2-
propanodicarboxylic acid (DPD) and **™Tc-labelled pyrophosphate (PYP), is now
a well-acknowledged tool for the diagnosis of cardiac transthyretin amyloidosis
and has substantially contributed to increasingly identify this disease in the past
few years. The mechanisms underlying the specific tropism of these tracers for
ATTR amyloid deposits are still elusive but a positive DPD or PYP scan can permit
a non-invasive diagnosis of TTR amyloidosis according to validated diagnostic
algorithms, avoiding the need for a positive biopsy. Briefly, a positive scan defined
by a Perugini score higher than 1, in the absence of a monoclonal protein, is diag-
nostic for cardiac transthyretin amyloidosis [32]. As wild-type ATTR is not distin-
guished from hereditary ATTR based on this tool, genetic analysis is ultimately
always needed to accurately differentiate acquired from hereditary TTR
amyloidosis.

Scintigraphy using radioisotope-labelled serum amyloid P component (SAP) can
demonstrate the presence of amyloid within some organs and provide an estimate of
amyloid burden [33]. This procedure is however available only in a few centres. It
is safe and can be repeated every 6—12 months to monitor the course of the disease,
particularly in patients with secondary AA amyloidosis, therefore guiding treatment
strategy. Sensitivity of SAP Scintigraphy is higher in AA and AL amyloid (90%)
compared to 48% for hereditary transthyretin-related (ATTR) amyloidosis, with
93% specificity in all these conditions [34].
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Free light chain
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Monoclonal gammopathy of undetermined significance
Multiple myeloma

Magnetic resonance imaging

N-terminal fragment of the pro-brain natriuretic peptide
Primary localized cutaneous amyloidosis
Polyneuropathy

Rheumatoid arthritis

Serum amyloid A

Serum amyloid protein

Transient Focal Neurological Episodes
Velcade-cyclophosphamide-dexamethasone
Velcade-dexamethasone
Velcade-melphalan-prednisone

Amyloidosis comprises a group of disorders characterized by the deposition of
abnormal extracellular protein material. It can involve multiple organs (systemic
amyloidosis) or, less commonly, deposits in a single organ (organ-specific amyloi-
dosis). These extracellular proteins deposit in tissues aggregated in 3-pleated sheets
arranged in an antiparallel fashion and distort the tissue architecture and func-

tion [1].

Clinical presentation depends on the site and rate of deposition of amyloid fibrils.
This deposition is governed by several factors, including amyloid protein precursor
type, genetic and ethnic variations. More than 30 amyloid proteins have been identi-
fied [2]. AL amyloidosis is the most common type in developed countries [3]. The
AA subtype is more common in developing countries [4].

Diagnosis and management of common amyloidosis types are discussed below:
types and pathogenesis are discussed in Chap. 7.

Clinical Presentation

Amyloidosis is usually a multisystem disease with variable amyloid fibril deposi-
tion in various organs. Usually, multiple organs are affected to varying degrees, and
one or two organs dominate the clinical presentation.
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Systemic Amyloidosis

Systemic amyloidosis is the most common presentation of amyloidosis, with circu-
lating amyloid precursors depositing in various organs in the form of insoluble amy-
loid fibrils. Clinical presentation depends on the nature of the amyloid protein and
the site and rate of deposition. The clinical presentation is often due to effects on a
single organ or a pair of organ systems although other organs/tissues might be
affected on a subclinical level. Affected organ systems include:

e Renal

The kidney is a principal target for amyloid deposition in the commoner types
of systemic amyloidosis, namely AL and AA. However, it can be part of any
systemic amyloid presentation.

Renal involvement can have variable presentations. Proteinuria reaching a
nephrotic range is by far the most common presentation. Patients can exhibit
severe proteinuria, exceeding 20 g per day. Renal function is usually preserved
initially. Gradual decline in renal function progresses to reach end-stage renal
disease (ESRD) in one-fifth of patients. Progressive renal disease is a poor prog-
nostic marker. This is true for AL amyloidosis [5] and AA amyloidosis [6].

Less commonly, renal amyloidosis can present with progressive renal failure
with mild or no proteinuria, renal tubular defect, or acute renal failure depending
on the site of amyloid deposition (glomerular, vascular, tubular, or interstitial) as
well as on the rate of deposition [7].

e Cardiovascular myocardial infiltration with amyloid fibrils can occur with most
systemic amyloidosis subtypes. Cardiac disease is the primary determinant of
prognosis in AL amyloidosis as advanced cardiac amyloidosis is generally irre-
versible and carries a poor prognosis.

The most common pathology is restrictive cardiomyopathy resulting from
myocardial infiltration. It usually presents with diastolic dysfunction with lim-
ited effect on the ejection fraction. Patients typically present with manifestations
of systemic volume overload and generalized edema. Amyloid deposition inter-
feres with the heart’s conduction system as well, with both brady- and tachyar-
rhythmias [8]. Syncope and postural hypotension are common, though in some
cases, these are related to autonomic neuropathy rather than direct cardiac
effects. Systemic thromboembolism is a common presentation of cardiac amy-
loidosis partly due to a higher incidence of arrhythmias often coupled with atrial
and ventricular amyloid deposits [9]. Ischemic heart disease, however, is uncom-
mon in cardiac amyloid disease. In an autopsy study on 108 patients published in
1976 with cardiac amyloidosis, 5 (4.6%) only had severe occlusive amyloid
deposits in intramyocardial arteries [10].

The age of presentation varies depending on the amyloid subtype. AL amyloido-
sis presents at a wide range of ages, but nearly all patients are >40 years of age.
Transthyretin amyloidosis (ATTR amyloidosis) is a “protein misfolding disorder.”
Transthyretin is a protein made by the liver that helps carry thyroid hormone and
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vitamin A in the blood. In ATTR amyloidosis, the protein becomes unstable. It gets
fragmented and deposited in the heart and/or the nerves and other organs and tissues.

Patients with ATTR-mutated amyloidosis are typically older (>60-70 years of
age) and much older still in ATTR wild-type amyloidosis. Of the 266 patients diag-
nosed with hereditary ATTR amyloidosis, a pathogenic mutation could be identi-
fied in 206; the most common mutation was Thr60Ala (68 patients [25%]). The
median age at diagnosis was 63.3 years [11]. The type of presentation also varies
according to the amyloid fibril subtype. More cardiomyopathies are reported with
AL amyloidosis in contrast to arrhythmias, the salient feature of ATTR amyloido-
sis. Other extra-cardiac manifestations also vary depending on the amyloidosis syn-
drome [11].
GIT/Liver

Amyloidosis can affect any part of the gastrointestinal tract. Symptoms are
attributable to one or more of the following mechanisms [12]:

— Anmyloid fibril deposition involves any part of the GIT and the liver, pancreas,
and gallbladder. This can lead to dysmotility, bleeding, and malabsorption.

— Associated autonomic neuropathy with its effect mainly on GIT motility.

— Associated etiological factors as inflammatory bowel disease (IBD), chronic
infections, and rheumatologic diseases affecting GIT.

— Adverse effects from amyloidosis medications, for example, combination
chemotherapy for AL amyloidosis.

— Hepatic and splenic infiltrations commonly present with clinical hepato-
splenomegaly. Although isolated reports described obstructive jaundice, ele-
vated alkaline phosphatase and giant hepatomegaly with portal hypertension,
liver functions are usually preserved in the majority of patients [13-16].

AL amyloidosis is the most common cause of GIT amyloidosis; however, AA,
ATTR, and dialysis-related amyloidosis (DRA) can lead to GIT involvement.
Hematological

Bleeding is the most prominent hematological symptom in amyloidosis.
Many components of the hemostatic system can be affected in systemic amyloi-
dosis [17]:

— Impaired vascular integrity as a direct consequence of amyloid fibril
deposition.

— Thrombocytopenia occurring as a result of splenomegaly, associated myeloma
or chemotherapy.

— Low levels of coagulation factors. Factor X deficiency has a direct interaction
with amyloid fibrils in the liver. The impaired hepatic synthetic function also
contributes to coagulopathy.

Bruising around the ocular orbits (raccoon eyes) without a history of trauma
is generally considered pathognomonic for AL amyloidosis. Other foci of cuta-
neous and visceral bleeding are common.

Anemia, and less commonly, neutropenia, can occur due to bone marrow infil-
tration in AL amyloidosis or result from hypersplenism or associated myeloma.
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Neurological
Peripheral nerve involvement is a relatively common feature in systemic amy-
loidosis [18]. Manifestations include:

— Sensorimotor peripheral neuropathy with classical clinical features of pares-
thesias and less commonly motor weakness.

— Entrapment neuropathy with external compression on peripheral nerves as in
carpal tunnel syndrome.

— Autonomic neuropathy causing postural dizziness and syncope and GI and
urinary tract dysmotility.

ATTR amyloidosis with polyneuropathy (PN) is a progressive, debilitating,
systemic disease wherein transthyretin protein misfolds to form amyloid depos-
its in the endoneurium. Symptoms may be mistakenly attributed to other condi-
tions such as chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP), idiopathic axonal polyneuropathy, lumbar spinal stenosis, and, more
rarely, diabetic neuropathy and AL amyloidosis.

Central nervous system involvement in the most common systemic amyloido-
sis subtypes (AL and AA) is infrequent.

Cerebral amyloid angiopathy (CAA) is a spectrum of clinical presentations
caused by amyloid fibril deposition in small- and medium-sized cerebral arteries
[19]. The few mutations identified in CAA are linked to the younger age of pre-
sentation and worse outcomes. Patients can present with any of the following:

— Acute, recurrent, or chronic cerebral lobar bleeds. Identification is essential as
the risk of recurrence is higher than many other causes of a cerebral hemor-
rhage. Patients can remain asymptomatic with incidental findings of micro-
bleeds being picked up on MRI imaging performed for unrelated conditions.

— Transient focal neurological episodes (TFNEs). These are recurrent, focal,
reversible stereotyped neurological deficits. TFNEs are thought to happen due
to cerebral irritation by microbleeds and chronic siderosis caused by
CAA. History, gradual onset, MRI can help to differentiate it from other focal
neurological syndromes like migraine, epilepsy, and TIAs [20].

Associated atherosclerosis exhibits a similar incidence as in the general popu-
lation with similar risk factors (diabetes, hypertension, etc.). Atheroembolic dis-
ease remains a common cause of CNS events in amyloidosis patients.
Musculoskeletal

— Muscle involvement
In systemic AL amyloidosis, amyloid fibrils can deposit in skeletal mus-
cles. It is usually asymptomatic, but can lead to numerous presentations rang-
ing from myalgia, pseudohypertrophy, macroglossia, proximal myopathy, or
myositis [21].
— Amyloid arthropathy
Amyloid deposition in the synovial membrane of shoulders, knees, wrists,
and small hand joints is not uncommon. Arthropathy as a presenting symptom
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is uncommon. Joint involvement is usually very gradual, with little to no
inflammatory features compared to theumatoid arthritis (RA).

DRA leads to erosive and destructive osteoarthropathy, mainly involving
the shoulders, the hips, and carpal bones. It resembles inflammatory arthritis
with juxta-articular soft tissue swelling, mild periarticular osteoporosis, and
juxta-articular and subchondral cystic lesions (geodes), usually with well-
defined sclerotic margins [22].

Bone disease

Amyloid deposition in bone-forming bone cysts has been described. Lytic
bone lesions can be seen in AL amyloidosis associated with multiple myeloma
(MM) [23].

e Pulmonary

Pulmonary amyloidosis can occur in virtually all types of systemic and local-

ized amyloidosis [24]. Clinical features are heterogeneous and include:

Pulmonary infiltration with amyloid fibrils can affect the tracheobronchial
tree causing hoarseness, stridor, and obstruction.

It can also affect pulmonary parenchyma or pleura, causing pulmonary nod-
ules or pleural effusion, respectively. The most common presentation is pleu-
ral effusion as part of generalized anasarca due to cardiac amyloidosis and can
be difficult to distinguish clinically from primary amyloid deposition.

e Skin

Skin infiltration is common, and subcutaneous fat biopsy is one of the most

common sites for initial histopathologic sampling. Amyloid skin disease may be
localized (see below) or comprise part of systemic amyloidosis. Deposition can
have the shape of macules, nodules, or vesicles. In the absence of thrombocyto-
penia or platelet dysfunction, bruises are relatively common in AL amyloidosis
with the pathognomonic raccoon eyes. AL amyloidosis is the most likely to
exhibit cutaneous manifestations [25]. However, AA, ATTR, and DRA can rarely
present with cutaneous manifestations.

Localized Amyloidosis

In contrast to systemic amyloidosis, amyloid fibril deposition can be confined to
only one organ due to the light chain amyloid fibrils produced by tissue-specific
plasma cells. This is not associated with systemic clonal plasma cell disorders. Bone
marrow is not infiltrated with clonal plasma cells. The following are few examples
of localized organ-specific amyloidosis:

e Cutaneous amyloidosis: As previously mentioned, subcutaneous deposition of
amyloid fibrils occurs in many systemic amyloidosis syndromes. Isolated skin
infiltration can be a localized process. Primary localized cutaneous amyloidosis
(PLCA) is characterized by the extracellular deposition of heterogenic amyloid
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proteins in the skin without systemic involvement. Lichen amyloidosis, macular
amyloidosis, and (primary localized cutaneous) nodular amyloidosis are differ-
ent subtypes of PLCA [26].

e CNS infiltration with amyloid fibrils is implicated in familial and sporadic forms
of Alzheimer’s disease [27].

Diagnosis

A high index of clinical suspicion is required due to disease rarity.

1. Clinical context

Typical organ involvement (renal, cardiac, neurological) in an appropriate

clinical context is suggestive. For example:

AL amyloidosis should be suspected in myeloma, monoclonal gammopathy
of undetermined significance (MGUS) and lymphoma patients with:

— Generalized edema, nephrotic range of proteinuria
— Unexplained cardiac failure

— Progressive neuropathy

— Hepatosplenomegaly

AA amyloidosis should be looked for in RA, IBD, bronchiectasis, and peri-
odic fever patients with:

— Nephrotic syndrome, renal failure
— Gastrointestinal and hepatic manifestations
— Biventricular hypertrophy or diastolic cardiac failure

ATTR amyloidosis in patients with positive family history and one or more of
the clinical amyloidosis presentations. Family history might be missing, and
this should not exclude the diagnosis completely.

DRA in dialysis patients with musculoskeletal manifestations, including
shoulder arthropathy. DRA-related hospitalizations decreased over ten-fold
from 1998 to 2018 with the use of high-flux hemodialysis. Serum B2 micro-
globulin, the precursor of amyloid fibrils, remains positively associated with
mortality, even in the current era [28].

2. Laboratory Evaluation

(a) Initial lab tests and imaging

These will help assess organ functions and exclude other etiologies but
will not confirm a diagnosis of amyloidosis. They include:

e Urine analysis: A bland sediment is expected in renal amyloidosis. A
nephrotic range of proteinuria is a common finding.

* Renal functions are usually preserved until late in the disease process.
However, patients may less commonly proceed quickly to end-stage renal
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disease. Others may present with acute kidney injury with or without
proteinuria.

Deranged liver functions.

Anemia, thrombocytopenia, or pancytopenia are generally rare. They may
be the result of splenomegaly or associated myeloma in AL amyloidosis.
Troponin and NT-ProBNP are very sensitive markers of cardiac amyloi-
dosis of any etiology, and normal values largely exclude significant car-
diac amyloidosis. They are also used to risk-stratify amyloidosis and can
guide treatment decisions.

Imaging studies:

— Echocardiography and cardiac magnetic resonance imaging (MRI)
— Abdominal ultrasound

Nerve conduction studies

The presence of clonal free light chains (usually lambda) should not be
the sole evidence of AL amyloidosis. Even in the presence of histopatho-
logical evidence of amyloidosis MGUS can co-exist with other forms of
amyloidosis.

(b) Tissue biopsy:

The hallmark of amyloid diagnosis is the histological demonstration of
amyloid fibril deposition with its characteristic appearance.

— Homogenous structureless eosinophilic deposition in Hematoxylin
and Eosin prepared sections.

— Apple-green birefringence under polarized light microscopy when
stained with Congo-red.

— Intense yellow-green fluorescence with thioflavin T.

The clinical presentation should always be considered to determine
where to biopsy. However, classic locations of biopsies include:

— Abdominal fat biopsy: This safe site for biopsy is a relatively straight-
forward outpatient procedure. However, sample processing needs an
experienced histopathologist.

— Rectal snip: This is an accessible site of biopsy with a relatively
high yield.

— Bone marrow trephine biopsy: This will also detect the presence of
clonal plasma cells in AL amyloidosis. Fluorescence in situ hybridiza-
tion (FISH) has prognostic value in untreated AL amyloidosis and
may guide therapeutic decisions. Often the amyloidogenic clone is
characterized by chromosomal abnormalities [29]. The most frequent
genetic abnormalities in AL amyloidosis are t(11; 14) (50%) [30],
monosomy 13/del(13q) (36%), and trisomies (26%) [30].

— Renal, hepatic, or cardiac biopsies: In AL amyloidosis, the risk of
bleeding associated with renal biopsy is significant. Choosing an
alternate biopsy site can successfully demonstrate the deposits spar-
ing the patients’ bleeding risks [31].
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(c) SAP (serum amyloid P component) scanning
Serum amyloid P component scanning is a noninvasive, accurate scinti-
graphic diagnosis of amyloidosis [32].

Advantages

Allows for quantification and hence follow-up of disease progression and
response to therapy.

Relatively quick with the whole procedure completed in less than one hour.
Relatively safe with minimal radiation exposure.

Disadvantages:

Not widely available worldwide.

The substrate of the scan (SAP protein) is derived from donors with the potential
of transmitting infections.

Not sensitive to cardiac amyloidosis and a different modality is needed.

Treatment

(a) General approach

Amyloidosis clinical manifestations depend on the degree and sites of amy-
loid deposition. Unlike other proteins, amyloid degradation is prolonged, lead-
ing to its accumulation in tissues.

Traditionally, treatment efforts were directed towards slowing progression
and supportive measures since amyloidosis was deemed incurable.

It has been shown that halting or slowing down further amyloid deposition in
tissues allows the slow degradation of amyloid deposits to reduce amyloid bur-
den, leading to histopathological and clinical improvement. It depends mainly on
the etiology of amyloidosis and patient characteristics, and treatment has to be
individualized and tailored to the patient’s general condition and organ reserve.

Given the disease’s rarity and complexity, management should be provided
in tertiary centers and whenever available in a dedicated amyloidosis manage-
ment center. This will allow for:

» Expert patient management.

e A multidisciplinary approach with the much-needed input from various
medical teams, including hematology, nephrology, cardiology, and pathol-
ogy, to help with supportive management.

* Data collection will feed into current and future research with a better under-
standing of the disease dynamics and future management.

* Availability of newer treatment options from clinical trials.

Treatment will include specific measures to halt disease progression, depend-
ing on the relevant amyloidosis subtype pathogenesis (specific management)
and organ support to manage target organ affection by amyloid deposition (sup-
portive management).
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(b) Specific Management

1. AL Amyloidosis

Specific treatment of AL amyloidosis is usually directed towards clonal
plasma cells. This is primarily inspired by the multiple myeloma chemo-
therapy protocols tailored to amyloidosis patients. Both conditions can co-
exist, and the treatment then would depend on the predominant features and
comorbidities. On the other hand, MM and amyloidosis can manifest
sequentially along the course of MM; the reverse is rare. This is discussed in
detail in Chap. 9.

2. AA Amyloidosis

Treatment of AA amyloidosis is primarily directed towards treating the
cause. This will control the rate of SAA production back to an average level.
This will stabilize the disease and gradually might cause regression.

Treatment would differ depending on the etiology. However, treating a
chronic septic focus, refractory bronchiectasis, Familial FMF, or advanced
RA is usually challenging.

Cytokine-directed therapy

Cytokine-directed therapy is showing an increasing success in control-
ling AA amyloidosis secondary to RA [33], Seronegative arthropathies [34],
Periodic fever syndromes [35] and Crohn’s disease [36].

TNF antagonists’ efficacy seems to correlate with the degree of primary
disease control. IL-1 receptor antagonist anakinra seems to directly improve
AA amyloidosis independent of the primary disease with marked reduction
of SAA level [37]. The IL-6 antagonist tocilizumab equally showed clinical
improvement (delayed progression to dialysis, improved renal functions)
and normalization of SAA levels [38, 39].

Some success in controlling AA amyloidosis could also be achieved
using colchicine, commonly used in autoinflammatory conditions [40].

3. ATTR Amyloidosis

Like other types, treatment relies on reducing the rate of amyloid deposi-
tion allowing for the natural slow process of amyloid degradation to reduce
amyloid burden, stabilize and eventually improve clinical manifestations.

These types are even less common than AL and AA amyloidosis, with
even less available high-quality evidence.

Since ATTR amyloidosis is caused by the production of abnormal TTR
protein (in ATTRmut) or excessive production of structurally normal TTR
protein (ATTR wild type), the diagnosis should include DNA testing for
mutations, biopsy, and amyloid typing [41]. In both conditions, the target
would be to interfere with hepatic production of TTR as follows:

Genetic modifiers:

The RNA-interfering agent patisiran was effective in improving neuropa-
thy and quality of life in ATTRmut patients. No significant side effects have
been reported, and the drug was generally well tolerated [42]. The antisense
oligonucleotide agent inotersen has demonstrated similar results [43].
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Neutralizing agents:

Tafamidis is a new drug that binds to TTR to reduce its ability to form
amyloid fibrils. It showed promising results in ATTR presenting with both
neuropathy and cardiomyopathy [44].

Conclusions

Amyloidosis comprises a heterogeneous group of disorders characterized by the
deposition of abnormal extracellular protein material. This deposition is governed
by several factors, including amyloid protein precursor type, genetic and ethnic
variations. It can involve multiple organs (systemic amyloidosis) or, less commonly,
deposits in a single organ (organ-specific amyloidosis). These extracellular proteins
depositin tissues aggregated in B-pleated that distort tissue architecture and function.

Clinical presentation depends on the site and rate of deposition of amyloid fibrils.
It is crucial to identify the type of deposits and the extent of organ damage before
considering the different treatment options.

For AL-amyloidosis, treatment is primarily inspired by the multiple myeloma
chemotherapy protocols tailored to amyloidosis patients based on their organ
reserve. In AA amyloidosis, on the other hand, where inflammation is the driver for
the process, the use of cytokine-based therapy is more appropriate. For ATTR RNA-
interfering agents, antisense oligonucleotide or neutralizing agents can be offered.
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Chapter 9
Primary Light Chain (AL) Amyloidosis

Ashutosh D. Wechalekar

Introduction

The deposition of misfolded proteins causes systemic amyloidosis as interstitial
fibrillar deposits (amyloid deposits) and direct cellular proteotoxicity from the pre-
fibrillary oligomers [1]. Progressive multiorgan dysfunction results from the ongo-
ing accumulation of protein fibrils that are remarkably resistant to proteolysis.
About 35 different proteins have been reported to cause human amyloidoses. Of
these, systemic AL amyloidosis (AL) due to the deposition of misfolded immuno-
globulin light chains and wild-type transthyretin amyloidosis (wtATTR), due to
misfolded native transthyretin deposition, are the two commonest types [2]. AL was
considered the commonest, but wtATTR is set to overtake AL as the globally com-
monest type of amyloidosis. Cardiac involvement remains the common cause of
morbidity and mortality in patients with systemic AL amyloidosis. AL has an inci-
dence of 8-10 cases per million person-years, the median age at diagnosis of 63,
and is a rapidly fatal disease if untreated. Secondary amyloidosis (AA) is becoming
rarer in developed countries. Still, it occurs with autoimmune or inflammatory con-
ditions such as multicentric Castleman’s disease, renal cell cancer, autoimmune dis-
orders, and chronic infections due to bronchiectasis or osteomyelitis. Leucocyte
chemotactic factor 2 (LECT2) amyloidosis [3], seen in countries like Mexico, India,
Egypt, is becoming another frequently recognized acquired amyloidosis.

Amyloidosis is a rare diagnosis. The presenting symptoms, however, are preva-
lent in the affected age group leading to a delay in diagnosis. In this chapter, we will
review the steps to AL amyloid diagnosis, investigations, and approach to its
management.
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Diagnosis

The heart and kidneys are the two commonest organs affected by amyloidosis.
Symptoms due to dysfunction of these organs underpin the clinical presentation—
fatigue, breathlessness, and edema. Figure 9.1 gives the organ involvement in AL
amyloidosis. In AL, soft tissue involvement leading to macroglossia, with typical
stiff enlarged tongue with teeth indentation, is a pathognomonic feature. Periorbital
purpura (the so-called panda eyes) in a patient with monoclonal gammopathy puts
amyloidosis at the top of the differential unless proven otherwise. Involvement of
peripheral or autonomic nerves is seen in 20-30% of patients with AL amyloidosis.
Unexplained weight loss, diarrhea, erectile dysfunction, and painful/painless
peripheral neuropathy may also underlie gastrointestinal, autonomic, and peripheral
nerve damage, respectively, in these patients. While some clinical presentations
may be very typical of AL amyloidosis, most often, clinical manifestations are simi-
lar for all types of systemic amyloidosis and often not specific enough to distinguish
amyloid fibril type clinically. Table 9.1 gives the distribution of organ involvement
in various kinds of amyloidosis.

With the increasing recognition of wild-type transthyretin amyloidosis in the
elderly, a population group where monoclonal gammopathy of uncertain signifi-
cance is also common, the potential for two amyloid-forming precursor proteins in
a single patient is an increasingly frequent situation in clinical practice [4], leading
to a critical need for accurate amyloid typing. This is especially the case in older
men with an African background where gammopathies are commoner, and 4% of
the population carry a mutation in the TTR gene (V122I), which also predisposes to
amyloidosis [5].

In the majority of patients with systemic amyloidosis, a tissue diagnosis is
required to confirm amyloid deposition and to obtain material for confirming the
protein type in amyloid fibrils. Biopsy of the affected organ has the highest chance

Localised/Never in Systemic

Uncommon
Seen IgM/Sjogrens

Heart — 70-80%

Liver 20-30% Autonomic 20%

} — 60-70%
Autonomic 20% Kidneys — 60-70%

Gl —20-30%

Fig. 9.1 Organ involvement in AL amyloidosis
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Table 9.1 Presentation in different types of amyloidosis

Type Heart Kidneys Liver Nerves Soft tissue

AL +++ +++ + + +

AA - +++ + - -

ALECT2 - +++ ++ - -

ATTRm +/— - - +++ -

ATTRwt +++ - — - Carpal tunnel/Spinal stenosis only
AFib - +++ - - -

AApoAl + ++ ++ +/— -

ALys - + +++ - GI tract

AL Immunoglobulin light-chain, AA Secondary amyloidosis, ALECT2 Leucocyte chemotactic fac-
tor 2 amyloidosis, ATTRm Mutant transthyretin, ATTRwt Wild-type transthyretin, AFib Fibrinogen
A-a, AApoAl Apolipoprotein Al, ALys Lysozyme

Very common +++; Common ++; can occur +; not involved —

of yielding a positive result but may be fraught with risks such as bleeding; hence,
abdominal fat or bone marrow biopsies may be a lower risk alternative. The combi-
nation of abdominal fat and bone marrow biopsies is likely to yield a positive result
in 87% of cases with probable AL amyloidosis [6]. Demonstration amyloid deposi-
tion by classic Congo red staining remains the gold standard. False-negative or
false-positive results with Congo red-stained biopsy preparations can occur, and all
such results must be interpreted keeping the clinical context in the background [7,
8]. Once amyloid deposition has been confirmed by Congo red staining, in most of
the cases, the next step is confirmatory fibril typing. Immunohistochemistry has
been used for many years as a confirmatory technique. However, false positives and
false negatives are common, especially in AL. Laser capture with mass spectrome-
try (LCMS) has become a gold standard due to its high sensitivity and specificity. In
LCMS, Congo red-positive areas dissected from slides, digested and analyzed [9].
All amyloid deposits contain Apo E and serum amyloid P protein, which are consid-
ered amyloid signature proteins. After mass spectrometry, using protein reference
databases, amyloid fibril protein can be reliably identified in the vast majority of the
cases where adequate tissue samples are available. DNA sequencing of genes related
to hereditary variants is also essential for confirming proteomic findings and family
screening when appropriate [4].

Once a biopsy has demonstrated amyloidosis, subsequent workup involves a
detailed assessment to identify the monoclonal protein (in AL) and define the extent
of organ involvement. Testing for a monoclonal gammopathy is performed with
serum and urine protein studies. The serum free light chain assay is critical for
evaluating and monitoring patients with AL. Serum and urine immunofixation are
also needed as patients may have modestly abnormal serum free light chains, par-
ticularly when renal function is impaired [10, 11]. All patients will require a bone
marrow biopsy to confirm the presence of clonal plasma cells. In 6-9% of cases, the
amyloid-forming light chain is produced by a low-grade lymphoproliferative disor-
der, and therapy then should be tailored to treat the underlying B cell disorder [12,
13]. Cytogenetic analysis of the bone marrow is becoming increasingly important to
identify chromosome translocations, such as t(11;14). This has a poorer prognostic
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significance for targeted treatments. The so-called high-risk abnormalities for mul-
tiple myelomas, such as dell13 by cytogenetics or t (4;14) or del17p, are uncommon
in amyloidosis.

Staging and Risk Assessment

The prognosis and treatment of patients with amyloidosis depend on the disease
stage and the risk assessment. Following diagnosis, the next key step is accurate
staging. The use of cardiac biomarkers, NTpro-BNP, and troponin T continues to
remain the cornerstone of staging as defined by the Mayo Clinic group. Patients
with both biomarkers within the normal range while considered to have stage one
disease, either one of the biomarkers being abnormal (NTpro-BNP > 332 ng/L or
troponin T > 0.035 pg/L) is stage two, and both biomarkers being abnormal is
classed stage three; with progressively decreasing median survival. NT-proBNP lev-
els >8500 ng/L identify an especially high subgroup with a 50-60% risk of early
mortality [14]. In addition to the heart, assessment of other organs is also essential.
The International Society of amyloidosis has criteria for the assessment of organ
involvement at baseline (Table 9.2).

Imaging of amyloid deposits is complex but, when possible, may give important
information about the extent of the disease. Imaging is also becoming important in
assessing the prognosis for patients with amyloidosis. Echocardiogram with mea-
surement of global longitudinal strain is a widely available tool that can be used in

Table 9.2 Organ response and progression criteria in AL

Organ Response Progression

Heart NT-proBNP response (>30% and >300 ng/L | NT-proBNP progression (>30% and
decrease in patients with baseline >300 ng/L increase in presence of
NT-proBNP >650 ng/L) stable creatinine)
OR OR

NYHA class response (>2 class decrease in | ¢Tn progression (>33% increase)
subjects with baseline NYHA class 3 or4) |OR

Ejection fraction progression (>10%
decrease)

Kidney 50% decrease (at least 0.5 g/day) of 24-h 50% increase (at least 1 g/day) of
urine protein (urine protein must be >0.5 g/ | 24-h urine protein to greater than 1 g/
day pretreatment). Creatinine and creatinine | day or 25% worsening of serum

clearance must not worsen by 25% over creatinine or creatinine clearance
baseline

Liver 50% decrease in abnormal alkaline 50% increase of alkaline phosphatase
phosphatase value above the lowest value
Decrease in liver size radiographically at
least 2 cm

Peripheral | Improvement in electromyogram nerve Progressive neuropathy by

nervous conduction velocity (rare) electromyography or nerve

system conduction velocity
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routine clinical practice [15]. Cardiac magnetic resonance imaging can give detailed
structural information about the amyloid heart and provide additional prognostic
information. However, it has limitations as it cannot be done in patients with
implanted devices or impaired renal function. Radionuclide imaging using '*I
labeled serum amyloid P component scintigraphy [16] can serially monitor changes
in the total body amyloid load—and can act as a helpful guide to therapy. However,
this is not widely available. PET scans using tracers such as Florbetapir or
Florbetaben appear to be highly sensitive and specific for cardiac imaging in AL and
may well become a new standard of care [17]. Imaging with *™Tc-labeled DPD/
PYP, bone scanning agents, are helpful non-invasive tools to differentiate between
cardiac AL and ATTR amyloidosis [18].

Response Assessment

Response assessment in amyloidosis involves measuring changes in the precursor
protein (the monoclonal protein in AL or inflammatory markers in AA) and changes
in the end-organ function affected by amyloidosis. Hence, in a patient with systemic
AL amyloidosis, there is a definition of hematologic response and organ response.
As currently available therapies only target the precursor protein, the hematologic
response is a critical surrogate for outcomes in patients with AL amyloidosis.
Achievement of a hematologic response remains the crucial variable for predicting
organ improvement and prolonged survival [19]. The goal of treatment is complete
or near-complete elimination of the monoclonal protein, which is associated with
the best long-term outcomes. Criteria for scoring hematologic response based partly
on reductions in the difference between involved and uninvolved FLC (the dFLC)
have been validated in a large international case series [20]. Response categories
include complete (CR), very good partial (VGPR), partial (PR), and noresponse (NR).

Table 9.2 gives the agreed criteria for response assessment following treatment
in the patient with their amyloidosis. Cardiac biomarkers are important in assessing
cardiac response. Echocardiographic improvement in global longitudinal strain will
give additional information. In patients with cardiac involvement, a > 30% reduc-
tion and a > 300 ng/L decrease in the NT-proBNP level from baseline correlate with
improved overall survival. In contrast, increases of that magnitude correlate with
progression and worse survival [21].

Management

Systemic AL is a complex multi-system disease. Management requires a multidis-
ciplinary approach with involvement from cardiologists, nephrologists, neurolo-
gists, and hematologists. Stringent supportive therapy is key, including careful fluid
balance and patient education in monitoring blood pressure and fluid status. In AL
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amyloidosis, chemotherapy directed at the underlying plasma cell clone remains the
mainstay of treatment.

Treatment for AL amyloidosis was underpinned by data from small prospective
trials and several large registry-based retrospective analyses. Recently, a phase three
clinical trial using daratumumab has been completed leading to a new milestone in
AL treatment: daratumumab and cyclophosphamide bortezomib dexamethasone
have become the first licensed treatment for systemic AL amyloidosis. Figure 9.2
gives an approach to the treatment of AL amyloidosis.

Bortezomib has been a mainstay of upfront treatment in AL for the last decade.
The benefit of bortezomib-melphalan-dexamethasone was clearly demonstrated in
a recent randomized phase III trial of 100 newly diagnosed patients with AL amy-
loidosis, improving CR/VGPR rates from 28 to 53% [22]. The most widely used
regimen is CyBorD (combination of cyclophosphamide, bortezomib, and dexa-
methasone). A European collaborative study of 230 patients demonstrated the effi-
cacy of CyBorD, reporting hematologic, renal, and cardiac response rates of 60%,
25%, and 17%, respectively [23]. We have recently reported the outcomes of 915
patients with hematologic, renal, and cardiac response rates of 65%, 15.4%, and
32.5%, respectively [24]. A rapid response with bortezomib-based therapy can sig-
nificantly improve outcomes even in advanced cardiac patients (median OS improv-
ing from 5 to 26 m in patients achieving a CR/VGPR by the end of one month [25]).

In the recently published report of the ANDROMEDA clinical trial comparing
daratumumab/placebo with CyBorD, [26] in 388 patients who underwent random-
ization, at a median follow-up of 11.4 months, the percentage of patients who had a
complete hematologic response was significantly higher in the daratumumab group
than in the control group (53.3% vs. 18.1%) (relative risk ratio, 2.9; 95% confidence
interval [CI], 2.1-4.1; P < 0.001). Survival free from major organ deterioration or
hematologic progression favored the daratumumab group (hazard ratio for major

Low risk Intermediate risk
(Mayo stage 1) (Mayo stage 2 & 3A)
55
ASCT in eligible patients i Dara-CyBorD/VCD or
l or DaraCyBorD/VCD or J BMDex
BMDex_ or ASCT in eligible patients

Frequent assessment of response
* < VGPR at 3 months - switch treatment

« If <PR at 1 months - review treatment

At Relapse
» Consider agent or combination not previously used unless
prolonged prior response
¢ Lenalidomide-Dexamethasone, Pomalidomide-Dexamethasone,
Venetoclax, daratumumab combinations

Fig. 9.2 Treatment approach to patient with systemic AL amyloidosis (CyBorD cyclophospha-
mide, bortezomib, dexamethasone, ASCT autologous stem cell transplantation, VGRP very good
partial response, PR partial response)
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organ deterioration, hematologic progression, or death, 0.58; 95% CI, 0.36-0.93;
P =0.02). At 6 months, more cardiac and renal responses occurred in the daratu-
mumab group than in the control group (41.5% vs. 22.2% and 53.0% vs. 23.9%,
respectively). The four most common grade 3 or 4 adverse events were lymphope-
nia (13.0% in the daratumumab group and 10.1% in the control group), pneumonia
(7.8% and 4.3%, respectively), cardiac failure (6.2% and 4.8%), and diarrhea (5.7%
and 3.7%). Systemic administration-related reactions to daratumumab occurred in
7.3% of the patients. A total of 56 patients died (27 in the daratumumab group and
29 in the control group), most due to amyloidosis-related cardiomyopathy. The
authors concluded that the addition of daratumumab to bortezomib, cyclophospha-
mide, and dexamethasone was associated with higher frequencies of hematologic
complete response and survival free from major organ deterioration or hematologic
progression. The results of this study led to the licensing of daratumumab-CyBorD
for front-line treatment of AL amyloidosis.

Alkylator-based chemotherapy regimens were the mainstay for many years but
have been superseded by combined novel agent-based chemotherapy. Oral melpha-
lan and dexamethasone (MDex) induced a hematologic response rate of 67%, a CR
rate of 33%, and an organ response rate of 48% in a phase II study of 45 patients
[27]. An update of this cohort with a 5-year follow-up showed an impressive median
progression-free survival (PFS) of 3.8 years and a median OS of 5.1 years [28]. It
still continues to have a role in selected patients who are not candidates for novel
agent chemotherapy.

High-dose melphalan with autologous stem cell transplant (ASCT) is beneficial
initial therapy for up to 20% of newly diagnosed patients [29]. High rates of hema-
tologic and organ response are reported, and median survival is nearly a decade in
ASCT patients achieving a complete response. Patient selection for ASCT remains
the key due to the high treatment-related mortality (TRM) that stays around 10%
even at experienced centers [30]. Eighty percent of patients achieving a complete
hematologic response experience organ response; half of all patients surviving one
year after SCT experience organ responses [29]. However, the excellent response is
seen with bortezomib-based treatment regimens in AL, especially with the addition
of daratumumab, which have led to questions about the utility of autologous stem
cell transplantation in this disease. We recently reported a matched comparison of
CyBorD versus stem cell transplantation in amyloidosis, showing no significant
survival benefit for patients treated with autologous stem cell transplantation. This
remains a question to be answered in a prospective clinical trial.

Immunomodulatory drugs such as lenalidomide, pomalidomide, and thalido-
mide have been used to treat amyloidosis for many years. Thalidomide-based treat-
ments are no longer considered appropriate for patients with amyloidosis due to
high toxicity. Lenalidomide and pomalidomide are useful for patients in the treat-
ment of relapsed disease. In phase II trials, full-dose lenalidomide had significant
toxicity requiring dose reductions or discontinuation. It was better tolerated at
15 mg/day in combination with weekly dexamethasone (LenDex), with hemato-
logic response rates of 40-50% [21, 31]. Single-agent lenalidomide has limited effi-
cacy and is not recommended. In a retrospective study in relapsed AL treated with
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LenDex, there was a 49% hematologic response rate with 16% CR, median OS of
about 2 years, and in those achieving CR, a PES of over 3 years [32]. In a prelimi-
nary report on a phase II study of pomalidomide with weekly dexamethasone, over
30% of relapsed AL patients achieved a complete response, highlighting the prom-
ise of this potent immunomodulatory (IMiD) therapy [33]. More recently, we
reported good responses (VGPR or better in 40%) with 27 months (95% confidence
interval 15.7-38.1 month) and median progression-free survival (PFS) was
15 months (95% confidence interval 6.24-23.77) in multiple relapsed AL patients
treated with pomalidomide [34].

Translocation t (11;14) is seen in 45% of patients with AL amyloidosis. This is a
potential for targeted therapy due to the specific activation of cyclin D1. Venetoclax
is one such agent which has been used in the treatment of multiple myeloma. We
recently reported a retrospective international collaborative study showing high
response rates in patients treated with Venetoclax in patients with relapsed AL amy-
loidosis [35]. Amongst 43 patients reports, the hematologic response rate for all
patients was 68%; 63% achieved VGPR/CR. Patients with t(11;14) had higher
hematologic response (81% vs. 40%) and higher VGPR/CR rate (78% vs. 30%,
odds ratio: 0.12, 95% CI 0.02-0.62) than non-t(11;14) patients. The toxicities
appeared to be modest, and the deep response rates were striking. This agent, or
similar agents, needs to be investigated in prospective trials in AL.

Direct Anti-Amyloid Therapies

Accelerating the removal of amyloid deposits has remained challenging. It is well
documented that macrophage-mediated processes clear amyloid deposits.
Accelerating this clearance by the use of monoclonal antibodies has been appealing.
Several small molecules such as doxycycline may reduce the amyloid formation and
are potentially appealing but have not been proven in prospective clinical trials.
Clinical trials with monoclonal antibodies directed at proteins on the amyloid depos-
its (serum amyloid P component) and anti-fibril antibodies NEOOOID were per-
formed but proved unsuccessful. Lately, a novel anti-fibril antibody (CAEL101) has
been reported in phase 1 clinical trial to show rapid improvement in cardiac and renal
function [36]. Fifteen of 24 patients (63%) who manifested cardiac, renal, hepatic,
gastrointestinal, or soft tissue involvement had a therapeutic response to mAb
CAEL-101 with a median time to response of 3 weeks. Two phase III clinical trials
with CAEL-101/placebo are ongoing in patients with cardiac AL amyloidosis.

Supportive Care

Cardiac amyloid causes restrictive cardiomyopathy with reduced cardiac output
and, when combined with autonomic dysfunction and nephrotic syndrome, makes
management challenging. Loop diuretics such as furosemide or bumetanide are
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standard therapy, but they may compromise cardiac output [37]. Close clinical mon-
itoring with frequent adjustments of dose are mandatory. Patients must be taught to
limit their salt intake and weigh themselves daily. Beta-blockers and angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers should be avoided
due to poor tolerance.

In patients with severe nephrotic syndrome and low serum album, intravenous
salt poor albumin infusion given once or twice weekly are often very useful, espe-
cially during chemotherapy, to allow adequate diuresis. Two-thirds of patients pre-
senting with advanced renal impairment or severe proteinuria will develop end-stage
renal failure with amyloidosis. In selected cases without severe cardiac involve-
ment, particularly for patients in a complete hematologic response, renal transplant
outcomes appear to be excellent, and patients should be referred appropriately.

Gastrointestinal symptoms in amyloidosis may either be due to direct amyloid
infiltration (rare) or due to autonomic involvement (commoner). Patients can have
intractable nausea and vomiting and often do not respond to enteral feeding or phar-
macologic interventions. The most common presenting symptoms of bowel involve-
ment are persistent severe diarrhea. The diarrhea of amyloid is challenging to treat
[38]. Loperamide and codeine may help many patients. Somatostatin analogous
(octreotide or lanreotide) are helpful when opioids fail to control diarrhea. There is
a risk for GI bleeding in patients who undergo ASCT [39] or with high-dose corti-
costeroids, which need close monitoring.

Superficial cutaneous bruising is very common in amyloidosis. Severe bleeding
due to clotting factor deficiencies is well recognized but uncommon. Acquired fac-
tor X deficiency (seen in ~5% of patients) is a typical feature. The majority of these
patients have significant amyloid deposits in the liver and spleen. The management
of factor X deficiency has included splenectomy and the use of recombinant human
factor VIIa. [19] Highly purified factor X concentrate is available in some countries
and may have a role in these cases. Paradoxically, patients with AL amyloidosis
may also be significantly prothrombotic, particularly in the presence of the nephrotic
syndrome. Management of thrombosis, or indeed thromboprophylaxis, in these
patients, is challenging because of competing risks of bleeding from amyloid depo-
sition in the gut/liver. Immunomodulatory agents will increase thrombotic risk.

Conclusions

Amyloidosis is an increasingly recognized disease. AL amyloidosis remains the
commonest amyloid type, but wild-type transthyretin amyloidosis is likely to over-
take this in the near future. Delays in diagnosis remain, and most patients still pres-
ent with advanced disease. Recognizing disease manifestations is critical. Education
of physicians in all specialties to understand the amyloid symptom complex, the
recognition that although uncommon, amyloid is not as rare as commonly consid-
ered, is important. This would allow early consideration of this disease in the dif-
ferential diagnosis. Risk stratification of amyloidosis is well evolved, and accurate
treatment can be chosen based on the nature and degree of organ damage. Treatment
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outcomes and survival have substantially improved, with over half the patients with
AL likely to survive more than 5 years from diagnosis. Daratumumab (with
CyBorD) has now become the first licensed treatment for AL amyloidosis. Attention
to supportive care remains crucial to managing patients with multiorgan involve-
ment in multidisciplinary settings. Reversal of end-organ damage remains a limita-
tion in amyloid therapy. Monoclonal antibody-based approaches to accelerate
amyloid removal show promise.
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Chapter 10 )
Monoclonal Immunoglobulin Deposition
Disease

Check for
updates

Marco Allinovi, Fiammetta Ravaglia, Gianmarco Lugli, Francesco Pegoraro,
and Augusto Vaglio

Introduction

Monoclonal immunoglobulin deposition disease (MIDD) is a systemic disease
characterized by the abnormal clonal production and tissue deposition of monoclo-
nal immunoglobulins (mlg) by plasma cells or other B cells. The mlg production in
MIDD may be malignant or non-malignant, but always results in the tissue deposi-
tion of mlg proteins as amorphous, non-congophilic material in a non-fibrillar state.

Three subtypes of MIDD have been reported based on the composition of the
deposits. Light chain deposition disease (LCDD), the most common subtype, is a
systemic disorder characterized by the deposition of monotypic immunoglobulin
light chains in the kidney and other organs. As LCDD was first described as a
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Table 10.1 Definitions

Terms Definition

MIDD Monoclonal immunoglobulin deposition disease: a type of monoclonal gammopathy
of renal significance (MGRS) characterized by non-organized monoclonal light,
heavy, or both chains which deposit along the glomerular basement membrane and
the tubular basement membrane

LCDD Light chain deposition disease: a MIDD with light chain deposition on kidney biopsy

HCDD Heavy-chain deposition disease: a MIDD with heavy chain deposition on kidney
biopsy

LHCDD | Light- and heavy-chain deposition disease: a MIDD with both light and heavy chain
deposition on kidney biopsy

PGNMID | Proliferative glomerulonephritis with monoclonal immunoglobulin deposits: a type
of MGRS characterized by non-organized monoclonal immunoglobulin deposits
consisting of an intact immunoglobulin deposited in the glomeruli

systemic disease by Randall et al. in the 1970s [1], the term “Randall-type MIDD”
is widely accepted for LCDD. Less frequently, the intact monoclonal protein (light
and heavy chains), or the truncated heavy chain alone, deposits both in the renal
basement membranes and in other organs, defining two other subtypes of MIDD,
light- and heavy-chain deposition disease (LHCDD), and heavy-chain deposition
disease (HCDD), respectively (Table 10.1).

MIDDs are part of a large and heterogeneous group of diseases identified as
paraprotein-associated disorders or monoclonal Ig-related renal diseases, that also
include light-chain (AL) amyloidosis, myeloma cast nephropathy, light-chain prox-
imal tubulopathy, and cryoglobulinemic glomerulonephritis.

Multiple paraprotein tests can be used for MIDD diagnosis. The serum free light
chain (FLC) assay is the most sensitive available technique, proving abnormal in
almost all patients with LCDD [2—4]. However, no technique alone is sufficient [5].
When used together immunofixation electrophoresis, serum protein electrophore-
sis, Bence-Jones proteinuria, and serum free light chains can result in higher sensi-
tivity rates.

The clinical picture of MIDD is typically driven by renal involvement. Although
the disease primarily affects the glomeruli (the glomerular basement membranes
and the glomerular mesangium), involvement of tubules, interstitium, and arteries is
often described. The deposition of light chains along the tubular and glomerular
basement membranes at immunofluorescence (IF), and the presence of “powdery”
electron-dense deposits on electron microscopy, are essential for the diagnosis. The
affinity for basement membrane components is thought to be due to the peculiar
structural features of the involved pathogenic chain.

Severe proteinuria (consisting of light chains and other plasma proteins) and
renal dysfunction are the most common clinical presentations of MIDD [3, 6-8]
(Table 10.2). Kidney function is already compromised at onset in most cases, with
features of acute or chronic renal failure. In a minority of cases, the disease presents
with slowly progressive CKD without significant proteinuria, leading to a
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Table 10.2 Clinical manifestations and hematologic features at diagnosis in patients with
monoclonal immunoglobulin deposition disease

All Pure LCDD + cast
patients | HCDD | LHCDD | LCDD nephropathy
Frequency among MIDD 100 10 7 63 20
cases (%)
Hematological diagnosis (%)
MGUS 66 90 95 80 0
Symptomatic MM 32 10 5 16 100
Other malignant 2 0 0 4 0
neoplasms
dFLC (mg/L) 440 150 600 1500 5400
Renal function
eGFR (mg/dL) 25 42 27 23 <10
CKD > 4 (%) 50 30 50 60 0
AKI (%) 23 0 0 0 100
Dialysis (%) 20 5 10 3 90
Mean serum albumin (g/L) 33 28 30 33 35
Mean 24 h proteinuria (g) 2.8 3.8 3.2 2.8 2
Nephrotic-range proteinuria |45 80 55 40 15
(%)
Full-blown nephrotic 22 60 30 25 5
syndrome (%)
Extra-renal involvement (%) |30 15 10 40 10

MIDD monoclonal immunoglobulin deposition disease, MGUS monoclonal gammopathy of unde-
termined significance, MM multiple myeloma, dFLC difference between the involved and the
uninvolved free light chains, eGFR estimated glomerular filtration rate, CKD chronic kidney dis-
ease, AKI acute kidney failure

Table based on the following references: [2—4, 9—13]

diagnostic delay. In these patients, glomerulosclerosis is uncommon, and deposits
are prevalent in the renal vascular and tubular compartments [2, 14].

Immunoglobulins can deposit in different organs, resulting in a variety of clinical
presentations. Extra-renal involvement is described in one third of patients with
LCDD [9, 13]. The most commonly involved organs include the heart, the lungs, the
liver, and the peripheral nerves [15, 16]. The specific pattern of organ involvement
is determined by molecular characteristics of the pathogenic mlg, rather than by the
tumoral extension [9]. Recognition of extra-renal involvement is essential for the
diagnosis of MIDD, especially in those patients (around 20%) who rapidly progress
to advanced CKD [2—4] without performing renal biopsy.

The natural history and prognosis of MIDD depend on the severity of renal fail-
ure at diagnosis, the presence of an underlying multiple myeloma (MM), and the
delay in the hematologic response to chemotherapy. Additionally, LCDD patients
with cardiac involvement have poorer survival and a significantly higher risk of
treatment-related mortality after autologous stem cell transplantation (ASCT), com-
pared with those without cardiac involvement [13].
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Current treatment strategies are targeted at reducing the production of mlg, and
mainly consist of high-dose melphalan followed by autologous stem cell transplan-
tation (HDM/ASCT) or bortezomib-based regimens. The hematological response is
a crucial prognostic factor in MIDD.

Pathology

The mlg can deposit in virtually every organ, but the kidneys are involved in most
cases. The renal deposition of mlg occurs primarily along the glomerular and tubu-
lar basement membranes (Fig. 10.1b, c, d). However, as the disease progresses,
massive deposits accumulate in the mesangium, leading to nodular glomeruloscle-
rosis, which is the most characteristic expression of MIDD identifiable by light
microscopy, especially in the clinically overt disease. In fact, light or heavy chain
deposition typically spares the glomeruli in early phases, being detectable only in
the tubulointerstitial and vascular compartments. Careful differential diagnosis with
diabetic nephropathy, amyloidosis, or other types of nodular glomerulosclero-
sis (obesity, hypertension, smoking) is mandatory.

MIDD diagnosis requires the demonstration of monoclonal light or heavy chain
deposition by IF. Additionally, electron microscopy helps assessing the nature of the
deposition, further defining the location of deposits, and eventually ruling out the

Fig.10.1 Pathology findings in MIDD (a) Nodular mesangial glomerulosclerosis in LCDD (H&E
40x); (b) mesangial and peripheral glomerular capillary wall staining for kappa light chains; (c)
diffuse linear tubular basement membrane staining for kappa light chains; (d) linear vessel wall
staining for kappa light chain (b, ¢, d direct IF for kappa light chain, Fluorescein 40x); (e) negative
lambda staining of the same patient shown in b, ¢, and d (direct IF for lambda light chain,
Fluorescein 40x)
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Table 10.3 Clinical and pathological characteristics of disorders associated with paraproteinemias
with non-organized Ig deposits

Light microscopy

Immunofluorescence

Electron microscopy

LCDD Nodular Linear deposits along Punctate, to floccular, to
glomerulosclerosis tubular basement granular, to powdery
Thickened tubular membranes, glomerular deposits in tubular
basement membranes basement membranes, and | basement membranes,
Thickened vessel walls vessel walls (mostly glomerular basement
Hyperplastic vasculopathy | kappa) membranes, mesangium,
Bowman'’s capsule, and
arteriolar walls
HCDD Nodular Linear deposits along Similar to LCDD
glomerulosclerosis with/ | tubular basement Fibrils in fibrillary variant
without crescents membranes, glomerular
Thickened tubular basement membranes, and
basement membranes vessel walls
Thickened vessel walls Truncated heavy chain
(mostly IgG, C3, Clq)
LHCDD | Nodular Linear deposits along Similar to LCDD
glomerulosclerosis with/ | tubular basement
without crescents membranes, glomerular
Thickened tubular basement membranes, and
basement membranes vessel walls
Thickened vessel walls Light chain (mostly
kappa) + truncated heavy
chain
PGNMID | Membranoproliferative, Granular deposits in Granular deposits in
membranous, or mesangial | mesangium mesangium, subendothelial
proliferative pattern Monotypic Ig, mostly and subendothelial space
IgG3, C3,Clq
C3G with | Membranoproliferative, Granular deposits in Granular mesangial
MN membranous, or mesangial | mesangium and electron-dense deposits in

proliferative pattern

glomerular capillary walls
(C3 dominant)

C3G

Sausage-shaped
intramembranous
electron-dense deposits in
DDD

presence of combined deposits. MIDD subtypes are identified on the basis of the
immunoglobulin components that deposit in tissue, namely light chains for LCDD,

heavy chains for HCDD, or both for LHCDD (Table 10.3).

