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Plasma cell diseases are a class of hematologic diseases that are sometimes present
as preexisting diagnoses prior to organ transplantation, causative factors leading to a
need for organ transplantation, or may occur posttransplant as part of the spectrum
of posttransplant lymphoproliferative disorders. Herein, we review the most com-
mon plasma cell diseases, both as coexisting with other causes of organ failure, but
also as a primary underlying cause for organ failure. In many cases, treatment of the
underlying clonal disease may be indicated before proceeding with organ transplant.
This review aims to provide current and relevant data regarding the management of

these conditions in the organ transplant patient, for transplant providers, and those
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1 | INTRODUCTION

The plasma cell dyscrasias and plasma cell neoplasms comprise a
heterogeneous group of disorders characterized by a clonal, often
disease-causing plasma cell population. The most common such
disorders encountered by providers include plasma cell neoplasms
such as multiple myeloma (MM), and plasma cell dyscrasias includ-
ing smoldering myeloma (SMM), monoclonal gammopathy of un-
determined significance (MGUS), immunoglobulin light-chain (AL)
amyloidosis, and light-chain deposition disease (LCDD). These
diseases are encountered prior to organ transplantation, and may
also be diagnosed post-organ transplant as part of the spectrum
of posttransplant lymphoproliferative disorders (PTLD). The pre-
transplant setting is the most frequent time that patients and pro-
viders will encounter and manage the disease-related risks and

Abbreviations: AKI, acute kidney injury; AL, amyloidosis; ASCT, autologous stem cell
transplantation; EBV, Epstein-Barr virus; IMWG, International Myeloma Working Group;
LCDD, light-chain deposition disease; MGRS, monoclonal gammopathy of renal
significance; MGUS, monoclonal gammopathy of undetermined significance; MGUS,
monoclonal gammopathy of undetermined significance; MM, multiple myeloma; PTLD,
posttransplant lymphoproliferative disorders; SMM, smoldering myeloma.

who take care of these patients.

cancer/malignancy/neoplasia, clinical research/practice, heart transplantation/cardiology,
hematology/oncology, kidney (allograft) function/dysfunction, kidney (native) function/

dysfunction, kidney disease, kidney transplantation, kidney transplantation/nephrology, living

prognoses—and as such, this setting will be the focus of much of
this review.

Our goal is to review the existing literature pertaining to these
conditions in organ transplant, and create a guide for providers in
this setting, using an evidence-based approach. Specifically, we aim
to review the available literature regarding these disorders in organ
transplant, and provide expert recommendations on management
of these disorders in the organ transplant patient population. Our
approach to determining levels of evidence is described in greater

detail to follow.

2 | LEVELS OF EVIDENCE

In order to apply rigorous criteria to the available data, we have
elected to use the 2011 Oxford Centre for Evidence-Based Medicine
Levels of Evidence.! This ranking scheme was devised to help cli-
nicians and researchers answer clinical questions quickly. They are
not, however, intended to provide a recommendation—they are in-
tended to support a treatment or intervention’s recommendation,

but cannot supplant clinical reasoning. The levels of evidence are
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depicted below, and will be used throughout this manuscript to pro-
vide a framework for understanding the data (or lack thereof) sup-

porting any recommendations made (Table 1).

3 | MONOCLONAL GAMMOPATHY OF
UNDETERMINED SIGNIFICANCE

3.1 | Background

Monoclonal gammopathy of undetermined significance (MGUS) is
the most frequently encountered plasma cell dyscrasia in clinical
practice.? MGUS is defined as the presence of a serum monoclo-
nal protein <3.0 g/dL, <10% clonal plasma cells in the bone marrow,
and the absence of end-organ damage related to the disorder. The
diagnostic criteria for plasma cell disorders is depicted in Table 2.21n
a large study, the prevalence of MGUS was estimated at 3.2%, in a
predominantly white population.® The most important risk of MGUS
is progression to MM. A long-term study of MGUS patients, showed
a cumulative probability of progression to symptomatic multiple my-
eloma of 12% at 10 years, 25% at 20 years, and 30% at 25 years.*

3.2 | Management of MGUS

The International Myeloma Working Group (IMWG) has published
guidelines for the assessment of risk of progression in MGUS in the
general population (Table 3), by analyzing the combination of serum
monoclonal protein level, serum free light chain levels, and immuno-
globulin isotype.® The risk classification system forms a basis for rec-
ommendations regarding management and prognosis of MGUS in the
general population, which are extrapolated to the organ transplanta-
tion patient population (Tables 3 and 4). Following the diagnosis of
an MGUS, and after careful evaluation for other types of plasma cell
disorders, patients should be followed as per the European Myeloma
Network guidelines® (Table 4).