About one quarter of all LCDD patients show the coexistence of different light
chain nephropathy patterns (e.g., AL amyloidosis, cast nephropathy, fibrillary glo-
merulonephritis, and/or other types of monoclonal gammopathy of renal signifi-
cance, MGRS) [2, 7, 13, 17, 18]. In most cases—and almost exclusively in patients
with MM—the classic lesion of myeloma cast nephropathy is concomitantly pres-
ent [6-8]. Recently, it has emerged that coexisting light chain diseases are more
common than previously reported and confer a worse clinical outcome, emphasiz-

ing the need for histopathological evaluation [6, 8, 13, 18].
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Light Microscopy

The most characteristic finding of LCDD is nodular glomerulopathy [19]. Unlike
in diabetic nephropathy, in LCDD the mesangial nodules are more evenly distrib-
uted in the whole glomerulus, especially in advanced disease stages. Moreover,
these nodules do not show other typical features of diabetic nephropathy such as
capsular drops and hyaline cap lesions. In LCDD, mesangial nodules are PAS-
positive, argyrophilic, and composed of extracellular matrix proteins admixed
with monotypic light chains (Fig. 10.1a). Mesangial nodules might also show
peripheral lamellation by silver staining, and mesangial hypercellularity can be
associated with an increase in extracellular matrix. The subendothelial deposition
of light chains results in a variable thickening of capillary walls. However, since
nodular glomerulopathy is the common end of variable LCDD glomerular pat-
terns in early stages (ranging from minimal change disease to mesangial, mem-
branoproliferative, or rarely crescentic), IF staining for light chains is essential for
diagnosis.

Apart from the glomerulus, light chain deposition is invariably observed in tubu-
lar basement membranes—typically on the outer aspect—resulting in membrane
thickening and tortuosity and requiring IF to distinguish it from diabetic nephropa-
thy. Half of patients with LCDD show thickening of vessel walls, and in some cases
the concentric thickening of small- and medium-sized arteries due to light chain
deposition leads to hyperplastic vasculopathy. Moreover, also interstitial deposits,
appearing as PAS-positive aggregates, can be found, rarely associated with giant-
cell reaction.

Similarly, HCDD typically appears as nodular glomerulosclerosis by light
microscopy [20], but crescents or intracapillary proliferative glomerulonephritis can
also be found. Heavy chain deposition is limited in most cases to the tubular base-
ment membrane, without glomerular or vascular heavy chain deposition. Congo red
stain is always negative.

Immunofluorescence

Pattern and intensity of LCDD staining depend on the amount and distribution of
light chain deposits. The deposition is monotypic, with a k¥ to A ratio of 9:1.
Monoclonal light chain deposition is more intense alongside the tubular basement
membranes compared to the peripheral capillary walls of the glomeruli (Fig. 10.1b,
¢). The staining is typically linear and regular though in early stages of the disease
it may appear segmental. In a minority of patients, also a granular monotypic
mesangial staining or a focal granular interstitium staining can be found together
with capillary walls staining (Fig. 10.1d). Staining is negative for immunoglobulin
heavy chains, complement fractions, and the non-involved light chain (IgG, IgA,
IgM, C3, Clq, C4, and k or M) (Fig. 10.1e). Anecdotal cases of LCDD stain positive
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for complement components. Few cases of combined LCDD and light chain cast
nephropathy do not show correspondence of IF deposits in electron microscopy and
are therefore referred to as “LCDD by immunofluorescence only” [21]. In
LCDD, not all renal deposits can be detected by generic k- or A-directed antibodies.
Immunogold electron microscopy can increase the sensitivity by labeling the abnor-
mal light chain when generic antibodies are used. Patients with LCDD and con-
comitant diabetes mellitus require careful analysis, as the glycosylation of abnormal
light chains impairs their detection, and the diffuse linear staining of peripheral
capillary walls in diabetes hinders the identification of monoclonal light chains.

All patients with renal biopsy findings suggestive of deposition disease with
negative stains for k and A by IF should be worked up for HCDD. Staining in HCDD
is negative for light chains and positive for only one heavy chain class (IgG in cases
of v heavy chain, IgA in cases of o heavy chain, or IgM in cases of p heavy chain).
Among these, y chain deposits are more frequently described, with a linear pattern
along the glomerular and tubular basement membranes, a distribution similar to that
of LCDD but less intense. In cases of y-HCDD, staining for the gamma chain sub-
types (1, 2, 3, 4) helps confirming the diagnosis by identifying a single gamma
subtype, whereas staining for constant domain antisera (CH1, CH2, and CH3) dem-
onstrates the absence of the constant region of the heavy chain. Signs of comple-
ment activation with C3 and Clq deposition by IF, and sometimes serum
hypocomplementemia, may be found, usually associated with y1- and y3-chains
deposition. Extrarenal deposits of heavy chain components have been reported, less
frequently than in LCDD, in the pancreas, thyroid, muscle, and liver [7].

LCDD and HCDD may be combined in LHCDD, with y being the most frequent
heavy chain component in these patients. Both k and A light chains have been found
in the LCDD component. Diagnosis of LHCDD is challenging and requires the
integration of light microscopy, IF with the use of specific antisera, and confirma-
tory evidence of light/heavy chain deposition by electron microscopy.

Electron Microscopy

The mlg deposition is non-organized, differently from amyloidosis and other disor-
ders (e.g., immunotactoid or fibrillary) with organized immunoglobulin deposits
associated with paraproteinemias. Light chain deposition can appear as floccular,
granular, or powdery electron-dense material, possibly involving any renal compart-
ment, especially in patients with advanced disease and nodular glomerulosclerosis
by light microscopy. In the glomerular capillary walls, the deposition of LCDD
begins along the lamina rara interna as thin band-like powdery deposits; with dis-
ease progression, larger deposits pool in the subendothelial regions. The “powdery”
electron-dense deposits generally spread along the outer part of the tubular base-
ment membranes, along the Bowman’s capsule or the intima of arterial vessels, and
in the interstitium. Electron microscopy is particularly useful in patients with
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combined MIDD and cast nephropathy, where subtle light microscopic alterations
can be found in the glomeruli and in other compartments [11, 22].

HCDD ultrastructural findings are similar to those of LCDD. Deposits range
from subtle to massive in the various renal compartments. Few cases with organized
deposits have been described, with fibrils ranging from 13 to 18 nm and ultrastruc-
turally different from fibrillary glomerulopathy, suggesting the existence of a fibril-
lary variant of HCDD.

Other Patterns of Glomerulonephritis Associated
with Monoclonal IgG Deposits and Monoclonal Gammopathy
of Unknown Significance

Proliferative Glomerulonephritis with Monoclonal IgG Deposits (PGNMID) was
first recognized as a specific entity in 2004 [23], with about 100 cases reported so
far. By light microscopy the pattern recalls that of membranoproliferative glomeru-
lonephritis type 1. By electron microscopy the glomerular electron-dense deposits
are granular and non-organized, similar to immune complex-mediated glomerulo-
nephritis, but in PGNMID also activated macrophages and tubular casts can be
found. Moreover, IF staining positive only for monoclonal IgG (predominantly
IgG3) and monoclonal light chains, either x or A, supports the diagnosis. When a
membranous pattern is detected, with IgG chain restriction by IF, IgG subclass
determination is necessary (typically IgG1). Pronase-digested IF on paraffin sec-
tions can increase the diagnostic sensitivity by identifying masked deposits [23].
An association of glomerulonephritis with C3 deposits and monoclonal gam-
mopathy of unknown significance (MGUS) has been reported [26]. In these cases,
renal biopsies show a membranoproliferative pattern. No monoclonal chain staining
is detected by IF, but only C3 deposits along the peripheral capillary walls and in the
mesangium. This pattern is indistinguishable from C3 glomerulopathy and is due to
an alternative complement pathway activation rather than to a direct mIg deposition.

Extrarenal Histology

MIDD is a systemic disease. Therefore, deposits may be detected by IF in every
organ. Autopsy studies and diagnostic biopsies have demonstrated the presence of
linear mlg deposits of the circulating mIg in many sites. In the liver, a linear deposi-
tion of light chains along the perisinusoidal space was detected. Few reports of skin
manifestations in LCDD revealed a deposition of a homogeneous, eosinophilic,
PAS-positive, and Congo red-negative globular material and thioflavin, often local-
ized around the capillaries of the upper dermis. Sparse lymphocytic infiltrates and
massive cutaneous hyalinosis due to the deposition of light chains was also present.
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Other involved sites included the lung, the heart, the peripheral nerves, the small
and large intestine, the thyroid, the prostate, the pancreas, the rectum, the skin, the
spleen, and the choroid plexus. Whatever the localization—renal or extrarenal—the
light chain deposits are always Congo red negative.

Clinical Presentation and Diagnosis

MIDD are rare diseases (Lin 2011; [3, 8]), with LCDD being much more common
than LHCDD and HCDD. MIDD incidence increases with age and is only slightly
influenced by gender. In one of the largest series on MIDD, which included 255
patients, the median age at diagnosis was 63.7 years, with a male-to-female ratio of
1.08 [9].

It is often difficult to suspect MIDD in the setting of MGRS; however, the diag-
nosis of MIDD should always be followed by careful research for clonality.

A summary of the clinical manifestations of MIDD at diagnosis is reported in
Table 10.2.

Renal Involvement

The kidney is almost always involved, with a wide spectrum of clinical manifesta-
tions. Chronic kidney disease is a key feature in MIDD. Although treatment can
have a positive impact in renal survival, around 20-30% of patients already require
dialysis at diagnosis. Hypertension and microhematuria—that are uncommon in AL
amyloidosis—are common features in MIDD, usually associated with kidney fail-
ure [9]. Nephrotic-range proteinuria—with or without overt nephrotic syndrome—
is often described, more commonly in HCDD than in LCDD. Moreover, a
tubulo-interstitial presentation with subnephrotic proteinuria, leukocyturia, and
microhematuria can be found at diagnosis.

A three-phenotype classification has been proposed for LCDD [24]: (a) glomeru-
lar disease with severe CKD; (b) mild (<0.5 g/day) or absent proteinuria and pro-
gressive CKD, with severe vascular lesions and extensive interstitial fibrosis on
kidney biopsy; (c) coexistence of LCDD and myeloma cast nephropathy in patients
with symptomatic MM.

MIDD and Hematological Malignancies

There is a strong link between MIDD and hematological conditions, especially with
MM. Therefore, screening for MIDD (and other MGRS) when dealing with patients
presenting with kidney failure in adult age is mandatory. MM was historically found
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in about 50% of patients with LCDD or LHCDD and in about 25% of those with
HCDD [3] although the frequency is influenced by the definition chosen for
MM. Recent case series, reflecting earlier diagnosis of MIDD, suggest that 60-80%
of MIDD are associated with an indolent clone [4, 25]. MIDD may occasionally
complicate other lymphoid malignancies like Waldenstrom’s macroglobulinemia or
chronic lymphocytic leukemia. Interestingly, cases of MIDD occurring in the
absence of a detectable malignant process have been described.

Diagnosis

The diagnosis of MIDD requires a careful integration of morphological, clinical,
and laboratory findings. The diagnostic mainstay is kidney biopsy, which is the only
diagnostic tool that allows a proper assessment and a differential diagnosis [26].

Initial laboratory investigations should include serum protein electrophoresis,
urinalysis, assessment of renal function, total proteinuria and albuminuria. However,
even taken together, these tests have low sensitivity [5]. Immunofixation can detect
any type of mlg in serum or urine. It has a diagnostic and prognostic value and
should always be included in the diagnostic investigations [26]. However, a mono-
clonal protein is detected in patients’ serum or urine by electrophoresis/immuno-
fixation in only 65% of cases [2, 4], possibly because the k chains tend to aggregate
not forming a discrete, detectable electrophoretic band.

The serum free light chain (FLC) assays are crucial for MIDD diagnosis. They
separately measure x and A free light chains and the free k:A ratio, the latter posing
high suspicion for clonality when markedly altered. An abnormal serum FLC level
and ratio is found in most patients with MIDD at diagnosis [24]. Kappa light chains
are more commonly associated with LCDD than A (x is found in 80% of cases), in
contrast to AL amyloidosis where A light chains are more common. An impaired
kidney function should be carefully assessed as it may alter FLC assay results (due
to renal FLC clearance reduction). Urine FLC assays have been developed but not
still validated: the detection of FLC in urine samples should therefore be performed
by electrophoresis (Bence-Jones protein). Interestingly, the percentage of HCDD
patients with a positive result on serum immunofixation electrophoresis was signifi-
cantly lower than for patients with MIDD and other mlg-related nephropathies.
Considering that free heavy chains have a high affinity for tissues and do not remain
long in circulation, an immunofixation electrophoresis or the FLC ratio cannot be
the confirmatory test in patients with HCDD [10]. Conversely, the diagnosis of
HCDD can be made by immunoblotting, a technique able to detect the truncated
heavy chain [11]. Hypocomplementemia of C3 and/or C4 can be traced in HCDD
according to gamma isotypes although y4-HCDD does not show hypocomplement-
emia for C3 [10].

Bone marrow aspiration and biopsy should be performed whenever a monoclo-
nal gammopathy or a related disorder is suspected. The morphological assessment
should include the quantification of the percentage of plasma cells and the
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evaluation of deposits. A pathological clone is detected in most patients with MIDD,
more frequently than in other diseases of the MGRS spectrum [4]. About two thirds
of patients with MIDD have an underlying MGUS. In larger series, around 20-34%
of the patients with MIDD have clinical evidence of MM [9, 24]. Conversely, LCDD
was detected in approximately 5% of patients with MM in a necropsy study [27].
Only rarely MIDD patients have no detectable paraprotein in serum or urine samples.

In addition, immunohistochemistry, flow cytometric immunophenotyping, and
specific fluorescence in situ hybridization (FISH) are essential for the evaluation of
the disease burden and for risk stratification [28].

Extrarenal Involvement

MIDD is a systemic disease that can potentially involve any organ. Of them, the
liver, the heart, and the lungs are the preferred target for deposition of abnormal
proteins, mainly because of the prominent plasma flow to these organs.

Extrarenal manifestations are typical of LCDD: 35-50% of patients with pure
LCDD have at least one extrarenal manifestation [9, 10]. Systemic manifestations
are less common in HCDD and LHCDD.

A summary of extrarenal manifestations of MIDD is reported in Table 10.4.

Liver

Liver involvement occurs in about 20% of patients with LCDD [9]. Although liver
deposits are frequent on ultrastructural analysis, liver abnormalities are usually
mild, manifesting with a modest increase in liver enzymes and mild hepatomegaly.
However, cases of hepatic insufficiency [29] and cholestatic hepatitis [30] have
been described.

Heart

Heart involvement is found in around 10-33% of patients, typically in advanced
stages of the disease or in a long-lasting disease, resulting in cardiomegaly and
severe heart failure [2, 9, 13, 31]. Diastolic dysfunction, similar to that observed in
patients with cardiac AL amyloidosis, strongly impacts the prognosis.

The cardiac deposition of FLC can occur in the interstitium, leading to myocar-
dial edema and myocyte toxicity (likely to cause electric instability and arrhyth-
mias) [37], and in the coronary vasculature, leading in rare cases to myocardial
infarction [8, 38].

Cardiac manifestations are variable, ranging from congestive heart failure to
arrhythmias and conduction disorders (i.e., atrial fibrillation, sinus bradycardia, or
ventricular tachycardia) [13, 32, 39, 40]. Overall, the onset of acute arrhythmias
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Table 10.4 Extrarenal manifestations of MIDD

Involved
site Frequency | Clinical manifestations References
Liver 17-25% | Liver deposits are a constant feature on ultrastructural | [9, 24, 29, 30]
analysis
Modest increase in liver enzymes, mild hepatomegaly,
cholestatic jaundice, portal hypertension
Hepatic failure (occasionally), fulminant hepatitis
(very rare)
Heart 10-35% | Dyspnea, conduction disorders (atrial fibrillation, [9, 13, 16, 24,

prolonged QT interval, sinus bradycardia) 31, 32]
Echocardiography findings of hypertrophic
cardiomyopathy with restrictive pattern
Skin 5% Acquired cutis laxa (mainly HCDD), scleroderma-like | [46]
induration of the skin, macroglossia, urticarial papules | [9]

PNS 9% Deposition of Congo red-negative monotypic light [9, 33]
chain
Thermal-pain sensory impairment, dysautonomia,
paresthesia

Lungs Rare Diffuse pattern or cysts and nodules disease with [24, 34, 35]

progressive obstructive pulmonary disease
Pulmonary vascular disease

CNS Rare Seizures, hemiparesis, weakness, gait instability, and [33]
incoordination
Other Rare Gastrointestinal disturbances [36]

Amyloid-like arthropathy
Sicca syndrome

LCDD light chain deposition disease, HCDD heavy-chain deposition disease, LHCDD light- and
heavy-chain deposition disease, PGNMID proliferative glomerulonephritis with monoclonal
immunoglobulin deposits, C3G C3 glomerulonephritis, MN membranous nephropathy, DDD
dense deposit disease, PNS peripheral nervous system, CNS central nervous system

associated with restrictive cardiomyopathy and impaired renal function is highly
evocative of LCDD.

The diagnostic workup for cardiac involvement includes ECG, echocardiogra-
phy, and cardiac MRI. Echocardiographic findings are frequently consistent with
left ventricular hypertrophy, a restrictive cardiomyopathy pattern, and normal ejec-
tion fraction. Common prognostic markers for cardiac amyloidosis, such as
NT-proBNP and troponin, have an unclear role when dealing with LCDD [13], but
are frequently increased when the heart is involved [9]. However, the diagnostic
mainstay remains myocardial biopsy.

Neuropathy

Peripheral nervous system involvement results in bilateral and symmetric polyneu-
ropathy, affecting both the sensory and motor fibers. It typically starts from the
distal end of the nerve, and often the sensory manifestations precede the motor ones,
presenting as thermal-pain sensory impairment and dysautonomia [9, 41].
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Nerve biopsy can help in the differential diagnosis with AL amyloidosis, show-
ing the immunohistochemical and ultrastructural features typical of MIDD [42].

Lungs

Pulmonary involvement is rare in MIDD. However, LCDD can primarily affect the
lungs in anecdotal cases. In patients with lung involvement, a slight decline in ven-
tilation function with small airway dysfunction is detected [34]. Diffuse and nodular
or cystic disease, determining progressive obstructive disease, is also described [2,
43]. High-resolution computed tomography (HRCT) can reveal small round cystic
airspaces, as found in lymphangioleiomyomatosis, Langerhans cell histiocytosis,
and lymphoid interstitial pneumonia. The disease seems to be associated with
MALT lymphoma, especially in the setting of Sjogren syndrome [44]. Pulmonary
vascular disease can develop owing to deposition of light chain among pulmonary
vasculature or following the development of congestive heart failure [35].

Other Localizations

FLC deposition is described in a variety of other peripheral sites. It may be respon-
sible for gastrointestinal disturbances, amyloid-like arthropathy, and sicca syn-
drome. Of note, isolated central nervous system involvement has been described in
LCDD [33, 45]. The clinical presentation can include seizures, hemiparesis, weak-
ness, gait instability, and ataxia.

Extrarenal deposits are less common in patients with HCDD. However, the pres-
ence of cutis laxa, an acquired connective tissue disorder characterized by wrinkled
inelastic skin, is suggestive of HCDD [46].

Natural History and Prognosis

MIDD is traditionally considered to have poor renal and overall survival [33,
45]. However, the introduction of new drugs and schedules has led to a signifi-
cant improvement in MIDD survival. Data on the natural history of the disease
mostly come from studies on LCDD. In a study of 63 patients, factors that were
independently associated with a worse renal prognosis were age and serum cre-
atinine at presentation, thus indicating that a worse CKD stage at diagnosis may
predict further kidney function loss. Independent predictors of survival were the
age at diagnosis, the coexistence of MM, and extrarenal light chain deposi-
tion [8].

No specific criteria have been proposed for hematologic response assessment in
MIDD. Thus, the criteria developed in 2012 by the International Society for
Amyloidosis for AL amyloidosis are used in common practice also for MIDD [47].
The difference between pathologic and nonpathologic FLC is the most relevant
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criterion adopted. In a prospective study including 53 patients with LCDD, end-
stage kidney disease (ESKD) at last follow-up was more frequent in patients pre-
senting with CKD stage IV or V at diagnosis, emphasizing the role of renal
involvement at diagnosis as a marker of kidney failure. Sixty-two percent of patients
started renal replacement therapy a median of 5.4 years after diagnosis. Patients
receiving hematologic treatment displaying a complete response (CR, defined as a
normalization of FLC ratio in the absence of a detectable monoclonal protein by
serum and urine immunofixation or electrophoresis) or a very good partial response
(VGPR, defined as a decrease in the difference between the involved and unin-
volved FLC, dFLC, <40 mg/L) (Fig. 10.2) showed improvement in renal function
over time, thus indicating that early detection of LCDD and prompt intervention
may prolong renal survival [4]. With respect to extrarenal outcomes, patients with
cardiac involvement reaching a CR had a significant drop in NT-proBNP in associa-
tion with diastolic function improvement.

First line treatment

High dose melphalan
followed by Bortezomib based
autologous stem cell regimens
transplantation (HDM/ASCT)

Hematologic response criteria Renal response criteria

Complete Response (CR): negative serum and
urine immunofixation; normal FLC ratio

Very good partial response (VGPR):

dFLC < 40mg/L

A decrease in proteinuria by > 30% or
< 0,5 g/24h without renal progression

33-40%
renal
response

66-70% CR or
VGPR

Fig. 10.2 Treatment and Outcome of MIDD. First-line regimens for MIDD include high-dose
melphalan followed by HDM/ASCT or bortezomib-based chemotherapy. A complete hematologic
response is defined as the disappearance of FLC, whereas a very good partial response as a dFLC
of less than 40 mg/L. A hematologic response is obtained in around two thirds of patients treated
with first-line regimens. The renal response (defined as a decrease in proteinuria without renal
progression) is achieved in around one third of patients treated with first-line regimens
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The prognosis of HCDD is generally very poor since it has been estimated that
36-50% of patients require renal replacement therapy within 1 year of follow-up
[48]. However, recent findings on a cohort of 25 patients showed that the prevalence
of kidney failure at 1 year was 12%, and 5% of patients died during follow-up.
Kidney survival was remarkably poorer in the group with no chemotherapy, but
there were no significant differences among the different regimens of chemotherapy
adopted [10]. As for LCDD, also for HCDD the early diagnosis and treatment are
essential to preserve kidney function. In a large french study including 255 patients
with MIDD, the achievement of hematological VGPR and the absence of severe
interstitial fibrosis on kidney biopsies were associated with prolonged renal sur-
vival. Also, the hematologic response was associated with overall survival [9].

MIDD is a model of glomerular and interstitial fibrosis that is induced by a single
molecule species. A better understanding of the underlying molecular pathways
may also help unravel the pathomechanisms of kidney fibrosis and renal disease
progression beyond MIDD [24, 36].

Treatment

Patients with MIDD can benefit from the same chemotherapy protocols used for
MM or chronic lymphocytic leukemia, even in case of an underlying MGUS or an
isolated renal MIDD with no systemic evidence of plasma cell dyscrasia [49].

The hematologic response is crucial to improve renal and global outcomes in
patients with MIDD [12]. As the hematologic response criteria [47] are based on the
dFLC (Fig. 10.2), monitoring serum FLCs is necessary to evaluate the hematologi-
cal response.

A prolonged light chain deposition is associated with progressive organ damage.
Thus, the rapid and sustained suppression of FLC production is essential to halt
organ damage, and possibly enhance the catabolism of the deposits and the recovery
of organ function. A delay in hematologic response results in further deposition of
pathologic FLC, which reduces the chances of renal improvement. Therefore, an
aggressive treatment might be indicated, especially in high-risk patients (i.e., those
with late-referral, high tumor burden, or multi-organ involvement).

Data on long-term outcome of MIDD treatment are scarce and mainly based on
small, retrospective case series. This is due to the rarity of the disease and to several
different chemotherapeutic regimens attempted over the years. Multidrug chemo-
therapy with different regimens has been used in MIDD with conflicting results in
terms of survival and progression of renal disease.

Before the era of the novel antimyeloma agents, the overall prognosis of MIDD
was poor [7]. In particular, thalidomide plus dexamethasone, and VAD regimen
(vincristine, adriamycin plus dexamethasone) showed a poor hematological effi-
cacy in patients with MIDD [12]. In historical cohorts, patients who received che-
motherapy for MIDD were treated with alkylating agents and prednisone, obtaining
slight improvement in survival (70% overall survival at 5 years) [50]. In a recent
study on 23 patients, around 70% of patients progressed to ESKD and 40% died
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after a median follow-up of 8.1 years [49]. Similarly, in another study including 53
patients with MIDD, 53% progressed to ESKD and 36% died after a median follow-
up of 6.2 years [4].

The treatment of both MM and AL amyloidosis have dramatically improved with
the introduction of bortezomib and autologous stem-cell transplantation (ASCT).
Similarly, a parallel shift of administered regimens was undertaken in the treatment
of MIDD with promising results in terms of response rates, durability of renal
responses, and survival.

Among those patients who received first-line treatment with high-dose melpha-
lan followed by autologous stem cell transplantation (HDM/ASCT) or bortezomib-
based regimens, 52—-78% achieved at least a VGPR [2, 4, 9, 12, 49]. Response rates
in MIDD subtypes were similar to patients with symptomatic MM or MGRS [9].
Bortezomib-based regimens provide rapid, profound, and sustained hematologic
responses, resulting in prolonged renal survival. Similarly, HDM/ASCT can induce
a high rate of hematologic and renal responses and is well tolerated also in patients
with advanced kidney damage. However, ASCT can be proposed only in selected
patients: younger than 70 years, with mild to moderate heart involvement (defined
based on troponin T and NTproBNP levels, or NYHA class), and no more than two
major organs significantly involved. These criteria were adopted from AL amyloi-
dosis excluding those patients with a high disease burden and high risk of post-
transplant mortality, but still need to be validated in patients with MIDD.

Recently, targeted anti-plasma cell therapy with anti-CD38 monoclonal antibod-
ies has shown excellent efficacy and tolerability in patients with LCDD and MM
[51]. Although data are still scarce, results obtained in AL amyloidosis suggest that
anti-CD38 will represent the third therapeutic revolution for patients with MIDD,
after bortezomib-based regimens and ASCT.

The renal outcome is often poor. Renal response occurred in about one third
(reported range from 22-53%) of patients with MIDD [2, 9, 12, 49], all of whom
had achieved hematological response. All patients not receiving chemotherapy
inevitably progressed to ESKD [12].

Chemotherapy can improve kidney function regardless of the MIDD subtype,
especially if administered at early stages [2, 4, 9, 10]. The main determinant of
response to treatment is the severity of kidney dysfunction at chemotherapy initia-
tion. Renal response rates were significantly higher in patients with CKD stages 1-3
at diagnosis than in those with CKD stages 4-5 [2, 13]. However, advanced renal
dysfunction is common at diagnosis, with a major impact on long-term renal out-
come [4, 9].

Kidney transplantation in patients with MIDD gave discouraging results until the
last decade: most patients had early and aggressive post-transplantation recurrence
of MIDD [52, 53]. However, as treatments for MIDD have dramatically improved,
the achievement of a sustained hematologic response guarantees a longer graft sur-
vival [49]. Bortezomib-based regimens followed by HDM/ASCT proved effective
in avoiding an early renal MIDD relapse [4, 54]. Considering the high incidence of
kidney involvement in MIDD and the delay in diagnosis, many patients progressing
to kidney failure require transplantation. Patients should be considered eligible for
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kidney transplantation only when they have achieved a stable hematologic CR or
VGPR (Fig. 10.2) because of their associated longer patient and graft survival com-
pared to those with a partial response or no response.

Extrarenal manifestations also improved in patients who achieved a hematologic
response, particularly in those with a CR [55]. The cardiac function improvement is
documented by a decrease in NT-proBNP values and a restoration of diastolic func-
tion on echocardiography [32]. However, those patients with advanced cardiac dis-
ease (documented by highly elevated NT-proBNP and significant changes on
echocardiography) may have dismal outcome. A decrease of alkaline phosphatase
levels can indicate a hepatic response [4].

Overall, both early diagnosis and prompt treatment with bortezomib or HDM/
ASCT-based combinations can improve the prognosis of MIDD, by reducing circu-
lating mlg, preserving renal function, and improving overall survival. The effective-
ness of these treatments on renal function is variable, mainly depending on the
degree of CKD at diagnosis and the hematologic response.

Conclusions

MIDD is a systemic disease that involves the kidney in most cases. The clinical
presentation is variable, but kidney failure requiring dialysis is not uncommon at
diagnosis. The severity of kidney failure at presentation and the hematologic
response to chemotherapy are the main prognostic factors in MIDD. The presence
of an underlying MM and cardiac involvement are also associated with poor prog-
nosis. Current therapeutic strategies targeted at reducing the production of mlg are
effective especially if administered at early stages. The exploration of the pathomech-
anisms of kidney damage, the assessment of new biomarkers, and the integration of
new therapies might impact the natural history of the disease.
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Rd Lenalidomide (Revlimid) plus dexamethasone

RT Radiation therapy

RVd Revlimid (Lenalidomide), Velcade (bortezomib) and dexamethasone
sCR Stringent complete response

sFLC Serum free light chains

SLiM Bone marrow plasma cells at or above 60% (Sixty) of marrow cellular-

ity, serum free light chains (Li) ratio at or above 100, and the presence
of more than one focal bone area in MRI (M).

SMM Smoldering multiple myeloma

VGPR Very good partial response

Introduction

Multiple myeloma (MM) is a neoplastic disorder of plasma cells. A plasma cell is a
differentiated B-lymphocyte at the end stage of maturation, where it can produce
antibodies (immunoglobulins) to fight infections. In addition to their uncontrolled
proliferation, the malignant plasma cells or myeloma cells usually produce large
amounts of monoclonal proteins (paraproteins). These paraproteins could be partial
or complete monoclonal immunoglobulins and are generally detectable in the blood
before any other disease manifestation.

The proliferation of the myeloma cells can lead to a significant bone marrow
infiltration with signs of bone marrow insufficiency, most commonly anemia. These
cells can stimulate osteoclasts and inhibit osteoblasts’ activity, leading to the typical
osteolytic bone disease, decalcification, and hypercalcemia. The paraproteins can
impair renal function by different mechanisms. This leads to the cardinal manifesta-
tions of myeloma, resumed in the CRAB acronym: Hyper Calcemia, Renal failure,
Anemia, and Bone disease. The disease can have a myriad of other non-specific
clinical manifestations.

History of Myeloma

Paleopathological data suggest that multiple myeloma existed in ancient Egypt, pre-
Columbian Central and South America, and pre-medieval Europe [1]. The earliest
reported cases in modern medical literature date back to the mid-nineteenth century
[2]. These initial descriptions included the earliest reports of Bence Jones protein-
uria (BJ) [3]. It took few decades more to describe the plasma cells. The bone mar-
row aspiration technique was introduced in 1929, and a year later, the technique of
protein electrophoresis [4]. The relation between the monoclonal protein and the
Bence Jones proteinuria was later conceptualized [5], and the origin of the BJ pro-
teins was fully described in 1962 [6]. By this era, the disease was almost fully



11 Multiple Myeloma 161

described as it currently is, and the treatment with melphalan and prednisone
became a standard of care [7].

The outcome of myeloma did not change much between the early 1960s and the
early 1990s, despite different clinical trials. However, From the 1990s, the survival
of myeloma patients dramatically improved. This is attributed to the wide use of
high-dose chemotherapy [8] and autologous bone marrow/stem cell transplantation,
and the addition of different new treatments (immunomodulators, proteasome
inhibitors, monoclonal antibodies) [9—11].

Epidemiology

MM is the second most common hematological cancer. It accounts for about 1.8% of
all new cancers and 2.1 of all cancer deaths in North America. In Canada, the annual
incidence is about 9.6 per 100.000 for men and 6.0 per 100.000 women in 2019.

Recent SEER data suggest that the incidence is slowly increasing over the recent
years. The lifetime risk of getting MM is one in 125 (0.8%).

The prevalence of the disease is rapidly increasing, primarily due to treatment
improvements and improved survival. About 150.000 people were living with MM
in the USA in 2018 [12].

The median age at diagnosis is in North America and Europe in the late 60s. The
disease is rare in young adults.

Predisposing Factors

Genetic and hereditary predisposition was suggested by some studies [13], but this
is not a significant determinant. There are reports of rare familial cases [14]. The
disease is more prevalent in people of African ancestry, and the incidence is lower
in people of Asian descent.

While there are no apparent socio-economic differences, there are reports of
higher incidence with certain occupations and environmental exposures. Different
studies suggest an increased risk with increased body weight [15, 16] and physical
inactivity [17].

MGUS-SMM-MM as a Disease Continuum

Different studies showed that almost all cases of symptomatic myeloma are pre-
ceded by the presence of MGUS (monoclonal gammopathy of unknown signifi-
cance) and or smoldering (or asymptomatic) myeloma (SMM).
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MGUS is considered a premalignant condition. This is characterized by the pres-
ence of a monoclonal protein in the blood, with a normal plasma cell count in the
bone marrow and the absence of any related organ damage. MGUS is quite preva-
lent in the general population, and the prevalence increases with age. MGUS carries
the risk of transformation to MM (or related lymphoproliferative diseases) of about
1% per year, and the majority of patients will remain stable over time. Different
models were suggested to predict the risk of transformation in MGUS patients, but
the risk is still too small in all groups to offer intervention.

Smoldering Myeloma

SMM (or asymptomatic myeloma) was first described in the 1980s and is distin-
guished from MM (or symptomatic myeloma) by the absence of any detectable
myeloma-related organ damage (CRAB signs). SMM is distinguished from MGUS
by the increased bone marrow plasma cells to or above the consensual level of 10%
of the bone marrow cellularity; and/or the monoclonal protein above a specific cut-
off in the blood).

Like MGUS, SMM is often incidentally discovered, and it accounts for about
15% of newly diagnosed MM patients.

Overall, newly diagnosed SMM has a risk of progression of more than 10% per
year in the first 3 years. The risk gradually decreases with time. After 10 years from
diagnosis, the risk becomes 1% per year, similar to that of MGUS.

This changing risk of progression over time, and the fact that at least one-third of
SMM will not progress for 10 or more years after diagnosis, show that SMM is a
mixed group of patients, as some have an early malignant disease that will soon
develop organ damage, while others have a premalignant condition, like MGUS,
that will remain stable for long years, or progress at a very low rate.

Management of SMM

The standard of care for most patients with SMM is still observation. This is based
on the lack of clear data to confirm a generalizable overall survival benefit or supe-
rior quality of life with early therapy, compared to a delayed intervention. There is
also a theoretical concern that early treatment can select resistant clones and worsen
the outcome of subsequent treatment lines, as well as the toxicity of therapy in an
asymptomatic patient population, and the fact that a good proportion of these
patients can be free of progression for many years without any therapy.

The hope is that, with continuous progress in risk stratification of patients with
SMM and more effective and less toxic therapies, the percentage of SMM patients
who benefit from an early intervention will continue to increase in the near future.



11 Multiple Myeloma 163
Risk Stratification Studies in SMM

Several studies aimed to identify patients with SMM at high risk of imminent pro-
gression so they can receive treatment before end-organ damage. More than one
trial showed that each of these predictors: Bone marrow plasma cells
(BMPC) > 60%, serum free light chains (sFLC) ratio > 100, or the presence of >1
focal bone lesion on MRI are at such high risk of organ damage in the following
months. These criteria are now considered as myeloma defining, expanding the
definition of MM (SLiM-CRAB). However, the three predictors are present in only
7-10% of SMM. More data is still needed to identify the high-risk group
among SMM.

Several predictive models were developed to risk-stratify patients with SMM. In
2020, the International Myeloma Working Group (IMWG) presented a reproducible
and easily applied model (The 20/20/20 score) [18]. This is based on bone marrow
clonal plasma cells (more than 20%), SFLC ratio (above 20) and serum monoclonal
protein (above 20 g/L), with the presence of high-risk cytogenetics as an additional
risk factor (Table 11.1).

Trials of Therapeutic Interventions in SMM

Shortly after the description of SMM as an entity, and as it is uncomfortable for the
patient and physicians not to intervene on a premalignant condition and to wait for
signs of organ damage (CRAB) to start treatment, at least three trials explored the
benefit of melphalan and prednisone in SMM and showed no significant improve-
ment of overall survival compared to observation and treatment at progression
[19-21].

Early trials of pamidronate and later with zoledronic acid showed a significant
reduction of skeletal-related events compared to observation, however, these trials
showed no improvement in overall survival or progression time [22-24].

Table 11.1 IMWG SMM 20/20/20 score. (Adapted from [18]. RP%2Y (Percent risk of progression
in 2 years))

PARAMETER VALUE RISK
Serum M-Protein >20gm/L Low-risk 0 6
Involved to uninvolved sFLC ratio >20 Low-intermediate 1
Bone marrow Plasma Cell Infiltration >20% - Intermediate-risk 2
Additional risk factors: t(4:14) High-risk 3-4
Chromosomal t(14:16)
abnormality +1q

Del 13q/

Monosomy 13
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In SMM patients, a randomized trial explored thalidomide and zoledronic acid
versus zoledronic acid alone. Despite initial disease response in the experimental
arm, the study showed no significant difference in the time to progression to symp-
tomatic MM or overall survival [25].

QuiRedex trial explored the use of lenalidomide plus dexamethasone versus
observation in patients with high-risk smoldering multiple myeloma and concluded
that positive results from ongoing trials would support the use of early treatment for
patients with the high-risk disease [26]. Despite its limitations, QuiRedex has shown
a survival advantage to using lenalidomide and dexamethasone doublet over obser-
vation in high-risk SMM [27].

Furthermore, Phase III data from the Spanish Myeloma Group/PETHEMA as
well as the Eastern Cooperative Oncology Group (ECOG) E3AO06 trial have shown
the efficacy of lenalidomide with and without dexamethasone in high-risk SMM in
delaying progression to symptomatic disease [28, 29].

Clinical Presentation of Myeloma

The presentation of myeloma can be quite variable and depends on the disease stage
and the threshold of suspicion of the medical team. Table 11.2 illustrates the diag-
nostic criteria and differences between MGUS, SMM, and MM. General non-
specific symptoms such as fatigue are common and often precede the diagnosis.
Most patients MM have an unremarkable physical examination at presentation.

Bony pains and/or bone disease are reported in up to 70% of patients at diagnosis
using sensitive modalities such as whole-body computed tomography, MRI, or
PET/CT scans.

Table 11.2 The diagnostic criteria and differences between MGUS, SMM, and MM

Condition Diagnostic criteria

MUGS All of the following:

— No myeloma defining events (CRAB)

— Clonal plasma cells are less than 10% in the bone marrow

— Me-protein less than 30 g/L (Light chains MGUS: No M protein, abnormal
light chains ratio, less than 500 mg/24 h urine

SMM — No myeloma-defining events
AND at least one of the following:
— Clonal plasma cells 10-60% in the bone marrow
— Serum M-protein at or above 30 g/L.
— Urine light chains at or above 500 mg/24 h
MM Presence of myeloma defining events: CRAB or other MM defining criteria
— Elevated serum calcium
— Renal involvement
— Anemia
— Lytic bone lesions
— Other MM defining criteria: BMPC at or above 60% of bone marrow
cellularity, Serum light chains ratio at/above 100, or the presence of more
than one focal bone lesion on MRI
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Vertebral fractures are common at diagnosis. Symptomatic and/or radiological
spinal disease was reported in about 50% of patients [30]. Spinal cord compression
is a rare presentation but could be an indication for an urgent intervention.

Fatigue, altered general condition, and weight loss are also common at presenta-
tion. These could be due to anemia, renal insufficiency, or hypercalcemia.

Less common presentations may include hyperviscosity, organ involvement with
amyloidosis, peripheral neuropathy, and recurrent infections.

Initial Workup

A detailed history and complete laboratory and radiological investigations are
highly important.

The minimal initial investigations of a patient with MM should include routine
labs (complete blood count, chemistry, calcium, albumin, total serum protein levels,
renal function, and liver functions tests, immunoglobulin levels, serum protein elec-
trophoresis, and serum free light chains) bone imaging (CT scan or x-ray skeletal
survey) and bone marrow examination. The serum beta-2 microglobulin and lactate
dehydrogenase are of prognostic significance [31].

Bone marrow aspirate and biopsy and histopathological examination is essential
to establish the diagnosis and should be complemented by flow cytometry, conven-
tional cytogenetics, and FISH studies. Table 11.3 illustrates the initial workup for
myeloma patients (see Chap. 6).

Risk Stratification Tools

There is wide heterogeneity in the way myeloma responds to a specific therapy.
Different risk-stratification tools were developed over time. These are of prognostic
value but are mainly used to stratify and homogenize patients enrolled in clinical
trials, as they can be applied before starting treatment. The different risk stratifica-
tion tools and staging systems, including the Durie and Salmon classification, the
ISS and R-ISS, are summarized in Table 11.4 [32-34].

Table 11.3 Myeloma workup. (Adapted from [31])

Routine labs e CBC
e Chemistry, CrCl, Ca, LFTs, LDH, B2M, Igs levels, SPEP, sFLC
Special labs e BM aspirate and biopsy

¢ Cytogenetics
¢ Flow cytometry

Imaging tests e X-ray (or CT) skeletal survey MRI
e PET scan (Initial and response evaluation)
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Table 11.4 Staging systems for multiple myeloma

Stage | Durie—Salmon 1SS R-ISS

1 All of the following: Serum beta2 ISS Stage I
Hemoglobin above 100 g/L microglobulin below | and
Serum calcium at/below 3 mmol/L. | 3.5 mg/L and serum | Standard risk cytogenetics
Absence of bone disease or solitary | albumin at/above (Interphase FISH)
plasmacytoma 35 ¢g/L and
Serum paraprotein below 50 g/L if Normal serum LDH

IgG, 30 g/L if IgA
Urinary light chains excretion

below 4 g/24 h

I Not stage I or III Not stage I or III Not stage I or III

1 Any of the following: Serum beta2 ISS Stage III
Hemoglobin below 85 g/L. microglobulin at/ and either:
Serum calcium above 3 mmol/L above 5.5 mg/L High-risk cytogenetics
More than two lytic lesions or
Serum paraprotein above 70 g/L if High serum LDH

IgG, 50 g/L if IgA
Urinary light chains excretion
above 12 g/24 h

Classification and Risk Stratification Based on Cytogenetics

There are four major subtypes of MM that account for more than 80% of patients
with the disease. They include MM with trisomies of one or more odd-numbered
chromosomes, t(11;14) MM, t(4;14) MM, and MM with translocations of t(14;16)
or t(14;20), referred to as MAF MM [35]. Secondary cytogenetic abnormalities
such as deletion 17p, gain 1q, deletion 1p, deletion 13q, or monosomy 13 can occur
in any of the primary cytogenetic types of myeloma and can further modify the
disease course, response to therapy, and prognosis.

High-risk MM is defined by the presence of t(4;14), t(14;16), t(14;20), deletion
17p, gain 1q, or p5S3 mutationl. Double-hit MM refers to the presence of any two or
more high-risk abnormalities. Triple-hit MM refers to the presence of three or more
high-risk abnormalities [36].

Treatment and Goals of Care

When to Treat:

Treatment of myeloma is indicated when there are signs of organ damage or enough
presumption that an organ damage is imminent.

With the available treatment tools, myeloma is not a curable disease for most
patients. The ultimate goal of a treatment is to obtain disease remission and to main-
tain it for as long as possible.
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For newly diagnosed patients, the presence of any of the cardinal signs of
myeloma (CRAB) is an absolute indication to start treatment. The presence of other
myeloma-related manifestations (peripheral neuropathy, amyloidosis) is also an
indication to start treatment. Different tools were developed to select patients at
very high risk of imminent progression in patients with no sign of organ damage.
The IMWG guidelines currently include the following additional criteria for
treatment-eligible myeloma (SLiM): Bone marrow plasma cells at or above 60% (S)
of marrow cellularity, serum free light chains (Li) ratio at or above 100, and the
presence of more than one focal bone area in MRI (M).

Although modern treatments can produce deep responses, their aim is still pallia-
tive. Some patients, however, can achieve a minimum residual disease (MRD) negative
state that reflects on more prolonged progression-free survival and overall survival.

Available Systemic Myeloma-Directed Treatments

Different classes of anti-myeloma therapies are now recognized, including systemic
corticosteroids (prednisone or dexamethasone), alkylators (melphalan or cyclophos-
phamide), proteasome inhibitors (bortezomib, carfilzomib, or ixazomib), immune
modulators (IMiDs: thalidomide, lenalidomide, or pomalidomide), and monoclonal
antibodies targeting CD38, (daratumumab, isatuximab), whereas elotuzumab targets
the SLAMF?7 antigen. Other newer agents were recently approved or are currently in
development. Panobinostat, a histone deacetylase inhibitor, and selinexor, an inhibi-
tor of exportin-1 (XPO1), are also used in the relapsed refractory setting. Elotuzumab,
panobinostat, and selinexor do not seem to have significant single-agent activity but
appear to exert their therapeutic effect in combination with other active drugs [36].
Doxorubicin, an anthracycline, is not frequently used but is occasionally incorpo-
rated into some multi-agent combination regimens for aggressive or refractory MM.
Therefore, at least seven different classes of approved agents, including alkyl-
ators, steroids, proteasome inhibitors, immunomodulatory agents, histone deacety-
lase inhibitors, monoclonal antibodies, and selective inhibitors of nuclear export,
can be combined in doublet, triplet, or even quadruplet regimens and used with or
without high-dose therapy and autologous stem cell transplantation (ASCT).
High-dose melphalan is used as the backbone conditioning agent for
ASCT. Table 11.5 illustrates the different therapeutic agents used to treat MM.
Chapter 22 covers the novel and experimental clone-directed therapies.

Table 11.5 Main available treatment classes/molecules

Steroids Alkylators IMIDs Proteasome inhibitors | Monoclonal Abs

Prednisone Melphalan Thalidomide | Bortezomib Daratumumab

Dexamethasone | Cyclophosphamide | Lenalidomide | Carfilzomib Isatuximab
Pomalidomide | Ixazomib Elotuzumab
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Treatment Algorithm
Therapeutic Approach at Diagnosis

The two main factors that drive the approach to newly diagnosed MM are eligibility
for ASCT and risk stratification. In general, eligibility for ASCT is influenced by
age, performance status, and comorbidities.

Transplant-eligible patients are usually offered an induction therapy with 3—4
cycles with agents including bortezomib, lenalidomide, dexamethasone, and cyclo-
phosphamide in protocols including the four agents or three of them.

Lenalidomide, bortezomib, and dexamethasone (RVd) followed by autologous
stem cell transplantation (ASCT) are commonly used frontline therapy for
transplant-eligible patients with newly diagnosed multiple myeloma (NDMM).
RVd is a relatively well-tolerated regimen associated with high overall and com-
plete response (CR) rates. In a Southwest Oncology Group (SWOG) randomized
trial, treatment with RVd led to superior PFS and OS compared with lenalidomide
plus dexamethasone (Rd) [37, 38]. A subsequent randomized trial by the Intergroupe
Francophone du Myelome found that the 4-year OS rate with RVd was >80% with
or without early ASCT [39]. Bortezomib, Cyclophosphamide, and Dexamethasone
(CyBorD) are commonly used regimens with interesting results [40]. The addition
of an anti-CD38 to CyBorD seems to improve the results [41]. This is currently
evaluated in a prospective Canadian trial [42].

Stem cell collection and cryopreservation are then performed, followed by high-
dose melphalan as a conditioning regimen. Lenalidomide alone or in combination
(not the standard in all centers) is offered as maintenance.

For high-risk patients and a broader category of patients in certain centers, on the
other hand, the addition of monoclonal antibodies is an option. The addition of
daratumumab to thalidomide, bortezomib, and steroids (D-Vtd) before and after
autologous stem cell transplantation improved the depth of response and progres-
sion-free survival with acceptable safety. CASSIOPEIA is the first study showing
the clinical benefit of daratumumab plus standard of care in transplant-eligible
patients with newly diagnosed multiple myeloma [43].

The addition of daratumumab (D) to RVd (D-RVd) in transplant-eligible NDMM
patients was evaluated in the Griffin trial. Daratumumab with RVd induction and
consolidation improved depth of response in patients with transplant-eligible
NDMM, with no new safety concerns [44].

For transplant-ineligible patients, bortezomib and lenalidomide-based therapies
are offered in combination, followed by lenalidomide maintenance or lenalidomide
and dexamethasone as offered a single-agent until disease progression [36]. The
addition of an anti-CD38 antibody to the first-line therapy significantly improves
the outcome.

Optimizing therapy at diagnosis represents a challenge for physicians. However,
the therapeutic approaches vary between centers and are often based on drug fund-
ing by health authorities and insurance companies.
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Therapeutic Approach for Relapsed and Refractory Myeloma

In the relapsed and refractory context, the choice of treatment is influenced by
patient-related factors such as patient preference, age, pre-existing toxicities or
comorbidities or disease-related factors such as cytogenetic profile and aggressive-
ness of the relapse. The primary determinant, however, remains the response to
previous therapies.

If a patient has disease progression while taking lenalidomide as part of their
frontline therapy, a reasonable approach would be to switch the agent class from an
immunomodulatory drug to a proteasome inhibitor. Bortezomib plus dexametha-
sone was the first combination used in this setting, resulting in progression-free
survival ranging from 8—10 months [42]. In the CASTOR trial, bortezomib plus
dexamethasone was compared with daratumumab plus bortezomib plus dexametha-
sone in patients with relapsed multiple myeloma who had received at least one
previous line of therapy. The triplet combination was associated with significantly
longer progression-free survival in all patients [45]. In clinical trials, panobinostat
or pomalidomide have been added to bortezomib and dexamethasone in the relapsed
refractory setting [46].

Combinations of carfilzomib plus dexamethasone plus anti-CD38 antibodies have
also been evaluated in phase 3 studies. Daratumumab plus carfilzomib plus dexa-
methasone was superior to carfilzomib plus dexamethasone in terms of progression-
free survival, both in patients with previous lenalidomide exposure [47, 48].

In patients who have relapsed or became refractory while receiving bortezomib-
based frontline therapy without lenalidomide, second-line therapy should be based
on lenalidomide and dexamethasone regimens, such as carfilzomib plus lenalido-
mide plus dexamethasone, daratumumab plus lenalidomide plus dexamethasone,
ixazomib plus lenalidomide plus dexamethasone, or elotuzumab plus lenalidomide
plus dexamethasone [46] with the most effective combination available in the set-
ting of the first relapse of myeloma not refractory to lenalidomide being daratu-
mumab plus lenalidomide plus dexamethasone [49].

The first relapse in patients progressing on frontline daratumumab-based combi-
nations represents a real challenge as no data exist to date to support the use of
daratumumab retreatment at the second line. Salvage therapy with isatuximab in
these patients is unlikely to be a suitable option because both antibodies target the
same antigen (CD38) [46]. The combination of multiple treatment approaches is
being experimented. ASCT salvage may also be offered.

For patients failing two or more lines of therapy, as those patients whose disease
has progressed after treatment with bortezomib and lenalidomide, pomalidomide
plus dexamethasone has been considered as the standard of care [50].

Isatuximab plus pomalidomide plus dexamethasone was approved by the US
Food and Drug Administration and by the European Medicines Agency for adult
patients with relapsed and refractory MM who received at least two previous lines
of therapies including lenalidomide and a proteasome inhibitor and demonstrated
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disease progression on the last therapy [51]. Carfilzomib, dexamethasone, and dara-
tumumab have also been used in this context [47].
The approach to patients with refractory and relapsed MM was recently very
well highlighted by Moreau et al. in the recommendations from the IMWG [46].
Moreover, next-generation immunotherapies or targeted agents will soon
improve the therapeutic armamentarium and are discussed in Chap. 22.

Role of Radiation Therapy

Like most lymphoid cancers, myeloma cells are quite sensitive to radiation therapy
(RT). This excellent activity of RT against MM has been known for decades [52].

After an adequate radiation dose to an area, local disease relapse is quite rare.

RT is the standard treatment for localized plasmacytoma.

However, the toxicity of RT is directly related to dose and area of treatment, and the
role of RT in MM is limited to rapid local disease control (e.g., spinal disease), often at
the time of diagnosis and palliative pain management in relapsed or refractory MM.

Currently, about one-third of MM patients will need RT during the course of
their disease [53].

Role of Surgical Interventions

The role of surgical interventions in MM includes diagnostic biopsies (bone marrow
or suspicious bone lesions), orthopedic management of bone complications, spinal
cord compression, or vertebroplasties.

Response Evaluation

The ultimate goal of systemic therapy is to obtain a durable disease remission and
to maintain it for as long as possible.

The IMWG presented response criteria that are widely used to assess the depth
of response in clinical trials and clinical practice. Table 11.6 illustrates the different
response criteria [54].

Different studies showed a reliable—yet not absolute—correlation between the
depth of response and the duration of response.

Myeloma Survivorship

The term “MM survivorship” covers the physical, psychosocial, and economic
issues related to MM from diagnosis until the end of life. All of these issues need to
be addressed throughout the continuum of care.



11 Multiple Myeloma 171

Table 11.6 Response evaluation criteria (adapted—IMWG): Adapted from [54]

Response IMWG criteria

sCR CR as defined below plus normal FLC ratio and the absence of clonal plasma
cells in bone marrow by immunohistochemistry or immunofluorescence

CR Negative immunofixation on the serum and urine and disappearance of any
soft tissue plasmacytomas and <5% plasma cells in bone marrow

VGPR Serum and urine M-protein detectable by immunofixation but not on
electrophoresis or >90% reduction in serum M-protein plus urine M-protein
level <100 mg/24 h

PR >50% reduction of serum M-protein and reduction in 24 h urinary M-protein
by >90% or to <200 mg/24 h

No change/ Not meeting criteria for CR, VGPR, PR, or progressive disease

stable disease

Progressive Increase of >25% from the lowest response value in any one or more of the

disease following

Relapse Clinical relapse requires one or more of:
Direct indicators of increasing disease and/or end-organ dysfunction (CRAB
features)

sCR Stringent Complete response, CR Complete response, VGPR Very good partial response, PR
Partial response

MM is associated with the most significant symptomatic burden and the poorest
quality of life (QoL) among the hematologic malignancies and cancer in general. This
leads to a substantial impact on patients, their caregivers, and the healthcare system.

Prevention, early detection and prompt management of MM-related manifesta-
tions and complications are the cornerstones of improved MM survivorship. If not
promptly addressed, long-term sequelae may result. Most patients require long-
term or continuous therapies that may be associated with additional side effects
(some overlapping with MM-related manifestations and complications) and further
affect their QoL [55].

Conclusions

MM is a neoplastic disorder of plasma cells where in addition to their uncontrolled
proliferation, the malignant plasma cells often produce monoclonal proteins (para-
proteins). The disease is notorious for its target organ damage, and treatment aims
at controlling the disease activity. Treatment strategies have changed drastically in
the past decade with the incorporation of novel agents into therapeutic strategies.
These new drugs, in various combinations, have been added to national and interna-
tional clinical guidelines and have transformed the approach to the treatment of
patients with multiple myeloma, resulting in substantial improvements in the over-
all survival and quality of life of patients.
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CANOMAD Chronic ataxic neuropathy with ophthalmoplegia, monoclonal
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CIDP Chronic idiopathic demyelinating polyneuropathy
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DADS-M Demyelinating symmetric neuropathy with monoclonal gammopathy
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iISTOPMM Iceland Screens, Treats or Prevents Multiple Myeloma
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MGRS Monoclonal gammopathy of renal significance

MGUS Monoclonal gammopathy of undetermined significance

MM Multiple myeloma

PN Peripheral neuritis

POEMS Polyneuropathy, organomegaly, endocrinopathy, monoclonal pro-

tein, and skin changes syndrome

PROMISE Predicting Progression of Developing Myeloma in a High-Risk

Screened Population study in the United States

Py Patient-year
sFLC Serum free light chain
SPEP Serum protein electrophoresis

WBLDCT Whole-body low-dose CT scan

Introduction and Classification

Monoclonal gammopathy of undetermined significance (MGUS) is an incidental
premalignant diagnosis that is characterized by the presence of a serum monoclonal
protein less than 30 g/L noted on serum protein electrophoresis [SPEP], less than
10% plasma cells in the bone marrow and the absence of end-organ damage (defined
by the acronym CRAB for hypercalcemia, renal insufficiency, anemia, or bone
lesions) and lack of B-cell lymphoma or other diseases known to produce an
M-protein [1, 2]. The term MGUS was coined in 1978, and the latest International
myeloma working group (IMWG) classification of MGUS was updated in 2014 [3, 4].

A. Non-IgM monoclonal gammopathy of undetermined significance

Serum monoclonal protein (non-IgM type) <30 g/L

Clonal bone marrow plasma cells <10%

Absence of end-organ damage such as CRAB

B.

IgM monoclonal gammopathy of undetermined significance

Serum IgM monoclonal protein <30 g/L

Bone marrow lymphoplasmacytic infiltration <10%

No evidence of anemia, constitutional symptoms, hyperviscosity, lymphadenopathy,
hepatosplenomegaly, or other end-organ damage that can be attributed to the underlying
lymphoproliferative malignancy

C. Light chain monoclonal gammopathy of undetermined significance

Abnormal serum free light chain (sFLC) ratio (<0.26 or >1.65)

Increased level of the appropriate involved light chain (increased k FLC in patients with
ratio >1.65 and increased A FLC in patients with ratio <0.26). No immunoglobulin heavy
chain expression on immunofixation

Absence of end-organ damage such as CRAB or amyloidosis that can be attributed to the
plasma cell proliferative disorder

Clonal bone marrow plasma cells <10%

Urinary monoclonal protein <500 mg/24 h




12 Monoclonal Gammopathy of Undetermined Significance (MGUS) and Highlight... 179

Despite the benign nature of MGUS, mounting data are associating MGUS with
the development of organ dysfunction, specifically, the kidneys leading to monoclo-
nal gammopathy of renal significance (MGRS) and the neurological system in the
form of a monoclonal gammopathy of neurological significance (MGNS).

IMWG has delineated the risk factors for progression and management. A help-
ful risk stratification model created by Rajkumar et al. provides an absolute risk of
progression at 20 years of 58% if all three risk factors are present, compared with
37% when two risk factors were present; 21% when one risk factor was present; and
only 5% when none of the risk factors were present [5, 6].

MGUS-risk factors:

1. Serum monoclonal protein level greater than or equal to 15 g/L (1.5 g/dL)
2. Non-IgG MGUS
3. Abnormal serum free light chain ratio

These risk factors and used to calculate the overall risk of progression of MGUS.

Low-risk MGUS No risk factors
Low-intermediate risk MGUS One risk factor
High-intermediate risk MGUS Two risk factors
High-risk MGUS includes All three factors

The significance of recognizing MGUS is essential due to the risk of progression
to plasmacytic or lymphoproliferative malignancies at 1% per year in non-IgM
MGUS, 1.5% in IgM MGUS, and 0.3% in light chain MGUS [7]. Furthermore,
even though the prevalence of MGUS increased with advancing age, there is no
evidence of an increase in the annual risk of progression to malignancy by age or the
duration of MGUS [6].

Prevalence

A review of the literature shows that the prevalence rate of MGUS varies across the
globe. The landmark study is a large population-based study in Olmsted County,
MN, from January 1, 1995 to December 31, 2001, which obtained samples from
21,463 of the 28,038 residents above the age of 50 years [6]. MGUS was identified
in 3.2% of this sample, and prevalence increased with an increase in age. This crude
prevalence of MGUS was calculated in a predominantly white population. It showed
a higher prevalence rate of MGUS in the general population than previous studies
and showed a definite increase with advancing age. It also showed an increased
prevalence in men as compared to women.
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Racial/Ethnic Differences in Prevalence

A population-based study of 12,482 persons over the age of 50 years from the
National Health and Nutritional Examination Survey revealed racial disparities in
the prevalence of MGUS [8]. Previously documented increased incidence of
Multiple Myeloma (MM) in Black Americans was attributed to the higher preva-
lence of MGUS [9]. The adjusted prevalence of MGUS was calculated as 3.7% for
Black, 1.8% for Mexican, and 2.3% for White Americans. This study did show that
the adjusted prevalence of MGUS varies depending on the geographical location in
the United States. As expected, the prevalence increased with age for all racial
groups, but there appeared to be an earlier age of onset for Black Americans. There
is documentation of the increased prevalence of MGUS in various African popula-
tions [10-12].

The Japanese study on the Nagasaki population of 52,000 atomic bomb survi-
vors, including 1000 diagnosed MGUS individuals, showed some exciting features.
The effects of radiation did not increase the prevalence unless higher radiation
exposure was before the age of 20 years [13]. An overall prevalence of 2.1% was
lower than what had been observed in White and African populations.

A prospective epidemiological study on the Chinese population reported an
overall prevalence of 2.73% [14]. This multicenter prospective study enrolled 1797
healthy subjects showed that the majority by different age groups was 1.19% in the
age group of 41-50 years, 3.08% in those over 50 years, and 7.76% in the age group
over 81 years [14]. Another more recent study on the Chinese population showed
that the overall prevalence of MGUS was 1.11% (95% CI 1.02—1.18%) among par-
ticipants aged >50 years and 2.57% (95% CI 2.22-2.98%) among those aged
>70 years [15].

In a study of 3260 participants in Thailand, 1104 males (33.9%) and 2156
females (66.1%) were undertaken [16]. The median age was 57 years (range
50-93 years). The overall prevalence of MGUS was 2.3%, which is comparable
to Japan.

The Korean Longitudinal Study on Health and Aging (KLoSHA) is a population-
based prospective cohort comprised of individuals above the age of 65 years. The
overall crude prevalence of MGUS was 3.1% [95% confidence interval
(CI) = 1.8-4.4]. The age-adjusted and sex-adjusted prevalence rates in Korean
elders aged 65 years or older were both estimated as 3.3% (95% CI =2.0-4.6) [17].
It was unusual to find that IgA was the most common isotype of immunoglobulin
(43%) in this study. However, the Korean myeloma registry reporting shows that
IgG myeloma was diagnosed predominantly in their population [18].

In contrast to the slightly higher global prevalence, over 10 years, the Italian
study analyzed the samples of patients of the Ospedale di Busto Arsizio, a district
(provincial) general hospital. Furthermore, the serum protein electrophoresis used
less sensitive methods of testing M protein on cellulose acetate membranes yielding
a low prevalence rate of 0.3% [19].
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One of the earliest studies done in southern Sweden on 70% of a population
above 25 years reports a prevalence of MGUS of 0.9% [20]. A relatively lower
prevalence rate could be due to the inclusion of younger age groups in the cohort.

Data from various studies using IMWG diagnostic criteria show approximately
a twofold increase in prevalence in the black races compared to the white popula-
tions [21]. Chinese Japanese, Korean, and Thai studies have reported a less than
white people prevalence rate. The Mexican ethnic group did show a prevalence, half
of that seen in Caucasians [8, 10].

Therefore, there is considerable variability in MGUS prevalence data reported
globally. The overall prevalence is influenced by the study design and sampling size
and the demographic composition of the study cohorts. Data from the general popu-
lation rather than inpatient clinics or hospitals are ideal for population-based screen-
ing studies. Epidemiological studies need to be population based to provide accurate
prevalence rates, using defined criteria and standardized equipment.

Age and Sex

The global studies on the prevalence of MGUS show progressive increment in the
prevalence rate with increased age. Kyle et al. published a large population-based
study on residents of Olmsted County, Minnesota [6]. This study provided accurate
epidemiological data for assessing the overall prevalence of MGUS. Serum samples
obtained from 21,463 residents above 50 years were sent for serum electrophoresis
with agarose gel and immunofixation. Due to the location, the demographic compo-
sition of the study cohort was predominantly White Americans.

In the age group 50-59, the total prevalence was 1.7, which increased to 3 in
60-69 years. In men above the age of 80 years, there was a fourfold increase to 8.3.
After 85 years, there is a plateauing of the prevalence in men, a phenomenon
observed in women only after the age of 90 years [6].

All the studies have shown the prevalence of MGUS increased in the male sex. On
average, the prevalence of MGUS is 1.5 times higher in men than in women [21].
However, the rate in men is almost the same as that of women a decade older. The over-
all age-adjusted prevalence rate in men is 4% (95% CI, 3.5—4.4) while that of women in
2.7% (95% CI, 2.4-3.0) (p < 0.001) [6]. The fact that men are found to be 60% of
patients with multiple myeloma (MM) in this community confirms these findings [22].

Immunoglobulins

Monoclonal proteins produced by the clonal plasma cells can produce immuno-
globulins, heavy plus light chains, or light chains. The immunoglobulin type was
IgG in 70% of the patients, IgA in 12%, and IgM in 15% [23].
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IgD and IgE MGUS are relatively rare. However, biclonal gammopathy and tri-
clonal gammopathy have also been reported. The light chain type was kappa in 61%
and lambda in 39% [23].

Associations

The presence of monoclonal gammopathy is seen in proliferative lymphoplasma-
cytic clonal disorders and associated with various connective tissue disorders, neu-
rological disease with peripheral sensorimotor neuropathies, motor neuron disease,
myasthenia gravis, nemaline myopathy, ataxia telangiectasia, and POEMS (poly-
neuropathy, organomegaly, endocrinopathy, monoclonal protein, and skin changes)
syndrome. Association with dermatological disease and endocrine disorders are
numerous but may be coincidental [24]. In their study, Bida et al., 2009, obtained
samples from 21,463 of the 28,038 enumerated residents in Olmsted County,
Minnesota. They identified 605 cases of MGUS and 16,793 negative controls among
17,398 samples tested between 1975 and 2006, for a total of 422,663 person-years
of observations. These diagnostic codes were analyzed to identify and confirm pre-
viously reported associations, adjusting for age, sex, and total person-year observa-
tion [24]. A significant association between MGUS and other disorders was noted
in 14 (19%) of 75, including vertebral and hip fractures and osteoporosis. The
authors had previously reported an increased frequency of osteoporosis and bone
fractures in patients with MGUS, independent of progression to myeloma. In con-
trast, previously reported associations with certain infections or lupus were not
reported [24].

Documentation of MGUS after renal, liver, heart, and autologous bone marrow
transplantation may be attributed to immune suppression [25]. In addition, environ-
mental factors may influence prevalence, such as exposure to toxins like asbestos,
fertilizers, and pesticides [26]. Finally, a familial predisposition to MGUS is
reported, with one study showing almost threefold increased risk of MGUS among
first-degree relatives [27]. The presence of MGUS at a younger age has also been
reported with Gaucher’s disease [28].

Risk Stratification and Progression

The resources required to monitor MGUS in an increasingly aging population are
substantial. Therefore, it is essential to follow evidence-supported algorithms of
follow-up based on population prevalence and risk stratification with the risk fac-
tors, including the amount of M-protein, non-IgG MGUS, and abnormal free light
chain ratios.
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Risk Stratification

The risk stratification proposed by Rajkumar et al., 2005 is based on the number of
risk factors present translating into a relative risk of progression [5]:

— No risk factors present: relative risk (1), Absolute risk of progression at
20 years (5%)

— Low/Intermediate (1 risk factor): relative risk (5.4), Absolute risk of progression
at 20 years (21%)

— High/Intermediate (2 risk factors): relative risk (10.1), Absolute risk of progres-
sion at 20 years (37%)

— High: All three risk factors present: relative risk (20.8), Absolute risk of progres-
sion at 20 years (58%).

The resources required to monitor an increasingly aging population with a highly
prevalent premalignant precursor are substantial. Therefore, evaluation of the
impact on the health systems is essential. Outcomes of ongoing clinical trials, The
Iceland Screens, Treats, or Prevents Multiple Myeloma (iISTOPMM) study, and the
Predicting Progression of Developing myeloma in a High-Risk Screened Population
(PROMISE) study in the United States should provide insight into the benefits and
harms of screening for MGUS [29]. This knowledge should clarify whether the
early detection of MGUS will affect the overall survival of MM and define strate-
gies for high-risk populations.

The two primary biological subtypes are classified as IgM and non-IgM
MGUS due to variations in the progression of the disease type. Progression in
non-IgM results in MM, plasmacytomas, and amyloidosis. IlgM MGUS is associ-
ated with a risk of progression to lymphoplasmacytic lymphoma or amyloido-
sis [13].

IeM MGUS

IgM MGUS typically arises from a CD20+ lymphoplasmacytic cell. The overall
IgM MGUS prevalence from various studies is calculated at approximately 0.55%
[30]. IgM MGUS is known to have better survival, and the vast majority progresses
to lymphoplasmacytic lymphoma [31].

The overall risk of progression was approximately 1.5% per year. Therefore,
investigations such as bone marrow studies and imaging were deferred when IgM
was less than 1.5 g/L with no other abnormal indices [4].

Singh et al. observed that MGUS prevalence in Black Americans was almost
double that of White patients at the Veterans Administration hospital [12]. IgM sub-
type was seen in 20% of the White Americans compared to 6.3% in Black.
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Interestingly the study on Ghanese men revealed IgM prevalence was only 5.6%
[10]. It was shown in these studies that the African populations do have a reduced
progression to lymphoplasmacytic lymphoma.

Overall, IgM MGUS constitutes an increased proportion of MGUS in descen-
dants of Western Europe [6]. However, it was not as high in the Swedish or Dutch
populations [20, 32]. Moreover, Eastern European countries have reported a lower
prevalence of IgM MGUS [33]. A similar lower IgM MGUS prevalence was
observed in Japan, Spain and China [13, 34, 35].

Non-IgM MGUS

Non-IgM MGUS is considered a precursor to plasma cell malignancies. This group
of immunoglobulin composes up to 85% of MGUS [4]. The category denotes IgG,
IgA, IgD, and E, and as we have previously stated, the IgG is the most commonly
diagnosed. The IgG and IgA subtype progress to MM and have shorter survival than
the IgM MGUS [31, 36].

The IgD and IgE MGUS are documented but relatively rare [37, 38]. Biclonal
gammopathy is seen in 3-6% of MGUS, while triclonal gammopathy is rare, and
only 24 cases have been documented [35, 36].

Light Chain MGUS

Light chain MGUS has a prevalence of 0.8% of the predominantly Caucasian popu-
lation [39]. The Olmsted County population over 50 years showed the age-
standardized prevalence of light chain MGUS in men and women was 1.0% (95%
CL 0.8-1.2) and 0.6% (95% CI, 0.5-0.8), respectively [23, 25]. Of the total MGUS
cases detected, light chain MGUS was seen in 19%. Renal impairment was present
in 23% of light chain MGUS, which is confounding, as this elevates the serum free
light chain kappa and lambda and may alter the kappa to lambda ratio. Overall, the
light chain MGUS has a lower progression rate to MM, similar to low-risk MGUS
with normal serum free light chain ratio.

Monoclonal Gammopathy of Renal Significance (MGRS)

In contrast to frank progression, monoclonal gammopathy of renal significance
(MGRS) is a term that was first introduced by the International Kidney and
Monoclonal Gammopathy Research Group (IKMG) in 2012 and may represent an
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association rather than progression [40]. It is an umbrella term that encompasses
renal damage mediated directly or indirectly by monoclonal protein. It includes all
B-cell/plasma cell clonal proliferative disorders not requiring immediate treatment
of the clonal disease: MGUS, smoldering MM, smoldering Waldenstrom macro-
globulinemia, low-grade chronic lymphatic leukemia, and low-grade non-Hodgkin
lymphoma (marginal zone lymphoma, mantle cell lymphoma, and mucosa-
associated lymphoid tissue lymphoma) [41]. MGRS has been estimated from previ-
ous observations at 10% of cases of MGUS, with a prevalence of 0.32% and 0.53%
in people older than 50 years and 70 years, respectively [42, 43]. The topic of MGRS
is discussed in Chap. 13.

Monoclonal Gammopathy of Neurological Significance (MGNS)

Despite the benign nature of MGUS, mounting data are associating MGUS with the
development of organ dysfunction, specifically MGRS and affection of the neuro-
logical symptoms in the form of a monoclonal gammopathy of neurological signifi-
cance (MGNS), which could be associated with substantial morbidity [44]. The
association between MGUS and peripheral neuropathy (PN) was established in a
population-based study in which the relative risk of PN was increased in individuals
with MGUS, yet it may not be causal [24]. Monoclonal IgM paraproteinemia is
more commonly associated with PN than IgG or IgA paraproteins which deposition
can be difficult to distinguish from chronic idiopathic demyelinating polyneuropa-
thy (CIDP) [45]. The diagnostic workup for a patient with PN and IgG/IgA MGUS
should exclude other PN causes rather than prove the correlation. Such patients
usually mimic the management of CIDP without paraproteinemia [46]. Therefore,
MGNS refers to IgM-mediated PN.

MGNS is typically sensory rather than the motor and symmetrical in distribution
and is length-dependent and slowly progressive. This clinical syndrome is known as
distal acquired demyelinating symmetric neuropathy with monoclonal gammopathy
(DADS-M), with half of the patients exhibiting an anti-myelin-associated glycopro-
tein (MAG) [44, 47]. Its progression is insidious in up to 50% of patients [47],
reaching significant disability in10-15 years [48]. Rarely is it asymmetrical as in
chronic ataxic neuropathy with ophthalmoplegia, monoclonal gammopathy, cold
agglutinins, and disialosyl ganglioside (anti-GD1b, anti-GT1b, or anti-GQ1b) anti-
bodies (CANOMAD). It is a rare condition characterized by asymmetrical PN,
ataxia, ophthalmoplegia, and sometimes other cranial nerve involvement [49].

In addition to their routine lab work, these patients may need to be investigated
by advanced imaging to assess the liver and spleen size and rule out any bone dis-
ease. Invasive testing with bone marrow, cerebrospinal fluid analysis, or nerve
biopsies may also be needed in conjunction with electromyography and nerve con-
duction studies.
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As the spectrum of MGNS is likely to keep expanding, more research is needed
to understand and better define better its multiple clinical syndromes [44].

Overall, the treatment of MGNS represents a challenge as data on the treatment
of MGNS is derived from few studies and case reports. Patients with DADS-M
without anti-MAG antibodies seem to have lower response rates to immunomodu-
lating therapies or plasma exchange than idiopathic CIDP, with combination che-
moimmunotherapy being more effective than monotherapy in IgM-mediated PN
[50]. In contrast, patients with CANOMAD may benefit from a combination of
IVIG and rituximab [51]. Multicentric, prospective clinical trials exclusively
focused on improving outcomes in patients with MGNS are therefore needed to
address this evolving medical condition.

Comparison Between the Progression of Different Subclasses

When differentiating [gM MGUS from non-IgM MGUS and using paraproteinemia
of >15 g/ and abnormal sFLC ratio as risk factors, the progression (at 20 years)
was respectively [27]:

— No risk factors: 19 vs 07%
— One risk factor: 41 vs 20%
— Two risk factors: 55 vs 30%

In a study by Steiner et al. (2017), in 44/2935 (1.5%) patients, MGRS was
diagnosed. In MGRS patients, significantly more progressions to MM were
observed than in MGUS patients (18% vs. 3%; P <0.001). MGRS patients showed
a higher risk for progression with a median time to progression of 23 years for
MGUS and 18.8 years for MGRS patients. The corresponding progression rate
was 8.8 [7.2-10.7] per 1000 patient-years (py) for MGUS patients and 30.6
[15.3-61] for the MGRS group. Risk for progression within the first year after
diagnosis was 1% [0.6—1.4] in the MGUS group and 10% [4-28] among MGRS
patients.

Therefore, a significantly higher risk for progression to MM means MGRS
patients should be monitored carefully and treated in a specialized center [43].

Progression of MGNS parallels the IgM-MGUS class.

Diagnosis

It is imperative to recognize that MGUS is a diagnosis of exclusion, with the pri-
mary diagnostic workup goal being to rule out other disorders.

The recent recommendations of the Myeloma Canada Research Network
Consensus Guideline Consortium [52] proposed an initial assessment to confirm the
diagnosis that includes:
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Laboratory Assessment (Table 12.1 Illustrates the Routine
Testing for all MGUS Patients)

Table 12.1 Laboratory tests needed for the assessment of patients with MGUS

* Complete blood count with white cell count

* Peripheral smear

e Serum calcium
e Albumin
¢ Creatinine clearance and/or serum creatinine

» Total serum protein and serum protein electrophoresis

¢ Immunofixation

* Serum free light chain assay

* 24 h total protein with urine protein electrophoresis and immune fixation

e Quantitative total immune globulin testing with IgA, IgM, IgG

* Hepatic and renal functions are assessed with additional tests done based on clinical
presentation

Bone Marrow Examination

It should be offered to intermediate to high-risk patients with cytogenetic testing
using FISH for t(4;14)(p16;q32), t(14;16)(q32;q23), del(17p13) be processed only
if bone marrow plasma cells are more than 10%.

Imaging

Table 12.2 illustrates the imaging needed for patients with MGUS based on their
risk stratifications [53, 54].

Table 12.2 Imaging investigations for patients with MGUS based on their type and risk factors

Low-risk MGUS Consider skeletal survey by conventional radiology or whole-body
low-dose CT (WBLDCT) scan or MRI or 18F FDG-PET/CT scan
Low and high WBLDCT is the recommended tool
intermediate Other tools offered if WBLDCT is unavailable [53, 54]
High-risk MGUS
IgM-MGUS Abdominal ultrasound and/or CT of the abdomen
Monitoring

Clinical assessment is needed in conjunction with laboratory testing and imaging to
allow for proper monitoring of patients. Therefore, indefinite follow-up by a hema-
tologist is not necessary. However, following initial investigations and follow-up,
their family doctor could follow patients deemed stable by the hematologist [40].



188 H. Goubran et al.

Laboratory assessment should include general evaluations of hematologic,
hepatic, and renal parameters to examine for features that are defining MM or con-
ditions such as AL amyloidosis.

Low-risk MGUS (no risk factors present):

e Repeat CBC, calcium with albumin, SPEP, sFLC, and creatinine in 6 months.
— If stable, repeat annually

* Bone marrow examination and skeletal survey are not required in the absence of
symptoms.

Low-intermediate, high-intermediate, and high-risk MGUS; with >1 risk factor
present:

e Repeat CBC, calcium with albumin, SPEP, sFLC, and creatinine in 6 months.
— If stable, repeat annually

* Bone marrow examination, imaging, and more frequent monitoring may be clini-
cally indicated based on suspicion of progression.

For all MGUS:

Periodic assessment of osteoporosis and related bone features to initiate timely
and appropriate treatment as per clinical practice guidelines published by
Osteoporosis Canada [55-57].

Conclusions

MGUS is an incidental premalignant condition identified in around 3% of the older
population with an increased prevalence with age advancement. It is a diagnosis of
exclusion, with the primary diagnostic protocol aims to rule out other disorders. The
significance of recognizing MGUS is justifiable due to the risk of progression to
plasmacytic or lymphoproliferative malignancies at 1% per year in non-IgM MGUS,
1.5% in IgM MGUS, and 0.3% in the light chain MGUS. It is also essential to be
aware of the potential associations of MGUS with infections, immune and meta-
bolic disorders. Establishing and adhering to an algorithm for monitoring is also
needed to ensure that progression is diagnosed promptly.

Furthermore, it is crucial to identify patients with MGRS (Chap. 13), and those
with MGNS as these entities will necessitate therapeutic interventions.
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IMWG International Myeloma Working Group

LCPT Light-chain proximal tubulopathy

LM Light microscopy

mAB Monoclonal antibody

MG Monoclonal gammopathy

MGCS Monoclonal gammopathy of clinical significance

MGRS Monoclonal gammopathy of renal significance

MGUS Monoclonal gammopathy of undetermined significance

MIDD Monoclonal immunoglobulin deposition disease

Mig Monoclonal immunoglobulin

MM Multiple myeloma

MN Membranous nephropathy

MP Monoclonal protein

MPGN Membranoproliferative GN

NS Nephrotic syndrome

PGNMID  Proliferative glomerulonephritis and monoclonal immunoglobulin
deposits

POEMS Polyneuropathy, organomegaly, endocrinopathy, monoclonal protein,
and skin changes syndrome

RAS Renin angiotensin system

sFLCs Serum free light chains

TMA Thrombotic microangiopathy
WM Waldenstrom macroglobulinemia
Introduction

Two categories of renal disorders are associated with monoclonal gammopathies
[MG]. The first group occurs in the context of high tumor masses with the produc-
tion of large amounts of monoclonal immunoglobulins, as in multiple myeloma
(MM), resulting in the so-called myeloma cast nephropathy. The second group
includes all renal disorders caused by a monoclonal immunoglobulin (MIg) secreted
by a non-malignant or premalignant B-cell clone. Currently, it is referred to as a
“monoclonal gammopathy of renal significance (MGRS)” [1].

Robert Kyle, in 1978, was the first to describe and classify monoclonal gam-
mopathy of undetermined significance (MGUS). This premalignant condition (as
described in Chap. 12) is present in patients who do not display any organ damage
attributable to MIgs while presenting with a serum monoclonal immunoglobulin of
less than 30 g/1 and clonal bone marrow plasma cells of less than 10% [2].

Progression of MGUS to overt malignancy is signaled by the development of
disease-specific features. Conversion to MM in patients with a plasma cell clone is
indicated by the occurrence of one or more myeloma-defining events, including
elevated calcium, renal impairment, anemia and bone disease (CRAB) [3]. In
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contrast, progression of a B-cell clone to Waldenstrom macroglobulinemia (WM) is
characterized by anemia, thrombocytopenia, lymphadenopathy or organomegaly,
blood hyperviscosity, neuropathy, cryoglobulinemia, and cold agglutinin dis-
ease [4].

The term MGRS was first introduced by the International Kidney and Monoclonal
Gammopathy Research Group (IKMG) in 2012 [5]. It regrouped all renal disorders
caused directly or indirectly by an MlIg secreted by a non-malignant or premalig-
nant B-cell clone and does not meet the criteria for overt MM or B-cell lymphoma
[6]. It includes a broad spectrum of conditions that can only be determined by renal
biopsy and encompasses old entities such as AL amyloidosis and the newly
described lesions, proliferative glomerulonephritis with monoclonal Ig deposits,
and C3 glomerulopathy with monoclonal gammopathy [5]. The IKMG redefined
and revised the definition of MGRS and its related disorders in April 2017. MGRS
became a broader term encompassing renal damage mediated directly or indirectly
by monoclonal protein (MP). It, therefore, included all renal disorders associated
with Mlg in the context of plasma/B-cell-clonal proliferative disorders not requiring
immediate treatment ranging from smouldering MM and smouldering WM to low-
grade chronic lymphocytic leukemia and low-grade non-Hodgkin lymphomas (mar-
ginal zone lymphoma, mantle cell lymphoma, and mucosa-associated lymphoid
tissue lymphoma) [7]. Due to its high morbidity, early recognition is crucial to
improve outcomes [5].

Background

MGs refer to monoclonal immunoglobulin in the serum/urine as an immunoglobu-
lin in its intact form or as free heavy or light chains. It is produced by an expanded
clone of plasma cells or lymphoplasmacytic cells [7-9].

A small percentage of patients with renal impairment have MGUS at the initial
presentation or detected later during their subsequent follow-up. A retrospective
review of 5410 kidney biopsies showed that 2.5% had MIg deposition [10].
Typically, these patients with a small paraprotein in the serum and/or urine were
labeled as having MGUS, as per the International Myeloma Working Group
[IMWG] diagnostic criteria [2]. The pathophysiology of MGRS, described by
IKMG, is direct through the deposition of an Mlg in the renal tissue or indirect
through complement activation mediating renal damage [7]. It results from the
Mlg unique physicochemical properties and does not relate to the tumor bulk
per se [11].

This definition is, however, limited by the fact that patients with the renal-lim-
ited atypical hemolytic uremic syndrome (aHUS), thrombotic microangiopathy
(TMA), MG and patients with C3 glomerulopathy (C3G) do not demonstrate MP
deposition in the kidney, and some patients with MGRS lack an identifiable MP in
serum [12, 13].
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Epidemiology

Despite the increasing awareness of MGRS in recent years, there is still a gap
between the actual incidence and the reported cases. The estimated prevalence of
MGRS derived from previous observations is approximately 10% of cases of
MGUS, with 0.32% and 0.53% in people older than 50 and 70 years, respectively
[10, 14, 15]. As their renal function declines, patients with MGRS have worse renal
survival than those without MGRS [16].

In 2020, Klomjit et al. identified patients with MG who had undergone a kidney
biopsy from the medical records of the Mayo Clinic from 2013 to 2018. One hun-
dred and sixty patients out of 6300 (2.5%) had undergone a diagnostic kidney
biopsy. They reported that 64 out of 160 patients (40%) had an MGRS lesion. Light
chain amyloidosis was the most common finding, accounting for nearly half of
these lesions. Proteinuria >1.5 g/day, hematuria, and an elevated free light chain
ratio increased the clinical likelihood of finding MGRS and the presence of such
findings; a biopsy should be highly considered [17].

Another report from Latin America describes 27 patients from Chile, Argentina,
Ecuador, and Uruguay. Half of the patients presented with a nephrotic syndrome
and one-third required dialysis. When reviewing their pathology, proliferative glo-
merulonephritis with monoclonal immunoglobulin deposits was found in 33%,
amyloidosis in 26% and monoclonal immunoglobulin deposition disease in 26%.
IgG Kappa was the most identified MP in renal biopsies, and a paraprotein was
detected in 67% of cases [18].

Few reports describe the clinical course and prognosis of MGUS patients on
long-term immunosuppression following renal transplantation and the possible pro-
gression to MM or lymphoma.

Classification of MGRS

The spectrum of renal diseases in MGRS is vast. Its classification relies on the
localization of renal lesions within the nephron, being either glomerular, tubular,
or vascular, and the ultrastructural MIg deposits pattern [1]. Occasionally, no
deposits can be identified, yet the changes seen are attributed to Mlg [15].
Interestingly, the IKMG recommended referring to an MGRS-associated disease
when the findings are confined to the kidney without an associated symptomatic
tumor mass [7].

The type of renal lesion is governed by the Mlg’s innate structural and physico-
chemical characteristics rather than by the clone features that produced it [19].
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Based on the findings of immunofluorescence studies, MGRS-associated lesions
are initially separated by the presence or absence of Mlg deposits in kidney biopsy
samples. The ultrastructural characteristics of the deposits further subcategorize
them into organized and non-organized. Organized deposits are further subdivided
into fibrillary (which include the immunoglobulin-related amyloidosis and mono-
clonal fibrillary glomerulonephritis (GN)), microtubular (including immunotactoid
GN and cryoglobulinemic GN type I and II) and inclusions or crystalline categories.
In the absence of immunoglobulin deposits by electron microscopy, light-chain
proximal tubulopathy (LCPT), crystal storing histiocytosis, and cryo crystaloglobu-
lin GN are organized patterns. Monoclonal immunoglobulin deposition disease
(MIDD), proliferative glomerulonephritis (PGNMID), and Mlg deposits are identi-
fied as non-organized [7].

MP cannot be demonstrated in the kidney biopsy in certain thrombotic MGRS
entities, supporting an indirect role for MP in their pathogenesis [20]. TMA associ-
ated with monoclonal gammopathy [13] and a miscellaneous group including C3
GN and polyneuropathy, organomegaly, endocrinopathy, monoclonal protein, and
skin changes syndrome (POEMS) (Chap. 21) were provisionally added as subcate-
gories to the non-immunoglobulin deposits, non-organized category of the classifi-
cation scheme. It is postulated that the MIg act as an autoantibody to complement
regulatory proteins, especially complement factor H, or as a stabilizer of C3 conver-
tase resulting in a dysregulation of the alternative complement pathway with down-
stream complement activation and membrane attack complex formation damaging
the kidney [21, 22] in C3 GN and TMA. Recent reports described an unusually high
MG incidence in C3GN and TMA patients compared with the age-matched general
population [21]. Vascular endothelial growth factors released by the clonal plasma
cells in POEMS syndrome led to microangiopathic renal lesions. The classification
relying on histological and ultrastructural findings is relevant from a pathology,
diagnostic standpoint.

Renal parenchyma is broadly divided into three structural and functional com-
partments: glomerulus, tubulointerstitium, and vasculature. Monoclonal deposits in
MGRS can, therefore, conceptually involve any or all of the compartments [10].
MGRS can also be classified based on the dominant site of monoclonal deposition
[10, 15] (Fig. 13.1). This classification seems to be more pertinent from the clinical
aspect. Both schemes, however, are commonly used together in clinical practice for
better clinicopathological correlation [10].
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monoclonal protein, and skin changes syndrome TMA=Thrombotic microangiopathy. (modified from
Ciocchini et al. [15])

Fig. 13.1 Classification of MGRS based on the site of pathology and the presence or absence of
deposits (Ciocchini et al. [15])

Clinical Presentation

MGRS presents with a broad clinical spectrum that ranges from proteinuria and
hematuria to renal insufficiency and hypertension.

Clinically, the presentation depends on the dominant site of injury and is often
slowly progressive. If the primary pathology targets the glomeruli, nephrotic syn-
drome (NS) is commonly noted as in amyloidosis and MIDD, whereas nephritic-
nephrotic syndrome represents proliferative GN features. On the other hand,
tubulointerstitial disorders usually present with tubular proteinuria, electrolyte
abnormalities, with/without progressive renal insufficiency, metabolic acidosis, or
Fanconi syndrome (FS) [20]. As expected, TMA presents with acute renal
failure [6].

Progression

It was unclear if MGRS progresses more rapidly than non-IgM MGUS to a full MM
with end-organ damage.



13 Monoclonal Gammopathy of Renal Significance: An Insight 199

Steiner et al. (2017) identified 44 patients with MGRS from a cohort of 2935
patients with MGUS (1.5%). Significantly more progressions to MM were
observed in the MGRS patient group than in the MGUS ones (18% vs. 3%;
P < 0.001). MGRS’ patients showed a higher risk and rate of progression with a
rate of 30.6% and a median time to progression of 18.8 years for MGRS compared
to only 8.8% and a median time to progression of 23 years for MGUS patients.
Risk for advancement within the first year after diagnosis was ten times higher in
the MGRS population. Therefore, a significantly higher risk for progression to
MM means MGRS patients should be monitored carefully and treated in special-
ized centers [14].

From the renal perspective and with the decline of their renal functions, patients
with MGRS have worse renal survival than those without MGRS [16].

Evaluation of Suspected MGRS

From a therapeutic and prognostic perspective, it is essential to distinguish MGRS-
associated disorders from other acute or chronic kidney diseases (CKD) due to their
different clinical characteristics and therapy [23, 24]. Furthermore, identifying any
extrarenal involvement secondary to the MG is critical. The recognition of the pres-
ence of a POEMS syndrome would also be of crucial importance in the diagnos-
tic workup.

A multidisciplinary approach is often needed to reach the proper diagnosis with
nephrologists and hematologists, supported by heme and renal pathologists and, in
some cases, cardiologists. The aim is to identify with certainty the clinicopathologi-
cal evidence of MGRS-associated abnormalities from the renal perspective, identify
B cell or plasma cell clonality from the hematological one, and document any extra-
renal involvement that could alter the treatment strategy. Any discrepancy between
MG and the MlIg deposit in the renal biopsy specimen would argue against the
diagnosis of MGRS [7].

Jain et al. (2019) suggested a four-step diagnostic approach in patients with
MGRS after ruling out target-organ damage [10], which includes:

1. Renal biopsy for patients with MG associated with kidney disease, unexplained
kidney disease and those with known risk factors for chronic kidney disease fol-
lowing an atypical clinical course. It is also recommended for patients with kid-
ney disease and monoclonal gammopathy aged <50 years [7].

Biopsy specimens should be processed for light microscopy (LM) and immu-
nofluorescence (IF) using anti-IgG subclass fluorescence, and the demonstration
of complement deposition (C3 with or without C1q) is also needed. Although the
IKMG classification encourages but does not mandate the use of electron micros-
copy (EM), the information it provides can help identify non-organized deposits
[7]. In some instances, one can obtain additional valuable information with pro-
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tease immunofluorescence on kidney biopsy, renal amyloid typing by liquid
chromatography or mass spectrometry.

Clinicians, however, will need to balance the risk of missing a diagnosis

against those of the complications of the procedure. Biopsies from less-invasive
sites (abdominal fat pad, gingival, or rectal) can successfully demonstrate amy-
loid deposits sparing the patients’ risks of renal biopsy [25].
Identification of paraproteins in the serum and urine of patients suspected to
have MGRS using serum protein electrophoresis demonstrating MG in the y
and/or a/p regions, immunoglobulin assay, and immunofixation and serum free
light chains (SFLCs) assay. Serum/urine immunofixation electrophoresis is
more sensitive than electrophoresis as it characterizes the type of MP [9]. The
normal range for sFLCs ratio (k/A ratio) is 0.26—1.65 in the context of normal
renal functions. In contrast, the “renal range” of the sFLCs ratio has been
defined as 0.37-3.17, with perturbations of these ratios pointing to
monoclonality.

. After establishing the presence of an MG and its correlation to the renal biopsy

findings, the diagnostic approach should focus on the characterization of the
underlying clonal population of cells based on the type of paraproteins. A plasma
cell clone necessitates a confirmatory bone marrow (BM biopsy), whereas a
lymphoplasmacytic clone necessitates a confirmatory biopsy from the BM or
lymph nodes.

Tissue specimens should be subjected to LM, immunostaining and flow
cytometry, and the use of Congo red staining.

A plasma cell clone is managed along with plasma cell disorders and
MM. Flow cytometry or additional immunophenotyping help identify neo-
plastic plasma cells frequently showing aberrant loss of CD45 and CD19 and
aberrant expression of CD56 and CD117; in addition to k and A light chains
and CD38 helps identify small plasma cell clones. On the other hand, a B-cell/
lymphoplasmacytic clone affects the therapeutic decision as it typically
implies anti-CD20 antibodies in the treatment regimen. When the presence of
B cells clones is suspected, identifying CD5 and CD20 bearing cells by
immunophenotyping can separate small clones from polytypic cells.
Immunohistochemistry might be helpful to the evaluation of focal atypical
lymphoid infiltrates [7].

Additionally, mutation testing may help identify the MYD88 L265P muta-
tion found in over 90% of patients with lymphoplasmacytic lymphoma or
Waldenstréom macroglobulinemia and only 40-60% of individuals with IgM
MGUS [26-28]. Furthermore, FISH Cyclin D1, FISH with immunostaining
for CD10, BCL2, and BCLG6, can subclassify diffuse large cell lymphoma,
and prognostic FISH panels for MM and chronic lymphocytic leukemia can
also be helpful.

. A full comprehensive assessment for any extrarenal involvement secondary to

the MG is critical from a diagnostic, therapeutic, and prognostic perspective. For
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example, cardiac involvement in AL amyloidosis confers a poor prognosis and
necessitates urgent chemotherapy initiation to reduce the disease burden and
reverse some patients’ renal dysfunction [29]. Its multisystem involvement may
also be a clue to the diagnosis [30]. Cryoglobulinemic GN Vasculitis is often
associated with Raynaud’s phenomenon, livedo reticularis, arthralgia, and
peripheral neuropathy (Chap. 16) [31], whereas POEMS affects the sensory-
motor system and leads to organomegaly, endocrinopathy, and skin affection
(Chaps. 19 and 21) [32].

The careful ruling out of target organ damage associated with overt malignant
paraproteinemias should precede this four-step approach to diagnose
MGRS. Radiologic assessment using conventional radiology skeletal surveys
and whole-body low-dose CT scans is often needed.

Treatment of MGRS

The ultimate aim of MGRS treatment is to preserve or improve organ function by
targeting the MIg-producing plasma or B-cell clone. Although it is not an evidently
malignant clone per se, current evidence strongly supports a clone-directed therapy
strategy. The best results are possibly achieved when targeting the underlying
MGUS clone induces the most profound hematologic response protecting the organ
and preventing its damage [5, 33]. The isotype of the underlying clone in the BM
(IgG, IgA, or LCs only versus IgM clone), the renal metabolism and potential renal
and neurological toxicity of the therapeutic protocol will guide the treatment
strategy [7].

Renal and Supportive Care

MGRS should be monitored and managed according to usual best practices, includ-
ing, for example, thrombotic and infectious risk prevention in the case of nephrotic
syndrome.

All patients with hypertension and/or proteinuria should be treated, preferably if
renal functions allow with renin-angiotensin system inhibitors combined with salt
restriction. Diuretics can be used with caution to treat hypertension or fluid reten-
tion [33]. Managing renal bone disease with a bisphosphonate is also suggested.

MGRS should not be considered a contraindication to renal transplantation,
given the fact that the risk of patients dying from their clone is low. However, reduc-
ing the MIg by obtaining the best hematologic response is a critical issue in allograft
survival [34].
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Clone-Directed Therapy

In general, non-IgM clone-directed therapy is more in line with MM treatment with
chemotherapy with or without a monoclonal antibody offered to induce a remission
followed by autologous stem cell transplantation (ASCT) to be provided for eligible
patients. IgM clones are addressed with the combination of monoclonal antibodies
and specific chemotherapy.

MGRS with Plasma Cell Dyscrasia with IgG, IgA, or FLCs Only Clone

In the case of MGRS with an IgG, IgA, or FLC-only-producing plasma cell clone
(non-IgM MGUS), therapy should be directed at eradicating the plasma cell clone
with anti-myeloma agents while preserving kidney functions.

As in MM cases, patients with an IgG or an IgA clone should be stratified into
transplant eligible (based on age and performance status) and non-eligible.

Transplant eligible patients would receive induction chemotherapy to reduce the
tumor burden followed by stem cell collection and ASCT with melphalan as a con-
ditioning agent before stem cell reinfusion. Interestingly, kidney disease is not a
contraindication to ASCT and has no adverse effects on the quality of stem cell col-
lection or their engraftment. ASCT is also possible in dialysis patients [35]. High
rates of complete remission and very good partial response have been reported after
treatment with bortezomib-based regimens and high dose melphalan (HDM) condi-
tioned ASCT [36]. If the GFR is less than 40 mL/min, the melphalan dose should be
reduced. Induction therapy prior to ASCT can be omitted in patients with a small
clone, but is beneficial for patients with a poor performance status due to MGRS. The
treatment-related mortality of ASCT is <1% [33].

The cornerstone induction therapy is a combination of proteasome inhibitors like
bortezomib with dexamethasone. The agent has a non-renal metabolism and the
most robust data in the treatment of MGRS. Bortezomib-containing regimens have
demonstrated in MM patients a rapid reduction of tumor load and improved kidney
functions [37]. Furthermore, the medication proved to be a highly effective drug in
AL amyloidosis and seems to be the most effective agent in MIDD.

Immunomodulatory drugs (IMiD) such as thalidomide, lenalidomide, or
pomalidomide are suitable alternatives in transplant non-eligible settings and
relapsed cases. Lenalidomide, however, is secreted by the kidney, necessitating dose
adjustment [38].

There are limited data on the use of daratumumab, an IgG1K human monoclonal
antibody (mAD) that targets CD38 on the surface of cells in a variety of hematological
malignancies, in patients with MGRS. The results of daratumumab-based therapy in 25
MGRS patients, 12 of whom were previously untreated, were recently published [39].
The hematologic response rate was 83% vs. 69% for previously untreated and treated,
respectively. It was 91% vs. 64% when daratumumab was combined with conventional
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MM treatments compared to daratumumab monotherapy. It seems, therefore, that dara-
tumumab-based therapy is a new option for patients with MGRS [39].

In patients with MGRS and FLCs, AL (AH and ALH) amyloid deposits, a low-
grade plasma cell clone, most often secreting YLC, are observed. The amyloid in AL
is composed of monoclonal ALs, whereas it is composed of monoclonal AHs in AH,
and ALH contains the entire immunoglobulin [34]. As the patients are often frail
due to their cardiac involvement, treatment should be carefully adapted to achieve
the best and most durable hematologic response. In patients with stage I and II car-
diac diseases (based on New York Heart Association classification), a first-line
treatment used to be based on melphalan and dexamethasone. In the last decade,
bortezomib proved effective in those patients and increased hematologic and organ
response rates [40, 41]. Selected eligible patients can benefit from ASCT. In patients
with advanced CKD, cyclophosphamide may replace melphalan [34]. Based on
small case series, the cyclophosphamide, bortezomib, and dexamethasone (CBD)
regimen significantly reduces the early death rate in the poor prognosis patients with
advanced heart disease [42].

In patients with rare MIDD, the therapeutic approach is based on consensus
opinion as controlled studies are lacking. The IKMG recommended a bortezomib-
based regimen followed by ASCT in eligible patients with low-grade renal disease.
ASCT should only be offered to patients with advanced kidney disease if they are
renal transplant eligible [34].

Observation alone is recommended in patients with type I cryoglobulinemia,
with few systemic symptoms and a low-grade underlying plasma cell clonal prolif-
eration. On the other hand, in patients with advanced disease and renal failure, bort-
ezomib, cyclophosphamide, and/or thalidomide-based regimens should be used. In
selected patients, HDM/ASCT may be considered [34] (Chap. 16).

In PGNMID with detectable MIg, monotypic glomerular deposits observed are
the result of Mlg deposition. Consequently, PGNMID invariably recurs after renal
transplantation [43]. It seems, therefore, logical to follow patients with stage 1 and
2 CKD and mild proteinuria and consider CBD alone in non-eligible and CBD fol-
lowed by HDM/ASCT in eligible patients with stage 1 and 2 and high-grade pro-
teinuria and those with stage 3 and 4. In patients with stage 5 CKD who are
candidates for renal transplantation, achieving a complete hematologic remission
with chemotherapy and HDM/ASCT is a crucial goal. In contrast, in-patients ineli-
gible for renal transplantation, the benefit of chemotherapy is highly questionable
and conservative treatment should be recommended [34].

In patients with acquired FS—MGRS and crystal storing histiocytosis, steroids
may be helpful. In contrast, for those with stages 1-3 CKD, chemotherapy should
be considered to try to slow progression to ESRD. CBD or thalidomide-based regi-
mens are the best options. Bendamustine may also be used. HDM/ASCT may be
performed in selected nonresponding patients although the benefit of this strategy
remains to be proven. Among patients with stages 4-5 CKD, only patients eligible
for a renal allograft should be offered chemotherapy followed by HDM/ASCT.



204 J. Barton et al.

In POEMS, where the etiology is related to growth factor production by the
culprit clone, it is unknown if clonal-directed therapy can benefit. HDM/ASCT has
shown long-term benefits with halting progressive neuropathy in some patients. On
the other hand, in the novel, MGRS with isolated glomerular C3 deposits, autoan-
tibody activity of the MlIg against a complement alternative pathway regulatory
protein is the central current hypothesis. Because the disease course is rapid, with
a high risk of recurrence after renal transplantation, chemotherapy should be
offered early [34].

MGRS with B-Cell Clone with IgM M-Paraprotein

IgM MGUS is less common, and there is little evidence supporting the choice of
treatment in MGRS-related to IgM M-protein. Based on the limited studies in
monoclonal gammopathy of neurological significance (MGNS) where the
underlying BM clone is a CD20-expressing B-cell or lymphoplasmacytic one
secreting IgM, clone-directed rituximab-based therapy would be the first choice
of treatment [44].

Type II mixed cryoglobulins are composed of an MIg, usually an IgM k with a
rheumatoid factor (RF) activity, associated with polyclonal immunoglobulin and
reduced complement levels [34].

Most cases are associated with chronic hepatitis C virus infection. Other condi-
tions include hepatitis B virus infection or autoimmune disorders implicating the
presence of an underlying B-cell clone, most typically with less than 10% BM
involvement. It progresses into overt lymphoid proliferation, usually a WM or a
low-grade lymphoma, during follow-up [45]. Suppose the underlying etiology to
the B clonal expansion is viral. In that case, antiviral therapy alone could be offered
to stages 1 and 2 with mild proteinuria, whereas the approach of chemotherapy fol-
lowed by HDM/ASCT, when applicable, should be provided to patients with
advanced disease or those with end-stage renal disease eligible for allograft trans-
plantation [34]. Preliminary reports suggest a beneficial effect of rituximab, includ-
ing the effect in patients with or without a detectable B-cell clone [34, 46]. However,
it seems reasonable to propose rituximab only to patients in whom an associated
CD-20-positive B-cell clone can be demonstrated.

Rituximab can be combined with dexamethasone and cyclophosphamide or
bendamustine with the last two medications necessitating dose adjustment in renal
impairment [47, 48]. Figure 13.2 illustrates the algorithmic approach to diagnose
and manage patients with MGRS.
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Fig. 13.2 Algorithmic approach for the confirmation of the diagnosis and the management of
MGRS. ASCT Autologous stem cell transplantation, BM Bone marrow, CRYO GN Cryoglobulinemic
glomerulonephritis, EM Electron microscopy, ESRD End-stage renal disease, LM Light micros-
copy, LN Lymph node, MM Multiple myeloma

Conclusions

Our understanding of the pathogenic property of MG and clonal expansions has
grown significantly over the last few years. By their intrinsic physicochemical prop-
erties, MP can deposit in organs leading to their damage or induce a cascade of
immune reactions resulting in the same effect. The umbrella term, monoclonal gam-
mopathy of clinical significance (MGCS), has been coined to include various condi-
tions attributed to these pathogenic proteins, including MGRS and MGNS. Many
renal clinicopathological entities have been described in association with
MGUS. MGRS was introduced to regroup all renal disorders caused by an MIg
secreted by a non-malignant B-cell clone and does not meet the criteria for overt
MM or B-cell proliferation.
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The diagnosis of MGRS is established only by demonstrating monotypic immu-
noglobulin deposits on renal biopsy or showing evidence of pathology indirectly
related to the circulating Mlg as in C3 GN or TMA cases. MIg detected in the blood
or BM should be correlated to the one noted on renal biopsy. The diagnostic
approach rests on the characterization of the underlying clonal population of cells
based on the type of paraproteins. Plasma cell dyscrasia with IgG, IgA, or FLCs-
only clones can be identified in contrast to B-cell clones generating IgM
M-paraproteins.

In addition to the kidney-specific and supportive therapy offered to patients, the
ultimate aim of MGRS treatment is to preserve or improve organ function by target-
ing the organ-damaging plasma or B-cell clone producing the MlIg. The best results
are possibly achieved when targeting the underlying MGUS clone induces a deep
hematologic response. Treatment depends on the isotype of the underlying clone,
the renal metabolism and potential renal and neurological toxicity of therapy.

An approach similar to MM treatment strategies should be offered to patients
with non-IgM MGRS, including ASCT in eligible patients. In contrast, chemother-
apy combined with anti-CD20-based mAB should be provided to patients exhibit-
ing a lymphoplasmacytic clone expressing B cells. More evidence-based data,
however, are needed to solidify the treatment approaches and protocols.

MGRS is neither a contraindication to ASCT nor renal transplantation.

The resources required to monitor an increasingly ageing population with a
highly prevalent MGUS are substantial. Furthermore, the resources to track and fol-
low 10% of MGUS presenting with MGRS will be quite significant.