3.3 | MGUS in solid organ transplant

In large study of 1016 kidney transplant patients, only 16 of 1016
(1.6%) patients had an MGUS at any time; 5 of 16 were diagnosed
pre-kidney transplant, and 11 of 16 were diagnosed post-kidney
transplant.” In a retrospective analysis of the Healthcare Cost and
Utilization Project in California, only 72 of 22 062 organ-transplant
patients had a known MGUS prior to OT (0.3%).8 Another large ret-
rospective analysis of 1593 organ-transplant patients revealed a
monoclonal spike in 2.8% of patients.” Some degree of selection bias
may be present in these results—as many transplant centers will not
list or transplant patients with MGUS. This may explain the lower in-
cidence described in these studies, as compared with the incidence
in the general population described previously.

Given the inherent risks of progression to MM and the long-term
immunosuppression that organ-transplant patients need—there is
concern for increased risk for development of MM or other plasma

cell disorders in patients with MGUS who undergo organ transplant.
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Immunosuppression following organ transplant can result in higher
incidence of developing malignancy—approximately three to five
times the general population, with non-melanoma skin cancer
and non-Hodgkin lymphoma being the most common secondary
malignancies.*®

To answer this clinical concern, there are many retrospective
series examining the impact of MGUS in the pre-organ transplant
setting, and also in post-organ transplant patients. The data from

each of these settings are summarized as follows.

3.4 | MGUS and all organ transplantation data

A large, retrospective analysis of the California Healthcare Cost and
Utilization Project database evaluated patients with MGUS who
underwent organ transplant between 2005 and 2011.8 Analysis re-
vealed that of 22 062 patients who underwent organ transplant, 72
had an MGUS prior to transplant. Of the MGUS patients, there were
10 cases of multiple myeloma after organ transplant, compared with
37 in the patients without MGUS. In another study, records of 1199
patients who underwent organ transplant (including kidney, liver,
and pancreatic transplant) were reviewed.” A monoclonal protein
was present in 2.8% of all patients. Interestingly, in liver transplant
patients, 5.9% (22 of 368) had MGUS at baseline, while only 1.7%
(14 of 823) of renal transplant recipients had MGUS at baseline. Of
the patients who had MGUS, no progression to multiple myeloma,
amyloidosis, or lymphoma was observed during immunosuppression
post OT, and there was no association of MGUS with posttransplant

lymphoproliferative disorder (PTLD).

3.5 | MGUS and kidney transplantation

Several small retrospective studies have examined the impact of
MGUS (both in the pre- and post-organ transplant setting) on out-
comes in persons undergoing kidney transplant. The largest study
looked at 3518 kidney transplant patients between 1963 through
2006, and evaluated long-term outcomes in persons with an MGUS,
or who develop one afterward.!! Of the 3518 patients, 42 (1.2%) had
a monoclonal protein. Only 23 of 42 had MGUS prior to transplant,
and 19 of 42 had MGUS posttransplant. Progression to smoldering
MM occurred in 2 (8.7%) patients, but no patient was documented to
progress to symptomatic MM.

Another large retrospective study did not disclose any risk of
myeloma or other plasma cell disorder in persons undergoing kid-
ney transplant. In a study of 1016 patients who underwent KT from
1992-2012, only 16 (1.6%) were diagnosed with MGUS.” Five of
these 16 patients were diagnosed prior to kidney transplant, and 11
were diagnosed afterward. None of the 16 patients developed MM;
however, there were 2 patients (12.5%) that developed a hemato-
logic malignancy.