Despite the increasing awareness of MGRS in recent years, there is still a gap
between the actual incidence and the reported cases. Early recognition is of great
importance as timely administered treatment can stop or potentially reverse kidney
disease. A multidisciplinary approach involving nephrologists, hematologists, and
pathologists is often needed to establish the causative role of the M-protein in the
pathogenesis of MGRS.
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Abbreviations

alloHCT Allogeneic hematopoietic cell transplant

anti-GM 1 Anti-ganglioside M1

anti-MAG Anti-myelin-associated globulin antibody

ARIDI1A AT-rich interactive domain-containing protein 1A

ASO-PCR Allele-Specific Polymerase Chain testing

BDR Bendamustine, Dexamethasone, Rituximab

BR Bendamustine, Rituximab

BTKi Bruton tyrosine kinase inhibitors

CANOMAD Chronic Ataxic Neuropathy Opthalmoplegia, IgM paraprotein,
cold agglutinins, and disialosyl antibodies

CD Cluster of differentiation

CXC4 Chemokine receptor type 4

CXCR4WT Chemokine receptor type 4 wild-type gene

DRC Dexamethasone, Rituximab, Cyclophosphamide

1G Immunoglobulin

MGUS Monoclonal gammopathies of undetermined significance

MLL2 Myeloid/lymphoid or mixed-lineage leukemia

MRR Major response rate
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mSMARTt Mayo Stratification of Macroglobulinemia and Risk-
Adapted Therapy

MYD8SL265P Myeloid differentiation primary response gene mutation

MYD88WT Myeloid differentiation primary response gene wild-type

ORR Overall response rate

PD-1 Programmed cell death protein 1

PFS Progression-free survival

PI3Ki Phosphatidylinositol 3-Kinase Inhibitor

R Rituximab

VelR Bortezomib-Rituximab

WM Waldenstrom macroglobulinemia

Epidemiology

According to the American Surveillance, Epidemiology, and End Results Database,
approximately 1000-1500 new WM cases are diagnosed every year in the United
States with only 5% of African descent. At diagnosis, the median age is 63 years
for blacks and 73 for whites with male/female ratio 1.6:1 [1, 2]. In the United
Kingdom, the annual incidence of the disease is 10.3 per million [3]. A Japanese
study reported a median age of 65 among 66 cases with a predominance of males
(78.02%) [4].

WDM is a chronic disease in most patients. The median survival has varied in stud-
ies, from 5 years to nearly 11 years [5].

Etiology

WM etiology is unknown. However, like in multiple myeloma (MM), a syndrome
of IgM monoclonal gammopathy of undetermined significance (MGUS) may pre-
cede WM. Genetic predisposition has been noted with a positive family history of
either WM or other lymphoproliferative disorders [6, 7].

The B-cell anti-apoptotic MYDS88 L265P somatic mutation, where leucine is
replaced by proline at position 265, is found in white blood cells in approximately
90% of WM cases. This causes overactivity of the altered MYDS88 protein, stimulat-
ing the signaling molecules that activate nuclear factor-kappa-B [8].

Using sensitive Allele-Specific Oligonucleotide Polymerase Chain Reaction
(ASO-PCR), it was found that MYD88 L265 was expressed in 93-97% of patients
with WM and was identifiied in sorted malignant B cells and plasma cells [6, 7, 9].
Non-L265P MYD88 mutations were only present in 1-2% in WM [10].

Structural alterations on chromosome 3p can increase the allele burden of
mutated MYDS8S8 [11].

CXCR4 mutations are present in up to 40% of patients with WM, mostly co-
expressing MYD88 mutations [12]. Cases with mutated CXCR4 experience less
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adenopathy, and those with nonsense CXCR4 mutations have increased bone mar-
row disease, higher serum IgM levels, and/or symptomatic hyperviscosity at presen-
tation [13]. Inhibition of MYD88 causes apoptosis in both wild-type and mutated
CXCR4-expressing WM cells, indicating a more critical role for mutated MYD88
survival signaling in WM [14].

Less common somatic genetic changes include variants in ARIDI1A, with
increased disease burden, and variants in MLL2 [6].

Hepatitis C, hepatitis G, and human herpesvirus 8 have all been implicated, but
no concrete data exists to link them to the disease [15].

Pathophysiology

Secretion of the IgM paraprotein by monoclonal B lymphoplasmacytic cells causes
hyperviscosity. Serum viscosity is greater than water due to its protein content.
Immunoglobulins are relatively large but also linear, unlike most serum proteins
that are spherical in shape. When immunoglobulins pass through the serum, they
spin around their longitudinal axis, increasing serum viscous drag, and therefore
viscosity. IgM is pentameric and very large in size (970 kDa). Normal serum viscos-
ity is 1.5—1.7 cP relative to water, and serum viscosity can increase with IgM levels
of 3 g/dL or higher [16, 17].

Thus, paraprotein physical, chemical, and immunologic properties may cause
hyperviscosity syndrome with coagulation abnormalities, including acquired Von
Willebrand disease, types 1 and 2 cryoglobulinemia, cold agglutinin disease and
anemia. Another consequence is the development of AL or AA amyloidosis.

Sensorimotor peripheral neuropathy may occur with the anti-myelin activity of
IgM paraprotein. Tissue deposition of amorphous IgM in the skin, gastrointestinal
tract, kidneys, and other organs is also seen. Besides IgM secretion, B-cell mono-
clonal lymphoplasmacytic cells also invade the bone marrow, spleen, and lymph
nodes with rare extranodal involvement. This may contribute to cytopenias, mainly
anemia and, to a lesser extent, thrombocytopenia. IgM paraprotein may also have
rheumatoid factor and lupus anticoagulant activity [15].

Clinical Presentation

History

WM may be asymptomatic noted incidentally on a laboratory result. General symp-
toms such as weakness in 66% of cases, anorexia in 25%, weight loss in 17%, fever
in 15%, and Raynaud phenomenon in 11% of cases may occur. Peripheral neuropa-
thy was seen in 24% of cases. Central nervous system disturbances with disturbed
consciousness and other neurologic deficits may either be due to infiltration, neu-
ropathy, or hyperviscosity. The latter syndrome: manifests by bleeding diathesis,
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tinnitus, hearing loss, visual blurring, dizziness, or headache. Malabsorption or gas-
trointestinal bleeding may occur. Organomegaly causing abdominal swelling can
also be noticed by the patient [18].

Physical Examination

The physical findings result from malignant B-cell infiltration, paraprotein
increase with antigen-antibody reactions causing hyperviscosity, and derange-
ment of the hemostatic system by the paraprotein, all of which contribute to the
clinical manifestations [18], including hepatomegaly in 20%, splenomegaly in
19%, and lymphadenopathy in 15% of cases. Bleeding diathesis may occur with
purpuric eruptions in 9% of cases and other hemorrhagic manifestations in 7%
of cases.

Neurological deficits may manifest with slowly progressive neuropathy, distal
symmetrical neuropathy, or chronic ataxic neuropathy (Miller-Fisher syndrome), a
variant of Guillain-Barré syndrome which has been described with WM. [15]
POEMS syndrome (polyneuropathy, organomegaly, endocrinopathy, M protein, and
skin changes) (Chaps. 19 and 21) and Bing-Neel syndrome which involves infiltra-
tion of the central nervous system with neurological deficit have also been
reported [18].

Ophthalmologic manifestations were detected in 19 out of 99 patients includ-
ing flame-shaped hemorrhages, venous sausaging, papilledema, macular detach-
ments, or central retinal vein occlusion in 16 patients; paraproteinemic
keratopathy in 2; and a single case of CANOMAD syndrome (Chronic Ataxic
Neuropathy Ophthalmoplegia, IgM paraprotein, Cold Agglutinins Disialosyl
antibodies) [19].

Skin manifestations include purpura, bullous, nodular or papular skin lesions,
chronic urticaria or Raynaud phenomenon. Vasculitic lesions, Livedo reticularis, or
acrocyanosis may also be noted [18] (See Figs. 14.1, 14.2, and 14.3).

Other rare manifestations include pulmonary nodules or masses, parenchymal
infiltrates, pleural effusion, periorbital masses, or osseous lesions. Congestive heart
failure may ensue and may be amyloidosis related [18].

Complications

Complications of WM include diarrhea and malabsorption with gastrointestinal
involvement, renal disease, amyloidosis of the heart, kidney, liver, lungs, and joints.
Bleeding manifestations develop secondary to platelet dysfunction as well as coag-
ulation factors and fibrinogen abnormalities due to interaction with plasma IgM
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Fig. 14.1 A 50-year-old
male, case of WM
presenting with anemic
manifestations, abdominal
discomfort, and swelling
with progressive weight
loss. Legs showed
vasculitic skin ulcers

and B-cell dysfunction which also lead to increased incidence of infections.
Increased incidence of lymphomas, myelodysplasia, and leukemias is also
seen [15].

Diagnosis

Diagnosis of WM includes history, physical exam, essential and other complimen-
tary investigations [20-22]. Family history for WM and other B-cell lymphoprolif-
erative disorders is important. Physical examination and a review of systems with
funduscopic examination are all mandatory.

Laboratory investigations include complete blood count for possible findings of
plasmacytoid lymphocytes, normocytic normochromic anemia, rouleaux formation,
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Fig. 14.2 WM with monoclonal band on plasma protein electrophoresis (a), IgM level of 4100 mg/
dL, and serum viscosity of 4.1 cP. Reticulated skin lesions of livedo reticularis of the extremities
were noted (b). Patient received multiple plasmapheresis sessions followed by Bendamustine/
Dexamethasone/Rituximab. (¢) shows plasma protein electrophoresis response following therapy
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Fig. 14.2 (continued)

Fig. 14.3 Right foot of a
60-year-old male
presenting splenomegaly
and acrocyanosis with
bluish gangrenous toes
seen more on the right
foot. WM was diagnosed
with IgM level of 3800 mg/
dL. IgM was estimated
under warm conditions as
cryoglobulins were also
detected

neutropenia in some patients, and thrombocytopenia. Serum and urine electropho-
resis with immunofixation and quantitative serum immunoglobulin levels (IgA,
IgG, IgM) establish monoclonality. IgM heavy chain and type of light chain assay
(usually Kappa subtype) are also required. I[gM estimation should be repeated in
warm conditions if cryoglobulinemia is detected.

Complications and risk of WM can be assessed by serum Beta-2-microglobulin
level, 24-h urinary protein quantification. Cryoglobulin estimation, direct antiglobu-
lin test for warm and cold antibodies, cold agglutinin titer and serum viscosity are
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needed especially if symptomatic. IgM level >4000 mg/dL mandates serum viscosity
testing. Hepatitis B and C as well as HIV serology are needed to exclude these viro-
logical causes of cryoglobulinemia. In cases with bleeding manifestations, screening
for coagulation factors and von Willebrand factor is required. N-terminal pro-b-type
natriuretic peptide, cardiac troponins are also required as surrogates for possible amy-
loidosis. An electromyogram, anti-myelin-associated globulin antibody (anti-MAG),
anti-ganglioside M1 (anti-GM 1) may be abnormal in cases of associated neuropathy.

Bone marrow aspiration and biopsy showing intertrabecular monoclonal lym-
phoplasmacytic infiltrate is observed in >10% in a nodular, interstitial/nodular, or
polymorphous pattern with possible detection of Dutcher bodies (perinuclear
deposits of IgM). Congo red stain is done if amyloidosis is suspected with confirma-
tory fat pad aspirate.

Bone marrow immunohistochemistry and flow cytometry tests will show expres-
sion of surface IgM, CD19, CD20, CD22 (dim), CD25, and CD27 and negative
expression of CDS5, CD10, CD23, and CD103. Cytogenetic and molecular studies
for establishment of (MYD88L265P) and (CXC4) gene mutations may be done.

Radiological investigations include computed tomography to detect organomeg-
aly and lymphadenopathy. PET-CT may be helpful for follow-up of therapy [20-22].

Differential Diagnosis

Differential diagnosis includes [23]:

1. IgM monoclonal gammopathy of undetermined significance (MGUS) with high
IgM but <3 g/dL and <10% bone marrow infiltration.

2. Smouldering WM (sWM) an asymptomatic type with a high IgM level >3 g/dL.
and bone marrow lymphocytoplasmic infiltration >10% .

3. Type 2 cryoglobulins, cold agglutinin hemolytic anemia, neuropathy, and amy-
loidosis may be associated with raised serum IgM with or without bone marrow
lymphoplasmacytic infiltration. Lymphadenopathy or organomegaly, however,
are uncommon.

4. Overt MM will be associated with bone or renal problems, usually IgG or IgA
gammopathy type with >10% plasma bone marrow infiltration and no MYD88
mutation.

5. Chronic lymphocytic leukemia is characteristically associated with lymphade-
nopathy and/or splenomegaly. Peripheral and marrow lymphocytosis is evident.
Immunophenotyping shows CD5, CD23 positivity. Auto-immune features may
be present.

6. Mantle cell lymphoma shows a peculiar monomorphous small- to medium-sized
lymphocyte appearance with irregular nuclei. The cells are usually CD5-positive,
CD23 negative, with t(11,14) (q13,932) and cyclin D1.

7. Marginal zone lymphoma involves lymph node or extra nodal site infiltration.
Bone marrow usually shows a nodular non-paratrabecular lymphoplasmacytic
pattern. MYD 88 mutation may be positive in 5—10% of cases.



14 Waldenstrém Macroglobulinemia

Prognosis
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The median survival for younger patients exceeds 10 years. For elderly patients, the
median survival is shorter, but a significant proportion will die due to causes unre-
lated to the underlying WM [24]. Many prognostic scores have been devised trying
to adapt treatment decisions in order to attain a survival benefit balanced to drug
toxicity. Comparison of different prognostic scores is depicted in Table 14.1.

Table 14.1 Prognostic scoring for WM (Adapted from [24-32])

Southwest
Oncology Group | Revised International Mayo Clinic
Prognostic Score | Prognostic Score System Prognostic Independent predictors of
[24] for WM [25] Score [26] progression [27-32]
Stage A Risk factors Age >65 years | IgM > 4500 mg/dL
Low Rrisk * Age: organomegaly | Bone marrow,
Beta2 » <65 years, 0 points No risk factors lymphoplasmacytic
microglobulin * 66-75 years, 1 point 10 year OS = infiltration >70%
<3 mg/dL e >76 years, 2 points 57% Diffuse infiltration rather
and * Beta2- Any risk factor | than nodular infiltration
Hb >12 g/dL microglobulin > 4 mg/L: 10 year OS = | * Beta2-microglobulin
5-year overall 1 point 16% >4.0 mg/dL
survival 87% * LDH >250 IU/L (upper > 1 risk factor | Serum albumin <3.5 g/
Stage B limit of normal 10 year OS = day
Medium risk < 225 IU/L): 5% Mutational status
Beta2 1 point Wild-type
microglobulin e Serum albumin <3.5 g/ MYDS88 + additional
<3 mg/dL + dL: mutations, MYD88
Hb < 12 G/dL 1 point mutation + Wild type
5-year survival Risk Score CXCR4
63% 0 points Better response to Ibrutinib

Stage C
Medium risk
Beta2
microglobulin >
3 mg/dL and
IgM <40 g/L

5-year survival

53%

Stage D
High risk
Beta 2
microglobulin
>3 mg/dL

and IgM >40 g/L
5-year survival
21%

very low risk (10-year OS =
84%)

* 1 point

low risk (10-year OS =
59%)

* 2 points

intermediate risk (10-year
OS =37%)

* 3 points

high risk (10 year OS =
19%)

* 4-5 points

very high risk (10-year
0OS =9%)

Soluble PD-1 ligands

CXCR4wt CXC4:chemokine receptor type 4 wild-type, IgM: Immunoglobulin M, LDH: lactic acid
dehydrogenase, MYDS88: Myeloid differentiation primary response gene mutation, Os: overall sur-
vival, PD-1: Programmed cell death protein 1, WM: Waldenstrom macroglobulinemia
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When to Treat WM?

The most common indications for treatment are represented by peripheral cytope-
nias due to bone marrow infiltration (mostly anemia with hemoglobin <10 g/dL or
platelet count<100,000/cm), constitutional symptoms, bulky lymphadenopathies or
splenomegaly, symptoms and signs due to the paraprotein (mainly hyperviscosity,
peripheral neuropathy, symptomatic cryoglobulinemia, amyloidosis, and cold
agglutinin disease), nephropathy or amyloidosis [20, 33].

Watchful waiting in asymptomatic cases is advised with monitoring without
intervention every 3 months for clinical evaluation and laboratory studies including
serum immunoglobulin levels [21]. Yearly funduscopic examination is recom-
mended in all WM patients with serum IgM levels >3000 mg/dL [34].

How to Treat WM?

Treatment of Hyperviscosity

Hyperviscosity syndrome usually occurs when serum viscosity is 4.4 cP or above
with IgM of >4000 mg/dL, being a clinical emergency. Immediate management is
the removal of IgM by daily 3—4 L of total plasma exchange sessions with replace-
ment by albumin. A single plasma exchange reduces viscosity by 20-30% [35] as
approximately 75% of IgM is intravascular [36]. Blood warmers should be consid-
ered during apheresis if cryoglobulins are present [37]. Avoidance of blood and
plasma transfusion is advised so as not to further increase viscosity. Daily sessions
are repeated until normal serum viscosity is reached and symptoms are better. This
should be followed by definitive therapy.

Definitive First-Line Therapy

Combinations of rituximab with either an alkylator, nucleoside analogs, or protea-
some inhibitor-based, or Bruton tyrosine kinase (BTK) inhibitor-based therapy are
the most commonly used frontline therapies [23].

Primary therapy with Dexamethasone/Rituximab/Cyclophosphamide (DRC)
yielded an overall response rate (ORR) of 83% with 3-year progression-free sur-
vival (PFS) of 45%, and a median time to next treatment of 51 months [29].
Retreatment with a rituximab-based regimen achieved the second response rate of
82%. Transformation to diffuse large B-cell lymphoma occurred in 10% and myelo-
dysplasia in 3% [29]. The 8-year and estimated 10-year overall survival (OS) were
64% and 53%, respectively [30]. This regimen may be recommended in patients
with low disease burden [31].
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Bendamustine-Rituximab combination was found to be comparable to Dexa/
Rituximab/Cyclophosphamide with similar reductions in IgM, and activity inde-
pendent of MYD88™F status [32] but with better median time to best response (6.1
vs. 11 months, respectively) [33]. Bendamustine-Rituximab therapy is well toler-
ated and has durable responses in relapsed/refractory cases [34, 35].

Maintenance rituximab had a higher major response rate (MRR) (97 vs. 68%)
with superior PES and OS [36]. However, a 2-year rituximab maintenance was not
of better benefit post Bendamustine-Rituximab [37].

The combination of bortezomib, dexamethasone, and rituximab (VelDR) showed
an ORR (Overall Response Rate) of 96%, MRR of 83%, and CR of 22%, respec-
tively [38]. Peripheral neuropathy was the most common adverse event. Novel less
neurotoxic proteasome inhibitors have also been tried including Carfilizomib (in
non-cardiac patients) [39] and oral Ixazomib [40] and Oprozomib [41].

Single-agent rituximab has been advised by mSMART (Mayo Stratification of
Macroglobulinemia and Risk-Adapted Therapy) in cases of Hb < 11 g/dL, Platelets
<120,00/cmm, hemolysis, or cryoglobulinemia [42].

Plasmapheresis may still be needed if a paradoxical increase in monoclonal pro-
tein levels occurs after starting rituximab therapy, the so-called rituximab flare [43].
Initial rituximab therapy is associated with an increase in serum IgM concentrations
in 30-70% of patients. Peak IgM was observed at a mean of 4 weeks, ranging from
1 to 8 weeks, from the start of rituximab use and may persist for up to 4 months.
Thus, the use of rituximab is recommended only when the serum IgM level is
<4000 mg/dL [44, 45].

Ibrutinib is an oral irreversible inhibitor of Bruton kinase which gives the best
responses observed in cases with MYD88"** and CXCR4™T mutations [46, 47]. It
may be used to treat Bing-Neel syndrome, as it can cross the blood-brain barrier
[48]. Oral ibrutinib was tried in Rituximab-resistant cases. ORR and MRR were
achieved in 90% and 71%, respectively. Response rates were similar in individuals
with MYD88%F and MYD88"T. Median PFS was not reached at the median fol-
low-up (18.1 months), and OS was 97% at 18 months [49] with positive impact on
quality of life. Hematologic, gastrointestinal, and infectious side effects along with
cardiac arrhythmias are possible side effects. An ibrutinib-rituximab combination
[50], second- and third-generation Bruton kinase inhibitors Acalabrutinib [51] and
Zanubrutinib [52] were also tried.

Venetoclax, an oral BCL2 inhibitor, at a maximum dose of 800 mg daily, demon-
strated an ORR and major response rates of 87% and 80%, respectively [53]. The
median time to response was 1.9 months, but a slower response was noted in 16
patients (52%) previously treated by BTK inhibitors. No tumor lysis syndrome or
IgM flares were observed, and cytopenias and diarrhea were the most common
adverse events.

Idelalisib, a (Phosphatidylinositol 3-Kinase Inhibitor PI3Ki) was tried in combi-
nation with obinutuzumab (anti-CD20 antibody) in patients with Relapsed/
Refractory WM [54] with an ORR of 90% after a median follow-up of 18.3 months.
It is noteworthy that 96% of the patients had MYD88 mutation. Hepatotoxicity of
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Fig. 14.4 First-line
treatment of symptomatic Symptomatic
WM (Adapted from [60]). WM
BDR Bendamustine/
dexamethasone/rituximab,
BR Bendamustine/
rituximab, CXCR4wt
CXC4:chemokine receptor
type 4 wild-type, DRC
Dexamethasone/rituximab/

cyclophosphamide,

MYDSS Myeloid

Fesponse gene mutation, Low tumour burden S
VelR Bortezomib/ DRCx5 cycle O Rituximab x 6 cyoles
rituximab, WM BRx 4-6 cycles DRCx6 cycles
Waldenstrom 332’)‘(2 3’;':: Ibrutinib 420 mg qd
macroglobulinemia Ibrutinib 420 mg qd (if MYD88-CXCR4wt)

(if MYD88-CXCRa4wt) Chorambucil x 12 cycles

High tumour burden
BRx 4-6 cycles
BDRx 5 cycles

Leruidlnll S0 g G (If MYD88-CXCR4wt)
(if MYD88-CXCR4wt)

High tumour burden
BRx4 cycles
Ibrutinib 420 mg qd

Idelalisib was lower with use of other PI3K inhibitors, such as duvelisib and umbral-
isib (TGR- 1202), which are still being evaluated in WM [55, 56].

Ulocuplumab is a fully human IgG4 monoclonal antibody which inhibits the
binding of CXCR4 to CXCLI2, resulting in decreased WM cell proliferation [57]. It
is being combined with ibrutinib in a phase 1/2 clinical trial for symptomatic
patients who have CXCR4MVT [58]. Mavorixafor is an oral small molecule the non-
competitive antagonist of chemokine receptor CXCR4 small molecule, currently
under trial [59]. Figure 14.4 demonstrates first-line treatment algorithm.

Role of Stem Cell Transplant in WM

Autologous and allogeneic hematopoietic cell transplants (alloHCT) are less
commonly used to treat patients with WM. This may be used for long-term dis-
ease control and prevention of hyperviscosity syndrome. After alloHCT, 46% of
144 cases achieve progression-free survival 5 years, with a relapse rate of
24% [59].
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Response Criteria

The term complete response indicates full disappearance of symptoms and signs
including non-detection of lymphadenopathy and organomegaly. Laboratory inves-
tigations should demonstrate normal serum and urine immunofixation on two sepa-
rate occasions, 6 weeks apart, normal serum IgM level, and no lymphocytic
infiltration of bone marrow. Very good partial response denotes complete disappear-
ance of symptoms, signs, lymphadenopathy, organomegaly, and at least 90% reduc-
tion in serum IgM. Partial response with at least 50% reduction in adenopathy and
organomegaly, with no new signs or symptoms of active disease and 50-90% reduc-
tion in serum monoclonal IgM is less promising. Cases with minor response may
suffer new symptoms or signs of active disease with only 25-50% reduction in
serum monoclonal IgM. Major response includes complete response, very good
partial response or partial response [61].

Worse cases are those with progressive disease with worsening of anemia, throm-
bocytopenia, or leukopenia, and more adenopathy or organomegaly or increase in
symptoms attributed to WM with two measurements showing at least 25% increase
in serum monoclonal IgM. Stable disease neither meets the criteria for minor
response nor progressive disease [61].

Treatment of Relapsed WM

Treatment depends on the duration of the first response. Early relapses require intro-
duction of new agents while late relapses may benefit from the same first-line regi-
mens (see Fig. 14.5).
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Symptomatic

Relapsed WM

FIT

Unfit

<12 months
from R-based
therapy

1-3 years from
R-based
therapy

> 3 years form
R-based
therapy

Cllinical trial

Clinical trial
Ibrutinib
(if MYD88-

Ibrutinib CXCRawt)
(if MYD88- W Clinical trial
Alt te R-based
CXCR4wt) ernate h-base Repeat R-based regimen

regimen

Ibrtuinib (if MYD88-
CXCR4wt)

Fig. 14.5 Treatment of relapsed WM (Adapted from [60]). CXCR4wt CXC4:Chemokine receptor
type 4 wild-type, MYD88 Myeloid differentiation primary response gene mutation, R Rituximab,
WM Waldenstrom macroglobulinemia

Conclusion

WM is a clonal B-cell lymphoproliferative disorder with many clinical aspects.
Overactivity of the altered MYDS88 protein, stimulating the signaling molecules
that activate nuclear factor-kappa-B can be detected in 93-97% of cases. Physical
findings include hepatomegaly, splenomegaly, lymphadenopathy, purpura, ocular,
and neurological as well as skin manifestations along with hyperviscosity
syndrome.

Treatment includes plasmapheresis for hyperviscosity together with combi-
nation chemo/immunotherapy. Stem cell transplant is less commonly
used in WM.
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Chapter 15
IgG4-Related Disease Overview:
Pathology, Clinical Picture, and Treatment

Emanuel Della-Torre, Yoh Zen, and John H. Stone

Introduction

IgG4-related disease (IgG4-RD) is a fibro-inflammatory disorder characterized by
mass-forming lesions with a relapsing-remitting course that can lead to organ fail-
ure if left untreated [1]. IgG4-RD derives its name from elevated concentrations of
serum IgG4 detected in most patients and the accumulation of IgG4 secreting
plasma cells in affected tissues [1]. In healthy individuals, IgG4 is the least abun-
dant of all IgG subclasses. In contrast, among some patients with IgG4-RD, the
serum concentration rises to 30—40 times the upper limit of normal. A clear associa-
tion between IgG4 antibodies and organ damage has not been established; however,
the characteristic IgG4 paraproteinemia is now generally regarded as an epiphe-
nomenon of the ongoing inflammatory response rather than a driver of disease
pathogenesis [2].

First described in 2001 in the setting of type I autoimmune pancreatitis (AIP),
IgG4-RD is now known to affect virtually any anatomical area [3]. The systemic
nature of IgG4-RD was recognized in 2003 when conditions regarded as unrelated
entities for decades—such as type I autoimmune pancreatitis (AIP), sclerosing
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cholangitis, retroperitoneal fibrosis, hypertrophic pachymeningitis, Mikulicz’s dis-
ease, and Riedel’s thyroiditis—were shown not only to occur simultaneously in a
proportion of patients but to have common histological findings across the organs
involved [4-8]. IgG4-RD mainly affects middle age to elderly individuals, with a
male to female ratio that ranges from 1.6:1 for head and neck manifestations to 4:1
for other sites of organ involvement [9]. The global incidence and prevalence of
IgG4-RD remain largely under-studied. According to a national epidemiological sur-
vey, the incidence of AIP in Japan in 2016 was 3.1 cases per 100,000 individuals, but
pancreatic involvement represents only one of more than a dozen organs potentially
affected by IgG4-RD. Indeed, among 8000 patients with IgG4-RD referred to
Japanese hospitals in a survey from 2009, 5190 did not exhibit pancreatic involve-
ment, underscoring our poor appraisal of disease epidemiology in its multiple mani-
festations [10—12]. Nevertheless, awareness of [lgG4-RD has rapidly increased across
medical specialties in the last 10 years, and a number of international collaborative
studies now provide clinicians with landmark guideline documents for implement-
ing disease recognition and patient management, including the 2012 Consensus
statement on the pathology of IgG4-RD and the 2015 International guidance state-
ment of the management and treatment of IgG4-RD [13, 14]. More recently, the tis-
sues indicate that IgG4-RD is likely sustained by an antigen-driven immune response
but the nature of these antigen/s as well as the reason for disease targeting of particu-
lar organs remain unclear [15-19]. Indeed, a variety of self-antigens have been iden-
tified including galectin-3, annexin-All, laminin-511, and prohibitin, suggesting
that a breach of immunological tolerance might initiate the disease [20-23]. Similarly,
although a Genome Wide Association Study on Japanese patients identified HLA-
DRB1 and FC-gamma receptor IIb regions as susceptibility loci, there are currently
no genetic risk factors clearly associated with disease pathogenesis [24].

The first “inflammatory” phase of IgG4-RD is characterized by antigen-
experienced B and T lymphocytes that accumulate at disease sites, engage in mutual
activating antigen-driven interactions, and secrete pro-fibrotic molecules such as
interleukin (IL)-1p, IL-6, interferon (IFN)-y, transforming growth factor (TGF)-p,
platelet-derived growth factor (PDGF)-B, and lysyl oxidase homolog 2 (LOXL2)
[25]. These populations of activated lymphocytes include circulating plasmablasts,
T effector memory (TEM) cytotoxic T lymphocytes (CTLs), and CD45RA+ TEM
(TEMRA) CTLs [26]. Both plasmablasts and effector memory T cells express the
signaling lymphocytic activation molecule F7 (SLAMF7), a surface protein that has
been implicated in cell—cell interaction and chronic lymphocyte activation [26].

Although TEM and TEMRA CTLs involvement in tissue fibrosis has not been
proven, plasmablasts/plasma cells from patients with IgG4-RD have been shown to
prompt fibroblast activation and collagen production in vitro, thus partially explain-
ing the improvement of fibrotic lesions with B-cell depletion [25]. Other T cell
subsets presumably involved in the “inflammatory” phase of IgG4-RD are CD4
follicular T-helper (Tth) cells, T-regulatory cells, and Th2 cells [27-32]. Circulating
Tfhl and Tfh2 cells expressing programmed cell death protein 1 (PD1+) are
expanded in patients with [gG4-RD. They also correlate with disease activity, plas-
mablasts numbers, serum levels of IgG4 and IL-4 [27-32].
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PD1+ Tfh2 cells drive IgG4 class-switch in vitro, enhance proliferation of IgG4-
committed B cells, and facilitate the differentiation of naive B cells into plasma-
blasts/plasma cells, resulting in increased IgG4 secretion [27-33]. Activated 1L-4
and IL-21-expressing Tth cells are also found in tertiary lymphoid structures of
IgG4-RD affected tissues and likely contribute to germinal center formation [27—
33]. On the other hand, the contribution of T-regulatory cells and Th2 cells to dis-
ease pathogenesis is controversial. Several lines of indirect evidence based on IL-5,
IL-10, and IL-13 expression in disease lesions, in fact, suggest activation of Th2 and
regulatory immune reactions, but other studies have failed to demonstrate a signifi-
cant expansion of Th2 and T-regulatory cells in IgG4-RD [27-33].

The role of innate immunity in the pathogenesis of IgG4-RD has not been stud-
ied widely to date although innate immune cells appear implicated in the transition
from the “inflammatory” to the “fibrotic” phase of the disease. In particular, M2
macrophages have been shown to accumulate in IgG4-RD lesions and to express
pro-fibrotic cytokines such as TGF-f# and CCL18, possibly upon engagement of
MerTK receptor by plasmablasts and CTLs [34].

In this pathological scenario, the role of IgG4 antibodies remains controver-
sial. Compared to other immunoglobulin subclasses, in fact, [gG4 antibodies are
known to participate in the resolution of tissue inflammation because of intrinsic
anti-inflammatory properties (Fig. 15.1) [2]. These properties are mainly due to
structural changes occurring at disulfide bridges connecting the two heavy chains
of the IgG4 molecule (“hinge region”). Specifically, as opposite to IgG1, 1gG2,
and IgG3, the hinge region of IgG4 presents a proline instead of a serine amino
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acid residue at position 228 (P288S) leading to a greater stereometric flexibility
compared to other IgG subclasses [35]. This flexibility allows additional disulfide
bridges to form within the same heavy chain (“intra-chain” disulfide bonds)
instead of connecting the two heavy chains (“inter-chain” disulfide bonds). Under
reducing conditions, the two heavy chains of the IgG4 antibody can dissociate and
recombine randomly with other heavy chains from different nearby IgG4 hemi-
molecules in a process termed “Fab-arm exchange” [35]. The new antibody result-
ing from the combination of two hemi-molecules (namely, paired heavy and light
chains from two IgG4 molecules) are bispecific because they can cross-link two
different antigens instead of two antigens of the same kind. As a consequence,
IgG4 is not able to form large immune complexes, to activate the classic comple-
ment pathway, or to bind activating Fc receptors on immune cells. The relevance
of these properties to IgG4-RD pathogenesis is presently unknown. On the one
hand, in fact, there is a diffused tendency to consider the aberrant IgG4 production
occurring in IgG4-RD as an epiphenomenon of underlying pathological Th2 and
T-regulatory responses. However, the evidence of immune-mediated diseases
caused by auto-reactive IgG4 such as pemphigus and anti-MuSK myasthenia gra-
vis does not completely rule out the possibility that [gG4-RD might also be sus-
tained by IgG4 autoantibodies [36].

The increase in serum IgG4 in IgG4-RD might, therefore, represent a counter-
regulatory response in which serum IgG4 concentrations rise in an attempt to
dampen the ongoing inflammation. On the other hand, IgG1 and IgG4 purified from
IgG4-RD patients (specifically patients with IgG4-related autoimmune pancreatitis)
and administered subcutaneously to neonatal Balb/c mice have been shown to reca-
pitulate pancreatic and salivary gland disease in recipient mice, suggesting a possi-
ble direct contribution of IgG4 antibodies to tissue damage [37]. Moreover,
monoclonal IgG4 antibodies targeting ovalbumin-expressing pancreatic cells have
also been shown to induce pancreatic inflammation in mice only when injected with
ovalbumin-specific CTLs and not when injected alone, further supporting a possible
synergistic effect in causing tissue damage [37]. Overall, the precise pathophysio-
logical role of the IgG4 molecule remains debated, but the many clinical and epide-
miological correlations between serum IgG4 elevation and disease activity warrant
additional investigation.

Clinical Picture

Presentation

IgG4-RD is typically an indolent disease [38]. Fevers are rarely to ever present in
IgG4-RD except in case of infectious complications such as ascending cholangitis
[39, 40]. It is frequently possible to determine that patients have had the disease
unrecognized for many months or even years before the diagnosis is established.
Organ involvement often occurs in—or is recognized in—a ‘“‘metachronous”
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fashion, i.e., one organ is recognized initially to be abnormal followed months later
by the identification of an abnormality in another organ, followed perhaps by yet
another organ somewhat later. Eventually, this pattern triggers a thorough evalua-
tion leading to a diagnosis. Because of growing awareness of the disease, the inter-
val between first recognized abnormality and clinical diagnosis has likely grown
shorter, but long latency periods are still common. The very nature of the disease,
which culminates in major organ damage but usually only slowly, is an important
reason for this.

Although fevers and rapidly progressive disease do not typify I[gG4-RD, weight
loss—on the order of 5-15 kg—is common. When present, it is often a clue to exo-
crine pancreatic insufficiency.

Organs Affected

IgG4-RD has the capability of affecting essentially any organ but has particular
predilections for the following, listed from approximately the most common to least
common: pancreas (often accompanied by intra- and extra-pancreatic bile duct dis-
ease); the lacrimal and major salivary glands; the orbits (extraocular muscles, retro-
bulbar masses); the retroperitoneum (with aortic or peri-aortic disease); the kidneys;
the lungs; the pachymeninges; and the thyroid gland. Riedel’s thyroiditis is in fact
IgG4-RD of the thyroid. In the 2019 Classification Criteria developed by the
American College of Rheumatology and the European League Against Rheumatism,
these organs are considered “typical” IgG4-RD organs. In order to be classified as
having IgG4-RD, a patient must have at least one of these organs affected.
Approximately 40% of patients present with clinically evident disease in a single
organ, but presentations involving five or six organs are not uncommon. Even
patients with multi-organ involvement can remain remarkably asymptomatic for
long periods of time despite substantial disease burden within individual organs.

Damage

The ability of the disease to persist undetected for lengthy periods leads to irrevers-
ible organ injury that can occur even before the patient is aware of being ill. The
pancreas is perhaps the organ injured most commonly. Substantial weight loss in a
patient with IgG4-RD usually implicates an injury to the exocrine pancreas, impair-
ing the patient’s ability to produce digestive enzymes and therefore to absorb nutri-
ents. Such patients often have low serum amylase or lipase concentrations,
reflective of “burned-out” autoimmune pancreatitis. The diagnosis of exocrine
pancreatic insufficiency can be confirmed by the finding of low concentrations of
elastase in stool. Management requires dietary supplementation with pancreatic
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replacement enzymes. Endocrine pancreatic insufficiency in IgG4-RD leads to dia-
betes mellitus.

Disease Subsets

Two large subtypes of disease are clear on a clinical basis. These subtypes have been
termed the proliferative subtype and the fibrotic subtype. The glandular and epithe-
lial tissues are primarily affected in patients with the proliferative subtype.
Lymphadenopathy, dacryoadenitis, sialadenitis, autoimmune pancreatitis, 1gG4-
related sclerosing cholangitis, lung disease, tubulointerstitial nephritis, paranasal
sinusitis, and hypophysitis are common manifestations of this subtypes. In terms of
laboratory assessments, the proliferative subtype typically demonstrates high serum
concentrations of IgG4, IgG1 and IgE, hypocomplementemia, and peripheral eosin-
ophilia. Multi-organ involvement is usually found in the proliferative IgG4-RD sub-
set, and atopy is also a frequent disease accompaniment.

The fibrotic subtype, in contrast, tends to affect extra-glandular sites and may be
concentrated more on a specific body region than a discrete organ per se.
Retroperitoneal fibrosis, sclerosing mesenteritis, and fibrosing mediastinitis are the
best examples of the fibrotic subtype, but Riedel’s thyroiditis and pachymeningitis
also often fit the overall profile of a patient in the fibrotic subtype. Compared with
the proliferative subtype, those in the fibrotic subtype have fewer organs affected
and a lower degree of serological activity.

A latent class analysis of data from the study from which the American College
of Rheumatology and European League Against Rheumatism Classification Criteria
for IgG4-related disease were derived identified four phenotypic groups [39]. These
groups included: (1) pancreatic-hepato-biliary disease (31%); (2) retroperitoneal
fibrosis with or without aortitis (24%); (3) head and neck-limited disease (24%);
and (4) a classic Mikulicz syndrome with systemic involvement (22%) (Fig. 15.2).
These phenotypic subgroups fit well into the proliferative/fibrotic subtype paradigm
outlined above.

Pathology

Tissue enlargement due to a massive inflammatory infiltrate and fibrosis is a typical
morphological alteration of IgG4-RD. Solid organs (e.g., pancreas, salivary glands)
exhibit global swelling or localized mass lesions, while ductal organs (e.g., bile
duct, aorta) transform to a pipe stem-like appearance with diffuse wall thickening
[41]. Retroperitoneal or mediastinal manifestations present with either a well cir-
cumscribed nodule or ill-defined infiltrative lesion. Morphological transformations
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Fig. 15.2 Common physical examination manifestations of [gG4-RD. (a) Bilateral submandibu-
lar gland enlargement. (b) Bilateral parotid gland enlargement. (¢) Periorbital swelling associated
with inflammation of the extraocular muscles

in the respiratory system are most diverse, potentially mimicking a primary nodular
neoplasm, central airway disease, and diffuse interstitial pneumonia [42, 43].

All organ manifestations of IgG4-RD share basic histological changes, and three
characteristic findings are dense lymphoplasmacytic infiltration, storiform fibrosis,
and obliterative phlebitis [13]. Affected tissue is diffusely infiltrated by mature small
lymphocytes and plasma cells (Fig. 15.3a). Co-existence of B lymphocytes with vari-
able degrees of maturation (e.g., plasmablasts, immunoblasts) exhibits a polymor-
phic microscopic appearance, a finding useful for the differential diagnosis from
lymphoid malignancies with a monomorphic cellular infiltrate. Formation of lym-
phoid follicles with germinal centers can occur, being more commonly observed in
case of salivary or lacrimal glands involvement [44]. IgG4 immunostaining often
reveals IgG4+ B lymphocytes within germinal centers (Fig. 15.3b), indicating that
IgG4 class switch occurs in those tertiary lymphoid structures or regional lymph nodes.

Fibrosis is another essential histological element of IgG4-RD. In particular, col-
lagen fibers are arranged in an irregularly whorled pattern, somewhat resembling
the spokes of a cartwheel or the net of a straw mat, and this spatial organization is
typically referred to as storiform fibrosis (Fig. 15.3a). Immunostaining for alpha
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Fig. 15.3 Histopathology of IgG4-RD. (a) Diffuse lymphoplasmacytic infiltration with storiform
fibrosis is observed in a case of IgG4-related sclerosing cholangitis. (b) Many IgG4+ cells are
identified in a germinal center of the lymphoid follicle developed in IgG4-related sialadenitis. (c)
Elastica van Gieson staining highlights obliterative phlebitis in I[gG4-related autoimmune pancre-
atitis. (d and e) Immunostaining demonstrates many IgG4+ (d) and IgG+ plasma cells (e), and the
ratio of IgG4/IgG+ cells is greater than 70% (at the same field; a case of IgG4-related dacryoadeni-
tis). (f) Deposits around the tubular basement are positive for [gG4 immunostaining

smooth muscle actin shows only a small number of active myofibroblasts [45],
while CD168 immunostaining uncovers abundant M2-type macrophages in fibrotic
areas [46], indicating that storiform fibrosis is not a simple fibrotic process, but a
macrophage-rich stromal response. This may explain why IgG4-RD responds well
to corticosteroids despite its fibrotic appearance.

Obliterative phlebitis is characterized by vascular channels partially or com-
pletely obliterated by the sclerosing inflammatory process [13]. Unlike non-specific
fibrous obliteration of veins, which are seen in many other chronic inflammatory
conditions, obliterative phlebitis contains many lymphocytes and plasma cells
inside the obliterated vascular channel. A small fibrous nodule next to the patent
artery is a microscopic guidepost for identifying obliterative phlebitis. Elastica
staining often unexpectedly uncovers the completely obliterated veins on tissue sec-
tions (Fig. 15.3c), and this is particularly useful for biopsy specimens. It is usually
a microscopic finding, but obliteration of the large veins (e.g., portal vein) adjacent
to the affected organs can show similar obliterative changes and may be mistaken
for malignant vascular involvement on imaging [47].

A less specific microscopic finding of IgG4-RD is eosinophilic infiltration.
Eosinophilic infiltrate is typically moderate although extreme examples mimicking
eosinophilic pancreatitis, cholecystitis, or pneumonitis have been reported [48].
Obliterative arteritis can also be seen in lung manifestations [13]. This finding needs
to be distinguished from necrotizing vasculitis by the absence of fibrinoid necrosis.
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Microscopic findings against the diagnosis of IgG4-RD include discrete granulo-
mas, necrosis, and abscess [13]. Neutrophilic infiltration is also not expected in
IgG4-RD except for lung manifestation [13]. Of note is that xanthogranulomatous
organ injuries often present with a mass-like lesion and are potentially accompanied
by many IgG4+ plasma cells, but the presence of abundant foamy macrophages
basically excludes the possibility of IgG4-RD.

Immunostaining is an essential part of the histological diagnosis of IgG4-RD,
requiring a careful assessment in three aspects: the number, ratio, and distribution
of IgG4+ plasma cells. A recommendation is to count three high-power fields (hpf)
with the highest number of IgG4+ plasma cells and calculate the average number of
IgG4+ plasma cells within these fields. IgG+ plasma cells at the same three fields
should be counted for the purpose of calculating the IgG4/IgG+ cell ratio [13]. The
number of IgG4+ cells is at least >10 and typically >50 cells/hpf (Fig. 15.3d).
Likewise, IgG4/IgG+ cell ratio is at least >40% and typically 70% in this condition
(Fig. 15.3e). The diagnosis of IgG4-RD requires to meet both criteria, and an iso-
lated increase in either the number or ratio does not suggest the diagnosis. Diffuse
distribution of IgG4+ plasma cells also needs to be confirmed. Focal aggregation of
IgG4+ plasma cells is not typical for [gG4-RD, even if it meets the number and ratio
criteria. The diffuse distribution of IgG4+ plasma cells was not emphasized before,
but its importance has been increasingly recognized for avoiding the over-diagnosis
of IgG4-RD [49].

Bone marrow involvement in IgG4-RD is uncommon with only a handful of
cases reported until now [50, 51]. The bone marrow abnormality is typically sus-
pected by PDG-PET, which demonstrates partial or diffuse avidity in the bone mar-
row [51]. In a French study, only one of 21 cases had FDG avidity in the bone
marrow [50]. A typical microscopic finding is a mild to moderate increase in poly-
clonal IgG4+ plasma cells (>10 cells/hpf; IgG4/1gG ratio >40%) [51, 52]. Although
fibrosis and obliterative phlebitis are usually absent, a single case showed diffuse
storiform fibrosis [53]. A differential diagnosis is IgG4-type plasma cell myeloma,
which accounts for 4% of IgG-type myeloma [54]. No pathological association
between IgG4-RD and IgG4-type plasma cell myeloma has been confirmed.

Approximately 5-10% of patients with IgG4-related kidney disease have mem-
branous glomerulonephropathy (MGN) [55, 56]. IgG4-related MGN is character-
ized by IgG4-dominant subepithelial deposits [57]. That finding is similar to primary
MGN but different from other secondary forms of MGN, which are associated with
deposits that predominantly stain for IgG1, IgG2, or IgG3. However, unlike in the
majority of cases of primary MGN, antibodies to PLA2R do not colocalize with the
immune deposits in IgG4-related MGN [57]. IgG4-related tubulointerstitial nephri-
tis can also show deposition of immune complexes along the tubular basement
membrane, either on immunofluorescence studies or on electron microscopy, and
immunoreactivity to IgG4 can be observed (Fig. 15.3f) [55, 56]. These microscopic
findings are unique to IgG4-related kidney disease and may explain the common
association with hypocomplementemia.
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Histological findings of long-standing IgG4-RD are poorly understood. Based
on our experience, two manifestations supposed to persist for a long time before
clinical presentation such as IgG4-related retroperitoneal fibrosis and periaortitis
are typically more fibrotic and pathological findings become less specific. In par-
ticular, the degree of lymphoplasmacytic infiltration decreases, and infiltration of
IgG4+ plasma cells may be patchy. Obliterated veins are observed, but they are not
associated with inflammation; therefore, it is not conclusive for obliterative phlebi-
tis. A diagnostic clue for long-standing IgG4-RD is recognition of storiform fibro-
sis, which tends to persist at least focally even at the chronic phase.

The 2012 Consensus Statement of IgG4-RD Pathology proposed a diagnostic
approach, in which a combination of three morphological findings (diffuse lym-
phoplasmacytic infiltration, obliterative phlebitis, and storiform fibrosis) and
immunohistochemical results (the number and ratio of IgG4+ cells) were consid-
ered [13]. The document also provided required numbers of IgG4+ plasma cells for
the diagnosis of individual organ manifestations (e.g., >100 cells/hpf for sialadeni-
tis; >50 cells/hpf for pancreatitis). A minimum criterion of IgG4/IgG+ plasma cell
ratio was 40% [13]. The 2019 ACR/EULAR Classification Criteria endorse a simi-
lar approach based on both morphological and immunohistochemical findings.
Namely, diffuse lymphoplasmacytic infiltration with storiform fibrosis gives a
higher score than lymphoplasmacytic infiltration with obliterative phlebitis [39,
58]. Two thresholds are then set for either the total number (10-50 or >50 cells/hpf)
or the ratio (40-70 or >70%) of 1gG4+ plasma cells [57]. Scores of immunohisto-
chemical domain are calculated based on the combination of the number and ratio
of IgG4+ plasma cells, and the highest score of 16 is given when both >50 cells/hpf
and >70% are met [59].

Pathological differential diagnoses span from reactive to neoplastic conditions.
Histological mimickers potentially accompanied by many IgG4+ plasma cells
include granulomatosis with polyangiitis, multicentric Castleman disease (Chap.
21), Rosai-Dorfman disease, and inflammatory myofibroblastic tumor. Unlike
IgG4-RD, granulomatosis with polyangiitis typically shows necrosis and/or granu-
lomatous reaction [49]. Serological tests for ANCA also assist in the differential
diagnosis. Multicentric Castleman disease often has extensive infiltration of IgG4+
plasma cells (>50 cells/hpf in 86% of cases), and the ratio of IgG4/IgG+ plasma
cells can also increase over 40% in one third of cases [60]. However, storiform
fibrosis, obliterative phlebitis and eosinophilic infiltration are uncommon in multi-
centric Castleman disease [60]. Unlike IgG4-RD, in which plasmacytic infiltration
is associated with intervening lymphocytes, sheet-like plasmacytosis is characteris-
tic for multicentric Castleman disease. The histological identification of abnormal
large macrophages immunoreactive to S100 is crucial for the diagnosis of Rosai-
Dorfman disease, but those cells are easily missed particularly if suspicion is low
[61]. The neoplastic nature of inflammatory myofibroblastic tumor is usually sus-
pected by sheets of atypical spindle cells, but the diagnosis by biopsies from an
inflamed, hypocellular area requires immunohistochemistry or sequencing analysis
of ALK, ROS1 and other tumor-related genes [62, 63].
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Diagnostic Considerations

Definitive diagnosis of IgG4-RD requires rigorous clinical-pathological correlation
because clinical assessments, laboratory evaluations, and imaging studies are often
insufficient to distinguish neoplastic, inflammatory, and infectious mimickers.
Serological findings in patients with [gG4-RD are largely non-specific. Erythrocyte
sedimentation rate can be elevated to a moderate degree. C-reactive protein is usu-
ally normal except in some clinical manifestations (such as retroperitoneal and aor-
tic involvement) where slight increase can be observed [64, 65]. Marked elevation
of acute phase reactants should raise the concern of infectious or inflammatory con-
ditions that closely mimic IgG4-RD such as ANCA-associated vasculitis and multi-
centric Castleman disease [64]. Peripheral blood eosinophilia and increased serum
IgE occur in almost 30% of patients [64]. Some have low-titer antinuclear antibod-
ies and/or positive rheumatoid factor [64].

Serum IgG4 elevation occurs in 55-97% of cases, especially in Asian patients,
and correlates with the number of organs involved and the risk of relapse [1]. An
increase in serum IgG4 has, however, poor specificity for diagnostic purposes
because, similarly to the finding of IgG4+ plasma cells within tissue, it can be com-
monly observed in a broad spectrum of neoplastic, infectious, and autoimmune dis-
eases [64]. In particular, a meta-analysis of nine case-control studies including 1235
IgG4-RD patients and 5696 controls, found that a cut-off value of serum IgG4 rang-
ing from 1.35 to 1.44 g/L bears a pooled sensitivity of 87.2% (95% Confidence
Interval, CI: 85.2-89.0%) and a specificity of 82.6% (95% CI: 81.6-83.6%) [66]. In
addition, serum IgG4 measurement is not free from analytical errors. Most labora-
tories worldwide, in fact, perform IgG4 quantitation by either turbidimetry or neph-
elometry, with the former methodology giving spuriously normal IgG4 values in
case of antigen excess “prozone phenomenon’ [67]. Finally, serum IgG4 concentra-
tion does not correlate with indirect measures of fibrosis, and uncommonly returns
to normal with treatment-induced remission making it an imperfect biomarker for
tracking disease activity [68]. Other IgG subclasses—namely IgGl, 1gG2, and
IgG3—are frequently elevated, although generally not to the extent of IgG4, and
may be responsible for the complement consumption observed in nearly a quarter of
patients with active IgG4-RD [1]. In these patients, baseline urinalysis with evalua-
tion of the urinary sediment is warranted because decreased serum C3 and C4 con-
centrations might indicate subclinical or overt renal involvement [69].
Disease-specific autoantibodies such as, ANCA, SSA/Ro or SSB/La, double-
stranded DNA, RNP, and Sm, are not observed in IgG4-RD and should orient diag-
nosis towards mimicking autoimmune conditions [66]. Radiological findings are
also largely non-specific in most affected organs. IgG4-related AIP with diffuse
involvement is the sole exception because computed tomography and magnetic
resonance imaging classically show a diffusely enlarged “sausage-shaped” pancreas
with a surrounding halo of edematous tissue (Fig. 15.4) [70].