In an analysis of 1215 kidney transplant candidates at a large
referral center, conducted between the years of 2000 through
2007, only 34 (2.8%) were found to have an MGUS during the

evaluation prior to potential kidney transplant.*? Of this cohort,
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TABLE 2 Diagnosis of plasma cell diseases and common management options

Diagnosis

Multiple Myeloma

Smoldering multiple
myeloma

Monoclonal
gammopathy of
undetermined
significance

Solitary
plasmacytoma

Solitary plasmacy-
toma with minimal
marrow
involvement

Systemic AL
amyloidosis

Light chain
deposition disease

Definition

Clonal plasma cell population in bone marrow 2
10%, or bony or extramedullary plasmacytoma
(biopsy proven), in addition to one or more of the
following myeloma defining events:

Myeloma Defining Events
e End organ damage attributable to the plasma cell
disorder, in particular (‘CRAB” criteria):
o Hypercalcemia
o Renal insufficiency
o Anemia
o Bone lesions
e Biomarkers of malignancy
o Clonal bone marrow plasma cell percentage >
60%
o Involved:uninvolved serum free light chain
ratio 2 100
o >1 focal lesions on MRl or PET-CT study

Serum monoclonal protein = 3 g/dL and/or 10 to
60% bone marrow clonal plasma cells
Absence of end organ damage or myeloma-
defining biomarkers (see above under Multiple
Myeloma), or systemic amyloidosis

Serum monoclonal protein < 3 g/dL
Clonal bone marrow plasma cells < 10%
Absence of end organ damage or myeloma-
defining biomarkers (see above under Multiple
Myeloma), or systemic amyloidosis

Single lesion of bone or soft tissue, biopsy-proven,
with evidence of clonal plasma cells
Lack of clonal bone marrow plasma cells
No evidence for end organ damage attributable to
the plasma cell disorder, or myeloma defining
events

Single lesion of bone or soft tissue, biopsy-proven,
with evidence of clonal plasma cells
Clonal bone marrow plasma cells < 10%
No evidence for end organ damage attributable to
the plasma cell disorder, or myeloma defining
events

Evidence for a clonal plasma cell dyscrasia (evidence
of a serum or urine monoclonal protein, abnormal
free light-chain ratio, or clonal bone marrow
plasmacytosis)

Biopsy-proven evidence for amyloidosis, as
demonstrated by positive staining by Congo red in
any tissue from an affected organ

Clinical syndrome consistent with AL amyloidosis
in vital organs (kidneys, heart, liver, gastrointesti-
nal tract, nervous system)

Presence of a clonal plasma cell or B cell neoplasm,
and

Characteristic pathologic findings showing
amorphous to granular deposition of monoclonal
immunoglobulin components

Common management options

Induction therapy followed by autologous stem cell transplanta-
tion, followed by maintenance
Induction therapy followed by maintenance for transplant
ineligible patients

Patients uniformly relapse; treatment with alternative FDA
approved drugs is standard at relapse

Observation at 3- to 6-mo intervals

Observation at 6- to 12-mo intervals (See table 4)

Involved field radiotherapy followed by
Observation at 6- to 12-mo intervals

Involved field radiotherapy followed by
Observation at 6- to 12-mo intervals

Treatment with CyBorD (cyclophosphamide, dexamethasone,
bortezomib)
For select patients, autologous stem cell transplantation

Treatment as per underlying disorder, whether plasma cell
neoplasm or B cell neoplasm
For select patients, autologous stem cell transplantation
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TABLE 3 Risk stratification for monoclonal gammopathy of
undetermined significance in the general population

Absolute risk of
progression at 20 y
accounting for death
as a competing risk, %

Absolute risk
progression at

Risk group 20y, %

Low risk (serum M 5 2
protein <1.5 g/dL, IgG
subtype, normal FLC
ratio [0.26-1.65])

Low-intermediate risk 21 10
(any 1 factor
abnormal)

High-intermediate risk 37 18
(any 2 factors
abnormal)

High risk (all factors 58 27

abnormal)

Factors: serum M protein < 1.5 g/dL, 1gG subtype, normal FLC ratio
[0.26-1.65]) (ref. 5).

only 9 patients with MGUS actually underwent transplant, and
none of these patients developed MM or lymphoproliferative dis-
ease during follow-up. Spanish investigators reported outcomes
of MGUS in patients undergoing kidney transplant‘13 In a cohort
of 587 patients, from 1996 to 2011, 17 patients (2.9%) had an
MGUS diagnosed either before or after transplant; 9 patients had
an MGUS prior to transplant. Of the 9 patients with MGUS pre-
transplant, 1 patient did develop symptomatic MM, with a me-
dian follow-up of 6 years, and all patients still had a functioning

allograft.

3.6 | MGUS in heart transplantation

In 2001, one study was published examining outcomes of MGUS pa-
tients undergoing heart transplant. This publication looked at risk
factors for MGUS in a heart transplant population of 308 patients
from a single center.* In this population, MGUS was common (76
patients, or 25%), but importantly, no patients with MGUS devel-
oped MM.

3.7 | MGUS and other organ-transplant populations

Two separate studies have examined the impact of MGUS on out-
comes in patients undergoing liver transplant. The first study was a
prospective analysis of 911 patients who underwent transplant.*® Of
911 patients, MGUS was present in 114 (12.5%). Eighteen of the 114
MGUS patients developed PTLD (no diagnoses were MM), whereas
only 3 patients without an MGUS developed PTLD. In a multivari-
ate analysis, MGUS was retained as a risk factor for PTLD (relative
risk [RR] of 65.3). A second study of liver transplant patients also in-
vestigated the association between MGUS and EBV-induced PTLD,
in a retrospective analysis of 201 patients.16 In a univariate analy-

sis, development of an IgM serum monoclonal protein, or urinary

TABLE 4 MGUS Management Guidelines for the General
Population (adapted from most recent European Myeloma Network
guidelines)

Risk group?® + life expectancy Follow up

Low-risk MGUS, life expectancy 6 mo; if stable, every 1-2 y
25y
Non-low risk MGUS, and life

expectancy 25y

6 mo, annually thereafter

No further follow-up® indicated;
additional investigations only if
symptoms would warrant

MGUS and life expectancy <5y

@Risk of progression as predicted by the Mayo Clinic risk stratification
model (Table 2).

bFollow-up generally includes periodic assessment with SPEP, serum free
light chains, CBC and basic metabolic panel.

monoclonal protein of any type, were associated with development
of PTLD.

Beyond the liver-transplant population, there are few data fo-
cusing on specific less common transplants such as lung or pancreas.
Further research is needed in these populations to define the impact
of an MGUS diagnosis on long-term outcomes and risk of developing

subsequent malignancy.

3.8 | MGUS and living donors

During the last decade, living kidney donor transplantation has in-
creased in numbers, and given the long wait lists for deceased donor
kidney transplants, may be the only practical option for some pa-
tients.?”'® The Amsterdam Criteria for living kidney donors, pub-
lished in 2005, specifically advises against the use of donors with a
monoclonal gammopathy.19 Since then, there have been concerning
reports in the literature regarding the impact of MGUS in a living
donor kidney transplant. In a report of 2 cases wherein the donor
had an MGUS, neither of the 2 recipients developed multiple my-
eloma nor any complications.?° However, another report of 2 organ
donors, and 7 organ recipients, described transmission of PTLD to
all 7 recipients (2 cases of lymphoplasmacytic lymphoma, 2 MGUS,
3 cases of MM).?! The origin of malignancy (ie, donor derived) was
confirmed using microsatellite analysis. There have been 2 other
case reports of myeloma of donor origin arising after kidney trans-
plant.?22% At this time, further study is needed with large registry-
based analyses to determine the cause and effect relationship of
donor MGUS and PTLD in recipients.

3.9 | MGUS recommendations

1. Based on the current data, we do not recommend routinely
testing organ transplant recipients for MGUS, either in the
pre- and posttransplant settings (Level 4).

2. Based on limited, nonrandomized retrospective evidence, we do
not think that a diagnosis of MGUS in a recipient should preclude
organ transplantation (Level 3).
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3. If a potential organ transplant recipient is known to have
MGUS, then further testing (Table 2) is needed to evaluate for
an active plasma cell disease, based on current guidelines
(Tables 3 and 4).

4 | MULTIPLE MYELOMA

4.1 | Background

Multiple myeloma (MM) is the most common plasma cell neoplasm,
classically characterized by the “CRAB” criteria (hypercalcemia,
renal failure, anemia, bone lesions). Currently MM is considered
an incurable cancer, but survival for multiple myeloma has been
improving with better therapies. From 1975 to 1977, the 5-year
survival rate was only 25%, whereas more recently, from 2005 to
2011, the 5-year survival rate has improved to 49%.%* It is impor-
tant to note that the diagnosis of MM no longer imparts a poor
and rapidly lethal prognosis for patients. The disease is now highly
treatable in the majority of patients. In fact, the survival of MM
patients is now similar to that of otherwise similar patients with-
out MM.25

The diagnosis of MM is made with the presence of 210% clonal
bone marrow plasma cells, or presence of a biopsy-proven bony
or extramedullary plasmacytoma, with one or more myeloma-
defining events (Table 1).2¢ Myeloma-defining events include both
evidence of end-organ disease, and biomarkers of malignancy
(Table 2).