Because of the shortcomings of serological and radiological findings, histologi-
cal examination according to available guidelines documents remains the mainstay
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Fig. 15.4 Radiological findings suggestive of IgG4-RD included in the “ACR/EULAR
Classification Criteria”: (a) diffuse “sausage-like” pancreatic enlargement (asterisk) with sur-
rounding “halo sign” (arrowheads); (b) paravertebral band-like soft tissue (arrowheads and dashed
line); (¢, d) circumferential tissue around the infrarenal aorta (dashed circle) or (e) iliac arteries
(dashed circles); (f) bilateral renal cortex low-density areas (asterisks)

for definitive diagnosis and should be performed whenever possible. Indeed,
depending on the availability of tissue specimen and on a combination of clinical
and serological features, IgG4-RD can be diagnosed as “definitive,” “probable,” or
“possible” according to the “2011 Comprehensive diagnostic criteria for I[gG4-RD,”
with a “definitive” diagnosis formulated only in the presence of pathological confir-
mation [71]. Yet, obtaining optimal biopsies for histological studies might be chal-
lenging in many scenarios such as in case of retroperitoneal, biliary, or meningeal
involvement. To overcome these major diagnostic challenges and to capture the
majority of patients with homogeneous manifestations of IgG4-RD, experts from
the ACR and EULAR developed the 2019 “ACR/EULAR Classification Criteria for
IgG4-Related Disease” [39, 58]. Specifically, the “ACR/EULAR Classification
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Criteria for IgG4-Related Disease” are based on a three-step classification process,
consisting of a main entry criterion, a set of exclusion criteria, and a set of weighted
inclusion criteria. According to this process, involvement of at least one of 11 pos-
sible organs in a manner consistent with IgG4-RD (entry criteria) is required to
enter the classification algorithm. Exclusion criteria are then applied and the pres-
ence of any of these criteria eliminates the patient from further IgG4-RD classifica-
tion. Finally, a set of inclusion criteria addressing clinical, serological, radiological,
and pathological findings is weighted, and a patient is classified if a cumulative
score of >20 points is obtained [39, 58]. This classification algorithm showed excel-
lent accuracy in distinguishing IgG4-RD from multiple mimickers, including malig-
nant disorders, granulomatous conditions, small and large vessel vasculitis with a
specificity of 97.8% and a sensitivity of 82.0% [39, 58]. In particular, the clinical
and/or radiological manifestations that received the highest weight for IgG4-RD
classification among the inclusion criteria were: (1) involvement of two or more sets
of salivary and lacrimal glands (14 points); (2) paravertebral band-like soft tissue in
the thorax (10 points); (3) diffuse pancreatic enlargement with capsule-like rim and
biliary tree involvement (19 points); (4) bilateral renal cortex low-density areas (10
points); and (5) circumferential/anterolateral soft tissue around the infra-renal aorta
(8 points) (Fig. 15.4). Of note, in a retrospective single center cohort analysis, 39/40
(97.5%) patients with definite IgG4-RD according to the Comprehensive Criteria
were also classified as having IgG4-RD according to the Classification Criteria,
further underscoring the encouraging performance of this novel algorithm [72]. It s,
therefore, plausible that the 2019 ACR/EULAR Classification Criteria will be soon
adopted worldwide not only for classifying patients with [gG4-RD but also as a use-
ful framework for guiding disease diagnosis. The Criteria, however, were not meant
for diagnostic purposes but rather to identify homogeneous groups of subjects for
clinical trials, research, and observational studies. Clinicians should, therefore, be
aware of the many cases of IgG4-RD that would not fulfill entry criteria or achieve
classification due to atypical manifestation, low-to-no elevation of serum IgG4, or
because they are less likely to be biopsied. These clinical scenarios, especially if
presenting as isolated organ involvement, might include unusual sites of infiltration
such as the hypophysis, the pericardium, and the thymus, as well as more frequent
manifestations such as focal AIP, retroperitoneal fibrosis, inflammatory aortitis, and
hypertrophic pachymeningitis.

Treatment

Essentially all patients with active, symptomatic IgG4-RD should be treated. A sub-
set of patients,—for example, those with autoimmune pancreatitis, sclerosing chol-
angitis, tubulointerstitial nephritis, and certain other organ manifestations—may
require treatment urgently, but such decisions need to be made on a case-by-case
basis. Watchful waiting is appropriate in a minority of patients, for example, those
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with asymptomatic lymphadenopathy or mild submandibular gland enlarge-
ment [73].

The cornerstone of treatment for [gG4-RD remains glucocorticoids. Conventional
disease-modifying anti-rheumatic drugs (DMARDs) are also employed widely as
glucocorticoid-sparing agents, albeit the evidence that any DMARD works well for
that purpose is slim. Advancing understanding of the pathophysiology of IgG4-RD
has led increasingly to the development of targeted treatment approaches. A variety
of approaches have been designed to target B cells, and several of these are the sub-
ject of ongoing clinical trials.

Glucocorticoids

Glucocorticoids are the cornerstone of treatment for most patients with IgG4-related
disease [73—75]. So reliable is this treatment response that the failure of glucocorti-
coids to bring significant clinical benefit constitutes an exclusion criterion in the
ACR/EULAR Classification Criteria [39, 58]. Unfortunately, glucocorticoids are
accompanied by substantial potential for treatment-related toxicity. The fact that
many patients with I[gG4-RD are middle-aged to elderly and frequently have comor-
bidities such as diabetes, obesity, osteoporosis, and hypertension poses in aggregate
a major contraindication to prolonged glucocorticoid therapy. Moreover, IgG4-RD
often has a substantial impact on the pancreas, and this further complicates gluco-
corticoid treatment in this disease.

A prospective, multicenter trial in Japan that described the adverse events
observed during glucocorticoid treatment in patients with IgG4-related disease
reported glucose intolerance in 41% of patients, dyslipidemia in 26%, and major
infections in 18%, despite a maintenance dose of only 5—10 mg/day in most patients
[76]. Careful monitoring for glucocorticoid toxicity and proactive interventions to
limit such toxicity, particularly by reducing treatment duration and using effective
glucocorticoid-sparing agents when available, are critical concepts in management.
Treatment strategies vary across countries but at many centers the overall goal of
induction therapy with glucocorticoids is to discontinue glucocorticoids within
3—4 months [14]. There has been a strong tendency in Asian countries, however, to
rely upon longer glucocorticoid courses.

An international consensus guidance document concurred that prednisone at a
dosage of 30—40 mg/day is appropriate for initial treatment [14]. A randomized trial
in China evaluated the effect of a high-dose prednisone regimen (0.8—1.0 mg/kg/
day) compared to a medium-dose regimen (0.5-0.6 mg/kg/day) [77]. Patients with
more organ involvement and a higher IgG4-related disease responder index [78]
score were more likely to relapse on the medium-dose regimen. In practice, the
initial dosage of glucocorticoids varies widely. Some authors have reported the use
of higher doses in patients with severe complications (pancreatic, pulmonary, renal,
and retroperitoneal involvement) but lower doses in elderly patients or those with
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comorbidities. One reasonable approach is to maintain the starting dose of predni-
sone for 2—4 weeks and to taper the prednisone by 5 mg/day every 1-2 weeks until
discontinuation.

Sustained remissions are unlikely to be induced without glucocorticoid courses
lengthy enough to cause substantial toxicity in patients who have multi-organ dis-
ease and extremely high serum IgG4 concentrations at baseline. In such patients,
early consideration should be given to a glucocorticoid-sparing agent.

Conventional DMARDs

Azathioprine, mycophenolate mofetil, methotrexate, leflunomide, and cyclophos-
phamide are commonly used worldwide in combination with glucocorticoids in
patients with IgG4-related disease [14]. Despite the frequency with which they are
used, however, there exists scant evidence that these agents add significantly to the
efficacy of glucocorticoids. Most of the data on these drugs in IgG4-RD derive from
retrospective analyses of case series in which glucocorticoids were used simultane-
ously, making it difficult to differentiate how much of the positive treatment effect
was due to the “steroid-sparing agent” and how much was due to the persisting
impact of glucocorticoids.

Biologic Agents

The current pathophysiologic understanding of IgG4-RD has identified certain tar-
geted treatment approaches, some of which are now under study in clinical trials.
Several of the approaches center around the interactions reported between cells of
the B lymphocyte lineage and CD4+ T cells, particularly CD4 + CTLs that
express SLAMF7.

The elevated concentrations of IgG4 seen in most patients with IgG4-RD pro-
vided evidence for a role of humoral immunity and inspiration for the use of
rituximab in treatment. B cell depletion, which is highly effective in IgG4-RD,
likely operates through several mechanisms. First, B cell depletion interrupts anti-
gen presentation to CD4 + CTLs; indeed, the concentration of CD4 + CTLs in the
peripheral blood and in tissue declines following targeted B cell depletion [26, 79,
80]. B cell depletion also decreases tissue fibrosis [68] and reduces cytokine pro-
duction by B cells. It remains unclear whether the reduction of serum IgG4 con-
centrations is beneficial in IgG4-RD, but in theory this may be helpful in patients
prone to developing immune complexes because of extremely high serum IgG4
concentrations.
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B-Cell-Depleting Strategies

Rituximab, a chimeric monoclonal antibody directed against CD20 (a B-cell anti-
gen) showed evidence of substantial efficacy in a trial of 30 patients with IgG4-
related disease [81]. Seventy-seven percent of the patients achieved the primary
outcome of remission at 6 months. Forty percent remained in complete remission at
12 months even though rituximab was not re-dosed. Rituximab has not been studied
in randomized, double-blind trials, however, and this treatment strategy does have
potential limitations. In a multicenter nationwide study from France assessing long-
term safety and efficacy of rituximab over 2 years [82], only 52% of patients
achieved glucocorticoid withdrawal and 40% of the patients experienced disease
relapses. Serious infections and hypogammaglobulinemia were observed in approx-
imately 15% of patients.

The efficacy evident for rituximab led directly to a trial of inebilizumab, a ran-
domized double-blind, placebo-controlled study. Inebilizumab is a humanized
monoclonal antibody directed against CD19, an antigen expressed even more
broadly in the B lymphocyte lineage than CD20. Investigators in this trial plan to
enroll 160 patients at 80 sites across the world [83].

Non-Depleting B-Cell Strategies

Other treatment strategies directed against B cells also appear promising [84]. A
phase 2 trial of XmAb5871, a monoclonal antibody directed against both
Fc-gammaRIIb and CD19, elicited positive treatment responses in 12 of 15 patients,
with disease control obtained in the absence of glucocorticoid use in most sub-
jects [85].

Approaches Targeting T Lymphocytes

Abatacept (anti-CTLA4-Ig), which interferes with T cell co-stimulation, was report-
edly effective in one anecdotal report [86]. A phase 2 trial of abatacept that included
ten patients, however, was less encouraging, with good treatment responses observed
in only five of the ten patients [87].

SLAMF7 is a highly appealing drug target because it is present on both
CD4 + CTLs and B cells. Depletion of activated cells that bear this surface molecule
on would therefore directly address the interaction between CD4 + CTLs and the
antigen-presenting B lineage cells that is felt to be fundamental to IgG4-related
disease. A phase 2/3 trial with the anti-SLAM?7 monoclonal antibody elotuzumab, a
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drug approved for the treatment of refractory multiple myeloma, was approved to
begin enrollment in late 2021 [88].

Conclusions

IgG4-RD was recognized as a unified disease entity only in 2003 and awareness of
this novel fibro-inflammatory condition has rapidly increased worldwide. IgG4-RD
is characterized by the development of tumor-like masses and fibro-inflammatory
strictures, and by the accumulation of IgG4-expressing B cells, T cells, and macro-
phages enmeshed in fibrotic material within lesions. Involvement of the pancreato-
biliary tract, retroperitoneum/aorta, head and neck, and salivary glands are the most
frequently observed disease phenotypes, differing in epidemiological features, sero-
logical findings, and prognostic outcomes. The optimal management of patients
with IgG4-RD has to be grounded in careful clinical-pathological correlation and
should take into account all of the potential presentations of this diverse condition.
Continued follow-up is crucial, as the cumulative effects of indolent disease or
repeated flares can lead to severe organ damage over time.

IgG4-RD is highly responsive to glucocorticoids but can lead to end-stage organ
failure and even death if unrecognized. Prolonged courses of corticosteroids are
often needed to maintain remission because the disease relapses in most patients.
Flares are currently managed with repeated courses of glucocorticoids and with the
introduction of immunomodulators or B-cell-depleting agents to maintain disease
remission. Targeted therapeutic strategies are eagerly awaited as prolonged expo-
sure to glucocorticoid therapy and immunosuppressive treatments can also expose
patients to long-term toxicity. In this regard, substantial advancements have been
made in understanding the pathophysiology of IgG4-RD, unveiling therapeutic tar-
gets that will offer valuable alternatives in the years ahead.

Yet, many other areas of uncertainty and questions remain to be addressed while
welcoming novel therapeutic opportunities. First, it is important to understand
whether emerging treatment options can replace corticosteroid therapy or whether
they should only be used as steroid-sparing agents. Second, the right timing of treat-
ment administration represents a relevant matter of discussion as some therapies
might be more effective than others in inducing and/or maintaining disease remis-
sion as well as in targeting established tissue fibrosis. Third, as IgG4-RD is largely
considered a life-long disorder that can relapse many years after original diagnosis
and therapy, treatment duration represents a still unanswered question. Choosing
the best therapy for the individual patient, based on the stage of presentation (inflam-
matory phase or more fibrotic), clinical disease phenotype (isolated pancreatic
involvement versus multi-systemic disease), urgency of presentation (jaundice with
biliary stricture, sight-threatening orbital mass, or generalized lymphadenopathy)
and established predictors of relapse (serum IgG4 level, multi-organ disease) will
represent, therefore, the most important goal for the future. Finally, we currently
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ignore whether clinical phenotypes of IgG4-RD also differ in pathophysiologic
mechanisms and, thus, whether specific agents should be preferred over others. In
this sense, the identification of distinct and replicable disease phenotypes as well as
the recently released ACR/EULAR classification criteria will represent an invalu-
able platform for designing high quality clinical and research studies to address
most of these fundamental questions.

Looking ahead, the field of IgG4-RD is evolving towards a more personalized
approach based on multidisciplinary evaluations and tailored therapeutic strategies.
The emergence of a variety of targeted treatments is fostering this process but proper
validation of their safety and efficacy in randomized clinical trials will be required
to offer patients the best available therapeutic option.
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Chapter 16
Type I Cryoglobulinemia

Adrien Mirouse, David Saadoun, and Patrice Cacoub

Abbreviations
CNS Central nervous system
v Intravenous

MGCS Monoclonal gammopathy of clinical significance
PAS Periodic acid—Schiff

Introduction

Cryoglobulins are immunoglobulins that precipitate when serum is incubated at
temperatures lower than 37 °C. The existence of circulating cryoglobulins (cryo-
globulinemia) is not always related to the presence of symptomatology.
Cryoglobulinemia are usually classified according to Brouet et al. classification [1].
Type I cryoglobulinemia corresponds to a monoclonal immunoglobulin. In the first
description, the monoclonal component corresponded to a monoclonal IgM, IgG, or
a monoclonal light chain and monoclonal IgM was the most frequent. Type I cryo-
globulins account for 10-25% of total cryoglobulinemias [2]. Type II and III
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cryoglobulinemias (Chap. 17) correspond to either a monoclonal immunoglobulin
with polyclonal immunoglobulin or polyclonal immunoglobulin, respectively. The
distinction of these subtypes is meaningful because underlying diseases vary
according to each subtype. Moreover, physiopathological mechanisms and manifes-
tations of type I cryoglobulinemia differ substantially from those of type II and III
cryoglobulinemias.

Pathophysiology

Cryoglobulin cold-induced precipitation depends upon concentration, hydrophobic-
ity, size and surface charge, as well as the solution temperature, pH, and ionic
strength [3]. Cryoprecipitation is thought to be favored in small vessels because of
higher cryoglobulin concentration with increased steric overload. Type I cryoglobu-
lin, especially when made of monoclonal IgM with pentamer structure, may obstruct
small vessels’ lumen [4]. Steric and intrinsic properties of cryoglobulin may explain
why some subtypes of immunoglobulin like IgG1 and IgG3 are more frequently
diagnosed in type I cryoglobulinemia [5].

Besides cryoglobulin itself, other serum components like fibronectin influence
the ability to precipitate [6]. Another study reported that cryoprecipitation is a prop-
erty not only of immune complexes themselves but also of a group of large normal
serum proteins [7]. Non-immunoglobulin cryoproteins were found to precipitate
when exposed to cold, in association with immunoglobulin. In inflammatory dis-
eases, the concentrations of some of these proteins may increase to the point where
intermolecular attractive forces become prominent, particularly in the cold.
However, cryoprecipitation upon cold exposure does not explain why tissues that
are distant from the site of exposure to cold (like kidney) may be affected. Alterations
of ion concentration like chloride and calcium in the renal interstitium may influ-
ence cryoglobulin structure and aggregation [3, 8].

Type I cryoglobulinemia should be considered, in the majority of cases, as a
micro-thrombotic disease, with absence or minor signs of vasculitis. Cryoprecipita-
tion explains ischemic manifestation and small vessels occlusion. Complement con-
sumption which may be a diagnostic feature of cryoglobulinemic vasculitis is less
frequently found in type I as compared to mixed cryoglobulinemia [9].

Epidemiology

The prevalence and incidence of cryoglobulinemia are unknown, in particular
because of the heterogeneity in the cause, clinical presentation, and geographical
distribution of the disease. The prevalence of clinically significant cryoglobulinemia
has been estimated as approximately 1:100,000 individuals [10]. The real prevalence
of cryoglobulinemia is probably higher, due to asymptomatic cryoglobulinemia.
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Manifestations

Cryoglobulin-related symptoms cover a large scope of manifestations (Fig. 16.1).
Of note, the presence of a cryoglobulin in the serum may be found in healthy indi-
viduals. As type I cryoglobulinemia is monoclonal, it is reflecting the presence of a
B-lineage clone, but it also can be asymptomatic. Type I cryoglobulinemia may be
asymptomatic in 13-25% patients and diagnosed during the work-up for a mono-
clonal gammopathy or a lymphoid neoplasm [5, 11, 12]. Type II and III cryoglobu-
linemia manifestations are linked to a medium/small vessels vasculitis. It can
involve every organ, but typical manifestations are purpura, neuropathy, and kidney
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Fig. 16.1 Type I cryoglobulinemia manifestations
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disease. In type I cryoglobulinemia, clinical manifestations may be directly linked
to vascular occlusion, favored by cold-induced precipitation and less frequently by
immune complex vasculitis. When compared to other types of cryoglobulinemia,
patients with type I cryoglobulinemia exhibit more severe cutaneous involvement,
and a lower frequency of glomerulonephritis [13].

For the purpose of this review, we analyzed the main characteristics of patients
with type I cryoglobulinemia published in four recent series [13] (Table 16.1).

Skin Manifestations

Cold-induced manifestations in type I cryoglobulinemia include Raynaud’s phe-
nomena or other forms of acrosyndrome, livedo, and necrosis of extremities (fin-
gers, nose, ears) or limb ischemia (Fig. 16.2) [1]. Rarely, ischemic manifestations
and vasculitis may coexist in patients with type I cryoglobulinemia. Skin biopsy is
consistent with thrombotic vasculopathy. In a retrospective study of 102 patients,

Table 16.1 Characteristics of patients with type I cryoglobulinemia

Type I cryoglobulinemia Non-infectious mixed
Characteristics [5, 11-13] n =266 cryoglobulinemia [10] n = 242
Gender, man 51% (135/266) 33% (79/242)
Skin manifestations

Purpura 45% (119/266) 75% (182/242)

Ulcers/gangrene 35% (94/266) 16% (39/242)

Raynaud’s phenomena 17% (45/266)

Livedo 16% (37/230)

Acrocyanosis 10% (24/230) 26% (64/242)

Cold-induced urticaria 6% (13/230)

Neurological
Peripheral neuropathy 33% (87/266) 52% (125/242)
Sensory 22% (59/266) 21% (50/242)
Mixed 8% (22/266) 31% (75/242)
Motor 1% (2/266)

CNS symptoms 4% (9/230) 2% (5/242)
Renal 21% (57/266) 35% (84/242)
Arthralgia 15% (39/266) 30% (72/242)
Asymptomatic 13% (29/230)

Underlying disease
Hematological malignancy 97 % (258/266) 22% (52/242)
MGCS 40% (106/266)
Lymphoma 39% (103/266)
Myeloma 18% (49/266)
None 3% (8/266)

CNS central nervous system, MGCS monoclonal gammopathy of clinical significance
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Fig. 16.2 Type I
cryoglobulinemia with
limb ischemia

63% of patients had skin manifestations, with purpura being most common (67%),
followed by ulcers or gangrene in 55% of patients, livedo reticularis in 28% of
patients with cutaneous findings, and 2% experienced cold-induced urticaria [11].
One quarter of patients reported vasomotor symptoms with 88% experiencing
Raynaud’s phenomenon and 20% acrocyanosis. Cryoglobulin lesions may involve
nasal and oral mucosa [14].

Neurological Involvement

Peripheral nerve involvement consists in sensitory and/or motor neuropathy.
Polyneuropathy and mononeuritis have been reported. Sensory neuropathy is the
most frequent peripheral nerve involvement reported in patients with type I cryo-
globulinemia [11, 13]. The pathogenesis of neuropathy may be due to three mecha-
nisms, including immunologically mediated demyelination, microcirculation
occlusion by cryoglobulin, and vasa nervorum vasculitis. When performed, nerve
biopsy may reveal vasculitis but also ischemic lesions. Reported lesions include
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distal neuropathy due to vasa nervorum microcirculation occlusion caused by intra-
vascular deposits of cryoglobulins associated with necrotizing vasculitis [15].
Central nervous system involvement is rarely described, consisting in ischemic
stroke [5].

Kidney Involvement

The kidney is the most frequently involved organ in 20-30% of patients with type I
cryoglobulinemia. Its presentation is consistent with nephrotic syndrome with arte-
rial hypertension, proteinuria, hematuria, and acute kidney injury. Urine analysis
usually shows hematuria. Kidney biopsy is consistent with a type I membranous
proliferative glomerulonephritis. Examination with light microscopy reveals mesan-
gial proliferation, inflammatory cells infiltration with neutrophils and macrophages,
and double contour with silver staining. It may show diffuse and global endocapil-
lary hyper-cellularity. Eosinophilic refractile intracapillary “cryo-plugs” that are
strongly periodic acid—Schiff (PAS) positive is due to the IgM component of these
deposits (Fig. 16.3). The acute phase has frequent neutrophils, with increased
monocyte/macrophages. Arterioles and small arteries may show leukocytoclastic
vasculitis. Cryoglobulin thrombi may obliterate small capillaries’ lumen. Crescents
may be present. Immunofluorescence staining shows mesangial and irregular capil-
lary wall deposits. There is prominent IgM, C3, C4, and light chain deposits with
lesser amounts of IgG or Clq. In type I cryoglobulin, cryo-plugs staining confirms
monoclonality. Electron microscopy shows mesangial and subendothelial deposits,
often with interposed cells and double contours due to new glomerular basal

Fig. 16.3 Type I
cryoglobulinemia kidney
histology. Type I
glomerunonephritis shows
variable intracapillary
hypercellularity, mostly
due to mononuclear cells
with intracapillary

PAS + pseudothrombi, and
glomerular basement
membrane duplication.
PAS stain
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membrane formation beneath subendothelial deposits. Intracapillary deposits,
extensive foot process effacement, and endocapillary hypercellularity also occur.
Monoclonal cryoglobulin deposits may be microtubular and highly organized [16].
It has been suggested that the cryoprecipitation in kidney capillaries was the trigger
of glomerulonephritis [17].

Rheumatologic and Systemic Symptoms

Among patients with type I cryoglobulinemia, 10-20% report inflammatory arthral-
gia [13]. Arthritis is less frequent. X-ray evaluation is usually normal. Patients may
present with systemic symptoms like fever >38 °C, asthenia, and weight loss, due to
the monoclonal immunoglobulin or the underlying hematological malignancy [5].

Hyperviscosity Syndrome

Hyperviscosity syndrome is a life-threatening complication. The classic triad of
hyperviscosity reported by Waldenstrom includes mucosal bleeding, visual, and
neurological abnormalities (Chap. 15) [18]. The most serious ophthalmic manifes-
tation of hyperviscosity is bilateral central retinal vein occlusion. Headaches, non-
specific light-headedness, and hearing loss may appear. Funduscopic examination is
a key exam because abnormalities are well correlated with abnormal plasma viscos-
ity [19]. Funduscopic examination may reveal retinal vein dilation, tortuosity, and
voluminous central hemorrhages. Viscosity is the highest in small venules and
induces a venule wall tearing if there is not adequate underlying tissue support.
Therefore, bleeding is seen where the veins are exposed on the surface with no
superimposed epithelial tissue. This most commonly occurs in the lining of the
nose, the gum, the retina, the lumen of the gastrointestinal tract, and the surface of
the brain. Type I cryoglobulinemia is a well-described cause of hyperviscosity as
the gelling phenomenon—which is highly temperature dependent—that occurs in the
peripheral circulation rapidly raises the serum viscosity. In Waldenstrom disease,
the mean monoclonal protein concentration is 41 g/L. In IgG myeloma with hyper-
viscosity, the mean monoclonal protein concentration is 64 g/L. [20]

Cryoglobulin Diagnosis

Cryoglobulin Identification

One of the diagnostic difficulties to the diagnosis of cryoglobulin is linked to the
need to respect a well-defined procedure, including the need to keep samples warm
at 37 °C [21]. There is no internationally accepted standard for the diagnostic
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methods of cryoglobulinemia. A survey of 137 laboratories on detection, analysis,
and reporting of cryoglobulinemia demonstrated that only 36% of laboratories used
procedures to ensure that the temperature did not drop below 37 °C [22]. There was
wide variability in the time allowed for cryoprecipitation with 30% of laboratories
allowing precipitation for less than 3 days. Cryoprecipitate was not immunotyped
by 20% of laboratories. A non-respect of sampling and analysis exposes to the risk
of false-negative results. A cryoglobulinemia research requires a sample of
10-20 mL in a 37 °C warmed tube. Samples are to be quickly transported to the
laboratory and placed at 37 °C until coagulation. After centrifugation, sample is
place at 4 °C. A result is negative if no cryoprecipitate is seen after 57 days.
Cryoprecipitate concentration is variable from 0.01 g/L to more than 50 g/L and it
is usually considered as positive above 0.05 g/L.

Indirect Diagnosis

Despite repetitive searches, type I cryoglobulinemia isolation may be difficult. In
these cases, some indirect elements, in addition to clinical symptoms may help to
diagnose cryoglobulinemia. Typical histologic findings are sufficient to diagnose
cryoglobulinemia. Serum electrophoresis and immunofixation may detect a
monoclonal immunoglobulin in patients’ sera, reflecting B-cell lineage clonal
proliferation. Complement consumption (i.e., low C4 level) and rheumatoid factor
activity may be present in type I cryoglobulinemia although less frequently than
in type II and III cryoglobulinemia [13]. The presence of type I cryoglobulinemia
may disrupt routine laboratory exams and induce pseudo-thrombosis, pseudo-
leukocytosis, pseudo-macrocytosis, and false positivity in sedimentation rate
elevation.

Underlying Disease

As type I cryoglobulinemia corresponds to a monoclonal gammopathy, it is always
associated with a B-cell lineage clonal disorder, especially multiple myeloma,
monoclonal gammopathy of clinical significance (MGCS), and lymphoprolifera-
tive disorders (see Chaps. 12 and 21). Therefore, the initial diagnostic evaluation
includes serum protein electrophoresis, whole-body imaging, CT-scan or PET-
scan, bone marrow evaluation with aspiration and/or biopsy. Hematological malig-
nancy is diagnosed in about 60% of cases of type I cryoglobulinemia including
non-Hodgkin lymphoma (20%), multiple myeloma (19%), Waldenstrom disease
(16%), and chronic lymphoid leukemia (2%). In other cases, the diagnosis of
MGCS is made [13].
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Treatment and Prognosis

Treatment of type I cryoglobulinemia depends on the underlying cause, i.e., MGCS
or hemopathy (Fig. 16.4). Indications to treat are linked to the underlying malig-
nancy in case of high tumor mass or associated manifestations such as
cryoglobulinemia-related symptoms. In case of MGCS, treatment depends on the
severity of cryoglobulinemia manifestations. In case of uncomplicated Raynaud’s
phenomena, or even when skin necrosis of extremities is present, avoidance of cold-
exposition may be sufficient. In other cases with more severe cryoglobulin-related
symptoms, treatment of monoclonal gammopathy is based on multiple myeloma
regimen. Depending on the type of monoclonal immunoglobulin, we can define a
better selection among the drugs used in myeloma. In case of MGCS with monoclo-
nal IgG or IgA, treatment regimens include bortezomib, immunomodulators like
pomalidomide or revlimid and dexamethasone. Monoclonal antibodies targeting
plasma cells like anti-CD38 daratumumab are currently assessed. In case of MGCS
with monoclonal IgM, treatment is based on rituximab in association with alkylat-
ing drugs, proteasome inhibitors or Bruton tyrosine kinase inhibitors. In case of

Type | Cryoglobulinemia
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Plasma exchange -
Urgent IV steroids

Non-Hodgkin lymphoma and

MGCS chronic lymphoproliferative Myeloma
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[ avoid cold exposure
[ |
IgM Other
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Fig. 16.4 Treatment strategy of patients with symptomatic type I cryoglobulinemia
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identified hematological malignancy, treatment is decided jointly with a hematolo-
gist and is based on current recommendations.

In addition, in case of severe or life-threatening manifestations like extensive
necrosis, acute kidney injury, or hyperviscosity syndrome plasma exchanges may
be useful in association with high-dose steroids and chemotherapy to quickly
remove the monoclonal immunoglobulin. Besides initial life-threatening manifesta-
tions, prognosis is linked to the underlying malignancy [5, 11-13].

Conclusion

Type I cryoglobulinemia is a rare but potentially life-threatening condition. It is
always associated with a B-cell clonal proliferation. Treatment should be adapted
the type and severity of cryoglobulin-related symptoms, and the type of underlying
B-cell lymphoproliferative disorder.
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Chapter 17
Paraproteinemias Associated
with Autoimmune Diseases

Luca Quartuccio, Elena Treppo, and Salvatore De Vita

Abbreviations

AA Systemic inflammatory-associated (AA) amyloidosis
AS Ankylosing spondylitis

BD Bechet’s disease

FLCs Free light chains

GCA Giant cell arteritis

GPA Granulomatosis with polyangiitis
HR Hazard ratio

MGUS Monoclonal gammopathy of undetermined significance
mlg Monoclonal immunoglobulins
MM Multiple myeloma

PMR Polymyalgia rheumatica

PsA Psoriatic arthritis

PSO Psoriasis

pSS Primary Sjogren’s syndrome

RA Rheumatoid arthritis

RTX Rituximab

SAA Serum amyloid A

SIRs Standardized incidence ratios
SLE Systemic lupus erythematosus
SMM Smoldering multiple myeloma
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SSc Systemic sclerosis
TAK Takayasu’s arteritis

Introduction

A paraprotein is a monoclonal immunoglobulin or immunoglobulin light chain,
arising from the clonal proliferation of B cell lineage, usually plasma cells or
B-lymphocytes [1]. Paraproteins can be detected in the blood or urine and are char-
acterized by a homogenous electrophoretic migration and the expression of a single
light chain type, either kappa or lambda [1]. In this chapter, we focus on parapro-
teinemia associated with systemic autoimmune diseases.

The presence of paraproteinemia should be tested in patients with suspected
clinical findings (Table 17.1). To increase the ability to detect a paraprotein, it is
necessary to screen both blood and urine. To identify Bence-Jones protein, it is
required to perform both serum protein electrophoresis and urinary protein electro-
phoresis. To detect free light chains, it is useful to perform serum-free chain analysis.

When monoclonal paraproteinemia is detected, the main issue is to distinguish
between monoclonal gammopathy of uncertain significance (MGUS), smoldering
multiple myeloma (SMM), and multiple myeloma (MM) (Table 17.2). MGUS is a

Table 17.1 Symptoms and clinical findings to suspect paraproteinemia

Symptoms Persistent back pain

Paresthesias

Recurrent bacterial infections

Clinical findings Lytic bone lesions

Unexplained impaired renal function

Normochromic normocytic anemia

Pancytopenia

Hypercalcemia
Hyperviscosity syndrome

Nephrotic syndrome
Unexplained peripheral neuropathy

Table 17.2 Diagnostic criteria for monoclonal gammopathy of uncertain significance (MGUS),
smoldering multiple myeloma (SMM), and multiple myeloma (MM)

MGUS SMM MM
Paraprotein in serum <30g/L  |>30g/L |Presence in serum and/or urine

Clonal plasma cells in bone marrow | <10% >10% Presence

Myeloma-related organ impairment® | Absent Absent Presence

Increased calcium levels, renal insufficiency, anemia, bone lesions, symptomatic hyperviscosity
syndrome, amyloidosis, recurrent bacterial infections
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CD19+, CD45—, and CD56+ plasma cell disorder, having a 1% average annual
progression rate to MM [2]. MGUS maintains low proliferation rates and can evolve
into MM or Waldenstrém’s macroglobulinemia or AL amyloidosis or lymphoma
[2]. Its association with autoimmune diseases has been suggested, arising from per-
sistent antigenic stimulation and cytogenetic abnormalities due to chronic, persis-
tent, pro-inflammatory microenvironment [2].

Monoclonal Gammopathy and Autoimmune Diseases

Several systematic reviews [3, 4] investigated autoimmune diseases and subse-
quently the risk of MGUS, SMM, and MM. Autoimmune conditions are markers of
immune dysregulation, which may manifest with the development of plasma cell
disorder [3]. Monoclonal gammopathy could be also associated with measures of
disease activity including longer disease duration and higher sedimentation rate [5].

In 2016, a Swedish study [6] identified 12,140 MGUS patients (during the period
1987-2012) and 769,991 patients with any autoimmune diseases (during the period
1964-2012). Combining these data with a Swedish nationwide family registry, the
authors provided familial risk for MGUS in patients whose first-degree relatives had
any autoimmune diseases. Standardized incidence ratios (SIRs) were calculated as the
ratio of observed to the expected number of cases. As expected, the mean age at diag-
nosis of MGUS was 70 years, and men slightly outnumbered (51%) women. For
autoimmune diseases, the mean age was 39 years and women outnumbered (56%)
men. Overall, 332 familial cases were found with SIR for MGUS of 1.63. The highest
male SIR for MGUS was 9.18 when a family member was diagnosed with rheumatic
fever. For women, the highest MGUS association of 6.18 was with granulomatosis
with polyangiitis (GPA). SIRs were found to increase with 10 associations, the highest
SIRs were observed in case of family history for rheumatic fever (6.04), polymyositis/
dermatomyositis (5.66), and dermatitis herpetiformis (5.21). Association with rheu-
matoid arthritis (RA) and psoriasis (PSO), which are common autoimmune diseases,
were 1.49 and 1.56, respectively. Table 17.3 shows the details of this study.

Notably, the overall risk for MGUS among any autoimmune diseases was 1.63,
suggesting a strong impact of autoimmune stimulation on MGUS.

In reverse, authors [6] provided the risk for autoimmune disease in patients
whose first-degree relatives had MGUS. Overall, 1893 familial cases were detected
and the overall SIR was 1.10 (higher for men [1.13] than women [1.08]). For men,
the highest risk was for Takayasu’s arteritis (TA) (11.75), followed by Guillain-
Barre syndrome, myasthenia gravis, polymyositis/dermatomyositis, and GPA in
this order. For women, the risks for RA (1.24) and sarcoidosis (1.69) were found.
Table 17.4 shows the details.

An earlier study [7] in 2012 examined the risks of MM (SIR) and survival in
MM (hazard ratio, HR) systematically in patients who had been hospitalized for
any of 33 autoimmune diseases covering the total Swedish population. For MM
after any autoimmune diseases, the SIR was increased to 1.12 (95% CI 1.02-1.23),
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Table 17.4 SIR for autoimmune disease with a family history of MGUS (1987-2012). (Modified
by Hemminki K et al., Leukemia (2016) 1742-1792)

Men Women All
Autoimmune disorder SIR (95% CI) SIR (95% CI) SIR (95% CI)
Guillain-Barre syndrome | 2.53 (1.38—4.25) 0.88 (0.17-2.59) 1.90 (1.10-3.04)
Myasthenia gravis 2.60 (1.11-5.16) 0.77 (0.15-2.29) 1.58 (0.79-2.84)
Polymyositis/ 2.67 (1.06-5.54) 0.89 (0.17-2.63) 1.67 (0.79-3.08)
dermatomyositis
Takayasu’s arteritis 11.75 (1.11-43.22) 3.06 (0.29-11.26) 4.86 (1.26-12.56)
Granulomatosis with 2.20 (1.00-4.19) 0.93 (0.18-2.77) 1.64 (0.84-2.88)
polyangiitis
All 1.13 (1.06-1.22) 1.08 (1.02-1.15) 1.10 (1.05-1.15)

SIR standardized incidence ratio, CI confidence interval

while the HR was 0.92 (95% CI 0.81-1.04) (not significant). SIRs were signifi-
cantly increased after ankylosing spondylitis (AS) [2.02 (95% CI 1.15-3.28)] and
systemic sclerosis (SSc) [2.63 (95% CI 1.58-4.11). No SIR was significantly
decreased. Only the HR after rheumatic fever [5.27 (95% CI 2.37-11.75)] was sig-
nificantly increased.

The data were analyzed also according to the age at MM diagnosis. The overall
risk of MM was increased only for autoimmune diseases diagnosed before the age
60 (SIR 1.45). The risk of MM (SIRs) before age 60 years was increased in AS
(3.31), chronic rheumatic heart disease (2.79), and systemic lupus erythematosus
(SLE) (5.19). The HRs in young patients were increased after Graves/hyperthyroid-
ism (2.48), rheumatic fever (21.17), and SSc (5.51). In MM patients diagnosed at
age >60, only the risk for systemic sclerosis was increased (2.59). HRs were
increased after polymyositis/dermatomyositis (5.40) and rheumatic fever (4.60).

To summarize, this study [7] showed an increase in MM SIR after two autoim-
mune diseases (AS and SSc) and HR after rheumatic fever.

The first comprehensive systematic review of the literature to investigate autoim-
mune conditions and MGUS and MM was performed in 2014 [4]. Overall, an ele-
vated risk of both MGUS and MM in the presence of any autoimmune disease was
found. However, the only condition with an elevated risk of both MGUS and MM
was pernicious anemia. Vitamin B12 deficiency has been associated with several
malignancies and has also been shown to disrupt normal homeostasis of methyl
group metabolism as a result of abnormal DNA methylation and synthesis causing
megaloblastic anemia, which is common in patients with MM. Autoimmune hemo-
Iytic anemia (AIHA) was also associated with MM and serum monoclonal gam-
mopathy was a significant predictor for the appearance of lymphoproliferative
disorders [4, 8]. PSO was found to be negatively associated with MM [4], and MM
is infrequent in patients with psoriatic arthritis (PsA) [9]. These results could also
depend on medication bias. In fact, another study [10] reported the development of
monoclonal gammopathy among 8 out 300 patients with PSO or PsA who were
treated with anti-TNF-alpha agents. Treatment with anti-TNF-alpha agents may be
a marker of more active disease, thus the presence of MGUS may reflect the level of
immune dysregulation [9].
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RA was not demonstrate a significantly increased risk for MM, whereas a signifi-
cant excess risk was observed for MGUS [4, 11].

In a large population-based, study Lindqvist EK et al. [11] included almost
20,000 MM patients, >5000 MGUS patients, and nearly 100,000 matched controls.
The authors found that a personal history of several specific immune-related condi-
tions was associated with an increased risk of MM and MGUS. Interestingly, they
also found that a family history of an autoimmune disease increased the risk of
MGUS, and not MM. This implies that immune-related conditions or their treat-
ment are of importance in the pathogenesis of MGUS and possibly MM.

A personal history of all inflammatory conditions (OR = 1.4; 95% CI, 1.2-1.5),
and autoimmune diseases (OR = 2.1; 95% CI, 1.9-2.4) was associated with a sig-
nificantly increased risk of MGUS. A family history of autoimmune disease was
associated with a significantly increased risk of MGUS (OR = 1.1; 95% CI,
1.00-1.2), but not MM. A personal history of polymyalgia rheumatica (PMR) and
GCA was associated with an increased risk of both MM (OR = 7.8 and 1.* for GCA
and PMR, respectively) and MGUS (OR = 11.3 and 2.9 for GCA and PMR, respec-
tively) [11]. PMR and GCA have been associated with lymphoplasmacytic lym-
phoma and Waldenstrom macroglobulinemia [12]. In addition, a family history of
these disorders was associated with an increased risk of MGUS. The underlying
mechanisms for these findings are not clear but may involve shared susceptibility or
an effect of chronic immune stimulation.

Primary Sjogren’s syndrome (pSS) is typically considered as a crossroad disease
between autoimmunity and lymphoproliferation [13—15]. PSS presents with sicca
symptomatology and its histological hallmark is focal lymphocytic infiltration of
exocrine glands. PSS can extend to systemic involvement and may be complicated
by lymphoma. Its analytical features are typically cytopenias, hypergammaglobu-
linemia, positivity of antinuclear antibodies, anti-Ro/SSA, and, less frequently,
cryoglobulins as well as hypocomplementemia. A meta-analysis [16] showed that
21% of pSS had serum monoclonal immunoglobulins (mlg). Clinically, pSS patients
with monoclonal gammopathy had a higher prevalence of parotid enlargement
(38% vs 20%, p = 0.021), vasculitis (21% vs 6%, p = 0.003) and neurological
involvement (42% vs 23%, p = 0.016) compared with those without monoclonal
gammopathy [17]. Patients with monoclonal gammopathy had higher mean values
of circulating gamma globulins (23.4% vs 20.6%, p = 0.026), erythrocyte sedimen-
tation rate (56.6 vs 37.6 mm/h, p = 0.003) [17]. Furthermore, a higher prevalence of
rheumatoid factor, low C3 and C4 levels, and cryoglobulins are detected in patients
with monoclonal gammopathy. The predominant isotype in pSS is IgGk [16-18].
The isotype of mlg has less prognostic significance in pSS than MGUS. In MGUS,
in fact, studies support an association between IgM isotype and B cell lymphoma,
and between IgG isotype and MM (Chap. 12). This is less evident in pSS with mlg,
nevertheless, pSS with monoclonal gammopathy has a poor prognosis. The clinical
significance of circulating mlgs in pSS has been scarcely studied [17]. Interestingly,
persistent rather than transient cryoglobulins were associated with type II rather
than type III cryoglobulins, and they were associated with a more active disease
(i.e., vasculitis) or lymphoma [19].
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Bechet’s disease (BD) straddles the interphase between autoinflammatory and
autoimmune diseases. Few cases of BD and MGUS have been documented. Recent
observations sustained the role of epigenetics in the pathogenesis of BD. The genet-
ics and environmental factors influence also MGUS predisposition. Thus, it is sup-
posed that BD and MGUS might be linked by similar pathogenetic mechanisms [2].

In conclusion, systemic autoimmune diseases are examples of non-hematologic
diseases which often present with monoclonal gammopathy. Monoclonal gammop-
athy is observed in patients with several rheumatic disorders, with IgG being the
most frequent type of M protein. The presence of monoclonal gammopathy seems
to be associated with higher disease activity of the underlying autoimmune process
[20]. Although the development of MM was considered unusual as reported in the
literature, there are more patients with MM than with lymphoma [20]. The risk for
MM has been reportedly higher in AS and SSc patients [7]. To facilitate an early
diagnosis and timely intervention, we recommend the inclusion of monoclonal
gammopathy screening in immunocompromised and rheumatic diseases patients
especially when they exhibit a phenotype with high ESR, albumin/globulin inver-
sion, rtheumatoid factor positivity, hypergammaglobulinemia, hypocomplemente-
mia, or renal injury of unknown reasons [3, 20].

Amyloidosis and Autoimmune Diseases

Systemic inflammatory-associated (AA) amyloidosis is also known as secondary
amyloidosis. It is a long-recognized complication of chronic inflammatory diseases.
The organ damage is caused by extracellular deposition of the soluble acute-phase
reactant serum amyloid A (SAA) protein as insoluble amyloid fibrils. A sustained
high concentration of SAA produced by the liver during a chronic inflammatory
state is the prerequisite for developing AA amyloidosis [21, 22].

The diagnosis of AA amyloid was classified as proven, possible, or problematic
[23]. Proven diagnosis: amyloid deposits had to be characterized histochemically by
positive staining with Congo red, which also showed typical anomalous colors
under polarized light, or the amyloid deposits had to be characterized by electron
microscopy. Possible diagnosis: amyloid deposits had to be characterized histo-
chemically by positive staining with any of the usual amyloid stains, including
immunohistochemistry and there could not be evidence of non-AA amyloid.
Problematic diagnosis: no report on any results of one of the usual amyloid stains,
or in case there is evidence of a non-AA type of amyloid.

Among autoimmune diseases, strong disease associations were established in
mixed connective tissue disease, SLE, and RA [21]. Where PMR was often fol-
lowed by GCA, the combination was more strongly associated with AA amyloido-
sis than with PMR alone [21]. Table 17.5 shows the grade of association between
inflammatory diseases and AA amyloidosis.

The production of SAA is regulated not only by cytokines such as interleukin-1,
interleukin-6, and tumor necrosis factor, but also by glucocorticoids and
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Table 17.5 Grades of associations between inflammatory diseases and AA amyloidosis

Unclear Unlikely
Strong association association association Weak association
Rheumatic Rheumatoid arthritis | Rheumatic heart | Reactive Adult-onset
diseases disease arthritis Still’s disease
Psoriatic arthritis Myositis/ SAPHO
antisynthetase syndrome
syndrome
Seronegative Systemic Primary
spondyloarthropathy | sclerosis Sjogren’s
syndrome
Juvenile idiopathic
arthritis
Gout
Systemic lupus
erythematosus
Mixed connective
tissue disease
Vasculitis Giant cell arteritis ANCA-
associated
vasculitis
Polymyalgia Inflammatory
rheumatica aneurysm
Takayasu’s arteritis
Bechet’s disease
Skin and Psoriasis
subcutaneous
tissue
Other 1gG4-related Retroperitoneal
disease fibrosis
Schnitzler’s
syndrome

SAPHO synovitis, acne, pustulosis, hyperostosis, and osteitis, ANCA anti-neutrophil cytoplasmic
antibody

lipopolysaccharide [24]. The liver is the main site of SAA production, but mono-
cyte-derived macrophages also can produce SAA [25]. Although chronically ele-
vated SAA serum levels are a prerequisite, they are not sufficient alone to develop
AA amyloidosis. Even in longstanding and severe inflammatory rheumatic diseases
no more than 10-30% of the patients develop amyloidosis [26, 27]. The question
that arises is whether there are protective factors in these patients with chronic
inflammation who do not develop amyloidosis or facilitating factors other than ele-
vated SAA in patients who do develop amyloidosis. Fibril-derived amyloid-enhanc-
ing factor appeared to be such a facilitating factor in animal studies and AA
amyloidosis appeared to be transmissible by oral ingestion of food containing
AA-amyloid in a mouse model. These observations suggest that exposure to exog-
enous substances with fibril-derived amyloid-enhancing factor activity might facili-
tate the development of AA amyloidosis in susceptible patients [28]. The SAA1
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genotype is another factor probably influencing amyloidogenesis [29]. Knowing the
underlying disease of AA amyloidosis provides an opportunity to look for targeted
therapy. The normalization of SAA serum levels by adequate underlying disease
control determines the prognosis of AA amyloidosis (Chaps. 7 and 8).

Serum Immunoglobulin-Free Light Chain Levels and Their
Significance in Autoimmune Diseases

Breaking of the immunological tolerance towards one or more self-antigens is the
cornerstone of an autoimmune disease. Subsequently, B cell activation may result in
anincreased secretion of immunoglobulin-free light chains (FLCs). Immunoglobulins
have a tetrameric structure composed of two heavy and two light chains linked by
non-covalent forces and disulfide bonds [30]. The serum concentration of FLCs is
dependent on the balance between FLC production (from plasma cells and their
progenitors) and FLC renal clearance [31]. The concentration of polyclonal FLCs
reflects the inflammatory status in inflammatory disorders [32].

Over the years, different studies have been performed on serum and urinary
FLCs of patients with SLE, demonstrating an intriguing association between the
concentration of FLCs and overall SLE activity. Their authors [33, 34] suggested
that measurement of urinary FL.C levels in patients with SLE could be used to iden-
tify or monitor in vivo polyclonal B cell activation and predict disease relapses.
Many other studies [35, 36] have confirmed that patients with SLE have high serum
levels of FLCs even in comparison with healthy subjects. FLC concentrations
changed based on therapies by determining the concentration of serum IgG, IgA,
IgM, and serum FLCs before or after rituximab (RTX) treatment: in particular, it has
been observed that ¥ and A FLC concentrations decreased significantly after RTX
therapy, while total IgG, IgA, and IgM levels decreased though remaining in a nor-
mal range [35]. That study confirmed a strong correlation between k FLC levels and
C3 consumption, which is characteristic of active SLE, proving that this correlation
is preserved even after B cell depletion. Moreover, serum FLCs correlated with anti-
dsDNA antibody titers and total serum IgG and IgA, confirming the strong relation-
ship between plasma cell productivity and SLE disease activity [36].

In RA, patients have significantly higher mean concentrations of total, k, and A
FLCs as compared to healthy subjects [31]. FLC levels markedly increased along
with the Disease Activity Score 28, supporting a potential relationship between B
cell activation and overall disease activity in RA [37]. High concentrations of FLCs
in the synovial fluid from inflamed joints were also found [38]. Thus, it was noted a
positive correlation between serum FLC amounts and disease activity. Interestingly,
the treatment with Abatacept can reduce signs of polyclonal B cell activation, induc-
ing a trend towards normalization of serum levels of different classes of Ig and FLCs,
reducing titers of anti-citrullinated protein antibodies and rheumatoid factor, and also
decreasing circulating post-switch memory B cells [39]. Changes in FLCs were also
noted after treatment with RTX, and the effect of treatment on FLC concentrations
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distinguished clinical responders from non-responders [38]. These studies indicated
that FLCs could be used as early prognostic biomarkers to monitor treatment response
in patients with RA. As a side note, some authors [40] also observed that serum lev-
els of FLCs might predict higher mortality in patients with RA.

Increased FLC levels were associated with extraglandular involvement in
pSS. Serum levels of FLCs were higher in patients with pSS displaying systemic
features than in those with only glandular involvement. High levels of FLCs with
normal FLC ratio were more often detected in patients with concomitant monoclo-
nal gammopathy of undetermined significance compared to patients with only pSS
[37]. Moreover, other biological markers of B cell activation have been reported to
be correlated with FLCs in patients with pSS, such as anti-SSA and anti-SSB auto-
antibodies, rheumatoid factor, serum levels of IgA, IgG, and IgM, serum B cell-
activating factor, and serum P2-microglobulin [37, 41]. The correlation between
FLC levels with the ESSDAI (EULAR Sjogren’s Syndrome Disease Activity Index)
showed that the k chain was significantly and more strongly correlated than the A
chain [42, 43]. Therefore, increased disease activity of pSS is not only associated
with increased polyclonal B cell activity, but remarkably also with the preferential
increase of the k chain clone [41, 44].

Only two studies investigated the role of FLCs in SSc [45, 46]. Serum « chains and
k/A ratio were significantly higher when compared with healthy subjects, while serum
A chains were similar. A correlation between FLCs and Interleukin-6, C-reactive pro-
tein, erythrocyte sedimentation rate, and the Rodnan skin score was found, showing
also an independent association with lung disease and overall disease severity.

The role of FLCs in the management of autoimmune disorders is resumed in
Fig. 17.1.

RA

SLE
pSS
SSc

RA
SLE

RA
SLE

Fig. 17.1 Role of FLCs in systemic autoimmune diseases. (Modified by Napodano C et al.,
Autoimmunity Reviews. 2019). RA rheumatoid arthritis, SLE systemic lupus erythematosus, pSS
primary Sjogren’s syndrome, SSc systemic sclerosis
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Conclusions

Paraproteinemias are heterogeneous disorders and can also be secondary to a wide
range of clinical conditions, including systemic autoimmune diseases. The connec-
tion between paraproteinemias and autoimmune diseases is supported by inflamma-
tory microenvironment and epigenetic contribution, which may promote the
development of aberrant plasma cell clones leading to monoclonal gammopathy.
Increased FLC levels correlates with disease activity and there is increasing interest
in studying the potential use of FLC assessment as a biomarker of response to treat-
ment. A well-known complication of chronic inflammatory diseases is AA amyloi-
dosis, caused by increased SAA serum levels. An adequate control of the underlying
inflammatory disease can influence the prognosis of AA amyloidosis.

In summary, immune dysregulation represents the link between paraprotein-
emias and autoimmune diseases and further investigations will provide a better
understanding of pathogenesis and clinical role of paraproteinemias in the context
of an autoimmune milieu.
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Introduction

Paraproteinemia is a condition that is common to a wide spectrum of different rheu-
matological and hematological entities, ranging from monoclonal gammopathy of
undetermined significance (MGUS) to amyloidosis and cryoglobulinemia [1].
Clinical manifestations, pathophysiology, and prevalence are extremely variable,
the severity and prognosis of each condition being different. In this setting, infec-
tions represent threatening complication, as the individual’s responses are compro-
mised in multifaceted ways [2, 3], but also potential triggers [3, 4]. Various reports
and population studies focus on both a direct oncogenic role of the infectious agent
[3] and on the role of chronic inflammation in promoting abnormal cell proliferation
[3, 4]. However, while some infections have been recognized as directly promoting
paraproteinemia, evidence is controversial for many others.

A crucial element favoring infections as a consequence of paraproteinemia is the
immune impairment following the altered expression of humoral immunity pro-
teins. T-cell defects may also coexist, along with mucositis, comorbidities, use of
vascular catheters, and other risk factors for infections that are common to immuno-
compromised patients requiring hospitalization [2, 3]. Due to the main nature of the
immunosuppression, involving the expression of B cells, various reports have
underlined that the impaired antibody production, particularly in multiple myeloma
(MM), MGUS and Waldenstrém’s macroglobulinemia (WM), is one of the key fac-
tors responsible for an increased risk of infectious complications [4]. Neutropenia
and lymphocytopenia, linked to both disease progression and to selected chemo-
therapy regimens, also increase the infectious risk in these patient populations,
including the potential for invasive mycoses and viral reactivation [5-7]. Other fac-
tors contributing to an overall increased risk for infectious complications include
the placement of vascular catheters and impaired mucosal integrity, the former
being a prerequisite for and the latter a consequence of chemotherapy. Moreover,
impaired respiratory function and secretion clearance may occur in response to dis-
ease progression and organ impairment, including bone damage and palliative treat-
ment [8, 9].

Paraproteinemia also tends to have higher prevalence in aging populations (e.g.,
from 60 years of age). Elderly patients with rheumatological or hematological dis-
ease are particularly vulnerable in developing infections. Higher morbidity and at
least three-fold higher mortality rates have been reported compared to younger
patients [10]. This unfavorable impact on patients’ outcome, however, is likely to be
multifactorial, and caused by age-related immune dysfunction, decreased physio-
logic reserve, frailty, geriatric syndromes, cognitive dysfunction, and even social
isolation [11, 12].

Moreover, preventive measures such as vaccinations may have suboptimal effi-
cacy and fail to guarantee an adequate response in this frail, immunocompromised
population [13, 14]. Higher doses, or adjuvant use, or multiple vaccine administra-
tions are often necessary to ensure normal levels of antibodies against common
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threats such as encapsulated bacteria, respiratory viruses, and VZV reactivation
[15-17]. Finally, novel drugs have been introduced for the treatment of paraprotein-
emia, and also the use of biologics has become common in rheumatological dis-
eases, in certain instances reducing the rates of infectious complications but also
creating new scenarios for infections.

Here we present the most common infectious causes as well as complications
associated with paraproteinemia and the main cornerstones for the management of
this patient population [18].

Potential Infectious Triggers of Paraproteinemia

Infections have long been hypothesized to be potential triggers of various condi-
tions, including cancer [19]. In paraproteinemia, infections are thought to act either
as direct carcinogens, as exemplified by oncogenic viruses, or playing an indirect
role in the pathogenesis as chronic inflammation promoters, which is consequently
responsible for cell proliferation [4]. These findings embrace many different patho-
gen—disease associations, as exemplified in Table 18.1, but the available evidence is
often controversial.

Bacterial Triggers of Paraproteinemia

Reports of paraproteinemia associated with bacterial infections are numerous [3,
19, 52]. In the setting of MM and MGUS, a higher percentage of IgG targeting
Helicobacter pylori have been observed compared to normal sera [20], even though
the clinical meaning of this finding remains controversial. As for WM, a large popu-
lation study including 2470 affected patients showed that bacterial infections such
as pneumonia, sinusitis, pyelonephritis, and sepsis were associated with a 30%
increased risk of developing the condition [24]. Infections caused by Gram-positive
bacteria, especially Staphylococcus aureus, as well as Mycobacterium tuberculosis
have been reported in patients affected by IgG4-related disease [27, 28]. Previous
studies also supported the role of H. pylori infection in triggering the disease, but a
recent cohort study published by Culver et al. including 5 cases and 52 controls does
not support this evidence, and the role of H. pylori infection remains debated [53].
Various bacterial infections including S. aureus, Streptococcus pneumoniae,
Salmonella spp., Escherichia coli, and M. tuberculosis have been considered as
potential triggers in SLE [30, 31], but solid data are still lacking. In the context of
cryoglobulinemia, a plethora of bacterial infections have been associated with the
disease, including brucellosis, leprosy, Lyme disease, Rickettsial infections, and
syphilis [32]. Prior to effective therapy most cases of AA amyloidosis secondary to
infections were secondary to M. tuberculosis infection [32-34]. Even in recent
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times, tuberculosis remains a potential cause of AA amyloidosis in endemic coun-
tries [35] and complicates up to 5% of the diagnosed cases [36]. Exceptionally,
cases of amyloidosis secondary to non-tuberculous mycobacteria and lepromatous
leprosy have been described [37-40]. Other infections known as potential sources
of secondary amyloidosis include syphilis prior to effective antimicrobial treatment
[41, 42], Tropheryma whipplei [43], and anecdotal cases of brucellosis and Q fever
[44, 45] as well as focal chronic infections such as osteomyelitis, chronic pyelone-
phritis, untreated abscess, prosthetic infections, or endocarditis [52]. A recent narra-
tive review including articles up to 2019 showed a decrease from 50 to less than
20% after the 2000s in the frequency of AA amyloidosis secondary to infections;
however, the percentage remains high, including the involvement of infections in
low resource countries [52]. These data advocate for better management, control,
and screening of infections requiring prolonged treatment.

Viral Triggers of Paraproteinemia

Viral infections have been reported as potential causative agents in many conditions
associated with paraproteinemia [3, 19, 52]. For instance, prior to the development
of the highly active antiretroviral therapy (HAART), the incidence of MGUS in
HIV-infected patients was thought to be significantly higher, ranging from 4 to 26%
[22, 23]. Viruses such as Epstein—Barr Virus (EBV), hepatitis C (HCV), and human
papilloma virus (HPV), as well as H. pylori have been considered as potentially
playing an indirect role in the pathogenesis of MGUS and MM as chronic inflam-
mation promoters [3], which consequently can lead to cell proliferation [4]. A
population-based study found a significant association between HCV infection and
MM [21], whereas a retrospective study conducted at the US Veterans Affairs
healthcare facilities from 1997 to 2004 reported that patients with chronic HCV had
a three-time higher risk for WM compared to non-HCV-infected patients [25]. In a
population study, Kristinsson et al. demonstrated an increased excess risk of devel-
oping WM not only in the setting of bacterial infections, but also for infections
caused by influenza and herpes zoster (HZ) [24]. Other studies found an increased
risk of WM following HZ infection [19, 26]. EBV has been recognized as a poten-
tial trigger also in SLE, either alone or in combination with HIV and HCV [29].
Though the mechanism behind it is not yet clearly understood, it is thought that
EBYV works via structural molecular mimicry with common SLE antigens and func-
tional molecular mimicry with critical immune-regulatory components [22, 54].
Solid evidence is available for the pathogenetic role of HCV in the development of
type II and III cryoglobulinemia [23]. In up to 45-65% of HCV-infected individu-
als, detectable levels of circulating paraproteins have been observed with or without
clinical manifestations [32]. Other infections associated with cryoglobulinemia
include HIV, HBV, CMYV, parvovirus B19, and rubella [32], which potentially share
the pathogenetic mechanism of B-cell hyperactivation and/or proliferation with
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subsequent selective expansion of cryoglobulin-producing B-cell clones. More
robust evidence is also available for HIV infection and amyloidosis, which is
responsible for up to 10% cases of kidney diseases in this subset of patients [46],
whereas confounders make it difficult to ascertain the role of HCV. HBV chronic
infection has also been shown to be associated with the development of AA amyloi-
dosis, even though not as frequently as HIV infection [47, 52]. All in all, the pres-
ence of confounders makes it difficult to ascertain the role of chronic HCV in the
setting of AA amyloidosis.

Fungal and Parasitic Triggers of Paraproteinemia

Chronic inflammation during fungal or parasitic infection can also predispose to
the development of paraproteinemia, even though the evidence in this field is rather
scarce [32, 52]. Data on fungi mostly involve aspergillus chronic infection as a
potential trigger for amyloidosis [48]. However, it is unknown whether the condi-
tion is primarily sustained by the pathogen itself or by bronchiectasis. Seldom,
association of coccidioidomycosis, actinomycosis, and mucormycosis with amy-
loidosis have been reported [49-51]. Similarly, evidence of paraproteinemia in
chronic parasitic infections is rare and mostly limited to AA amyloidosis [52]. In
fact, schistosomiasis, echinococcosis, giardiasis, leishmaniasis, malaria, and fila-
riasis have all been linked to secondary amyloidosis [52], even though the evi-
dence is mainly anecdotal. This is also true for cryoglobulinemia, which has been
associated with chronic fungal (e.g., coccidiomycosis) and parasitic diseases (e.g.,
echinococcosis, leishmaniasis, malaria, schistosomiasis, toxoplasmosis, trypano-
somiasis) [32].

Multiple Myeloma

MM is characterized by a defect of B cells, manifested by hypogammaglobu-
linemia, that is known to increase the risk of infections caused by encapsulated
bacteria such as S. pneumoniae and Haemophilus influenzae [55]. Lymphocytopenia
and neutropenia may be associated and derived from bone marrow infiltration, con-
tributing to the risk of severe infections. Moreover, cytokines released by MM cells
promote an imbalance in the TH1/TH2 ratio, resulting in a defective TH1 response.
An overall increased risk of infection is also caused by MM-related multisystem
involvement, resulting from iron overload and bone damage, and patients’ older
age [56]. Immunosuppressive treatments can also increase the risk for infection
development.

As summarized in Table 18.2, numerous factors contribute to increased infection
risk in patients with myeloma.
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Table 18.2 Multifactorial risk factors for increased risk of infections in patients with MM

Risk type Characteristics

Immunological Impaired antibody production (decreased polyclonal Ig of 75%)
Neutropenia
Lymphopenia

CD4/CDS8 imbalance
Defect of granulocyte adhesiveness
Impaired leukocyte migration

Treatment related IV catheters
High-dose steroid use
Chemotherapy-related mucositis

Others Comorbidities (renal impairment)
Impaired ventilation and secretions clearance
Older age

Infections Associated with MM

In MM, the rate of infection is increased compared to the general population, with
bacterial and viral infections predominating due to the plasma cellular dysfunction
typical of the disease. MM has been associated with a 10-time greater risk of infec-
tion compared to WM. A study performed in Sweden between 2004 and 2007
including 9253 MM patients and 34,931 matched controls without hematologic
malignancy showed that patients with MM had a seven-fold higher risk of infection
compared with controls [57]. Specifically, the risk was 11-fold greater during the
first year following diagnosis. Infections represented a major threat in this popula-
tion, representing the underlying cause of death in 22% of patients at one-year fol-
low-up. The most frequent infections reported in MM included pneumonia,
bacteremia, cellulitis, pyelonephritis, osteomyelitis, and meningitis. The overall
risk for viral infections was ten-fold higher for this group compared to matched
controls with an 18-fold higher risk during the first year. Influenza and HZ virus
were the most frequent viral infections detected [57]. While infections may occur at
any stage, the incidence, etiology, and clinical syndromes or presentation vary
according to different types of treatment and disease phases of MM. The first year
following diagnosis, however, appears consistently as the most threatening for
myeloma patients across studies. Blade et al. reported an overall incidence of severe
infections between 0.8 and 2.22 per patient-year, ranging from 0.49 per patient-year
during plateau phases and increasing to 1.9 during active disease [58]. Timing from
treatment initiation shorter than 2 months, renal failure, and relapsed or refractory
disease were additional risk factors for severe infections [59, 60]. Augustson et al.
enrolled 3107 newly diagnosed patients in the UK from 1980 to 2002 analyzing risk
factors for early mortality. Death within 60 days occurred in 10% of patients with
45% of deaths that were attributable to infection [61]. High tumor burden, poor
performance status, and high comorbidity scores were common factors aggravating
the infectious risk and should be taken into consideration while planning patients’
follow-up and infectious risk assessment. Elevated baseline serum lactic
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dehydrogenase, a marker of tumor burden, was reported as an independent risk fac-
tor for infection occurring in the first year following disease diagnosis in transplant
ineligible patients (incidence rate ratio 2.43, 95% CI 1.39—4.26). Smoking was also
reported as a risk factor for infection (IRR 2.11, 95% CI 1.12-3.98), while receipt
of more than 6 cycles of therapy appeared protective (IRR 0.49, 95% CI
0.28-0.88) [62].

Treatment-Associated Infections in Multiple Myeloma

From a therapeutic point of view, the use of novel agents in MM has increased the
potential for patients’ survival and may also have an impact on the occurrence of
infections although the studies are still scarce and do not clearly compare the rates
of infection among different treatment arms [63]. A report evaluating the predictors
of early mortality (within 1 year from diagnosis) among 542 MM patients receiving
novel agents identified age-adjusted Charlson comorbidity score >4, low body mass
index (<20 kg/m?), thrombocytopenia, and renal failure as independently associated
to unfavorable outcomes. Additional factors associated with early mortality due to
infection included hyperglycemia, lymphocytopenia, and low serum values of
immunoglobulins [64]. As MM progresses, host defenses become severely impaired,
with profound T-cell immunodeficiency, hypogammaglobulinemia, and neutropenia
leading to a broadening of the spectrum of pathogens responsible for infections,
including bacteria, fungi, viruses, mycobacteria, and parasites. While invasive fun-
gal infections and CMV disease are uncommon early during MM treatment, in the
advanced phases of the disease the risk for opportunistic infections increases due to
the effect of cumulative immunosuppression [65, 66].

Invasive pulmonary aspergillosis (IPA) may also occur as a consequence of
patients’ use of high doses of steroids and in case of concomitant neutropenia.
Similar to other immunocompromised patients, the clinical manifestations of infec-
tions may be mild or atypical, and imaging may not be suggestive of IPA [67].
Typical signs of IPA such as macronodules with the halo sign, well-circumscribed
infiltrates, air crescent, or cavities may be replaced by small centrilobular micronod-
ules, ground-glass opacities, tree-in-bud infiltrates, and focal bronchiectasis [68].
Most cases of CMV infections remain asymptomatic in MM patients. Routine CMV
DNA testing in asymptomatic patients is not indicated in MM unless autologous
HCT is performed. Reactivation and burden of CMV infection among patients
receiving specific treatments, however, remains limited to few reports [69]. Gram-
positive bacteria represent the most frequent causative pathogens following MM
diagnosis, accounting for over 50% of causes of infections. S. pneumoniae and
S. aureus, in particular, are frequently isolated and pneumonia represents a frequent
cause of death in patients with MM. Among Gram-negative bacteria, E. coli,
H. influenzae, Neisseria species, and enteric organisms are the leading pathogens
[70]. With the introduction of bortezomib, HSV has also become a frequent cause
of infection in the first months of treatment, along with other viruses such as
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Enterovirus. Regimens that are known to increase the risk of severe infections
include “traditional” chemotherapy, steroid use, and more recent regimens such as
immunomodulatory drugs (IMiDs) and proteasome inhibitors (PIs). IMiDs like
lenalidomide and pomalidomide may cause neutropenia. Among PIs, bortezomib is
associated with VZ reactivation due to impairment of T-cell function [71]. A longi-
tudinal study including 199 patients and 771 episodes of infection between 2008-
and 2012 showed that, among chemotherapy regimens, intensive combination
systemic chemotherapy (HR = 1.86) and specifically high-dose melphalan
(HR = 2.07), IV cyclophosphamide (HR = 1.96), and cumulative doses of cortico-
steroids (HR = 3.06 at highest dose) were independently associated with increased
risk of infection overall (P < 0.05). Conversely, IMiDs, PIs, and other clinical fac-
tors were not associated with infectious risk [72]. Renal failure, in particular, has
been identified as a key risk factor in patients receiving chemotherapy, and is associ-
ated with a risk of death of 30% in the first 2 months of treatment [61].

Clinical Management of Infections in Multiple Myeloma

Clinical management of MM patients with infections include a timely diagnosis and
a correct antimicrobial treatment according to patients’ disease phase, risk factors,
and potential pathogens involved. Fever should be considered of infectious origin
unless proven otherwise and carefully investigated, also considering that the most
frequent sites of infections are the respiratory tract, skin and soft tissues, and the
urinary tract. Blood cultures should be prioritized in case of fever or if there is a high
suspicion for sepsis [72]. The type of pathogens that can be isolated generally
depends on the local epidemiology and on the patient’s history, comorbidities, expo-
sures, previous infections, or bacterial colonization. Patient’s overall net state of
immunosuppression should always be considered and related to the stage of the dis-
ease and its treatment phase (e.g., induction or consolidation, maintenance or sal-
vage, relapse or refractory disease), the type of treatment, and the extent and intensity
of prior therapies [73]. Local epidemiology should be also taken into account, as an
increase in resistant bacteria, especially Gram-negative Enterobacterales (e.g.,
Klebsiella pneumoniae and Pseudomonas aeruginosa) with resistance to beta-
lactams (e.g., extended-spectrum-beta-lactamases producing Enterobacterales) or to
last resort antibiotic, such as carbapenems, has been registered worldwide and causes
increased morbidity and mortality in immunocompromised hosts [74, 75].
According to the clinical scenario, for example, in case of advanced disease or
heavily immunosuppressed patients (e.g., patients receiving blood stem cell trans-
plantation) opportunistic infections such as CMV disease and invasive fungal should
also be considered. Invasive aspergillosis can be investigated through pulmonary
imaging and serum or bronchoalveolar lavage (BAL) Aspergillus galactomannan
antigen testing. The role of 1,3-beta-D-glucan in this setting is yet to be determined
but may be relevant to rule out Pneumocystis jirovecii pneumonia especially in
patients receiving high-dose steroids [68, 76, 77]. A pre-emptive or prophylactic
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approach in the management of infection during this period should be targeted and
based on thorough assessments and, when necessary, invasive diagnostics, taking
into consideration the most frequent sites of infection and pathogens involved [61].
In case of suspicion for opportunistic pathogens and considering that immunocom-
promised patients may present with atypical or fewer symptoms compared to immu-
nocompetent patients, high-resolution computerized tomography (CT) scans should
be preferred to chest X-rays, and BAL may be performed along with nasopharyn-
geal swab for respiratory viruses (e.g., influenza, parainfluenza, respiratory syncy-
tial virus, adenovirus, human metapneumovirus) if respiratory infections are
suspected. Among these, S. pneumoniae may be fatal if not adequately treated. The
presence of abdominal symptoms and/or diarrhea should prompt the collection of
stool samples for C. difficile testing and cultures and PCR for enteric pathogens,
including microscopic testing for parasites also according to the geographic area.
Persistent fever of undetermined etiology despite a comprehensive workup may
require further imaging such as fluorodeoxyglucose (FDG)-positron emission
tomography (FDG PET-CT) to identify potential infectious foci [78, 79].
Reactivation of HBV may be clinically silent, manifesting as an increase in HB V-
DNA and serum aminotransferase levels, but patients may also present with nausea
and vomiting, which can progress to fulminant hepatic failure and death. Reactivation
of HBV can also lead to an interruption of anti-MM therapy, with a potentially
negative impact on the underlying disease [80]. Empiric antimicrobial therapy may
be necessary in case of suspected sepsis, during neutropenic fever episodes, and
should be performed according to the local epidemiology and national and interna-
tional recommendations. Empiric antibiotic therapy is also essential during epi-
sodes of neutropenic fever [81]. To optimize diagnostics through a correct use of
microbiological cultures to control for the potential emergence of resistance follow-
ing the use of broad-spectrum antibiotics, preserving the efficacy of antibiotic ther-
apy, antimicrobial stewardship measures (AMS) should be put in place when
managing patients with MM. Recent reports advocate the use of AMS in hemato-
logical and rheumatological settings, including diagnostics stewardship principles
(e.g., prompt availability of microbiological results and implementation of rapid
techniques for identification of antibiotic susceptibility profiles) and antimicrobial
principles to optimize therapy (e.g., use of antibiotics according to local patterns of
resistance, consideration for de-escalation or treatment discontinuation as soon as
possible to avoid prolonged treatment) [81].

Chemoprophylaxis and Vaccination in Patients
with Multiple Myeloma

Despite improvements in the treatment of MM and the advent of novel drugs, a
significant proportion of patients still face unfavorable outcomes especially within
the first months following diagnosis and/or the beginning of chemotherapy.
Infections remain the leading cause of death early after MM diagnosis. Antibiotic
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and/or antiviral prophylaxis and vaccinations have been proposed to reduce the
infective burden in MM. A multicenter, double-blinded, phase 3 RCT conducted
from 2012 to 2016 enrolled 489 patients receiving levofloxacin prophylaxis vs. 488
receiving placebo, showing higher mortality or first febrile episodes in the placebo
vs. treatment arm (27% vs. 19%, HR 0.66, 95% CI 0.51-0.86; p = 0.0018) within
the first 12 weeks of trial treatment [82]. Other prophylaxes that may be considered
during chemotherapy include acyclovir for HSV prophylaxis and cotrimoxazole for
P. jirovecii prophylaxis, especially among patients receiving steroids, although rec-
ommendations on duration or risk factors are unclear in favoring prophylaxis in
non-transplanted immunocompromised patients and the risk assessment for oppor-
tunistic infections is usually performed on an individual basis [83]. Antibacterial
prophylaxis is usually continued in patients who fail to respond to 3—4 cycles of
induction chemotherapy until the disease is under control, while in responders it is
not recommended [84]. A few RCTs have evaluated the effect of antibacterial pro-
phylaxis in newly diagnosed MM patients. A trial compared trimethoprim-
sulfamethoxazole (TMP-SMX) 160/800 mg every 12 h daily for 2 months with no
prophylaxis in 54 MM patients. Bacterial infections occurred in 2 of 28 patients
(7%) in the TMP-SMX group versus 11 of 26 patients (42%) in the control group
(P = 0.04), with rates of 0.29 episodes per patient-year for TMP-SMX recipients
and 2.43 per patient-year for controls [84]. Another prospective randomized trial
that included 212 patients compared ciprofloxacin (500 mg orally twice daily) to
either TMP-SMX (160/800 mg twice daily) given for 2 months or no prophylaxis.
Differences between groups were not statistically significant, with rates of severe
infections observed in 12.5% of ciprofloxacin recipients, 6.8% of TMP-SMX recip-
ients, and 15.9% of placebo recipients [85]. In this trial, antibiotic prophylaxis did
not decrease the incidence of serious infection (>grade 3 and/or hospitalization) or
any infection <2 months of treatment or infection upon completion of 2 months of
therapy (nor at any time during the subsequent 2 years) or the response to therapy
or to overall survival. Specific prophylaxis may be considered according to the type
of chemotherapy received. Patients receiving a proteasome inhibitor (bortezomib,
carfilzomib, ixazomib) or patients receiving antimyeloma regimens containing elo-
tuzumab, isatuximab, or daratumumab are at high risk for VZV and HSV infections,
therefore antiviral prophylaxis with acyclovir or valacyclovir may be considered
before starting treatment. It has been suggested that antiviral prophylaxis be contin-
ued until 6 weeks after discontinuation of proteasome inhibitors [83]. Furthermore,
testing for HBV surface antigen (HBsAg) and HBV core antibody (anti-HBc) as
well as circulating HBV DNA is recommended. If a moderate to high risk for HBV
reactivation is detected, patients should receive antiviral prophylaxis prior to com-
mencing anti-MM therapy.

Data regarding the clinical effectiveness of vaccines in MM patients are limited.
Patients who are not treated with HSCT have low probability of restoring long-term
immunity and may present with reduced responses to vaccination also caused by
hypogammaglobulinemia or the production of ineffective antibodies. While live
attenuated vaccines are generally contraindicated, inactivated vaccines are safe and
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recommended especially for pneumococcal disease, influenza and reactivation of
VZV due to the increased risks of invasive disease cased by these pathogens in this
patient population [86].

MGUS

MGUS is a cell dyscrasia occurring in 3—7% in those aged >50 years [87, 88], char-
acterized by the production of a monoclonal paraprotein detectable in the serum.
The condition can further progress to MM, WM, amyloid light-chain amyloidosis
or other lymphoproliferative diseases in 1% of patients per year [89]. MGUS itself
is associated with a wide range of complications, either with a causal relationship to
paraprotein production or related to paraprotein deposition in tissues: these include
renal impairment, bone involvement, thrombosis, neuropathy, skin disorders, and
increased rates of infection [3, 20, 90]. More specifically, infections play multiple
roles in plasma cell dyscrasias like MGUS and MM, as mentioned before. There is
an increasing body of evidence supporting the role of microorganisms not only in
immunomodulation and disease progression, as gut microbiota is thought to con-
tribute to the development of MM [91], but also as regulator of response and toxic-
ity of immune-based therapies in MM [10, 92]. While the role of infectious agents
as promoters in paraproteinemia is still under investigation, the presence of infec-
tive complications in MGUS patients is well known and, similar to MM, may be
attributable to multiple mechanisms. Hypogammaglobulinemia due to suppression
of normal plasma cells plays a central role [87, 93-96]. Karlsson et al. compared
humoral immunity in patients with MM, WM, and MGUS with age-matched con-
trols and found that the MGUS group displayed low antibody levels to a number of
pathogens, notably staphylococcal antigens, Moraxella spp., VZV, and fungal anti-
gens [97]. Hypogammaglobulinemia was present in up to 92% of MM patients, as
opposed 56% of the MGUS patients, even though later studies displayed hypogam-
maglobulinemia levels of 25-28% in this population [20, 87]. Apparently, levels of
expression of M protein also play a role; MGUS patients with M protein concentra-
tions over 2.5 g/dL at diagnosis were found to display higher risks of infections
compared to those with concentrations less than 0.5 g/dL, but compared to controls,
the risk of infections was still significantly increased among MGUS patients irre-
spective of M protein concentrations. This was similar for IgG, IgA, and IgM
MGUS isotypes [98]. Another issue related to the immunological alteration of
MGUS patients is the lower absolute numbers of both CD4+ and CD8+ cells [99],
which might impair host response mechanisms.

Further considerations on immune dysregulation must take into account the fact
that MGUS patients, as an increasingly aging population, have a high incidence of
underlying diseases, such as autoimmune disorders and non-hematological malig-
nancies, that may contribute additionally to the increased susceptibility to infections
[90, 98, 100-102]. Moreover, even though MGUS is often an incidental diagnosis
and there is no known role for chemotherapy in the management of this condition,
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some protein-related complications such as monoclonal gammopathy of renal sig-
nificance (MGRS) and MGUS-associated peripheral neuropathies warrant appropri-
ate therapy [90, 103, 104], inevitably leading to further immune impairment. Overall,
MGUS patients appear as a heterogeneous group with a variable degree of immuno-
suppression. Notable examples of infections in MGUS patients include a study of
Gregersen et al. published in 1998, where an association between MGUS and risk of
bacteremia was found with a standardized incidence ratio (SIR) of 2.2 [98]. Another
study based on US screening data published in 2009 found a higher risk of upper
respiratory bacterial infection, spontaneous bacterial peritonitis, and mycobacterium
infection in patients with MGUS compared with controls [11]. Reports on associa-
tion with selected inflammatory disease or infections are also available, such as pyo-
derma gangrenosum [12] and sterile abscess [105]. More recently, the population
study performed in Sweden in 2012 by Kristinsson et al. [94] found that MGUS
patients had a 2.1-fold increased risk of developing any infection, and that the risk
was very similar at 10-year follow-up. When assessing individual bacterial infec-
tions, osteomyelitis, bacteremia, and meningitis presented a hazard risk (HR) above
3%. As for viral infections, associated risk was 2.7 and 2.8 times higher for influenza
and VZV reactivation, respectively. In a case series of 25 renal-transplanted patients
with MGUS, an increased frequency of EBV reactivation was noted [106] associated
with higher viral loads. Currently, studies on infection prevention in this group of
paraproteinemia are lacking, as indications are typically designed for patients with
MM [107]. Ultimately, MGUS patients have a lower life expectancy when compared
to the general population [93, 96, 98], with a median survival of 8.1 years vs 11.8 years
in a large cohort study [11], and this mortality excess is due not only to malignant
transformation, but mostly to a combination of non-hematologic cancers, infections,
and organ dysfunction typical of the disease [90].

Waldenstrom’s Macroglobulinemia

WM is a rare chronic lymphoproliferative malignancy with a reported annual inci-
dence rate of 3—4 cases per million people [108, 109]. It is often preceded by MGUS,
a precursor condition with a transformation rate of 1-2% per year [110]. There are
several conditions considered at augmented risk of WM, including personal or fam-
ily history of autoimmune diseases (Sjogren syndrome, autoimmune hemolytic ane-
mia) and infective disorders, as well as other B-cell disorders [111, 112]. Clinical
manifestations include anemia, constitutional symptoms, and IgM paraprotein-
attributable symptoms such as Bing—Neel syndrome, peripheral neuropathy, hyper-
viscosity, and infectious complications [113]. Infections are common in WM,
particularly those of the respiratory tract. A population-based study found that WM
patients have a 3.4-fold (95% CI 3.1-3.6) elevated risk of developing any infection
than controls, with 3.2 and 6.0 higher risk for bacterial and viral infections, respec-
tively [19]. The infectious risk is considered to be higher due to hypogammaglobu-
linemia [97], a condition common to MGUS, WM and MM, and augmented by
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immunosuppressive therapy needed to control progression and complications.
Nevertheless, one group found no cases of P. jirovecii pneumonia among WM
patients treated with ibrutinib, even though prophylaxis rate was low [114].
Guidelines currently recommend anti-pneumocystis and antiviral prophylaxis,
especially targeted at HSV and VZV, in patients requiring intensive or prolonged
immunosuppressive treatment, including treatment with BTKi and bortezomib,
respectively [115]. Antimicrobial prophylaxis based on local epidemiology should
also be considered for patients with hypogammaglobulinemia who develop recur-
rent bacterial infections, whereas patients with secondary recurrent infection despite
antimicrobial prophylaxis should be considered for immunoglobulin replacement
[115, 116]. Similar to MM, patients diagnosed with WM should be tested for previ-
ous viral hepatitis infection to avoid viral reactivation [117]. Infection prevention
with vaccination is also warranted, including seasonal influenza vaccine.
Furthermore, all patients with WM should be offered pneumococcal vaccination
[118]. Live vaccines are not recommended and, for patients eligible for VZV vac-
cine, the non-live vaccine should be used [115, 116].

IgG4-Related Disease

IgG4-related disease is a rare fibro-inflammatory multiorgan condition, commonly
characterized by polyclonal lymphoplasmacytic infiltrate with IgG4+ plasma cells,
storiform fibrosis, and obliterative phlebitis [119, 120]. The pathogenetic mecha-
nism for IgG4-related disease development is poorly understood. Studies found that
Th2 cytokines like IL-4, IL-5, IL-10, and IL-13, which activate B-cell IgE produc-
tion and eosinophil recruitment, are at increased production in some organ dysfunc-
tion in IgG4-related disease [121, 122]. Evidence of genetic susceptibility
prominently focuses on pancreatitis presentation [123, 124] and is generally scarce.
Reactive eosinophilia is also present in 40% of the patients, usually alongside
asthma and atopy [125]; IgE is also markedly increased, whereas IgA and IgM lev-
els are normal or moderately elevated. All patients with symptomatic disease require
some degree of immunosuppressive therapy, including short-term glucocorticoids
use or monoclonal antibodies such as rituximab for disease relapse [126—128].
Therefore, infectious complications also arise in response to treatment [128, 129],
as shown by Campochiaro et al. reporting upper respiratory tract infections and
urinary tract infections in 6 out of 14 patients receiving rituximab [128]. Another
study conducted in France found rates of severe infection up to 12.1/100 patient-
days in patients who received rituximab [129]. Overall, many patients followed an
indolent course and responded well to treatment, but a significant proportion showed
morbid or fatal complications such as periaortitis, pachymeningitis, and severe
infections. Further studies to stratify infectious risk in this group are needed, and
careful monitoring for severe infection development during immunosuppressive
treatment is warranted.
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Systemic Lupus Erythematosus

Although not classified among paraproteinemias but potentially associated with
transient occurrence of paraproteinemia is systemic lupus erythematosus (SLE), an
inflammatory and multi-systemic autoimmune disorder which may affect every
organ and tissue. SLE is characterized by an uncontrolled auto-reactivity of B and
T cells; this condition causes the production of autoantibodies that act against self-
tissues [130]. The clinical manifestations and the pattern of organ involvement are
widely heterogenous, reflecting the complex mosaic of disrupted molecular path-
ways converging into the SLE clinical phenotype. Morbidity and mortality in SLE
are not only caused by the disease itself but are also due to treatment-associated
complications such as coronary artery disease and increased infection risk as a con-
sequence of corticosteroids [130].

Factors associated with increased risk of infections include high disease activ-
ity, specific immune dysregulation, drug-induced immune deficiency, and organ
failure with irreversible damage. Furthermore, immunosuppressive agents may
make patients more susceptible to opportunistic infections [131]. Distinguishing
between infections and flares of SLE can be challenging, as infections may mimic
them, leading to delays in diagnosis and appropriate management [131]. Specific
biomarkers allowing for an accurate differential diagnosis in this disease are lack-
ing, as serum markers may be nonspecific (e.g., C reactive protein) or may be
relevant only for certain infections (e.g., beta-D-glucan for fungal infections).
Procalcitonin may increase the accuracy of detection of severe bacterial infections
in SLE; however, false-positive results are possible, and its measurement should
not replace an accurate workup to establish the real need for antibiotic use [132].
Research is needed to determine specific immune dysregulation underlying the
increased susceptibility to specific infections, predictors of infection in SLE such
as genetic markers, and biomarkers that discriminate between disease activity and
active infections. Bacterial infections are the most frequent infections in SLE, fol-
lowed by viral and fungal infections. Among risk factors for infection in SLE are
the impaired cellular and humoral immune functions, disease activity, prednisone
doses above 7.5-10 mg/day, and high doses of methylprednisolone or cyclophos-
phamide [30, 133]. A recent review has investigated in vivo and human models
analyzing specific bacterial species associated with SLE, and the potential roles of
certain common bacterial infections in promoting lupus progression [30]. A total
of 8 studies performed over a 20-year period (1999-2020) encompassing over
100,000 patients showed rates of infections between 18 and 72% [134-141]. A
large variety of infectious sites and pathogens were reported, including opportu-
nistic pathogens or bacteria that are typical of the hospital setting (Table 18.3).
Increased age, leukopenia, and prednisone treatment were identified among risk
factors for infection [30].

Despite increased awareness and improved management, infections remain a
major source of morbidity, mortality, hospitalization, and death in patients with



292 A. Visentin et al.

Table 18.3 Most frequently reported sites of infections and related pathogens in patients with SLE

Site of infection Meningitis, meningoencephalitis [134-137]
Endocarditis [134]
Hepatitis [134]
Respiratory [134-141]
Bacteremia [134-137, 139]
Peritonitis [137]
Urinary tract infection [137-141]
Abdominal [136-138, 141]
Skin and soft tissue [137, 141]
Pathogens Staphylococci [136-139]
Klebsiella spp. [134, 136, 140]
Pseudomonas spp. [134, 136, 140]
Acinetobacter spp. [136, 140]
Enterococcus spp. [136]
E. coli [136, 137, 139, 140]
Salmonella spp. [136, 137]
Nocardia spp. [136]
Mpycobacterium tuberculosis [137]
Neisseria meningitidis [137]
Campylobacter spp. [137]
Legionella pneumophila [137]
Serratia spp. [137]

SLE. Infections range from opportunistic to common bacterial and viral infec-
tions with typical or atypical presentations. Infections are common, particularly
from encapsulated bacteria [142]. Pneumonia due to S. pneumoniae has been
documented in these patients and is associated with increased mortality [133]. A
retrospective study performed during 2011-2014 analyzing 443 patients with
various autoimmune rheumatic diseases showed that 24/70 (34%) patients with
suspected CMV infection had positive CMV-Ag, particularly in SLE (59%). At
the time of CMV infection, SLE patients had moderate to severe disease activity
and main CMYV sites involved were the lungs (46%) and the gastrointestinal tract
(27%). Mortality rates reported in the study were high reaching 46% and were
associated with higher doses of daily oral corticosteroids (p = 0.07) and lower
number of lymphocytes (p = 0.06). As increased CMV disease severity has been
associated with SLE, CMV monitoring in patients with symptoms or laboratory
tests suggestive for CMV disease should be performed [143]. Immunization in
SLE is recommended due to an increase in vaccine-preventable disease in this
patient population. In addition to routine immunization schedules, pneumococcal
and seasonal influenza vaccination should be considered as key immunizations.
Also, measures must be evaluated appropriately to prevent infections and their
complications in SLE [131].
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Cryoglobulinemia

Cryoglobulinemia is a condition that may be associated with various diseases such
as infections, autoimmune disorders, and malignancies [32]. As previously men-
tioned, cryoglobulins are detected in the serum of patients suffering from chronic
infection and/or inflammation including viral infections, particularly HCV and less
frequently HIV [23, 32]. The French cohort study of Bonnet et al. and the multi-
center HISPAMEC registry, mostly incorporating patients from Southern Europe,
North America, and Japan, found the condition in 40-65% of those with HCV infec-
tion and HCV/HIV coinfection, whereas prevalence was 15-20% in case of HIV
infection. The treatment of mixed cryoglobulinemia (defined as cryoglobulins in the
serum that contain more than one immunoglobulin component) is performed using
immunosuppressants such as corticosteroids. Considering both immunosuppressive
therapy and the comorbidities that are often associated with the underlying condi-
tion, it is usually recommended to start an antibiotic prophylaxis against opportunis-
tic infection such as P. jirovecii especially among patients receiving high-dose
prednisone. Patients should also receive age-appropriate immunizations before the
initiation of immunosuppression [144, 145].

Amyloidosis

Amyloidosis is defined as the extracellular tissue deposition of subunits of various
proteins, which usually circulate as normal constituents of plasma. The clinical
manifestations of amyloid deposits depend on their type, location, and amount
[146]. There are more than 30 different types of amyloidosis, both systemic and
localized. The principal forms of amyloid subunit proteins include immunoglobulin
light chain (AL) amyloid, transthyretin (ATTR) amyloid, and secondary (AA) amy-
loidosis [147]. AA amyloidosis is described as an occurring complication of chronic
diseases associated with ongoing or recurring inflammation, including infections
[52, 148]. Risk factors for developing infections in patients with amyloidosis
include hyposplenism, hypogammaglobulinemia, treatment-related neutropenia,
melphalan-induced mucositis, and nosocomial infections related to prolonged hos-
pital stay [149]. AL amyloidosis has a poor long-term prognosis when detected at
an advanced stage, with a median survival between 4 and 6 months. Infections are
one of the major causes of death, alongside cardiac, renal, or hepatic failure [150].
Taimur et al. analyzed 493 patients with AL amyloidosis undergoing treatment with
high dose melphalan and autologous SCT between 1994 and 2009. Microbiologically
documented infections occurred in 24% of patients with mortality within 100 days
of SCT reported in 21%, showing a three-fold relative risk of treatment-related mor-
tality (3.42, 95% CI 2.02-5.79). Infections were caused by Gram-positive bacteria
in 51%, anaerobic bacteria in 16%, Gram-negative bacteria in 13%, and fungi in 9%
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of cases. Serum creatinine >2 mg/dL was associated with increased risk of post-
SCT infection (38% vs. 21%, P =0.0007, OR 2.27). Infection did not appear associ-
ated with age, gender, cardiac involvement, steroid therapy, melphalan dose, or
multiorgan involvement [149]. Among other treatments, bortezomib therapy may be
associated with an increased risk of HZ [151]. Clinical trials have also shown that
patients receiving daratumumab have an increased risk of infections such as pneu-
monia, upper respiratory tract infections, and bacteremia. Such infections lead to
significant morbidity and mortality although these results may be related to the
frailty of the population treated [152, 153].

Discussion and Conclusions

Paraproteinemia accounts for several diseases with complex presentations and
multiple immune defects. Infections have sometimes been considered as triggers
for paraproteinemia or may arise as a consequence of immunosuppression linked
to the underlying disease or to the associated chemotherapy. The types and timing
of infections remain poorly studied especially in rare paraproteinemias, and sev-
eral studies appear to focus on infections as a predisposing cause for autoimmune
or hematological diseases rather than infections as a consequence of paraprotein-
emia. For MM, severe infections mainly occur early after diagnosis, or during
initial chemotherapy. Various factors including age, prolonged hospitalization,
organ failure, and disease stage may impact on the type and severity of infections.
Bacteria (compared to viruses, parasites, or fungi) are more commonly isolated in
patients with paraproteinemia, including both community-acquired (e.g., E. coli,
S. pneumoniae) and hospital-acquired (e.g., P. aeruginosa, K. pneumoniae,
S. aureus) bacteria. Viral infections include mainly herpesvirus reactivation.
Fungal infections are less common although candidemia because of prolonged
hospitalization and invasive aspergillosis may occur and are characterized by high
mortality rates.

Some key points to consider in the management of infections in paraproteinemia
are reported in Fig. 18.1.

Some of these points apply to the wider population of immunocompromised
patients, including performance of molecular tests or rapid diagnostics to obtain
etiological diagnosis and to target antimicrobial treatment. Empiric antibiotic
therapy is currently deeply affected by antimicrobial resistance [75]. Infections
due to multidrug-resistant pathogens, especially Gram-negative bacteria such
ESBL-producing or carbapenemase-producing K. pneumoniae or P. aeruginosa
are responsible for high mortality rates and may leave few effective antimicrobial
options [74, 75]. Furthermore, although novel compounds have become available
for multidrug-resistant bacteria, they have high costs, their efficacy have been
mainly tested in vitro, and they may develop resistance as well. Factors such as
clinical severity, underlying comorbidities, prolonged hospitalization or antibiotic
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Fig. 18.1 Key elements for the management of infections in paraproteinemia

use, and previous history of colonization or infections due to multidrug-resistant
bacteria represent key points in approaching an immunocompromised patient
with signs of infection and may warrant for increased antibiotic resistance [74,
75]. Antimicrobial stewardship principles should be put in place while managing
patients with severe or recurrent infections to spare last resort antibiotics, such as
carbapenems, and reduce the ecological impact preserving treatment efficacy. A
de-escalation therapy with initial use of wide-spectrum antimicrobials (e.g., car-
bapenems with or without an aminoglycoside and/or a glycopeptide) followed by
clinical and microbiological reassessment after 72 h of treatment may represent a
good option in severe infections or in febrile neutropenia if a resistant pathogen is
suspected [74, 75]. Epidemiological surveillance through performance of preva-
lence studies is paramount in centers managing immunocompromised patients
[67, 74, 75].

Finally, prevention remains one of the best strategies to reduce the infection
burden in immunocompromised hosts. Clear guidelines on antibiotic prophylaxis
in immunocompromised patients other than HSC and solid organ transplant are
lacking, although some clinical trials support the use of cotrimoxazole in patients
receiving high-dose steroids. Antiviral prophylaxis should also be considered in
patients receiving selected chemotherapy who are at risk for herpesvirus infec-
tions or hepatitis B infections. Immunizations should be performed prior to che-
motherapy and live attenuated vaccinations should be avoided, while vaccinations
against pneumococcal disease, influenza virus, and, most recently, SARS-CoV-2
are recommended [45, 86].
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AD Autosomal dominant
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CT Computed tomography

ASCT Autologous stem cells transplantation
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IeG Immunoglobulins G

IL-1 Interleukin-1

JAK Janus Kinase

MVK Mevalonate kinase gene

MyD88 Myeloid differentiation primary response 88

MRI Magnetic resonance imaging

NF-kB Nuclear factor kappa-light-chain-enhancer of activated B cells
NLRP3 NOD-like receptor-related protein 3

PET Positron emission tomography

MKD Mevalonate kinase deficiency

PFAPA Periodic fever, aphthous stomatitis, pharyngitis and cervical adenitis
POEMS
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mopathy, and Skin changes
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TNFRSFIA  Tumor Necrosis Factor Receptor Superfamily Member 1A

TRAPS Tumor necrosis factor receptor-associated periodic fever syndrome
UBAI Ubiquitin-like modifier activating enzyme 1 gene

VEGF Vascular endothelial growth factor

VEXAS Vacuoles, E1 enzyme, X-linked, Autoinflammatory, Somatic
Introduction

Autoinflammatory diseases represent a group of clinical entities characterized by
recurrent inflammatory attacks in the absence of infections, neoplasms, or deregula-
tion of the adaptive immune system [1]. The autoinflammatory diseases were origi-
nally recognized as monogenic diseases caused by mutations in specific genes
involved in the regulation of innate immunity. In this sense, the monogenic autoin-
flammatory diseases originally recognized were: familial Mediterranean fever, an
autosomal recessive (AR) condition caused by mutations in the MEFV gene that
encodes for pyrin, a protein associated with the inflammasome, an intracellular mul-
tiprotein complex involved in the maturation of interleukin (IL)-1p and IL-18;
tumor necrosis factor (TNF) receptor-associated periodic fever syndrome (TRAPS),
an autosomal dominant (AD) disorder related to mutations involving type 1 TNF
receptor (TNFRSF1A); cryopyrin-associated periodic syndrome (CAPS), a group of
AD disorders associated with mutations in the NLRP3 gene that encodes for
cryopyrin, a component of the NOD-like receptor-related protein 3 (NLRP3) inflam-
masome; mevalonate kinase deficiency (MKD), the second AR disease caused by
MVK mutations and loss of function of the mevalonate kinase enzyme, the first in
the cholesterol biosynthesis enzymatic pathway. Subsequently, on the basis of com-
mon clinical and pathogenetic features shared with monogenic autoinflammatory
diseases, but also by virtue of a common excellent response to interleukin-1 (IL-1)
inhibitors, several multifactorial diseases were classified as multifactorial autoin-
flammatory diseases even though not determined by specific gene mutations [2, 3].

Among the multifactorial autoinflammatory diseases, a leading role is played by
Behcet’s syndrome, adult-onset Still’s disease, and systemic onset juvenile idio-
pathic arthritis, which correspond respectively to the adult and pediatric versions of
the same immune affection, periodic fever, aphthous stomatitis, pharyngitis and cer-
vical adenitis (PFAPA) syndrome, Schnitzler’s syndrome, the gouty arthritis, and
other types of microcrystal arthritis [1, 4].

Thanks to continuous research efforts, the list of monogenic and multifactorial
autoinflammatory diseases is quickly widening year by year. In this regard, a spe-
cific chapter referring to autoinflammatory disorders associated with paraprotein-
emia is also emerging, thus arousing considerable clinical and scientific interest.
Actually, suspecting or identifying a paraproteinemia in patients presenting with
inflammatory symptoms is quite frequent since the routine tests for a patient pre-
senting with fever and inflammatory features have to necessarily include plasma
protein electrophoresis. Indeed, this simple laboratory exam is useful to identify an
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increase in gamma globulins, which would impose a differential diagnosis with
infectious diseases or autoimmune diseases. Conversely, a reduction in gamma
globulins would suggest a congenital or acquired immunodeficiency with conse-
quent opportunistic infections. On the other hand, the identification of a monoclonal
peak opens up different scenarios and makes it necessary to evaluate the patient in
a hematological context in order to understand the significance of the finding and
the possibility of multiple myeloma.

In this chapter, we will not focus on the correct diagnostic investigations and
staging of patients with suspected myeloma or other hematological neoplasms, but
instead address the issue of autoinflammatory diseases associated with paraprotein-
emia, which should be suspected in case the clinical picture acquires particular
inflammatory features.

Paraproteinemia and Autoinflammatory Diseases

In the context of autoinflammatory diseases, the role of paraproteinemia is primarily
expressed in Schnitzler’s syndrome, which is a striking example of an acquired
multifactorial autoinflammatory disease, as mentioned above. However, more
recently other systemic inflammatory conditions have been included in the field of
autoinflammatory conditions associated with paraproteinemia and other bone mar-
row disorders. In particular, VEXAS syndrome, POEMS syndrome, monoclonal
gammopathy, arthralgias, and recurrent fever syndrome, and Mullins’ syndrome
deserve to be precisely explored.

Schnitzler’s Syndrome

Firstly described in 1972, Schnitzler’s syndrome is clinically characterized by fever,
urticarial rash, bone and/or joint pain sustained by osteosclerosis or bone remodel-
ing, enlarged lymph nodes, and hepatomegaly/splenomegaly. During laboratory
assessment, in addition to the highly increased inflammatory markers, it is associ-
ated with a monoclonal gammopathy, which is typically of IgM type, but the IgG
type is not a rare exception (to date reported in less than 10% of cases). Schnitzler’s
syndrome main complication is the development of a lymphoproliferative disorder,
especially Waldenstrom’s macroglobulinemia, that occurs in about 15-20% of cases
after 10 to 20 years of evolution; AA amyloidosis is another rare complication in
untreated patients [5]. Figure 19.1 illustrates the typical urticarial rash in a female
patient with Schnitzler’s syndrome.

The pathophysiology has not yet been clearly elucidated. In particular, it is not
yet known if monoclonal gammopathy is the cause of clinical manifestations or
represents a feature of the disease like any other. Noteworthy, delayed development
of an IgM paraprotein has been described to occur approximately 4 years after the
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Fig. 19.1 Typical
urticarial rash observed in
the volar region of the left
forearm in a 61-year-old
female patient diagnosed
with Schnitzler’s syndrome

onset of symptoms in one patient [6]. Also, the association between Waldenstrom’s
macroglobulinemia and mutations in MyD88 [7], which is an adaptor in IL-1 sig-
naling by interacting with IL-1 receptor complex and IL-1 receptor-associated
kinase, could suggest that clonal IgM production may be stimulated by an increased
IL-1 stimulation. Schnitzler’s syndrome might be also the result of the increased
NF-xf activation, as observed in patients with monoclonal gammopathy of uncer-
tain significance or Waldenstrom’s macroglobulinemia. As, both MyD88 and NF-«f3
have a role in controlling the NLRP3 inflammasome, that is the major source of
IL-1 cellular production, the presence of a certain single nucleotide polymorphism
or mosaic mutation in NLRP3 gene has been hypothesized to induce the disease
when the paraproteinemia affects MyD88 and/or NF-kf} functions [8]. In any case,
it has to be noted that the level of the monoclonal component at diagnosis is highly
variable, as it can only be present at a very low level or else be very high.

Patients with Schnitzler’s syndrome responsive to IL-1 blocking agents, but with
no evidence of monoclonal gammopathy could definitely suggest the lack of a
pathogenic role for paraproteinemia in such syndrome [9, 10]. Nevertheless, great
caution should be applied when diagnosing Schnitzler’s syndrome without mono-
clonal component. Indeed, skin and musculoskeletal manifestations may closely
resemble other clinical conditions possibly arising during adulthood and responsive
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to IL-1 inhibition, especially acquired CAPS and Still’s disease. Therefore, a thor-
ough differential diagnosis including the definite exclusion of mosaic NLRP3 gene
mutations should have been performed for diagnostic confirmation in such cases. In
addition, other as yet unknown autoinflammatory conditions cannot be ruled out
with sufficient certainty [11].

If the role of paraproteinemia is still a mystery, the autoinflammatory nature of
Schnitzler’s syndrome is now well established not only on the basis of the striking
clinical similarity with monogenic autoinflammatory diseases, in particular CAPS,
but also in view of the results obtained from basic research and the extraordinary
response to anti-IL-1 biologic agents. Indeed, increased IL-1B secretion by
lipopolysaccharide-stimulated peripheral blood mononuclear cells has been
observed and is perhaps due to dermal mast cells secretion. Also IL-6 serum levels
are increased and seem to be correlated with disease activity [12—14]. The adaptive
immunity itself is involved, as a consequence of IL-1 overproduction: in particular
a profound loss of anti-inflammatory Th17 cell functionalities has been observed,
with suppression of IL-10 [15, 16].

Diagnosis of Schnitzler’s syndrome requires the exclusion of many other mim-
icking clinical entities, especially adult-onset Still’s disease, CAPS (including
acquired forms associated with genetic mosaicism), cryoglobulinemia, urticarial
vasculitis, autoimmune diseases with urticarial rash, infectious diseases, mastocyto-
sis, lymphoma, and Waldenstrom’s disease. After having ruled out these conditions,
specific sets of diagnostic criteria may be applied. The first set of criteria was pro-
posed in 2001 by Lipsker et al. and are depicted in Table 19.1. These criteria require
the presence of urticarial rash and monoclonal IgM component in addition to two
other clinical or laboratory features [17]. In 2013, the Strasbourg criteria were pro-
posed by Simon et al. [18]. This set of criteria, reported in Table 19.2, introduced the
distinction between IgM and IgG gammopathy and included the possibility of a
“probable” diagnosis in addition to the “definite” diagnosis. Also the Strasbourg

Table 19.1 Diagnostic criteria for Schnitzler’s syndrome proposed by Lipsker et al. [17]

Mandatory items Urticarial rash

Monoclonal IgM component

Additional items Fever
Arthralgia or arthritis
Bone pain

Palpable lymph nodes

Liver or spleen enlargement

Increased erythrocyte sedimentation rate

Leukocytosis

Abnormal findings on bone morphologic investigations

In this case, the diagnosis may be performed in case the patient fulfils both mandatory items and at
least two of the additional items
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Table 19.2 Strasbourg diagnostic criteria for the diagnosis of Schnitzler’s syndrome [18]

Obligate criteria

Chronic urticarial skin rash

IgM or IgG monoclonal gammopathy
Minor criteria

Unexplained recurrent fever (body temperature >38 °C)

Abnormal bone remodeling assessed by bone scintigraphy, MRI, or bone alkaline phosphatase

Neutrophilic dermal infiltrate at skin biopsy with no fibrinoid necrosis or significant dermal
edema

Leukocytosis (neutrophils >10.000/mm?) and/or elevated C-reactive protein (>30 mg/L)

In this case, a “definite” diagnosis is justified by the fulfillment of the two obligate criteria and at
least two minor criteria in patients with IgM monoclonal gammopathy or three minor criteria in
patients with IgG monoclonal gammopathy. Diagnosis is “probable” when the two obligate criteria
are fulfilled in addition to at least one minor criteria in patients with IgM monoclonal gammopathy
or two minor criteria in patients with IgG monoclonal gammopathy

IgM immunoglobulins M, IgG immunoglobulins G, MRI magnetic resonance imaging

criteria include obligate items (chronic urticarial rash and IgM or IgG monoclonal
gammopathy) and additional items. Particularly, in patients with IgM monoclonal
gammopathy a definite diagnosis of Schnitzler’s syndrome is justified by the fulfill-
ment of the two obligate items and at least two minor criteria; diagnosis is probable
when the two obligate criteria are fulfilled in addition to at least one minor criteria.
In patients with IgG monoclonal gammopathy, a definite diagnosis of Schnitzler’s
syndrome is justified by the fulfillment of the two obligate items and at least three
minor criteria; diagnosis is probable when the two obligate criteria are fulfilled in
addition to at least two minor criteria.

Skin biopsy is often useful for diagnosis, as it accounts for a minor item in the
diagnostic criteria. Histology is characterized by a neutrophilic urticarial dermatosis
with perivascular and interstitial infiltrate of neutrophils and leukocytoclasia [19].
Vasculitis may be observed, but with no fibrinoid necrosis and no dermal edema [20].

With regard to treatment, non-steroidal anti-inflammatory drugs, antihistamines,
and colchicine are useful in less severe cases. Also systemic corticosteroids are use-
ful in controlling clinical and laboratory manifestations, but they cannot be used at
high dosage for a long time because of the well-known side effects; in addition,
corticosteroids seem to not avoid complications [21]. Conversely, the inhibition of
IL-1 with anakinra, canakinumab, and rilonacept has proved to induce a quick and
sustained control of all clinical and laboratory manifestations. The IL-1 receptor
antagonist anakinra is the most currently used biologic agent to treat Schnitzler’s
syndrome and permit the disease control within a few hours from the first injection;
the posology is generally 100 mg/day. Also the anti-IL-1f monoclonal agent
canakinumab has proved to be highly effective in inducing disease remission. In this
case, the posology required to control Schnitzler’s disease may vary from 150 mg
every 8 weeks to 300 mg every 4 weeks. The anti-IL-1 fusion protein rilonacept is
also effective at the dosage of 320 mg followed by 160 mg/week. However, this
agent is not available on the European market [22-24].
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Anti-IL-1 agents do not seem to have a role on the monoclonal component and
probably do not prevent lymphoproliferation [23, 25]; however, current data are
quite poor on this matter.