Therapy for newly diagnosed multiple myeloma in 2017 con-
sists of two or three drug combinations of proteasome inhibitors,
immunomodulatory drugs, and steroids.?” Approved immunomod-
ulatory drugs include lenalidomide, thalidomide, and pomalidomide.
The mechanism of action of these drugs involves binding to cere-
blon, which results in activation of cereblon E3 ligase activity.28'30
Proteasome inhibitors include bortezomib, ixazomib, and carfilzo-
mib. Bortezomib reversibly inhibits the 20S proteasome, resulting in
stress on the unfolded protein response pathway, and inhibition of
NF-kappa B, leading to apoptosis.®*

Autologous stem cell transplantation (ASCT) is a standard
component of initial therapy for eligible patients, depending on
age, overall health, and organ function. Although ASCT is not a
curative treatment, it is a highly effective therapy for many pa-
tients that can provide meaningful, long-term remissions from my-
eloma. For patients who are eligible, upfront treatment with the
triplet regimen VRD (bortezomib, lenalidomide, and dexametha-
sone), followed by consolidation with ASCT followed by long-term
maintenance therapy is the preferred approach.27 Maintenance
therapy—defined as a low dose of an effective therapy after initial
treatment—has been studied after autologous transplantation with
lenalidomide and bortezomib, and both drugs are effective at pro-
longing remissions.3232

For those who are transplant ineligible, upfront treatment with
two or three drug combinations, followed by maintenance therapy
is the standard approach. For patients with relapsed disease, many
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new agents are now FDA approved, including next generation
proteasome inhibitors and immunomodulatory agents, monoclo-
nal antibodies targeting CD38 (daratumumab), SLAMF7 (elotu-
zumab), and histone deacetylating inhibitors (HDAC inhibitors) like
panobinostat.®*

Myeloma therapy can have clinically significant acute and long-
term side effects. Immunomodulatory drugs lenalidomide and
pomalidomide can cause rash, cytopenias, increased risk for throm-
boembolism, and an increased risk for secondary malignancies.35'36
Proteasome inhibitors such as bortezomib have a risk of neuropa-
thy, and immune suppression leading to reactivation of shingles.3>3¢
A thorough discussion of post-ASCT complications is beyond the
scope of this paper, but immunocompromised state lasts well be-
yond engraftment, and infectious complications may occur up to a

year post-ASCT.

4.2 | Kidney transplantation in multiple myeloma

Acute kidney injury (AKI) is a common end-organ complication of
multiple myeloma. Up to 50% of patients with newly diagnosed MM
will present with AKI secondary to multiple myeloma.3” Although
formerly associated with a poor prognosis in newly diagnosed MM,
introduction of newer drugs has led to an improvement in outcomes
for patients with AKI secondary to MM.38 Despite improved out-
comes, some patients still develop long-term, dialysis-dependent
end-stage renal disease. Many patients with MM remain on dialysis
long term, thus raising the question of the suitability of kidney trans-
plantation in this population.

Given the continuous risk of MM relapse and thus risk to a
renal allograft, there has been only limited enthusiasm from cen-
ters for kidney transplantation for MM. Data remain limited to
case reports only; only recently has there been a review of the
published literature.?? Thus, without more evidence, and under-
standably limited enthusiasm for kidney transplant in MM patients,
this should be likely only considered in the context of a prospec-
tive trial. A case can be made to study this approach, however—
especially in those MM patients with the best outcomes—the
revised ISS stage | patients whose 5-year survival rates approach
~80% in the US.*°

4.3 | Screening recommendations

Kidney Transplantation for Multiple Myeloma: Given the lack of suf-
ficient evidence, kidney transplant for MM related renal impairment
should not be routinely recommended (Level 4). Further study is
needed to define the optimal candidates for this procedure through
prospective trials.

4.4 | Development of multiple myeloma
after organ transplant

Multiple myeloma has also been studied in the post-organ transplant
setting, where it can occur in the spectrum of PTLD. A diagnosis
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of multiple myeloma in the post-organ transplant setting is fairly
straightforward. Best classified as a monomorphic PTLD, multiple
myeloma in this setting pathologically appears as sheets or clusters
of infiltrative plasma cells in the marrow with a characteristic expres-
sion of surface markers.