As a whole, complete remission with IL-1 blocking therapies is obtained in about
83% of patients [23]. The remaining patients achieve partial remission, mainly with
persistence of joint pain. This subgroup of patients could benefit from IL-6 inhibi-
tion. However, a recent open-label study involving 8 patients showed the efficacy of
the anti-IL-6 agent tocilizumab in controlling clinical and laboratory disease mani-
festations, but also a high frequency of loss of efficacy in the short-time. The authors
themselves suggested to primarily consider tocilizumab after the failure of other
cytokine-targeted therapies [26].

VEXAS Syndrome

At the end of 2020, myeloid-restricted somatic X-linked inactivating mutations of
UBA1 gene have been identified to lead to an acquired autoinflammatory condition
clinically characterized by late-onset, treatment-refractory inflammatory manifesta-
tions with associated hematologic abnormalities. The disease onset occurs in the
fifth to seventh decade of life; clinical features of the disease include recurrent fever,
alveolitis, skin lesions (neutrophilic dermatosis and cutaneous vasculitis), auricular
and nasal chondritis, myalgia, arthralgia, erythema nodosum, and thromboembolic
disease. In any case, the clinical picture may vary from a relatively easy-to-treat
condition to a life-threatening macrophage activation syndrome [27, 28].

Hematologic abnormalities progressively involve all patients and correspond to
macrocytic anemia, thrombocytopenia, and myeloid dyspoiesis; to date, overt
hematologic malignant condition has not been reported. Of note, many patients ful-
fill diagnostic criteria for other systemic inflammatory diseases, such as relapsing
polychondritis, polyarteritis nodosa, giant-cell arteritis, and Sweet’s syndrome.
Other patients fulfill criteria for myelodysplastic syndrome and multiple myeloma
or monoclonal gammopathy of undetermined significance. Actually, myeloid-
restricted somatic mutations in UBA I may underlie myelodysplastic disease accom-
panied by systemic inflammation capable of resembling many other systemic
disorders [27].

UBAI is a gene encoding the ubiquitin-activating enzyme 1 (E1 enzyme), which
is necessary for the initiation of ubiquitylation, a post-translational modification of
proteins involved in the regulation of various aspects of cellular biology, such as
intracellular signaling and protein degradation by proteasome or autophagy-lyso-
some system.

Data currently available seem to suggest that this disorder involves males exclu-
sively and that the additional allele in females protects against the effects of the
mutant allele; however, it is necessary to understand whether the effect of the
skewed X-inactivation could induce a milder disease in women.
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From a laboratory point of view, patients present with highly increased levels of
acute-phase reactants. Bone marrow analysis allows us to observe hypercellularity,
ring sideroblasts, and vacuolization restricted to myeloid and erythroid precursors;
electron microscopy highlights myeloid cells undergoing cell death and showing
vacuoles of lipid droplets along with disordered cellular organelles, including
degenerating mitochondria.

On the basis of all the prominent features this disorder has been named VEXAS
(vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic) syndrome.

Disease-modifying anti-rheumatic drugs are often ineffective, while high-dose
glucocorticoids are effective in improving inflammatory symptoms. However,
cyclosporine was proven to induce some benefit. Also anti-IL-6 agents and JAK
inhibitors (ruxolitinib or tofacitinib) seem to have a good therapeutic role. On the
contrary, the use of anakinra is associated with more pronounced than expected
severe skin reactions [28, 29]. Further research is needed to explore bone marrow
transplantation or gene-editing therapies as potential treatment modalities.

POEMS Syndrome

Polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin
changes (POEMS) syndrome is a rare multisystem autoinflammatory disease. In
addition to the features corresponding to the acronym, papilledema, extravascular
volume overload, sclerotic bone lesions, and thrombocytosis are often observed.
Endocrinopathy includes more often hypogonadism and hypopituitarism manifesting
with erectile dysfunction and gynecomastia in men, and early menopausal symptoms
in women. Diabetes mellitus, parathyroid, and thyroid involvements are also frequent.
Regarding skin lesions, patients present dome shaped red-brown papular (sometimes
pedunculated) nodules on the trunk or proximal extremities. POEMS syndrome is
caused by an underlying plasma cell proliferative disorder that can induce a severe
cytokine-driven inflammatory response, in particular vascular endothelial growth fac-
tor (VEGF) [30]. VEGF induces capillary leakage and, in turn, papilledema, poor gas
transfer in the lungs, ascites, and pericardial effusions in most severe cases.

Diagnosis is based on the fulfillment of clinical criteria proposed by Dispenzieri
et al. and reported in Table 19.3 [31]. In particular, the diagnosis is made with the
two mandatory criteria, at least one out of the three other major criteria, and at least
one of the minor criteria are fulfilled. Diabetes mellitus and thyroid abnormalities
should not be used as diagnostic items if accounting for the only endocrine manifes-
tation because of their high prevalence in the general population.

Despite diagnostic criteria, the heterogeneity of clinical presentations and the
frequent identification of patients with only a limited number of the classical fea-
tures contribute to diagnostic delay. In addition, bone marrow biopsy may be mini-
mally or not at all compromised by monoclonal plasma cells. In this context, VEGF
represents a useful biomarker for disease detection and monitoring; other examina-
tions include serum protein electrophoresis, immunofixation, and serum free light
chain analysis to detect a subtle plasma cell disorder. Bone marrow aspirate or
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Table 19.3 Diagnostic criteria for polyneuropathy, organomegaly, endocrinopathy, monoclonal
gammopathy, and skin changes (POEMS) syndrome [31]

Mandatory major | Polyneuropathy

criteria Monoclonal plasma cell proliferative disorder
Other major Castleman disease
criteria Sclerotic bone lesions

Raised vascular endothelial growth factor

Minor criteria Organomegaly (spleen/liver/lymph nodes)

Extravascular volume overload

Endocrinopathy (adrenal, thyroid, pituitary, gonadal, parathyroid,
pancreatic)

Skin changes

Papilledema
Thrombocytosis/polycythemia

Other useful Clubbing, weight loss, hyperhidrosis, pulmonary hypertension/restrictive
features lung disease, thrombotic diathesis, diarrhea, low vitamin B12

Diagnosis is possible when the patient meets both the two mandatory criteria plus at last one out
of the three other major criteria plus at least one of the minor criteria. Note that diabetes mellitus
and thyroid abnormalities should not be used as diagnostic criteria if not associated with other
endocrine disorders, as their high prevalence makes them too little specific

biopsy specimen histopathology are also necessary for a valuable diagnosis and
staging. Similarly, skeletal X-ray and computed tomography (CT) of the chest,
abdomen, and pelvis can be useful to identify mixed sclerotic and lytic bone lesions.
Alternatively, whole body magnetic resonance imaging is often employed as a
screening tool; positron emission tomography (PET)/CT is the most useful imaging
modality to identify the plasmacytoma or lymph nodes for biopsy [32] (Chap. 21).

Treatment is directed at the underlying clonal plasma cell disorder and is tailored
on the extension and distribution of bone marrow involvement. Radiotherapy is use-
ful for localized disease (one or two plasmacytoma), while autologous stem cells
transplantation (ASCT) combined chemotherapy is the gold standard for patients
with three or more plasmacytomas at imaging or positive bone marrow histology.
Chemotherapy includes the use of alkylating agents (such as melphalan or cyclo-
phosphamide) and dexamethasone [33, 34]. Thalidomide and lenalidomide are also
emerging as treatments for POEMS syndrome [35].

Monoclonal Gammopathy, Arthralgias, and Recurrent
Fever Syndrome

A work dated 2019 has pointed out the possibility of a new autoinflammatory dis-
ease characterized by fever lasting 3—12 days, arthralgia involving the peripheral
joints or the spine, myalgia, and occasionally pleuritis, after having ruled out
Schnitzler’s syndrome, infectious and neoplastic diseases. Patients show a mono-
clonal gammopathy of IgG or IgM without specificity for the light chain, and
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increased C-reactive protein during febrile episodes. Unlike what is described for
Schnitzler’s syndrome, urticarial rash, osteosclerosis, or bone remodeling are lack-
ing. Noteworthy, IL-1 inhibition seems to represent a useful treatment approach [36].

Also in this case, the significance of the monoclonal gammopathy is unclear and
the authors bring up the hypotheses already considered for Schnitzler’s syndrome.
Fascinating as it is, this proposed new clinical condition needs to be confirmed on a
broader basis, and it is necessary to understand whether patients with monoclonal
gammopathy and recurrent febrile episodes share a common pathogenic link or they
suffer from disparate still unclassified clinical conditions.

Mullins’ Syndrome

Mullins’ syndrome has been described in 2015 as an acquired autoinflammatory
condition associated with IgG paraproteinemia. It is clinically similar to Schnitzler’s
syndrome and patients may fulfill Strasbourg clinical criteria [36]. Nevertheless,
some differences have been highlighted between Mullins’ syndrome and Schnitzler’s
syndrome. In particular, the former is characterized by: (1) complement depletion
following initial symptoms, while complement is normal or increased in Schnitzler’s
syndrome; (2) transient leukopenia and thrombocytopenia, instead of leukocytosis;
(3) lack of response to anakinra. In any case, the description of this syndrome is
currently limited to a case report [37] and, on the basis of the clinical features, it
would be interesting to find out whether the patient was suffering from VEXAS
syndrome, which was not yet identified at the time of the case presentation.

Conclusions

While Schnitzler’s syndrome, described in 1972, has been relatively better under-
stood over the last two or three decades, the chapter of paraproteinemia in relation
to the autoinflammatory diseases is starting to emerge. In fact, however intriguing,
little is known about these clinical conditions and how bone marrow cells may con-
tribute to the activation of the pathogenic process associated with innate immunity
affections. In this regard, the very recent identification of the VEXAS syndrome has
undoubtedly opened up a new scientific chapter that will definitely achieve a quick
development in the next few years. This will probably give rise to considerable new
diagnostic possibilities for many adult patients currently classified as suffering from
undifferentiated autoinflammatory diseases. Actually, the need to research the cause
of many unexplained inflammatory conditions in bone marrow cells—many of
which are a central part of innate immunity—is demonstrated by the various
attempts made in recent times to identify specific clinical entities based on the selec-
tion of evocative symptoms clustering. Scientific research in this field is only just
beginning, but we believe that this could be the decade in which this chapter will
grow substantially.
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Chapter 20 )
Paraproteins Associated with Malignancy

Check for
updates

Pietro Enrico Pioltelli

Abbreviations

CIDP Chronic inflammatory demyelinating polyneuropathy with M component
MC Mixed cryoglobulinaemia
MGUS Monoclonal gammopathy of undetermined significance

Introduction

The interaction between the neoplastic tissue and the host immune system has been
extensively explored both on the side of the inhibitory/tolerogenic effects and that
of defensive reaction [1-7].

A family of specific highly immunogenic antigens have been detected to be
shared among many disorders [8§—13], and many authors have reported the presence
of an adaptive antibody-mediated response to neoplastic antigens in a wide range of
epithelial neoplasms [14], mainly in the antigen-rich tumours such as melanoma
[15] but also in cases with weak immunogenic neoplasms such as gastric [16] pul-
monary [17-20], mammary [21], pancreatic [22], colonic [23-25], oesophageal
[26], ovarian [27] or prostatic cancers [28], and glioma [29]. Similar findings have
been detected directed against neoplastic molecules linked to tumour biology [20].
Moreover, the presence of antibodies recognizing functional molecules as p53 [12,
30], c-MYC [31], interferon [32], or overexpressed or mutated in the neoplastic tis-
sue has been reported in a considerable number of papers and reviewed in meta-
analysis. Those findings more often have been proposed to serve as tools for early
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diagnosis [33-37] or as markers of aggressive behaviour [30], and also their possi-
ble influence in improving prognosis has been reported [30, 36, 37].

Whatever the role and clinical usefulness of those antibodies, their presence
confirms the immune system reaction to cancer cells or to their metabolic activity
and the presence of a chronic and long-lasting triggering by a restricted anti-
gen family.

According to the antigen-driven monoclonal expansion, in those situations, the
selection, growth, and differentiation of a lymphocyte clone could be conceivable,
eventually with production of monoclonal immunoglobulins.

Available Data

Despite this theoretical premise, the presence of paraproteins in cancer series has
been evaluated very seldom in recent papers. Seth found cryoglobulins in 95% of 48
patients with cervical cancer and reported a link between the paraproteins and the
disease severity [38]; Norris reported the presence of cryoprecipitating immune
complexes in seven out of 13 melanoma patients [39].

Data from Case Reports

More often, these findings were reported in single case descriptions: Hradska
described a case of a 77-year-old man with hypercalcaemia, osteolytic lesions, and
IgAk monoclonal paraprotein with parathyroid adenoma but without plasma cell
myeloma infiltrates [40]; Chen described a patient bearing monoclonal IgGk associ-
ated with colon adenocarcinoma who had a complete serologic recovery after surgi-
cal removal of his tumour [41]; Pramanik reported a case of prostate carcinoma with
monoclonal gammopathy as its presenting feature [42]; Wronski documented a case
of cryoglobulinaemic vasculitis associated with a non-malignant schwannoma [43];
finally, Cobcroft reported a female patient with cryoglobulins associated with an
atrial myxoma [44].

Data from Case Series

More detailed data can be found among the series of patients with cryoglobulins or
monoclonal gammopathies of undetermined significance (MGUS) or in studies on
paraneoplastic autoimmune manifestations (Table 20.1). In a follow-up study on
453 patients with non-HCV cryoglobulinaemia, Eble reported a 16% incidence of
solid tumours [45]. La Raja, in a case series of 8197 blood donors, identified 104
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Table 20.1 Studies evaluating the presence of epithelial neoplasms in gammopathy series
Years of median follow-up N°

Author (year) Study population | (range) cases Cancers
Eble (2016) Non-HCV MC na 453 75

La Raja (2012) MGUS 7.7 (2-11) 104 6 (%)
Kuwabara (2018) Non-IgM MGUS | 6.4 (0-9.5) 1009 54 (%)
Gore (1979) MGUS na 56 1(%)

(multiband)

Antoine (1996) CIDP na 33 1(%)
Ferri (2004) MC 15 231 7 (%)
Invernizzi (1983) MC 8 (7-9) 166 None
Kyle (1995) MGUS 48 213 None
Robert-Thompson MGUS na 613 None
(2002)

Anagnostopoulos MGUS 6.7 75 None
(2002)

Rosinol (2007) MGUS 20 359 None
Madan (2009) MGUS 14 214 None
Sandecka (2017) MGUS 4 1887 None
Ma (2019) MGUS 0.5 49 None

CIDP chronic inflammatory demyelinating polyneuropathy with M component, MC mixed cryo-
globulinemia, MGUS monoclonal gammopathy of undetermined significance
(*) see text for details of diagnoses

cases of MGUS, among them over a 92-months follow-up; three developed pros-
tate cancer, two bladder cancer, and one colon cancer accounting for near one can-
cer per 133 patient/year. Surprisingly only two overt myelomas and one lymphoma
were observed [46]. Kuwabara, in a 20-years follow-up of 1009 cases of non-IgM
MGUS, reported the death of 168 patients: 30 cases of multiple myeloma, 2 of
amyloidosis, 8 of lymphomas, 6 of myelodysplastic syndromes, 73 of non-
neoplastic causes, and 54 of epithelial cancers: These were diagnosed as 11 lung
cancers, 7 colon cancers, 7 gastric cancers, 7 bladder cancers, 5 hepatocarcinomas,
4 hepatobiliary cancers, 3 breast cancers, and 3 cancers of head and neck, and 7
cancers not specified, accounting for an incidence of about one cancer death in 594
patient/year [47]. In a series of 56 MGUS with multiple paraproteins, Gore included
33 cases of immunoproliferative disorders as myelomas or macroglobulinaemia, 3
lymphomas, 19 non-malignant diseases, and one case of gastric cancer at presenta-
tion [48]. Antoine et al., in a series of 33 patients with peripheral neuropathies,
described the presence of cancer in three patients, one pancreatic carcinoma, and
one rectosigmoid adenocarcinoma without paraprotein and one 61-year-old man
with cholangiocarcinoma associated with a monoclonal IgMk [49] but in a follow-
ing paper, among 26 similar patients bearing cancers, the authors found anti-
onconeural antibodies in 7 of them; 5 with lung cancer, one mediastinal
undifferentiated carcinoma, and one prostatic cancer but none of them showed
monoclonal pattern [50].
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Confounding Factors

In 2004, Ferri reported 7 liver carcinoma cases in a series of 231 patients suffering
from cryoglobulinaemic syndrome and followed for about 15 years, accounting for
one case over 561 patient/years. Still, the link between cancer and the paraproteins
implied by this finding is rather questionable because of the presence of chronic
Hepatitis C virus infection which can cause both the cryoglobulin production and
the development of liver cancer [51].

Counter Arguments

Over 30 years, a large body of papers each referring to a series of paraproteins,
mainly MGUS, that were performed in a wide range of countries, reported some
incidence of immunoproliferative or lymphoid neoplasm and autoimmune diseases
but no cases of epithelial cancer.

Invernizzi followed for 7-9 years the evolution of the disease in 166 cryoglobu-
linaemic patients, 87 had already been diagnosed for lymphoproliferative or hepatic
diseases, within the 79 considered idiopathic, 35 of them could be followed for a
period ranging from 8 to 17 years, 14 without unfavourable evolution, 13 developed
membranous proliferative nephropathy, 4 hepatic disorder, and 4 lymphoprolifera-
tive neoplasm but none developed cancer [52]. Kyle followed, for as long as
48 years, 213 MGUS patients [53], and Roberts-Thomson retrospectively evaluated
613 cases of paraproteins and both found many lymphomas, but not a single case of
cancer [54]. Anagnostopoulos in a population-based study including 1564 elderly
patients found 197 epithelial neoplasms, none of whom had a monoclonal gam-
mopathy. Moreover, among 75 patients bearing monoclonal gammopathy, none
developed cancer over a follow-up period of 71 months [55]. Rosinol, following for
20 years 359 MGUS cases, reported a single incidence of myeloma [56]. Madan
reported similar data on a series of 214 MGUS cases followed for about 14 years
[57]. Bida in his search for pathogenetic causes in 17,398 MGUS reported only a
single case of colon cancer, stating that its incidence is the same in MGUS as it is in
the general population [58]. Sandecka analyzed 1887 MGUS cases over 4 years
without detecting any cancer [59]. Similar findings were reported by Ma in a smaller
series of 49 MGUS patients [60].

Summarizing Remarks

Summarizing these data, it is clear that paraproteins and cryoprecipitating com-
plexes could be found frequently in sera of patients with epithelial neoplasms, and
their presence could be a marker of worse prognosis, but the evidence supporting
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this statement is very weak, and studies that are more accurate are needed. In any
case, this suggestion lends support to the hypothesis that a long-lasting exposure to
a restricted family of neoantigens can induce a clonal lymphocyte growth and a
monoclonal antibody synthesis.

Conclusion

The evidence for further evolution of this clonal growth is lacking and may be
impossible to obtain because of the features of the underlying disease and the cyto-
toxic treatments applied. Overall, the conclusion is that a tight link of paraproteins,
both monoclonal globulins and cryoprecipitating complexes having a monoclonal
component, with epithelial cancer is very unreliable. Although quite abundant, the
reports are scanty and uneven, and the absence of sound population studies prevents
any attempt not only for a meta-analysis but also for stating a hypothesis about this
issue. Though it has been very roughly evaluated, the incidence of cancer among the
cryoglobulins or MGUS bearing people seems to be the same as in the general
population. However, the distribution of cancer type in the general population is not
mirrored in MGUS series, as the most frequently diagnosed cancers, i.e. breast or
colon cancer, are less frequently encountered in the MGUS population whereas
prostate and bladder cancers showed a relatively higher frequency. So, as a rule of
thumb, a urological evaluation and the search for neoplastic cells in urine should be
considered in the screening of a patient with MGUS or cryoglobulins.
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Cold agglutinin disease

Castleman disease

Cytomegalovirus

Common variable immunodeficiency

Direct antiglobulin test

Epstein—Barr virus

Erythema elevatum diutinum

Glucocerebrosidase

Human Herpesvirus-8

Interleukin

Idiopathic multicentric castleman disease
iMCD-thrombocytopenia, ascites, reticulin fibrosis, renal dys-
function and organomegaly

Multicentric Castleman disease

Monoclonal gammopathy

Monoclonal gammopathy of undetermined significance

Multiple myeloma

Plasma cell

Primary inherited immunodeficiencby

Polyneuropathy, Organomegaly, Endocrinopathy, Monoclonal
Protein, Skin Changes

POEMS-associated MCD

Polycythemia vera

Smoldering multiple myeloma

Telangiectasias, elevated erythropoietin (EPO) and erythrocyto-
sis, monoclonal gammopathy, perinephric fluid collections, and
intrapulmonary shunting

Tumor necrosis factor

Unicentric Castleman disease

Vascular endothelial growth factor

Waldenstrom macroglobulinemia

The list of diseases and syndromes eventually proving to be associated with mono-
clonal gammopathies, or paraproteinemias is progressively expanding. In preceding
chapters, the conditions that could be grouped under a specific entity or a causative
agent are discussed. In this chapter, we will discuss the following miscellaneous
topics that are associated with paraproteins.

— Monoclonal gammopathies (MG) after tissue transplantation
— Primary immunodeficiency
— Cold agglutinin disease (CAD)
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— Castleman disease (CD)

— POEMS syndrome

— Gaucher disease (GD)

— TEMPI syndrome

— Erythema elevatum diutinum (EED)

They will be discussed with regard to our current knowledge on their pathogen-
esis, clinical presentations, and available therapeutic modalities.

Monoclonal Gammopathies After Tissue Transplantation

The presence of a monoclonal paraprotein in the sera of transplanted patients could
have a dual significance. Aside from the obvious prognostic relevance of the para-
proteins expressed by the disease justifying the transplantation itself, its presence
before the transplant could influence the treatment outcome while its onset after the
transplant could represent a harbinger of a new disease or the provocation of the
host immune system by the donor antigens or the graft immune system when
matched with the patient tissues. Moreover, in this bursting environment some
viruses are often chronically present fueling a prolonged synthesis of antibodies
against a restricted range of epitopes.

Available Data

Monoclonal paraproteins are reported in all transplant settings, with a wide range of
incidence, depending on the type of transplant or the aim of the report.

Sound epidemiological surveys are lacking but studies on large series are avail-
able. In kidney transplants, Alfano studied 548 patients, over a 7-years median fol-
low-up, and reported 39 cases of monoclonal gammopathy of undetermined
significance (MGUS) accounting for 8.1% [1], Cuéllar-Garcia who worked on 1016
cases observed only 11 MGUS [2], Naina studying 3518 transplant cases reported
19 MGUS after transplantation [3], whereas Gagnon reported 13 MGUS in his 750
cases [4] . Caforio in a series of 308 cardiac transplants observed a risk for develop-
ing MGUS of 30% at 5 years and 50% at 10 years [S5]. Similar events were observed
in a large number of smaller series [6-8] and the presence of cryoprecipitating
immune complexes has also been reported [9-12]. Those findings very seldom can
be attributed to an autoimmune mechanism as proposed by Mitus on allogeneic
bone marrow transplant where a transient mono/oligoclonal gammopathy and
monoclonal B cells in peripheral blood are present [13]. Some hints suggesting a
derangement in T cells subsets, favoring a B-cell uncontrolled growth from the links
observed between a monoclonal gammopathy and an intensive anti-T immunosup-
pression [5, 7, 14], but in the great majority of series the monoclonal response is



328 P. E. Pioltelli et al.

elicited by viral triggers, mainly by a lymphotropic virus such as Epstein—Barr virus
(EBV), [3, 7, 15, 16] when expressed as reactivation of latent form [17-19], or
hepatitis C virus RNA which has been reported both in typical MGUS [9, 11, 20]
and in type II cryoglobulinemia [12, 21]. Some other viruses, in singular or con-
comitant infections are observed, such as Cytomegalovirus (CMV) [7, 14, 22, 23],
or human herpesvirus 8§ (HHV 8) [24]. Anyway, the role of an MG detected after
transplantation is not clearly defined; some authors reported transient disorder with-
out worsening activity [1, 4, 8, 14, 18, 25], but in many cases a lymphoproliferative
disease after MGUS is documented, mainly in the presence of EBV [2, 3, 5, 7, 16,
26], or the more frequent onset of vasculitis [12, 25, 27] and septic episodes with
enhanced risk of graft rejection [6, 8, 10, 11, 28, 29]. On the contrary, the presence
of MGUS before transplant is always a poor prognostic marker for the evolution for
multiple myeloma (MM) or lymphoproliferative disease [2, 4, 18, 30-33]. Some
conflicting data are also reported about the role of an MGUS in donors, both harm-
ful [34] and harmless [35]

Summarizing Remarks

In general, the MGs identified after allogeneic transplant are not directly linked to
the immune derangement induced by the presence of unrelated tissues, but are trig-
gered by a viral infection that is able to modify lymphocyte metabolism, or from a
lymphoproliferative disease preceding the transplantation itself which is indepen-
dent from the disease that justified this treatment. The fate of an MGUS which
appeared after the transplant seems to be uncertain but rarely results in worsening
of the prognosis, contrary to the presence of a MGUS before the transplantation as
it worsens the outcome and must be considered as an index of poor prognosis.

Primary Immunodeficiency

Having been described to occur in 30% of MGUS cases and up to 70% of smolder-
ing multiple myeloma (SMM), the association of hypogammaglobulinemia with
these disorders is certainly very common [36, 37]. In addition, one study of 380
patients with hypogammaglobulinemia and no evidence of an M spike on serum or
urine electrophoresis, nearly 10% proved to have a detectable band on immunofixa-
tion electrophoresis [38]. Moreover, cellular abnormalities in both T- and B-cell
populations are also frequent and may contribute to the failure in some patients to
suppress evolving plasma cell (PC) and other lymphoid malignancies [39, 40].
These findings to some extent create a “‘chicken or the egg” conundrum in which it
is often unclear to what extent the immunologic abnormalities are the cause or the
result of a developing MG.
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Among patients with MGUS, evolving MM, and other gammopathies, are mixed
in a small proportion of patients with underlying primary (inherited) immunodefi-
ciencies (PID), who are many times at increased risk for the development of lym-
phoid malignancies. It is to the clinician’s (and the patient’s) advantage for this to be
kept in mind as an uncommon, but real possibility. Scattered case reports through
the literature document the development of MG in a variety of PID patients includ-
ing Wiskott-Aldrich syndrome [41], IKBKG (NEMO, or Nuclear factor-kappa B
Essential Modulator) deficiency [42], ataxia telangiectasia (AT) [43], and Good’s
syndrome [44]. Although malignant PC disorders are quite rare in children, MGs are
not. In a large retrospective review of 695 tests from children with serum immuno-
fixation electrophoresis results available, 83 patients proved to have an MG, and
PID diagnoses in those patients included ataxia telangiectasia (18), severe combined
immunodeficiency (2), and common variable immunodeficiency (CVID) (2) [45].

CVID is a heterogeneous severe antibody deficiency syndrome characterized by
levels less than 2 SD below age-adjusted norms of IgG and either IgA or IgM or
both IgA and IgM along with poor or absent specific antibody production and the
absence of other causes of immunodeficiency [46]. Despite its name, CVID is rela-
tively uncommon with a prevalence ranging up to 3.374/100,000 in northern
European countries [47]. There is a known predisposition of CVID patients to
develop lymphoproliferative disorders and lymphoid malignancies. In a study of
1091 CVID patients in the USIDNET registry, the authors found about 4% had been
diagnosed with lymphoid malignancies, and three patients had been diagnosed with
gammopathies: two with MM and one with MGUS [48].

Another much more common and more benign disorder, also most prevalent in
northern European countries, is selective IgA deficiency, which has an estimated
prevalence as high as 1 in 600 individuals of European ancestry [49]. IgA deficiency
is a risk factor for the development of celiac disease (about 1 in 50 cases are IgA
deficient) and so is frequently discovered during the course of evaluation of patients
being evaluated for that disorder. In a recent study by Wallage and colleagues, the
authors examined 60 patients with IgA deficiency identified through celiac disease
testing and found that four patients had MGs: two new myeloma patients (one
symptomatic and one asymptomatic), one patient with MGUS, and one known
chronic lymphocytic leukemia (CLL) patient [50]. Thus, this common mild immu-
noglobulin deficiency may also be among the most common immunologic disorders
associated with gammopathies.

In summary, the possibility that a patient found to have a gammopathy might
also have an underlying primary immunodeficiency should always be kept in the
back of the clinician’s mind. While relatively uncommon, such disorders may
require special treatment. PID patients with DNA repair disorders like AT are
very sensitive to ionizing radiation and alkylating agents, and others may be par-
ticularly prone to developing overwhelming infection with such pathogens as
CMYV and EBV if treatment results in impairment of an already compromised host
immune defense system. As our ability to obtain and analyze whole genome
sequences of patients improves, it is likely that we will be able to better under-
stand the roles of these abnormalities and develop improved strategies of
treatment.
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Cold Agglutinin Disease

Cold agglutinin disease (CAD) constitutes 5-30% of autoimmune hemolytic ane-
mias (AIHA) and is characterized by a direct antiglobulin test (DAT) with a cold
agglutinin (CA) measured at 4 °C. Titers of 64 or higher are considered significant.
An associated positivity for complement fragment C3d is characteristic [51].
Affected cases are commonly elderly or middle-aged, with slight female predisposi-
tion. CAD is a rare disorder with a reported incidence of 1 per million per year in
Norway and 1.2 per million per year in Denmark [52, 53].

The IGHV4-34 (Immunoglobulin Heavy Variable 4-34) Protein Coding gene,
located on the long arm of chromosome 14 is responsible for CA IgM heavy chain
production in about 81% of cases with absence of MYD88L265P mutation in bone
marrow samples [54] in contra- distinction to lymphoplasmacytic lymphoma. The
term CAD-associated B-cell lymphoproliferative disease has been suggested [55].

CA is commonly a monoclonal IgM « subtype [56]. It tends to agglutinate eryth-
rocytes by binding to the erythrocyte surface carbohydrate antigen I [54]. The pro-
cess includes classic complement activation, more effectively so at a temperature of
3—4 °C [57]. The maximum temperature at which CA will bind to erythrocyte anti-
gen is called the thermal amplitude. Cold agglutinins with a low thermal amplitude
below 25-28 °C will not be clinically active causing no hemolysis [58].

Symptoms appear on cooling of fingers, toes, ears, or nose tip causing erythro-
cyte agglutination in peripheral capillaries with acrocyanosis, Raynaud’s phenom-
enon, or gangrene [59].

Diagnosis entails an AIHA with an IgM DAT with strong positivity to C3d. A
titer of 64 or more at 4 °C is required. Plasma protein electrophoresis, immunofixa-
tion, and thermal amplitude detection are required. The majority of CAs in CAD are
of monoclonal IgMx subtype with about 7% of the cases being A subtype. CA of the
IgG (Immunoglobulin G) class occurs in only about 5% [52].

An associated B-cell clonal lymphoproliferative disorder may be detected by
flow cytometry and bone marrow trephine biopsy, but with no additional detectable
clinical symptoms or signs [60].

Cold Agglutinin Syndrome (CAS) is found if the condition is associated with an
overt infection (e.g., Mycoplasma pneumoniae, EBV), or if associated with an overt
immune or malignant condition [59]. Polyclonal CAs are detected if CAS is second-
ary to infections [61]. Mycoplasma pneumonia infection is associated with anti-I-
specific IgM CAs [62]. EBV and CMV infections are associated with the formation
of anti-i IgG or IgM CAs [63, 64]. Both were found In CAS secondary to lympho-
mas, k light chain CAs were more common in cases of Waldenstrom macroglobulin-
emia, while A light chain CAs were more common with other B-cell lymphomas [65].

Non-drug treatment of CAD includes warming and low plasma-containing blood
transfusion [66]. Plasmapheresis may be resorted to as an emergency treatment
[67]. Chemo-/immunotherapy includes the use of Rituximab [68] with or without
Bendamustine [69]. Bruton kinase inhibitor use [70] may be effective. Complement-
directed therapy includes the complement inhibitor eculizumab [71] and C1-esterase
inhibitor concentrate [72].
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Castleman Disease

CD, angiofollicular lymph node hyperplasia describes a heterogeneous group of
disorders sharing together a wide range of histopathological characteristics.
However, they can be attributed to various causes. They also have different manifes-
tations, therapeutic approaches, and outcomes. Benjamin Castleman was the first to
describe the disease in the 1950s. He reported mediastinal lymph node swelling
with increased lymphoid follicles with germinal centers involution as well as marked
capillary proliferation. This included follicular and interfollicular endothelial hyper-
plasia [73]. Afterwards, Flendrig reported, in 1969, the PC variants, the hyalinized,
and the “intermediate” histopathological ones. The second variant is also referred to
as the mixed variant [74]. By the mid-1980s of the twentieth century, CD was clas-
sified into unicentric CD (UCD), when involving a single lymph node or region of
lymph nodes, and multicentric CD (MCD), when involving multiple stations [75].

MCD is further subdivided into idiopathic MCD (iMCD), HHV8-associated MCD
(HHVS8-MCD) and polyneuropathy, organomegaly, endocrinopathy, monoclonal plasma
cell disorder, and skin changes (POEMS)-associated MCD (POEMS-MCD). The iMCD
is again subdivided into iMCD—thrombocytopenia, ascites, reticulin fibrosis, renal dys-
function, and organomegaly (TAFRO) and iMCD-not otherwise specified iIMCD-NOS)
[76]. In 1996, the relation of CD with HHV8 was recognized. All cases of human immu-
nodeficiency virus (HIV)-positive and some HIV-negative MCD cases were related to
HHYV 8 [77]. In 2010, Takai and his group identified a severe form of iMCD with char-
acteristic findings. It is named TAFRO syndrome, the acronym for Thrombocytopenia,
Ascites, reticulin Fibrosis, Renal dysfunction, and Organomegaly [78] (Fig. 21.1).

PCs are usually polyclonal, but monoclonality has been reported, mainly lambda
light chain restricted (IgG or IgA), particularly if the PC-CD is associated with osteo-
sclerotic myeloma or POEMS syndrome. However, MG is rare and its detection may
be a harbinger of progression to lymphoma [79]. Yang et al. reported a case of MCD
that transformed into IgG MM [80], thus adding to the list of complications.

Monoclonal PCs may be the causative drivers of POEMS-MCD [81]. We do not
know the exact difference in the cellular or cytokine characteristics when compar-
ing POEMS-MCD and classic POEMS syndrome. In classic POEMS syndrome, an
abundance of vascular endothelial growth factor (VEGF) and IL-12 production
caused by PCs somatic mutation is well recognized [82]. All POEMS syndrome
cases will have a proof of monoclonal PCs proliferation, either on serum and/or
urine immunofixation studies, on immunostaining or flow cytometric studies done
on the BM or lymph node in the case of coexisting CD.

Therapy

— Surgical removal is the main treatment for UCD, regardless of pathology.
Complete surgical excision is always curative with resolution of all clinical and
laboratory abnormalities [83].

— Rituximab-based therapy has significantly improved the 5-year survival for
HHVS8-MCD from 33 to 90% [84].
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iMCD-TARFO iMCD, NOS HIV Negative HIV Positive

Fig. 21.1 Castleman disease classification. CD Castleman disease, iMCD idiopathic MCD,
TAFRO thrombocytopenia, ascites, reticulin fibrosis, renal dysfunction, and organomegaly

— Patients with POEMS syndrome and MCD with osteosclerotic lesions and pre-
dominant peripheral neuropathy symptoms are managed with standard MM
therapy, usually by ASCT preceded by high-dose chemotherapy. When ASCT is
not to be considered, other drugs borrowed from the MM armamentarium may
be considered. The list includes melphalan, cyclophosphamide, lenalidomide,
thalidomide, bortezomib, carfilzomib, and daratumumab. When bone lesions are
not present in POEMS-MCD, we don't have sufficient data. If there is high IL-6,
Sarilumab can be considered [85].

— iMCD patients should be classified based on disease severity. For patients with
mild symptomatology, a limited course of rituximab can be considered. Other
biological drugs targeting IL-6 may also be considered, including siltuximab
(recently licensed for iMCD) or tocilizumab. If organ dysfunction worsens at any
time, initiation of combination chemotherapy should be considered with oral
thalidomide, cyclophosphamide, and prednisone [86].

POEMS Syndrome
Definition

The syndrome was first described in 1968 by Crow and Fukase; however, the acro-
nym POEMS was first reported in 1980 [87]. It stands for Polyneuropathy,
Organomegaly, Endocrinopathy, Monoclonal protein, Skin changes. It has other
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less common names as osteosclerotic myeloma, Crow—Fukase syndrome and
Takatsuki syndrome [88, 89].

Epidemiology

The incidence of POEMS syndrome is exceedingly rare. According to a 2003 Japanese
national survey, the prevalence of POEM is 0.3 per 100,000 [90]. This could be related
to failure to recognize the syndrome by clinicians as it often requires more than one
specialty to make the diagnosis [91]. Overall, its prevalence is higher in men than
women with variable ratios depending on the origin of the cohort. The median age at
incidence varies between cohorts with a range of 4653 years [81, 90, 91].

Clinical Picture

Clinical characteristics of POEMS are not limited to the acronym. In fact, not all
characteristics mentioned in the acronym are required to make the diagnosis. Besides,
there are other features that were not recognized in the initial reports and later became
essential for the diagnosis. Other clinical characteristics include thrombocytosis,
papilledema, volume overload manifesting with peripheral edema, pleural effusion
and ascites, pulmonary hypertension, meningeal thickening, clubbing, sclerotic bone

Fig. 21.2 CT scans with bone window showing osteosclerotic lesions at different sites in the
course of POEMS syndrome (vertebral bodies) (a—c); sternum, ribs (a, b); femoral heads and pel-
vis (d). (Courtesy of Dr. Luca Quartuccio, Department of Medicine, University of Udine, School
of Rheumatology, Italy)



334 P. E. Pioltelli et al.

lesions, and CD. Cytopenia is usually absent unless CD is present [85, 92, 93]. CD
may coexist with POEMS and there is an association with anti-HHV-8 antibodies.
The prevalence of CD in POEMS ranges between 15 and 25% [81, 89, 94, 95].

Bone lesions are usually multiple small osteosclerotic lesions (Fig. 21.2); how-
ever, sometimes they may present with mixed sclerotic and lytic parts (hence the
name osteosclerotic myeloma). Lesions are usually found in the pelvis, thoraco-
lumbar spine, and ribs [96-98].

Pathology

Bone marrow biopsy in POEMS typically includes a rim of PCs, mostly lambda
restricted, around hypercellular reactive or normal appearing lymphoid aggregates
of mixed B- and T-cells [99, 100]. Monoclonal PCs are usually <5%. However,
plasmacytosis (>20%) may be present in 5% of the patients). Hyperplastic and atyp-
ical megakaryocytes may be seen. In patients with localized disease, biopsy from
the iliac crest may be normal [81, 89, 94].

Pathogenesis

The exact etiology of POEMS remains unknown. Several proinflammatory cytokines
were found to not only increase in patients with POEMS but also increase in patients
with active disease compared with those in remission. This includes interleukins,
IL-1B, IL-6, IL-12, and tumor necrosis factor alpha (TNF-alpha) along with VEGF
[101, 102]. VEGF appears to be responsible for multiple clinical features such as
polyneuropathy, organomegaly, volume overload, increased vascular permeability,
angiogenesis, vascular wall thickening, pulmonary hypertension, and papilledema
[93, 103-105]. VEGF levels can be used to monitor response to therapy and as a prog-
nostic marker [106]. Despite the importance of VEGF in POEMS syndrome, anti-
VEGF (Bevacizumab) failed to show promising results in its treatment [107-112].

Diagnosis

The International Myeloma Group Criteria for diagnosing POEMS requires the
presence of both mandatory, one of the major and one of the minor criteria as fol-
lows [113]:

Mandatory
1. Polyneuropathy
2. Monoclonal plasma cell proliferation (almost always lambda)
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Major

1. Sclerotic bone lesions

2. CD

3. Elevated levels of VEGF (Ceriteria did not specify a cut off level)

Minor

1. Organomegaly (splenomegaly, hepatomegaly, or lymphadenopathy)

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

3. Endocrinopathy (adrenal, thyroid, pituitary, gonadal, parathyroid, pancreas)
(Not including diabetes and hypothyroidism)

4. Skin changes (hyperpigmentation, hypertrichosis, glomeruloid hemangioma,

plethora, acrocyanosis, flushing, white nails)

Papilledema

6. Thrombocytosis and or polycythemia

b

POEMS Syndrome Versus Other Paraproteinemias

POEMS syndrome differs from other paraproteinemic syndromes in a few aspects.
Its predominant symptoms are related to neuropathy, endocrinopathy, and volume
overload and not to paraproteinemia, plasma cell infiltration, hypercalcemia, or
renal involvement. It is also distinguished by the high VEGF levels and the presence
of sclerotic bone lesions [85]. The distinction is important given the difference in
treatment and prognosis.

Even when plasma cell proliferation is present, paraproteinemia may not be pres-
ent in all patients [93, 99, 100]. Serum M protein is usually less than 2 g/dL, and it
is usually IgG or IgA with almost always a lambda chain [81, 89]. In less than half
of the patients, M protein may be found in urine [89, 114]. However, there are case
reports with exceptions such as a case of POEMS with IgM lambda paraprotein,
another with bi-clonal IgG lambda and IgA kappa gammopathy and a case with IgG
kappa paraprotein [114-117].

Treatment

Given the rarity of the disease, there are no controlled trials and there is no standard
treatment. Depending on the extent of PC infiltration and the extent of bony lesions,
radiation therapy, chemotherapy, and stem cell transplantation are the main options
that can be used for treatment along with supportive measures for various manifes-
tations and organ involvement.
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Prognosis is better compared to MM. With treatment, the median survival rate
can reach up to 13 years. However, this depends on the clinical presentation as well
as the complications and timing of therapy initiation [81, 88, 89, 94].

Gaucher Disease

It is a rare lysosomal storage disease due to glucocerebrosidase (GCase) enzyme
deficiency; however, it is more rarely caused by deficiency of saposin C, its activa-
tor. This causes glucocerebrosidase, its substrate, to be accumulated in the macro-
phages. It can be detected in hepatic, splenic, myeloid, cerebral, or pulmonary
macrophages [118]. It is inherited in a Mendelian fashion as an autosomally reces-
sive trait [118]. GBA is the gene which encodes GCase enzymes. It comprises 11
exons and is present on the long arm of chromosome 1 (1q21) [119], GD is the most
common among sphingolipidoses disorders [120], and it has a broad phenotypic
expression, starting from subclinical to fatal forms [121].

GD is classified according to its neurological involvement into three distinct
phenotypes:Type 1, the most prevalent type, accounts for 90-95% in western coun-
tries and is characterized by inflicting no neurological damage. Type 3 typically
causes neurological damage in the form of ophthalmoplegia, epilepsy, myoclonus,
ataxia, and/or dementia. Type 2, however, typically manifests early in life by severe
nervous system involvement causing damage. It can lead to death in the first three
years of life [122].

Generally, patients may express fatigue [123]. They may have splenomegaly,
which is sometimes huge [124] and hepatomegaly [125]. Hematological manifesta-
tions include bleeding tendency that can rarely be severe and is usually due to
thrombocytopenia [126] or rarely due to platelet dysfunction [127] and anemia
which is observed in 50% of cases. The majority of cases will show mild to moder-
ate thrombocytopenia and splenomegaly [128]

Bone disorders include avascular necrosis and bone marrow failure [129, 130].
Osteopenia, osteoporosis, and pathological fractures occur more frequently in this
group and may be correlated with other complications whether osseous or visceral
[131]. There are very rare reports of osteosarcomas, osteoblastomas, or other sec-
ondary osseous neoplasms [132].

To confirm the diagnosis, it is mandatory to measure glucosylcerebrosidase
activity in total leucocytes, mononuclear cells, or fibroblasts in culture. In GD sam-
ples, activity drops to as low as 10—15% of normal [133].

Bone marrow aspirate (BMA) is not a routine procedure. BMA, sometimes,
detects the so-called pseudo-Gaucher cells which can’t be easily differentiated from
true Gaucher cells [134]. They can be found in other hematological conditions or
some infections [134]. The list of these associations is summarized in Table 21.1.

Genetic analysis is recommended prenatally [139]. Polyclonal gammaglobu-
linemia was reported in 25-91% of patients while paraproteins were detected less
frequently (1-35% of patients) [140, 141]. These figures, however, reflect different
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Table 21.1 Pseudo-Gaucher Disease References
cells reported associations MM with histiocytic accumulation of IG [134]
crystals
WM and other lymphomas with [135]
paraproteins
CML [136]
Myelodysplasia [137]
Infections like atypical mycobacteria [138]

MM multiple myeloma, CML Chronic myeloid leukemia, WM
Waldenstrom’s ~ macroglobulinemia, /G Immunoglobulin
crystals

findings which impact the outcome of therapy on the IG and results in a reduction
of the hypergammaglobulins but does not influence the paraproteins [142].

There are two lines of therapy available for GD patients, the first one aims to
replenish the cellular GCase enzyme, enzyme replacement therapy (ERT), (imiglu-
cerase, velaglucerase, or taliglucerase) while the second is directed towards the sub-
strate to impede enzymatic biosynthesis. This approach is referred to as substrate
reduction therapy (SRT). This includes miglustat and eliglustat [118]. Therapy aims
to avoid GD complications like huge organomegaly, cytopenias, or osseous lesions.
This, however, is not indicated for all cases.

Several studies provided data in support of an elevated incidence of hematological
disorders complicating GD. The list includes gammopathies and hematological
malignancies [142-144], amyloidosis, B-cell non-Hodgkin lymphoma (NHL) [143,
145-147], polyclonal gammopathy (PG) [148], and MGUS with a prevalence rang-
ing from 2.2 to 25% [143]. However, in Nguyen et al. series, PG prevalence was
48%, while MG was 32% among their 278 GD cases [121]. In a systematic review by
Arends et al., the prevalence of PG and MGUS in GD patients ranged from 25% to
91% and from 0% to 35%, respectively [149]. The incidence of MM is also increased
and it ranges from 5.9 to 51.1 times when compared to healthy populations [150].

Currently, we don’t have a clear understanding of the pathophysiological mecha-
nisms leading to such IGs aberrations. Investigators proposed many hypotheses to
account for the origin of these aberrations [121].

It has been reported that the B lymphocytes in this disease are provoked by cer-
tain type II natural killer T cells, which have a T follicular helper profile where the
populations in GD as well as in its murine experimental models are targeting gluco-
syl sphingosine, the deacylated form of glucosylceramide [151, 152], whereas in
GD-associated MGUS and MM the clonal IG are directed against the glucocerebro-
sidase activator, Saposin C [153].

The genesis of MGUS in GD may be attributed to the lingering exposure to
undergraded glucocerebroside leading to chronic antigenic provocation. In MM,
cells are reported to express a wide range of toll-like receptors (TLRs) which can
lend assistance to B lymphocytes in microbial antigen pattern recognition. TLR-
specific ligands cause proliferation and survival of MM PCs [154]. Similarly, over-
expression of the IL-6 alpha chain has been reported in MGUS PC [155]. As a
consequence, dysregulation of TLR expansion and/or an overexpressed IL-6
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receptor on PCs may produce an exaggerated response to microbial antigens pre-
senting on IL-6-dependent autocrine trigger for PC to proliferate [156].

Lo et al. also studied the genetic background of GD in two siblings who devel-
oped acute lymphoblastic lymphoma. They detected a homozygous mutation in
MSH6 leading to DNA repair deficiency syndrome and a homozygous mutation
GBA [157].

Paraproteins in GD were studied in small-patient groups, hence, our understand-
ing of their risk factors, clinical importance and development is defective, and its
pathophysiology is still controversial [121].

TEMPI Syndrome

In 2010, Bizari et al. [158] described a 49-year-old male patient who presented with
erythrocytosis, perinephric fluid collections, and kidney disease failure who had no
definite diagnosis. One year later, Sykes and his colleagues described five cases who
shared similar features, and they gave it its syndromic entity “TEMPI” standing for
Telangiectasias, elevated Erythropoietin (EPO) and erythrocytosis, Monoclonal
gammopathy, Perinephric fluid collections, and Intrapulmonary shunting [159].
TEMPI is a rare, acquired disease which in general presents during the fourth or
fifth decades of age [160]. It inflicts both genders and has no discernible ethnic or
geographic predisposing factors [160]. It has an insidious onset and a slow progres-
sive course [161]. Deep vein thrombosis, MGUS, and MM have been reported in a
subset of TEMPI syndrome cases [162]. The syndrome is presumed to be due to
PCs proliferation as patients respond dramatically to PC-targeted medications [163].

Table 21.2 Immunoglobulin of 15 case reports of TEMPI syndrome

Investigator Patient number Age (years) Monoclonal band
Sykes et al. (2011) [159] 1 42 1gGK (0.7 g/dL)

2 36 1gGk (0.7 g/dL)

3 39 IgGk (0.7 g/dL

4 35 Not reported

5 56 1gG

6 36 Not reported
Schroyens et al. (8) (2012) [164] 7 49 1gGk
Mohammadi et al. (9) (2012) [165] 8 58 IgAX (1.4 g/dL)
Kwok et al. (10) (2012) [166] 9 56 IgGR (3.6 g/dL)
Viglietti et al. (11) (2012) [167] 10 49 IgAX (0.2 g/dL)
Ryden et al. (12) (2013) [168] 11 50 1gGk
Jasim et al. (13) (2014) [169] 12 61 IgAX (1.4 g/dL)
Kenderian et al. (14) (2015) [170] 13 49 IgGk (1.8 g/dL)
Belizaire et al. (15) (2015) [171] 14 54 1gGK (0.8 g/dL)
Pascart et al. (16) (2015) [172] 15 65 IgGk (2.3 g/dL)

IgA immunoglobulin A, IgG immunoglobulin G, k kappa light chain, 1 lambda light chain
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There is scant data on its genomic background unlike many PC neoplasms;
hence, its pathophysiology evades our understanding. The characteristic feature of
the syndrome is the MG [163]. We present 15 patients who were reported in the
literature and their IGs characteristics in Table 21.2. In spite of their MG, they lack
the CRAB criteria of MM and they have less than 10% PC in their BM at the time
of diagnosis [173].

Free light chain levels and free light chain ratios in serum are either normal or
only show marginal changes [160]. BM biopsy is similar to that of MGUS or smol-
dering myeloma, and PCs percentages are mildly elevated (5—10% by immunohis-
tochemistry) [173].

A subset of patients with TEMPI syndrome have developed venous thrombosis
as has also been described in patients with MGUS and MM [162].

Flow cytometry is oftentimes the preferred laboratory techniques to confirm PC
clonality, which is performed using a broad panel of antibodies [174].

Polycythemia vera (PV) should be differentiated from TEMPI syndrome when
erythrocytosis can be the initial manifestation. This is important to avoid wrong
diagnosis, mismanagement, and its complications including venesection [170].
More than 95% of PV possess Janus kinase 2 (JAK2) V617F acquired genetic muta-
tion, whereas it is absent in TEMPI syndrome [175]. Also, serum EPO readings in
PV cases, along with other types of primary erythrocytosis are low (mean < 3.3 mU/
mL), which further helps in the differentiation [173].

Successful management of TEMPI syndrome can lead to dramatic improvement
in patients’ quality of life [166]. Thalidomide, bevacizumab, and sirolimus were all
tried but proved unsuccessful when experimented by Sykes and his group [159].
Bortezomib significantly improved the clinical manifestations and successfully
eliminated the MG. This remarkable success was featured in many cases [165, 166,
169]. ASCT can be tried, for eligible cases, when bortezomib-based protocols prove
unsuccessful [170]. The benefits of ASCT have to be weighed judiciously against its
potential risks mainly infection and autoimmune hemolysis [176].

The successful response to bortezomib therapy, whether partial or complete, in a
subgroup of cases lends support to the early presumption that MG is involved in
pathophysiology of TEMPI syndrome [164, 166]. Another subgroup responded to
ASCT following melphalan [170].

As daratumumab proved successful in clinical trials on MM patients in 2015, it
was given approval by the FDA promptly [177]. Sykes and his group reported two
cases that showed complete response to daratumumab as a single agent [178]. One
of their patients showed incomplete response to three therapeutic regimens in line,
IV bortezomib, a combination of bortezomib and lenalidomide ending with
ASCT. The second one had received IV bortezomib with recurrence of illness
6 years after complete remission [178]. Treatment with single-agent daratumumab
in their two cases proved remarkably successful with elimination of their gammopa-
thies and restoring their hematocrit and EPO readings back to normal while having
acceptable safety profile [178].
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Fig. 21.3 Erythema
elevatum diutinum lesions
on the palmer aspect of the
right hand of a patient.
(Courtesy of Dr. Luca
Quartuccio, Department of
Medicine, University of
Udine, School of
Rheumatology, Italy)

Erythema Elevatum Diutinum

EED is a peculiar skin condition frequently associated with an underlying medical
condition. It was first described by Hutchinson in 1888 [179]. It has no racial predi-
lection and affects mainly adults with only 5.2% of cases affecting patients aged
less than 19 years. Men are affected slightly more than women [180].

Clinically, EED is characterized by reddish brown or violaceous nodules and
plaques that mainly involve the extensor surfaces of the extremities with dorsal
hands being the most frequently involved sites followed by elbows, legs, knees, and
feet [180] (Fig. 21.3). Atypical presentations include verrucous lesions [181], vesic-
ulobullous lesions [179, 182], involvement of flexor surfaces, genital, and oral
ulcerations [180]. The lesions run a chronic relapsing course, hence the term “diuti-
num.” They are usually asymptomatic, but sometimes patients may experience pain,
itching, or associated joint pain [183].

Despite being a chronic disorder, early lesions of EED show histopathological
features of acute leukocytoclastic vasculitis with perivascular neutrophilic infil-
trates, , endothelial swelling, and fibrin deposition in the wall of small dermal blood
vessels, also known as “toxic hyaline”. The infiltrate also contains lymphocytes,
histiocytes, few eosinophils, and rare extravasated erythrocytes [184]. As lesions
progress, neutrophils fill the dermis and basophilic nuclear dust may get encrusted
on collagen fibers. Late lesions show variable fibrosis with fascicles of spindle cells,
yet small foci of neutrophilic vasculitis can still be seen [184, 185]. Secondary
deposition of cholesterol within the lesions have also been reported [179].

The main etiopathogenic mechanism in its development which is the deposition
of immune complexes in the wall of small dermal blood vessels. These complexes
may develop secondary to infectious agents such as streptococci, TB, and viruses
including HIV [180, 186]. EED is also associated with many autoimmune diseases



21  Monoclonal Gammopathies with Miscellaneous Associations 341

such as systemic lupus erythematosus, rheumatoid arthritis, relapsing polychondri-
tis, Crohn’s disease, and celiac disease [179, 186—189] reflecting an effect of
immune dysregulation in eliciting the inflammatory reaction that causes the skin
lesions. It is also reported in association with internal malignancies especially lym-
phoma and MM including IgA myeloma [190-192].

The association between EED and paraproteinemia is well established, being
most frequently associated with IgA paraproteinemia followed by IgG, IgM, and
IgD paraproteinemias [180]. The exact mechanism by which paraproteins contrib-
ute to the development of EED is unknown. They can damage the vessels via
complement-mediated inflammation. Dermal deposits of IgA have been found in
some cases [193]. Patients may develop EED lesions long before the immunoglobu-
lins are elevated and later on, frank myeloma may develop [192]. Accordingly,
patients with EED must be routinely monitored by serum immunofixation electro-
phoresis since it is more sensitive than immunoelectrophoresis in detecting small
amounts of immunoglobulins both in serum and urine (16). IgA ANCA was fre-
quently present in patients with EED more than IgG ANCA. It plays a role in neu-
trophil activation in these cases [194]. Associated diabetes mellitus has been
reported [179] and patients with EED may complain of ocular and pulmonary mani-
festations [195, 196].

Dapsone is the most frequently used therapeutic modality due to its anti-
neutrophilic properties. Treatment with dapsone and the resultant clinical response
was reported in 75 cases. Of those, 36 patients (48%) achieved full resolution of
lesions without relapse, while 24 patients (32%) had a partial response or temporary
resolution of disease manifestations. No response to dapsone was reported in only
seven cases (9.3%). Furthermore, eight reports described an adverse reaction to
dapsone that required discontinuation [180].

Other lines of treatment included topical or systemic corticosteroids [197], topi-
cal dapsone 5% [198], colchicine [199], cyclosporine [200], plasma exchange [201],
and surgery [202]. Moemen and colleagues [202] proposed an algorithm for the
treatment of EED composed of six steps. The first step is targeted treatment of the
underlying systemic disorder followed by dapsone monotherapy as the second step,
dapsone combined with another agent as the third step, antibiotics as the fourth step,
colchicine as the fifth step, and oral steroids as the final step.

Other Associations

The list of paraproteinemias’ associations is broad and is incessantly expanding.
Beside the entities described in this chapter and the preceding ones, the list includes
the following:

e Crystal-storing histiocytosis [203]
e Crystalline keratopathy [204]
e Cl1 inhibition deficiency [205]
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¢ Bullous skin diseases [206]

¢ Von Willebrand diseases [207]

¢ Xanthomatosis [208]

e Systemic capillary leak syndrome [209]
e Scleromyxedema [210]

e Acquired cutis laxa [211]

* Neutrophilic dermatosis [212]

— Pyoderma gangrenosum
— Sweet syndrome
— Subcorneal pustular dermatosis

* Sporadic late onset nemaline myopathy [213]

Conclusion

The discipline of MG, or paraproteinemias, is steadily growing with expanding
horizons. With reported entanglements or associations with many other fields, clini-
cians should be alert to the possibility of its existence in many situations. A deep
understanding of the nature and significance of this phenomenon will be extremely
rewarding as it will shed light on the pathogenesis, course, and fate of many ill-
nesses. Furthermore, it will offer more therapeutic options with potential benefits.
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Introduction

Most of the clonal disorders are either malignant or premalignant and often result in
incurable diseases. By virtue of their by-products, they result in organ damage.
Therefore, treatment should aim to preserve or improve organ function by targeting
the monoclonal immunoglobulin (MIg)-producing plasma or B-cell clone. Although
many disorders are not associated with an evidently malignant clone per se, and as
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in cases of overt malignancy, current evidence strongly supports a clone-directed
therapy strategy. The best results are possibly achieved when targeting the underly-
ing clone induces the most profound hematologic response [1]. The isotype of the
underlying clone in the bone marrow (BM) (IgG, IgA, or LCs only versus IgM
clone), the renal metabolism, and potential renal and neurological toxicity of the
therapeutic protocol will guide the treatment strategy [2].

A-Plasma Cell Clone and Multiple Myeloma

Multiple myeloma (MM) is the second most frequent hematological malignancy. It
often represents an evolution from the premalignant, monoclonal gammopathy of
undetermined significance (MGUS). The development of end-organ damage signals
this progression. The proliferation of aberrant plasma cells (PC) in the complex BM
microenvironment leads to a genetically complex and heterogeneous disease [3].
Many secondary genetic events have been reported leading to increased cell cycling,
the loss of cell cycle arrest or aberrant signaling that provides many prosurvival and
growth signals to MM cells [4, 5]. Over the last decade, the knowledge about the
different cellular expressions and bone marrow microenvironmental changes in
MM patients and the characteristics of PCs lead to the development of many new
therapeutic agents (Chap. 4). Proteasome inhibitors (PIs), immunomodulatory
drugs (IMiDs), conventional chemotherapeutic agents, and monoclonal antibodies
(mAbs) are now routinely administered to patients in different combinations alone
or in conjunction with high-dose therapy followed by autologous stem cell trans-
plantation (ASCT). Nowadays, treatment is almost tailored to individual patients
with significant improvement in outcomes. Despite this, MM is still considered an
incurable disease. Patients will go into remissions, alternating with relapse/progres-
sion episodes and eventually culminating into a resistant disease. Patients who
become refractory to PIs, IMiDs, and mAbs are particularly at risk of inferior out-
comes [6, 7].

With a better understanding of the cellular mechanisms involved in MM, many
new agents are being developed to address this incurable disease. These could be
classified into medications targeting the aberrant PCs and others affecting the bone
marrow milieu.

Agents Targeting Aberrant Plasma Cells

Plasma cells have characteristic clusters of differentiations studded on their mem-
brane. Both normal and aberrant plasma cells express CD38 (bright) and CD138,
which are more specific but less sensitive. Normal peripheral blood plasma cells are
CD45+. Two subsets of plasma cells coexist in the bone marrow: one major CD45
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positive and a smaller negative one. Coexpression of bright CD38 with CD56 iden-
tifies abnormal populations of PCs by flow cytometry.

In contrast to normal plasma cells, abnormal plasma cells are also CD19, whereas
normal and abnormal plasma cells do not express CD20. Combined assessment of
CD38 and CD138 identifies BM plasma cells (PC) [8].

In contrast, more heterogeneous lists of markers are used to further distinguish
between normal/reactive PCs and myeloma PCs. Among the later markers, CD19,
CD45, CD27, and CDS81, together with CD56, CD117, CD200, and CD307, have
emerged as particularly informative with no single marker providing enough speci-
ficity for clear discrimination. Combined assessment of CD138 and CD38, together
with CD45, CD19, CD56, CD27, CD81, and CD117, would ideally suit minimal
residual disease (MRD) monitoring in most MM patients [9]. Furthermore, MM
cells express SLAMF7, which is targeted by elotuzumab currently used for MM
treatment.

Daratumumab is a targeted therapy (IgGlk human monoclonal antibody) that
targets CD38. It is currently widely used in standard treatment protocols of MM
[10, 11]. Furthermore, MM cells express SLAMF7, which is targeted by elotu-
zumab. It yielded superior response rates and PFS when combined with lenalido-
mide/dexamethasone as part of many standard protocols. Many new experimental
monoclonal antibodies are being developed targeting cell surface antigens.
Interestingly, many other approaches are being experimented, focusing on other
surface or intracellular targets directly or an intermediate target to deliver cytotoxic
agents avoiding toxicity to non-target tissues.

In their detailed, comprehensive review, Leow and Low (2021) reviewed the
biology of plasma cell neoplasm and the potential targets of the new therapeutic
agents [12].

Experimental Monoclonal Antibodies Against Cell
Surface Antigens

Targeting CD 38

Since CD38 is highly expressed on malignant plasma cells with a minimal expres-
sion on normal lymphoid and myeloid cells, its role in cell signaling has made it an
attractive antibody target [13]. Interestingly, all-trans retinoic acid (ATRA) increased
CD38 expression levels and reduced expression of the complement-inhibitory pro-
teins CD55 and CDS59 in both cell lines and primary MM cells in vitro.

Isatuximab is a chimeric monoclonal antibody that binds to CD38, leading to cell
death via different mechanisms. It leads to direct apoptosis, triggers antibody-
dependent cellular cytotoxicity (ADCC), complement-dependent cytotoxicity
(CDC), and antibody-dependent cellular phagocytosis (ADCP) [14]. Antimyeloma
activity is enhanced when Isatuximab is combined with pomalidomide or PIs such
as bortezomib or carfilzomib [15].
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MOR202, on the other hand, is a bispecific antibody that binds to CD38 on
myeloma cells and natural killer (NK) cells, leading to the destruction of myeloma
cells. MOR202 showed safety and efficacy [16] and is currently being assessed in
phase III trial in relapsed refractory MM (RRMM).

Other mAbs under development targeting CD 38 include TAK-079, TAK-169,
and TAK 573, tested in Phase 1 trials [17-19].

Targeting CD 138

CD138 is expressed on malignant plasma cells. Indatuximab ravtansine binds to
CD138, causing cell cycle arrest via tubulin binding followed by apoptosis [20]. It
showed limited efficacy as a single agent but promising activity when combined
with Lenalidomide or Pomalidomide [21]. VIS832 is another novel CD138-targeting
monoclonal antibody that showed synergism with IMiDs or bortezomib in vitro and
in vivo. It is currently tested in clinical trials [22].

B-Cell Maturation Antigen (BCMA)

Mature B lymphocytes preferentially express BCMA. Its overexpression and activa-
tion are associated with MM in preclinical models and humans, supporting its
potential utility as a therapeutic target. Moreover, it is considered a prognostic bio-
marker [23]. It has no expression on naive and memory B lymphocytes, T cells, and
other nonlymphoid organs. It promotes myeloma cell growth, chemotherapy resis-
tance, and survival of neoplastic plasma cells by

interacting with overexpressed intracellular receptors for a proliferation-inducing
ligand (APRIL) and B-cell activating factor (BAFF) that protect myeloma cells
from apoptosis [24, 25]. Thus, BCMA is an attractive target and can be addressed
by antibody-drug conjugate (ADC), bispecific T-cell engagers (BiTE), or CAR-T.

Antibody-Drug Conjugates (ADCs)

ADCs represent a new class of target therapy in the management of MM. They
deliver cytotoxic agents into MM cells, leading to targeted tumor cell lysis with
reduced toxicity in non-targeted tissues. They are usually composed of three ele-
ments: an mAb, a linker connecting the drug to the antibody, and the cytotoxic
drug [26].

Belantamab Mafodotin (Belamaf) is a humanized IgG1 ADC conjugated with
the potent antimitotic agent maleimidocaproyl monomethyl auristatin. It binds spe-
cifically to BCMA and is the first in this class of ADCs. It can induce cell death by
multiple mechanisms, including ADC and internalize into the cell after binding it,
ADCC and ICD (immunogenic cell death) through the expression of antigens spe-
cific to dying tumor cells [26].
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It showed efficacy as a single agent in the DREAMM-2 study with a clinically
meaningful overall response rate (ORR) of 31% in patients who had received a
median of seven prior lines of treatment (n = 97). Although the median duration of
response (DoR) was not reached at the 6-month analysis, 73% of responders had a
DoR equal to or greater than 6 months. However, severe ocular adverse events
occurred commonly in 77% of the 218 patients. They ranged from keratopathy to
changes in visual acuity, blurred vision and dry eye. Ocular adverse events lead to
treatment discontinuation in 2.1% of patients [27].

Belantamab Mafodotin is currently under many phases II and III clinical trials as
a single agent or combination in newly diagnosed and relapsed MM and was
recently approved by the European licensing authorities [26].

Other ADCs against BCMA such as MED12228, CC-99712, AMG-224, and
HDP-101 are under phase I/II clinical trials.

Bispecific Antibodies and Bispecific T-Cell Engagers (BiTE)

Bispecific monoclonal antibodies consist of an Fc domain, a Fab region (including
a variable domain and a constant domain) and two binding sites, one for CD3 on T
cells and the other for the specific target on cancer cells. The binding of the bispe-
cific Abs activates cytotoxic T cells and promotes the killing of tumor cells.

On the other hand, bispecific T-cell engagers (BiTE) differ in the presence of two
single-chain variable fragments connected by a linker and the lack of the Fc domain,
which gives them a short half-life requiring frequent or continuous dosing [28].

Most of the agents in this class target BCMA on the myeloma cell and bind to
CD3 found on the surface of T cells with multiple BCMA bispecific includ-
ing Elranatamab and Teclistamab and BiTE antibodies currently under clinical
development; most, however, are still in phase I dose-escalation or phase II trials
[29]. Teclistamab was tested in the relapsed refractory setting [30].

Promising phase I trials as a single agent with an acceptable toxicity profile has
led to combining BCMA targeting BiTE antibodies in combination with standard
therapies [29, 30].

Chimeric Antigen Receptor-T Cell (CAR T) Therapy

Adoptive cell transfer (ACT) is a rapidly emerging immunotherapy approach for
treating cancer and hematologic malignancies. Patients’ own immune cells are col-
lected and redirected to treat their cancer. As its name implies, the backbone of CAR
T-cell therapy is T cells. It represents the new frontier in treating hematologic malig-
nancies, and it consists of genetically modified T cells to induce cytotoxic ability by
targeting specific tumor antigens [31].

An ideal target for CARs is a surface antigen that is uniformly expressed on
tumor cells but not on normal cells to minimize toxicity [32]. In MM cells, this
requirement is ideal in the BCMA to be the target antigen on malignant plasma
cells [33].
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Idecabtagene Vicleucel (Ide-Cel)

Idecabtagene vicleucel (ide-cel, bb2121) is a CAR-T product against BCMA with a
lentiviral vector. In a phase I trial (CRB-401) in RRMM patients who have gone
through a median of five prior lines of therapy. It showed good efficacy with an
overall response rate (ORR) of 85% and a complete remission (CR) achieved in
45% of cases. The median progression-free survival (PFS) was 11.3 months [34].
Neutropenia and thrombocytopenia were the most common adverse events noted.
Cytokine release syndrome (CRS) developed in more than two-thirds of cases.

Ide-cel was also evaluated in phase II pivotal KarMMa study in 128 heavily pre-
treated patients who failed at least three previous regimens, including a proteasome
inhibitor, an immunomodulatory agent, and an anti-CD38 antibody. At a median
follow-up of 13.3 months, ORR was achieved in 73, with CR in 33% of cases. With
MRD negativity in 26% of cases. Patients who received higher doses of CAR-T
cells had a better response and PFS. CRS and cytopenias were the most reported
side effects [35].

Ide-cel is currently being investigated in Phase III KarMMa-3 trial
(NCT03651128), comparing ide-cel with standard regimens in RRMM and Phase I
KarMMa-4 (NCT04196491) is a study of ide-cel in patients with high-risk newly
diagnosed MM.

Ciltacabtagene Autoleucel (Cilta-Cel, JNJ-4528)

LCAR-B38M (JNJ-4528), also known as Ciltacabtagene Autoleucel (Cilta-Cel), is
a CAR-T cell with two BCMA -targeting single-domain antibodies. The LEGEND-2
phase I study [36] showed a remarkable response with an ORR of 88%, median PFS
of 19.9 months, and median overall survival (OS) of 36.1 months. CRS grade 3
occurred in 7%.

CARTITUDE-1 study [34], a phase 1b/ 2 study, evaluated Cilta-cel in 97 patients
who received three or more previous lines of therapy that had failed PIs, IMiDs, and
anti-CD 38 mAbs. The ORR was 97% in the study, with 67% of patients achieving
a stringent complete response. The OS rate was 89% [37].

The safety profile was consistent with LEGEND-2, with mainly grade 3—4 cyto-
penias resolved after 60 days. In contrast, the CRS occurred in 95% of patients (4%
were grade 3 or 4), with a median time to onset of 7 days and median duration of 4.0
days. Neurotoxicity occurred in 21% of cases [36, 37].

Orvacabtagene Autoleucel (Orva-Cel, JCAR-H125)

Orva-cel is another BCMA CAR-T cell with a fully human binder and a manufac-
turing process enriching the central memory T-cell phenotype. The phase I/II
EVOLVE study [38] showed promising results in 62 heavily pretreated RRMM who
have received a median of six previous lines of therapy. ORR was 92%, with 68%
achieving a very good partial response (VGPR) and 36% CR.
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Orva-cell safety profile was reasonable, with the most common side effects being
hematologic cytopenias. Grade 3—4 CRS and neurotoxicity occurred only in 3% and
2%, respectively.

Other CAR-T Cell Products

Several other BCMA-targeted CAR-T cell products are under investigation in phase
I/II studies with promising efficacy and safety data [39-42].

Targeting Intracellular Aminopeptidases

Melphalan is a classic alkylating agent commonly used in treating MM. It inhibits
DNA and RNA synthesis, causing the death of both dividing and non-dividing
tumor cells and has been used to treat MM since the 1960s. It is the agent of choice
for conditioning before ASCT.

Melphalan-flufenamide (Melflufen) is a first-in-class peptide-drug conjugate tar-
geting intracellular aminopeptidases [43]. Being highly lipophilic, it passively dif-
fuses across the cellular membrane to bind aminopeptidases and releases melphalan
which remains inside the hydrophilic cells. It penetrates the nucleus and induces
DNA damage leading to cellular apoptosis [44].

Phase I/II studies showed promising results with ORR in the range of 70% in
heavily pretreated RRMM [45—48]. Phase III trials are undergoing.

Inhibitor of Nuclear Cytoplasmic Transport Receptors:
Exportin 1

Aberrant plasma cells overexpress exportin-1 (XPO-1), the principal regulator of
intracellular oncoprotein transport [49]. It induces nuclear retention of tumor sup-
pression protein and suppresses oncoprotein expression [50]. Selinexor is a potent
oral XPO-1 inhibitor that was investigated in clinical trials as monotherapy or in
combinations. Phase III BOSTON trial compared bortezomib-dexamethasone with
or without selinexor in 402 pretreated patients who received one to three prior lines.
Triplet therapy containing selinexor showed significantly better PFS. The main tox-
icities were hematologic and gastrointestinal [51].

Cereblon E3 Ligase Modulators (CELMoDs)

Cereblon E3 ligase modulators (CELMoDs) represent a novel category of agents in
the management of RRMM. Like IMiDs, such as lenalidomide or pomalidomide,
they mediate their anti-myeloma activity via cereblon that degrades Ikaros and Aiolos.
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CELMoDs belong to the next-generation IMIiDs and are functionally different
and more potent. They induce myeloma cell (MC) apoptosis. As they stimulate the
immune system, they could help overcome resistance to certain drugs. Iberdomide
(CC-220) showed an ORR of 31% associated with dexamethasone in the first-in-
human phase 1b/2a multicenter dose-escalation study [52, 53].

An ORR between 40 and 60% was obtained when Iberdomide was combined
with daratumumab or bortezomib. The main adverse events were neutropenia and
infections [54].

Another novel and possibly more powerful CELMoD currently investigated is
CC-92480 [55].

Bruton’s Tyrosine Kinase (BTK) Inhibitors

Ibrutinib is an oral drug approved for several B-cell malignancies. BTK is overex-
pressed in MM cells favoring proliferation and migration of plasma cells, bone
destruction, and dexamethasone resistance. Moreover, ibrutinib enhances the activ-
ity of PIs and IMiDs [56]. A phase I/II trial of ibrutinib in combination with carfil-
zomib and dexamethasone yielded an ORR of 71% and PFS of 7.4 months. No
unexpected side effects were seen with this association [57].

BCL-2 Inhibitor

Myeloma cells overexpress anti-apoptotic proteins heterogeneously, making their
dependency on the BCL-2 survival signal somewhat variable. Therefore, overex-
pression of BCL-2 in a subset of MCs with BCL-2 survival dependency provides an
attractive therapeutic target. MM cells harboring t(11;14) translocation are associ-
ated mainly with increased dependency upon BCL-2 for plasma cell survival [58].
Venetoclax (formerly known as ABT-199) is a first-in-class, orally bioavailable
BH3 43 mimetic designed by reverse engineering to produce a compound highly
selective for BCL-2.

Phase IIT BELLINI trial [59] compared bortezomib plus dexamethasone to trip-
let combination venetoclax, bortezomib, and dexamethasone in 291 RRMM
patients. Patients receiving combinations with venetoclax had a significantly longer
PFS; however, substantially worse OS due to early deaths due to infection in the
venetoclax arm. Subgroup analysis showed impressive prolonged PFS in patients
with t(11;14) or high BCL-2 expression without significant differences early. Phase
III trial (CANOVA; NCT03539744) comparing venetoclax plus dexamethasone vs
pomalidomide plus dexamethasone in patients with RRMM with t(11;14) or high
BCL-2 expression is undergoing.
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Immune Checkpoint Inhibitors
Anti-PD1

MM plasma cells overexpress immune checkpoints, which lead to drug resistance
and immune reactions. They were appealing targets for MM therapy. Two random-
ized trials compared Revlimid and dexamethasone (Rd) vs Rd and pembrolizumab,
an anti-PD1 (KEYNOTE 185) [60] as first-line therapy (KEYNOTE 183) [61] or in
the RRMM setting. Both studies were halted and concluded in an interim unplanned
analysis that triple therapy had an unfavorable risk-benefit profile due to an inferior
PFS. An excess of attributable mortality in the pembrolizumab arm was reported.

Anti-CD47

Various cancers and MM cells express CD47, an immune checkpoint known as the
“don’t eat me” signal. It sends inhibitory signals to macrophages to impede phago-
cytosis and immune response. In plasma cell clonal disorders, its expression directly
correlates with the stage of the disease, from normal to MGUS to MM. Blocking of
CDA47 using an anti-CD47 antibody induces immediate activation of macrophages
with phagocytosis and killing of MM cells. AO176 may be a potential candidate for
this experimental approach [62, 63].

Cytotoxic T Lymphocyte Antigen-4 (CTLA-4)

Cytotoxic T lymphocyte antigen-4 (CTLA-4) are important risk factors associated
with autoimmune diseases and malignancies. Like PD-1 (CD279), CTLA-4 regu-
lates immune responses at very different levels by very different mechanisms. It is
a global regulator of T-cell activation.

CTLA-4 polymorphism reduced the progression-free survival and the overall
survival of patients with MM who received bortezomib-based therapy [64]. It is also
an attractive therapeutic target currently being investigated with ipilimumab.

Other Experimental Therapies

Targeting C-X-C-Motif Chemokine Receptor 4 (CXCR4), which plays an essential
role in disseminating MM cells out of the BM, is another appealing approach to
treat MM. Ulocuplumab represents the first-in-class fully mAb targeting CXCR4; it
showed activity in RRMM in a phase Ib/II study [65].
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The anticancer effects of the marine-derived antitumor agent plitidepsin primar-
ily rely on the interaction with elongation factor 1-a 2 (¢éEF1A2). eEF1A2 is known
to be overexpressed in breast cancer and MM cells. Targeting this protein leads to a
proapoptotic response. In Australia, plitidepsin was approved in combination with
the corticosteroid agent dexamethasone to treat MM patients who failed or became
resistant to other therapies, covering the third- and fourth-line treatment settings
[66]. The randomized phase II ADMYRE trial evaluated plitidepsin plus dexa-
methasone (DXM) versus DXM alone in patients with RRMM and demonstrated
superiority in PES and OS when plitidepsin was added [67].

AL extracellular proteins deposit in tissues and aggregate in B-pleated sheets
arranged in an antiparallel fashion, distorting tissue architecture and exerting sig-
nificant tissue toxicity in AL amyloidosis. Adjuvant doxycycline may enhance anti-
amyloid effects. The DUAL (Doxycycline to Upgrade response in AL amyloidosis)
study is based on the fact that doxycycline has been reported to produce fibril dis-
ruption, reduces AL deposits, and controls light chain toxicity. Doxycycline is safe
and effective when administered with concurrent chemotherapy, with encouraging
results in cardiac patients [68, 69]. Furthermore, enhancer of zeste homolog 2 is a
histone methyltransferase that is of great interest in human cancer and its inhibition
may represent a future treatment option.

Myeloma-Developing Regimens Using Genomics (MyDRUG)

Advances in MM biology knowledge paved the way to transition from a patient-
and drug characteristic-guided therapy to biomarker-driven therapy.

The MyDRUG study is a Precision Medicine trial to treat patients with drugs
targeting the affected specific mutated genes. Patients with a greater than 25%
mutation to any of the following genes: CDKN2C, FGFR3, KRAS, NRAS, BRAF
V600E, IDH2, or t(11;14) are enrolled in one of the treatment arms. These arms
have treatments directed explicitly to the mutated genes. Patients that do not have a
greater than 25% mutation to the genes listed are enrolled in a non-actionable treat-
ment arm [70].

Figure 22.1 illustrates the various target sites of newly developed agents on aber-
rant plasma cells.
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POSSIBLE TARGET SITES FOR NEW AGENTS ON ABERRANT PLASMA CELLS
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Fig. 22.1 Possible target sites for new agents on aberrant plasma cells. (1) Targeting cell surface
receptors including SLAMF7, CD38, and CD138. (2) (a) Targeting B-cell maturation antigen
(BCMA) by antibody-drug conjugate, (b) by BiTE or bispecific antibodies, (¢) by CAR-T. (3)
Targeting aminopeptidase. (4) Targeting exportin 1. (5) Site of action of Cereblon E3 ligase modu-
lators. (6) Targeting BTK. (7) Targeting BCL-2. (8) Checkpoint inhibitors affecting PD1/PDL-1
axis and CD47. (9) Targeting ribosome with marine-derived antitumor agents. (10) Interfering with
AL fibrils

B-B-Cell Plasmacytic Clone
and Waldenstrom Macroglobulinemia

For B-cell plasmacytic clones and Waldenstrom Macroglobulinemia (WM), the
anti-CD20 monoclonal antibody rituximab is the backbone of the most commonly
used treatment combinations [71]. However, the treatment landscape of the disease
changed with the introduction of the first-in-class BTK inhibitor, the oral ibrutinib,
administered continuously until disease progression. Responses were best in
patients with CXCR4 wild type (WT)/Toll-like receptor MYD88 protein with L265P
mutation (MYD8826F) and lowest in patients with CXCR4YT/MYDS88WT highlight-
ing the unmet need and treatment gaps for those patients [72].

Patients with germline mutation with warts, hypogammaglobulinemia, infec-
tions, and myelokathexis syndrome (WHIM syndrome) (CXCR4VH™) have a dis-
tinct clinical presentation with more inadequate responses to BTK inhibition.

Furthermore, the development of resistance to ibrutinib attributed to a decreased
intrinsic binding affinity to this binding site is an emerging problem [73].

Therefore, the challenges and research goals are to develop a fixed duration treat-
ment with sustained disease control. It will probably include BTK inhibition along
with agents that target alternative pathways to address resistance mechanisms.
Interestingly, a better understanding of the molecular pathway of cellular
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proliferation with BTK paves the way for developing these new agents. BTK works
upstream and leads to downstream activation of phosphoinositide-3-kinase (PI3K)-
AKT pathway, PLC, PKC, and nuclear factor kB (NF-kB) with B-cell proliferation,
differentiation, and enhanced survival [74].

Agents Targeting B-Cell IgM Producing Clones

Newer Anti-CD20 mABs

In the current practice, anti-CD 20 rituximab is the backbone treatment for B-cell
clones secreting IgM and expressing CD20. It is often administered as a part of the
initial chemotherapy combined with alkylating agents followed by maintenance
monotherapy. Other anti-CD20 mAB includes ublituximab that has been advocated
by some authors [75], whereas ofatumumab, the first human anti-CD20 mAb, has
also shown potential in treating Waldenstrom’s macroglobulinemia [76].

Newer BTK Inhibitors

In some centers, BTK inhibitors have replaced classic chemoimmunotherapy based
on MYDS88 and CXCR4 genotypes. Despite their convenient oral administration,
intolerable side effects and reduced efficacy in the MYD88WT cohort may limit their
use [77].

Acalabrutinib (ACP-196) was developed to be more potent and selective than
ibrutinib [77]. In phase 2 multicenter study of 106 WM patients, oral acalabrutinib
administered until disease progression or toxic effects developed achieved an ORR
of 93% [78]. Zanubrutinib is another potent irreversible next-generation BTK inhib-
itor. It demonstrated superiority when compared to ibrutinib with fewer reported
adverse cardiac events [79]. No randomized controlled trials have compared BTK to
chemoimmunotherapy and therapy, therefore, should be individualized to the patient
and mutational profile.

BCL2 Inhibitors

Venetoclax, the small oral molecule that selectively inhibits BCL2, has significantly
improved patient outcomes with relapsed/refractory (R/R) WM with an ORR of
87% [80]. A combination trial of venetoclax and ibrutinib in treatment-naive patients
is underway [73]. Novel covalent and noncovalent BTK inhibitors (tirabrutinib,
vecabrutinib, LOX0-305, ARQ-531) are undergoing clinical trials in WM [81].
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Proteosome Inhibitors

The potential role of proteasome inhibitors in the treatment of WM patients has
been established based on previous data on bortezomib activity, but more clinical
trials are ongoing.

Ixazomib is an oral proteasome inhibitor that blocks the chymotrypsin-like activ-
ity of the 5 subunit of the 20S proteasome [82].

When ixazomib, dexamethasone, and rituximab (IDR) were administered to 26
treatment-naive patients with WM as 6-monthly induction cycles followed by six
maintenance cycles every 2 months, the overall, major, and VGPR rates were 96%,
77%, and 19%, respectively [83].

PI3K Inhibitors

The phosphatidylinositol 3-kinase (PI3K) pathway plays a significant role in the
initiation and progression of malignancies as it enhances cell survival and stimu-
lates cell proliferation [84] PI3Kd inhibitors have been shown to induce cell death
in WM cell lines [85]. Idelalisib is a potent, highly selective, oral PI3K8/AKT
inhibitor that promotes apoptosis. A phase 1b, in patients with relapsed B-cell
malignancies, demonstrated an ORR of 55% in 9 patients with WM [73]. Less hepa-
totoxic PI3K inhibitors, such as duvelisib and umbralisib, are currently being evalu-
ated in WM [86, 87].

CXCR4 Inhibitors

Targeting CXCR4 leads to a significant downstream reduction of proliferative sig-
nals and hence tumor reduction [88]. New agents targeting CXCR4 were developed
to improve WM patients’ outcomes with the CXCR4VHM mutation [73, 89]. The
results of a Phase I trial of the CXCR4-antagonist ulocuplumab with ibrutinib to
target CXCR4Mut in WM were recently published [90].

The major and VGPR response rates were 100% and 33%, respectively, with
VGPRs observed at lower ulocuplumab dose cohorts. Median times to minor and
major responses were 0.9 and 1.2 months, respectively. With a median follow-up of
22.4 months, the estimated 2-year PFS was 90% [90].

Mavorixafor (AMD-070) is another small oral, potent, noncompetitive antago-
nist of CXCR4 which demonstrated a favorable safety profile and resulted in mean-
ingful hematological improvement in patients with WHIM syndrome is currently
investigated in WM [73].

Furthermore, plerixafor (AMD3100) is a CXCR4 antagonist that disrupts the
CXCR4/SDF-1a bond. It is used in combination with granulocyte colony-
stimulating factor for hematopoietic stem and progenitor cell mobilization in
patients with lymphoma and multiple myeloma [91].
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Other Emerging Therapies

MYDS88 and CXCR4 trigger mTOR, part of the P13 K/AKT resulting in prosurvival
signaling.

Everolimus, an mTOR inhibitor, has been evaluated as monotherapy in 33
treatment-naive WM patients with some success [92].

Other therapeutic agents such as PD-1 inhibitors or ImiDs were also experi-
mented with WM in many trials.

Focusing on the plasma cell component of the lymphoplasmacytic clone is
another exploratory approach. Plasma cells in WM express CD38 which could be
targeted by daratumumab, which being assessed in a single-arm phase II study in
patients with RR WM. Another study involves the combination of daratumumab
and ibrutinib. CAR-T will also likely be a new therapeutic option [73].

Selinexor, a potent oral XPO-1 inhibitor previously investigated in MM, has also
been tried on a small cohort of WM in its dose-escalation phase [93].

Castillo et al. reviewed the novel approach to manage WM and lymphoplasma-
cytic clones [81, 89, 94].

Figure 22.2 illustrates the potential target sites of novel agents on the B-cell lym-
phoplasmacytic clone.

Therefore, numerous new therapeutic agents are being developed as the molecu-
lar and genetic basis of disease development and progression are being better under-
stood. These agents range from monoclonal antibodies targeting surface markers to

POSSIBLE TARGET SITES FOR NEW AGENTS ON IgM SECRETING B-CELL CLONE

Fig. 22.2 Potential target sites of novel agents on the B-cell lymphoplasmacytic clone. (1) Novel
anti-CD20, (2) BTK inhibitors, (3) BCL-2 inhibitors, (4) Proteasome inhibitors, (5) PI3K
Phosphatidylinositol 3-kinase inhibitors, (6) CXCR4 inhibitors and blockers, (7) Novel mecha-
nisms including anti-CD38
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more complex antibody-drug conjugates, bispecific antibodies or CAR-T. This arse-
nal of new agents will likely represent a significant addition to the armamentarium
used for other disciplines in the non-neoplastic arena.

Conclusions

Understanding the microenvironmental characteristics and the different signal path-
ways that lead to cellular proliferation in plasma cell and B-cell clones can translate
into a precision approach to therapy.

MM is a heterogeneous and complex disease with many driving mechanisms and
mutations. Understanding the biology of the disease and the structural characteris-
tics of the aberrant plasma cells and its surrounding bone marrow microenviron-
ment allows us to experiment with numerous targeted therapies. The future of MM
therapy is a fascinating challenge to achieve a cure and a good quality of life for all
MM patients.

For WM and the lymphoplasmacytic clones, once more, understanding the intra-
cellular proliferative signals and their molecular interactions are paving the way for
a patient-tailored therapy that will change the way we manage such cases.

We will likely soon meet the challenge to develop a fixed duration treatment with
sustained disease control with the novel agents.
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oS Overall survival

POEMS Polyneuropathy, organomegaly, endocrinopathy, M protein, and skin
changes syndrome

PPN Paraprotein neuropathies

sFLC Serum free light chain

SLAM  Signaling lymphocytic activation molecule

SP Solitary plasmacytoma

TPE Therapeutic plasma exchange

WM Waldenstrom’s macroglobulinemia
Introduction

Paraproteinemia results from an immunoproliferative hematological disorder char-
acterized by producing excessive amounts of a single monoclonal gamma globulin
in the blood.

The main therapeutic goal in paraproteinemia is to target the cell clones respon-
sible for producing these abnormal pathological proteins, known as paraproteins.
Until a reduced production is achieved, paraproteins can cause irreversible damage
to various body tissues and organs. Non-pharmacological means to eliminate para-
proteins are routinely employed in the initial treatment phases or combined with
clone-specific therapies to induce or maintain the therapeutic response.

Whenever paraproteinemia presents with severe or life-threatening complica-
tions, plasmapheresis has been used successfully as an emergency tool to reduce the
paraproteins’ level temporarily until clone-specific therapies achieve a reduction of
synthesis. It has also been used as long-term adjuvant therapy in cases of slowly
proliferating conditions.

Paraprotein-related complications that plasmapheresis can address include
hyperviscosity syndrome (HVS), hypervolemia, hemorrhagic diathesis, cryoglobu-
linemic manifestations, and end-organ affections with rapidly deteriorating kidney
functions, neurological symptoms, or visual loss [1].

The Hyperviscosity Syndrome and Plasmapheresis

HVS, reported in paraproteinemia, develops most commonly in Waldenstrom’s
macroglobulinemia (WM) followed by multiple myeloma (MM). The incidence of
symptomatic hyperviscosity in WM is 10-30%, while in IgG MM it is 2—-6% [2-5].
HVS leads to significant morbidity and mortality. The variables that affect the
development of HVS include the plasma concentration and the molecular size of the
specific paraprotein. The threshold for the onset of HVS for IgG is >150 g/L, for
polymerized IgG3 >40-50 g/L, for IgA >100-110 g/L; for polymerized IgA
>60-70 g/L and is only >30-40 g/L for pentameric IgM. Table 23.1 illustrates the
various concentrations of paraproteins capable of causing HVS.
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Table 23.1 Paraproteins

levels associated with

hyperviscosity syndrome

(derived from [2])
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Paraproteins

Levels inducing HVS

IeG 150 g/L
Polymerized 1gG3 >40-50 g/L
IgA 100-110 g/L
Polymerized IgA 60-70 g/L
IgM 3040 g/L

The pathological complications of HVS are due to increased plasma viscosity
and increased erythrocyte aggregation leading to increased whole blood viscosity.
Hyperviscosity impairs the microcirculation in various organs; It can also lead to a
broad spectrum of neurological disorders and may affect the heart, the kidney, and
the skin. The retina is often targeted with HVS leading to sluggish circulation and
hemorrhages around the small retinal blood vessels. Early diagnosis and urgent
institution of plasmapheresis may abort blindness caused by retinal hemorrhages
and/or possible detachment.

Clinically, the syndrome has a neurologic constellation of symptoms: headaches,
tinnitus, dizziness, visual changes, renal functional deterioration mounting to fail-
ure, and cardiac decompensation from increased plasma volume and viscosity. The
impact on hemostasis is variable. Thrombotic complications are frequent, but para-
doxically, bleeding complications due to impairment of platelet function can be
life-threatening [6].

Since the 1960s, therapeutic plasmapheresis has been widely used as primary or
adjunctive therapy in the United States. Several plasmapheresis procedures are tai-
lored to treat various diseases. Therapeutic plasma exchange (TPE) with a centrifu-
gal plasma separator, using replacement fluid, is the most widely used method.
Other forms of plasmapheresis rely on the concept of membrane filtration or
adsorption and include membrane plasma separation, membrane fractionation,
microfiltration apheresis, cryofiltration, immunoadsorption, and chemical affinity
column pheresis [5]. Unlike in the cases of thrombotic thrombocytopenic purpura
where the replacement is usually by fresh frozen plasma (FFP) or cryosupernatant,
the most commonly used replacement fluid is either 4-5% human albumin in phys-
iologic saline or rarely FFP, which is used in patients with coagulation
abnormalities.

Since most TPEs performed for paraprotein-related disorders use albumin, the
risk of blood-borne virus transmission is minimal. Albumin is pasteurized (heat-
treated at 60 °C for 10 h) and has never been associated with the transmission of
blood-borne viruses. On the other hand, when FFP is used, there exists a small
potential for virus transmission. Despite the use of pathogen-reduced plasma, some
studies have identified TPE as a risk factor for post-transplantation infection by
hepatitis E viral (HEV), a non-enveloped resistant virus, and transaminase elevation
[7]. Therefore, screening for HEV RNA should preferably be carried out on plasma
used to treat immunocompromised patients [8]. Fortunately, paraprotein-specific
complications of therapeutic plasmapheresis are rare outside of central line compli-
cations. As an ancillary treatment, therapeutic plasmapheresis has expanded the



380 H. Goubran et al.

therapeutic tools in managing paraproteinemia and has not been shown to influence
the underlying malignant process [1].

Plasmapheresis is an effective tool for inducing immediate symptomatic relief,
and it is often continued until acute symptoms abate. In hepatitis C virus (HCV)-
related mixed cryoglobulinemia (MC), plasmapheresis is indicated in rapidly evolv-
ing life-threatening disease in combination with steroids, rituximab or
cyclophosphamide [9]. In non-infectious MC, on the other hand, plasmapheresis
represents the second-line option for severe disease manifestations, in particular for
acute motor neuropathy, acute renal failure, or alveolar hemorrhage [10]. In WM
patients with HVS and IgM > 40 g/L, preemptive plasmapheresis may be required
to prevent an IgM flare from potentially occurring with the initial use of rituximab
[6, 11]. Certain IgG/A monoclonal gammopathy of undetermined significance
(MGUS)-associated neuropathy patients may benefit from plasmapheresis. When
cast nephropathy is suspected or confirmed by biopsy, plasmapheresis is recom-
mended as early as possible when the serum free light chain (sFLC) is
>500 mg/L. Theoretically, without efficient tumor killing, extracorporeal removal
alone could not reduce sFLC due to high production tumor mass and rapid rebound
and redistribution between compartments [6].

Cryoglobulinemia

Cryoglobulinemia is defined by the presence of immunoglobulins that precipitate in
the serum when the temperature is <37 °C, and redissolve after rewarming. The
presence of both polyclonal IgG and monoclonal IgM (type II) or polyclonal IgG
and polyclonal IgM (type III) identifies the MC. The identification of an HCV infec-
tion in most cases represents a cornerstone in understanding the pathogenesis of this
condition.

The clinical spectrum presentations of MC are heterogeneous, ranging from
arthralgias, mild palpable purpura, and fatigue to severe vasculitic features with
necrotic skin patterns. Peripheral neuropathy and, less commonly, lungs, central
nervous system, gastrointestinal tract, and heart involvement are also frequently
reported [12]. On the other hand, kidney involvement represents the most common
target-organ affection, and glomerulonephritis is crucial when considering progno-
sis [13].

HCYV infection affects about 170 million people worldwide. For years, TPE com-
bined with steroids and/or rituximab was the cornerstone therapy in advanced MC
with multiorgan involvement. At the same time, the triggering HCV used to be
controlled with the classic combination of interferon and ribavirin. After the intro-
duction of the new direct antiviral agents (DAAs), the medical community aban-
doned the combination of pegylated interferon and ribavirin. DAAs therapy is now
used as a first-line approach. In patients with severe vasculitis, DAAs therapy and
second-line treatment with rituximab with or without apheresis represent the stan-
dard of care [14, 15].
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Four MC cases showing severe and progressive clinical manifestations, includ-
ing skin purpura, nephrotic syndrome, acute kidney injury, and peripheral neu-
ropathy, have been subjected to cryofiltration, a dedicated apheresis procedure
for removal of cryoprecipitates, in conjunction with conventional pharmacologi-
cal therapies resulting in a significant reduction in cryoglobulins [16]. In addition
to the symptomatic improvement, monitoring the cryocrit throughout TPE ses-
sions can guide the response to treatment and determine the ideal length of ther-
apy [17].

Cryocrystalglobulinemia, on the other hand, is a rare variant of cryoglobuline-
mia in which monoclonal immunoglobulins self-assemble into crystalline arrays.
DeLyria et al. (2016) [18] described a case of a 53-year-old man who presented
with systemic thrombotic microangiopathy causing multiorgan failure with miss-
ing features of the typical leukocytoclastic vasculitis, affecting most of his organs;
the kidneys, lungs, and gastrointestinal tract as well as causing skin necrosis and
mental status changes. Tissue biopsy specimens showed intravascular thrombi,
along with renal spindled crystalline deposits. Crystals precipitated in the cryo-
globulin assay, and immunofixation showed them to be composed of monoclonal
immunoglobulin G « light chains. The ultrastructural analysis demonstrated the
deposits to have an array-like substructure. The patient was successfully treated
with a combination of plasmapheresis, steroids, and bortezomib but experienced a
relapse and died 12 months after his initial diagnosis. This entity is now classified
as monoclonal gammopathy of renal significance (MGRS) (covered in Chap.
13) [18].

Multiple Myeloma

Since the late 1960s, plasmapheresis has been used to address complications of
MM [19].

In MM patients, TPE in combination with chemotherapy, or novel agents like
bortezomib, could significantly remove both the paraproteins and the free light
chains (FLC) that lead to acute kidney injury (AKI). Urgent application of TPE has
improved both renal recovery and patient survival. In a trial of 29 patients, a higher
number of plasma exchange sessions significantly reduced FLCs compared to bort-
ezomib. Still, the non-pharmacological procedure must be combined with other
clonal-directed chemotherapeutic agents to prolong renal recovery and patient sur-
vival [20].

In 2021, Merz et al. reported an excellent clinical response to plasmapheresis in
a young, undiagnosed MM patient presenting with bilateral HVS-related retinopa-
thy. As fundoscopy leads to the diagnosis of HVS, the authors considered it advis-
able to screen all patients with MM and perform plasmapheresis as soon as possible
to save their sight [21].

The immunoglobulin (Ig) D type is a rare variant of MM as it accounts for only
1-2% of all cases. The diagnosis is difficult to carry as IgD assay is not part of the
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routine initial workup for myeloma patients. Patients presenting with IgD MM
have more severe symptoms at presentation with a poorer prognosis when com-
pared to the other types. Ueda et al. demonstrated in 2020 the benefits of a bort-
ezomib-based regimen in combination with TPE for IgD MM with acute kidney
disease [22].

Kanda et al. reported renal Improvement with Molecular-Selective Plasma
Exchange in a patient with Bence-Jones Type MM [23]. Others have advocated for
double-filtration plasmapheresis to treat acute renal failure in MM patients [24].

Patients may present with a solitary plasmacytoma (SP) on rare occasions. SP
may be a solitary bone lesion or may represent an extramedullary SP. Patients with
SP should be primarily treated with radiotherapy with or without surgery. The
choice of therapy and its dose is often dependent on the location of the lesion and its
accessibility. Although local control rates are high after radiotherapy, progression to
MM frequently occurs [25]. (MM is discussed in detail in Chap. 11).

Oncolytic virotherapy uses the natural ability of viruses to infect and kill cells to
eliminate cancer cells. Adenovirus serotype 5 (AdS) has been approved for use in
humans as a therapy for solid cancers. Ad5 and low-seroprevalence adenoviruses
were evaluated as oncolytics for MM as they infect and replicate in myeloma cell
lines and mediate oncolytic cell killing [26].

The growth-inhibitory activity of recombinant CD40 ligand (CD40L) is also
well documented in MM. It acts in concert with viral oncolysis to produce MM
growth inhibition through activation of cellular apoptosis [27].

These findings drew the attention of researchers to consider vaccine strains of mea-
sles virus (MV) as agents with an impressive range of oncolytic activity in preclinical
and early clinical trials with safety and efficacy evidence. Overexpression of the MV
receptor CD46 in many tumor cells may direct the virus to preferentially enter trans-
formed cells. There is increasing awareness of their importance in mediating nectin-4
and signaling lymphocytic activation molecule (SLAM) oncolysis. Attenuated
Edmonston lineage measles virus (MV-Edm) vaccine strains can preferentially infect
and lyse many cancer cells, including myeloma [28]. Furthermore, successful attempts
to retarget MV by inserting tumor-specific antigen genes and engineering the virus to
express synthetic microRNA targeting sequences may represent an exciting means of
increasing viral specificity and enhancing the oncolytic effect [29].

Therefore, oncolytic virotherapy can function as an antigen agnostic vaccine,
increasing cytotoxic T-lymphocyte responses against tumor-associated antigens in
patients with MM [30].

Several different myeloma gene therapy approaches, including cell-based ones,
are also currently being explored and will likely influence MM therapy in various
ways [31, 32].

Another non-pharmacological approach involves the gut microbiome. It is being
investigated by a clinical trial at the Mayo Clinic in patients with lymphoma or MM
as it may alter the outcome of patients undergoing stem cell transplantation [33].
Other trials investigate the impact of implicating patients in clinical trials on their
quality of life and performance [34].
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Waldenstrom’s Macroglobulinemia

The most common cause of HVS is WM [35], as 10-30% of patients exhibit an
HVS. As the large pentameric IgM accumulates in the circulation, viscosity builds
up until a full-blown picture of symptomatic hyperviscosity, a well-established phe-
nomenon of WM, develops. The predictors of symptomatic HVS and outcomes
related to this complication remain slightly unclear. Still, a study in 2018 proposed
that IgM >60 g/L be considered a new criterion for initiating therapy in otherwise
asymptomatic (smouldering) WM to pre-empt hyperviscosity-related injury [36]. In
their study on 997 WM patients evaluated for 11 years, Abeykoon et al. reported that
symptomatic HVS was observed in 13% of them. Overall survival (OS) of these
patients was similar to patients without symptomatic hyperviscosity. On multivari-
ate analysis, only viscosity >1.8 cp assessed at the initial diagnosis was an indepen-
dent predictor for the development of subsequent symptomatic HVS [36]. In another
study, a serum IgM level >60 g/L at diagnosis was associated with a median time to
symptomatic hyperviscosity of 3 months. In contrast, the median time for patients
with serum IgM levels of 50-60 g/L was approximately 3 years. Adjusting for other
clinical factors, the odds of developing symptomatic HVS were 370-fold higher
with serum IgM levels >60 g/L. Once more, symptomatic hyperviscosity did not
influence OS [11]. The previous findings support the use of serum IgM level >60 g/L
as a criterion for initiation of therapy in otherwise asymptomatic patients with
smouldering WM. Therefore, it seems reasonable that in the absence of other symp-
toms or signs, high serum IgM can be safely observed without the initiation of
WDM-directed therapy as per the consensus recommendations.

Retinal affection, on the other hand, represents a challenge. IgM’s long-term
toxicity to the retinal pigment epithelium may impede the resolution of the persis-
tent serous macular detachment, resulting in an inability to recover the vision. This
may represent an urgent indication for intervention to reduce paraproteins [37].
After plasmapheresis, TPE improved optical coherence tomography angiography
(OCT-A) with an objective decrease in retinal capillary and large vessel density.
This technique has the potential to guide treatment and surveillance for patients
with hyperviscosity-related retinopathy [38]. Prophylactic plasmapheresis should
be considered in patients at risk for HVS after rituximab therapy to avoid an IgM
flare [6, 39]. Due to the concern of IgM flare, some centers prefer to have the [gM
<40 g/L before proceeding with anti-CD20 therapies like rituximab.

In their very comprehensive 2019 review, Dimopoulos and Kastritis highlighted
that plasmapheresis can reduce the IgM levels significantly after 2-3 sessions,
thereby bridging the time required for systemic clone-directed therapy to be effec-
tive whenever immediate IgM reduction is needed (such as for HVS, symptomatic
cryoglobulinemia, severe hemolysis from cold agglutinin disease.) [40]. It was also
pointed out that blood warmers should be considered during apheresis if cryoglobu-
lins are present [41].

However, the question remains on the optimal modality of application of apher-
esis. TPE and double filtration plasmapheresis (DFPP) are effective treatment
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options for HVS caused by WM. Nonetheless, few data are available for the rela-
tionship between the prescribed regimen of apheresis and the reduction rate of tar-
get IgM, especially in the modalities using membrane separation. Studies have
demonstrated that DFPP is superior to TPE [42]. (The treatment of WM is covered
in Chap. 14.)

Paraproteinemia Associated with Neurological Disorders

Chronic inflammatory demyelinating polyneuropathy (CIDP) is a rare neurological
disorder of nerve roots and peripheral nerves that destroys the myelin sheath of the
nerve fibers. It represents a chronic form of acute inflammatory demyelinating poly-
neuropathy (AIDP), the most common form of Guillain Barré syndrome (GBS).
TPE has been proposed as a treatment option for chronic immune peripheral neu-
ropathies (CDPN). However, guidelines and protocols are limited, and only few
studies have been published. A subset of CIDP, anti-MAG peripheral neuropathy,
accounting for 5% of CIDP-like disorders, can be treated successfully with TPE
[35]. Anti-MAG occurs when the body’s immune system develops antibodies
against a critical glycoprotein (myelin-associated glycoprotein, or MAG). MAG is
required to maintain a healthy peripheral nervous system. In the absence of evident
paraproteinemia, however, the use of intravenous gamma globulins seems to be
more appropriate as patients who underwent TPE experienced prolonged hospital-
ization with a poorer outcome and a more significant hospitalization [43].

A 10-year retrospective study assessed the effectiveness and tolerance of TPE in
CDPN. Among the 206 patients who received TPE during the study period, 30
(14.6%) met the diagnostic criteria of CDPN. Four of the five paraprotein neuropa-
thies (PPN) patients (80%) and 8 of the 11 chronic inflammatory demyelinating
polyneuropathies (CIDP) patients (72.7%) responded to TPE. Six of the nine anti-
MAG neuropathy patients (66.7%) responded to treatment [44]. TPE appears to be
effective in CIDP and PPN and ineffective in Lewis-Sumner and the polyneuropa-
thy, organomegaly, endocrinopathy, M protein, skin changes syndrome; and (Crow-
Fukase) (POEMS) syndromes [44] (Chap. 21).

Conclusions

Clone-directed therapies are the most logical therapeutic options for the long-term
management of paraproteinemia. Paraproteins, however, can have very detrimental
effects on various body tissues and organs, inflicting rapid irreversible damage. In
this setting, plasmapheresis is a cornerstone life-saving tool in symptomatic patients
with hyperviscosity syndrome by eliminating paraproteins quickly.

Other promising modalities including oncolytic virotherapy and gene therapy are
currently under investigation. If they prove to be successful, they will add to the
medical armamentarium in this battlefield.
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The figures and captions in the chapter were published incorrectly. The corrections
are provided below:

Fig.7.1 Electron microscopy appearance of amyloid (in renal amyloidosis). Photo courtesy of Dr.
B Vydianath, University Hospitals Birmingham NHS Foundation Trust.
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Fig. 7.2 Amyloid deposition in a renal glomerulus as seen on Haematoxylin and Eosin stain.
Original magnification x 200, Photo courtesy of Dr. Y Hock, University Hospitals Birmingham
NHS Foundation Trust.



Correction to: Amyloidosis: Pathogenesis, Types, and Diagnosis C3

Fig. 7.3 Abundant amyloid deposition in renal blood vessels as seen by Congo red staining (with
polarization). Apple green birefringence of amyloid in blood vessels can be seen in the lower part
(white arrow) with non-birefringent collagen fibres in the upper part for comparison (black arrow).
Original magnification x 200, Photo courtesy of Dr. Y Hock, University Hospitals Birmingham
NHS Foundation Trust.

Fig. 7.4 Abundant
amyloid deposition in liver
as seen on Congo red stain
(with polarization
demonstrating apple green
birefringence). Original
magnification x 200, Photo
courtesy of Dr. Y Hock,
University Hospitals
Birmingham NHS
Foundation Trust.
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