Several publications have suggested a higher risk of multi-
ple myeloma in transplant recipients compared to the general
population—as captured by the standardized incidence ratio. A large
retrospective review of the US solid organ transplant registry was
conducted in 2013.** This study examined 202 600 recipients of
organ transplants from the years 1987-2009, and documented 140
cases of plasma cell neoplasms developing post-transplant, with a
standardized incidence ratio of 1.8. Of these patients, 102 were
MM, and 38 were plasmacytomas, with standardized incidence
ratios of 1.41, and 7.06, respectively. Epstein-Barr virus (EBV) sta-
tus of tumors was available in 18 cases, of which 39% were EBV-
positive, far higher than the rates in plasma cell neoplasms that
develop in nonimmunosuppressed people, suggesting some im-
portance for EBV in the development of at least some plasma cell
neoplasms posttransplant. A meta-analysis of immunosuppressed
patients (both from human immunodeficiency virus and organ
transplant) also documented slightly elevated risks for MM in these
populations, with a standardized incidence ratio of 3.12 for MM in
organ-transplant patients.*? Finally, another retrospective analysis
of data from the United Kingdom Transplant Registry documented
standardized incidence ratios ranging from 0.8 up to 3.3 in different
transplant types.43 Thus, there appears to be a modest elevation
in risk for development of MM in the organ transplant population
as compared with the general population, based on the results of
these studies.

There are few data regarding specific cases of MM that have de-
veloped post-organ transplant as a PTLD. Recently, a smaller study
conducted described the development of MM post-organ trans-
plant, specifically, in kidney transplant patients.** They searched the
medical record between the years 1994-2013 and used a combina-
tion of ICD codes and notes to identify patients who developed MM
post-kidney transplant. A total of 7 patients using this search were
identified. Of these patients, only 4 had an antecedent MGUS prior
to transplant, and the median time from transplant to MM diagnosis
was 70 months. Of note, allograft failure occurred in 4 of 7 patients
due to MM related AKI.

A frequently encountered question with respect to development
of MM after OT is whether modulation of immunosuppression is in-
dicated. The impetus for this has been (1) in PTLD, modulation of im-
munosuppression is often utilized as a therapeutic maneuver to treat
the neoplasm, and (2) therapy for MM and other plasma cell disor-
ders is often immunosuppressive. There are little data to help guide
us in this scenario, and management is mechanistic-based. Some
degree of modification of the immunosuppression medications are
likely necessary to mitigate excessive immunosuppression from
both, although this is not strictly evidence-based. The major concern
with respect to initiating anti-myeloma therapy is increased risk of
infections while on immunosuppression and combination novel drug

therapy for MM. There are few data to suggest that decreasing im-

munosuppression can lead an MM PTLD to resolve.

5 | MONOCLONAL GAMMOPATHY OF
RENAL SIGNIFICANCE

5.1 | Background

Monoclonal gammopathy of renal significance (MGRS) is a term
defining monoclonal gammopathies that result in kidney disease.
The most common plasma cell dyscrasias a clinician will encounter
that fall under the MGRS category include light chain deposition
disease (LCDD), cryoglobulinemia (Type 1 and 2), and monoclonal
gammopathy-associated C3 glomerulopathy.** Most critical for the
clinician assuming care of MGRS patients is having tools to prevent
further renal impairment and understanding the role of kidney trans-
plant in this disease group. Herein, we will review some of the more
common MGRS diseases, and the data supporting kidney transplant
for each.

5.2 | Light chain deposition disease
5.2.1 | Background

Light chain deposition disease results from deposition of immuno-
globulin light-chains along the glomerular and tubular basement
membranes of the kidneys.*® Proteinuria is a common presenting
sign, with subsequent development of progressive decline in renal
function and irreversible damage, often resulting in need for long-
term renal replacement therapy.*® The underlying cause for LCDD
is excessive production of abnormal immunoglobulins by a clonal
plasma cell dyscrasia. Treatment thus targets the underlying clonal
plasma cell disease with systemic chemotherapy and novel agents.
Initial studies examining ASCT in LCDD have documented suc-
cessful long-term remissions (ie, long periods of time, on the order
of years, without evidence for disease recurrence). An early study
in 2004 described outcomes in 11 patients with LCDD undergoing
ASCT.* No reports of ASCT related mortality were described, and
8 of 11 patients had disease response, with histologic regression
documented in cardiac, liver, and skin biopsies. Another publica-
tion in 2008 showed good tolerability of ASCT and long-lasting
responses.48 Of 6 patients with LCDD who underwent ASCT, 5
survived, all of whom achieved a remission of their disease. The
median reduction in proteinuria was 92%, and median improve-
ment in GFR was 95%.

5.2.2 | Kidney transplantation in LCDD

In patients with LCDD, with effective treatment of the primary
hematologic disorder with ASCT, one could consider solid organ
transplant for patients with dialysis-dependent renal failure.
However, this idea has had little enthusiasm, given concerns for

recurrence of the plasma cell disorder and organ damage from
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immunoglobulin deposition. The pertinent literature will be re-
viewed to follow.

The earliest publication, in 2004, was a retrospective review
of 7 patients with LCDD who underwent kidney transplant.49 In
this study, renal allograft survival was noted to be significantly
reduced, with a median of 33.8 months to recurrence of renal dis-
ease. A later publication in which 9 patients underwent transplant
for LCDD described 3 of 9 patients who had renal progression,
and 6 of 9 who had progression of the underlying plasma cell
disorder, but were initiated on subsequent plasma cell directed
therapy and had a response to that, without any worsening of
renal disease.*

Another group at a large referral center reported on a large co-
hort of patients with LCDD who were followed there.”® Of 53 pa-
tients with LCDD, 7 underwent kidney transplant, and for those
patients with long-term remission of the plasma cell disorder,
there was no evidence of recurrence of LCDD up to 9.7 years later.
Accordingly, there was noted to be a strong relationship between
response of the underlying disease and renal outcomes with respect

to kidney transplant.

5.2.3 | Kidney transplantation in LCDD—
recommendations

1. Kidney transplantation for LCDD is an attractive approach for
management of end stage renal disease, however, in the ab-
sence of long term disease remission, there is ongoing risk of
recurrent immunoglobulin deposition and allograft failure.
Further research is needed to define the optimal candidates
for this procedure, likely incorporating a sustained period of
hematologic remission.

2. We recommend that for a patient with LCDD to be considered for
kidney transplant, prior ASCT or chemotherapy with evidence of
a hematologic remission would be required for the best chance for

long-term graft survival (Level 4).

5.3 | Cryoglobulinemia

Immunoglobulins which precipitate under temperatures less
than 37 degrees Centigrade are referred to as cryoglobulins.
There are two common types of cryoglobulins: Type I—a single
monoclonal immunoglobulin, and Type Il—a monoclonal immuno-
globulin and a corresponding antigen, often a rheumatoid factor.
A range of different diseases may be associated with cryoglobu-
lins, including hematologic malignancy, autoimmune diseases, or
infections.’?

When the cryoglobulinemia is associated with an underlying he-
matologic disease, treatment of the hematologic neoplasm is often
indicated and may reverse renal dysfunction. A case series of pa-
tients with multiple myeloma and Type | cryoglobulinemia, reported
on outcomes of 7 patients.’? Of these patients, 2 developed renal
failure, and had a full recovery following treatment for MM. Another

larger series of patients with Type | monoclonal cryoglobulinemia

AJT | 1053

reported on 102 patients.>® Of the 102 patients, 94 had an underly-
ing hematologic disorder—most commonly MGUS in 39, MM in 20,
and lymphoplasmacytic lymphoma in 21. Seventy-three patients un-
derwent treatment for the underlying disorder; of these patients,
47 (64%) showed symptomatic improvement in renal function with
first-line therapy.

Cryoglobulinemia may also occur as a complication post kid-
ney transplant. In a small study of 39 kidney transplant recipi-
ents, cryoprecipitate was detected in 29/39 (74.4%) of patients,
of whom approximately one-third had evidence of hepatitis C
viral infection.>* Interestingly, in these patients, few had active
signs or symptoms of circulating monoclonal cryoglobulins, and
graft function did not appear to be impacted. However, in some
cases, cryoglobulins may impact graft function, and small studies
have suggested that B-cell depletion may be of benefit. A study
in 7 patients posttransplant with mixed cryoglobulinemia, showed
that treatment with rituximab—a monoclonal antibody directed
against the CD20 antigen—could result in clinical remissions in
patients.>*

5.3.1 | Kidney transplant in cryoglobulinemia—
recommendations

1. There is little data supporting the use of kidney transplant
for end stage renal disease secondary to cryoglobulinemia. For
those patients with an underlying plasma cell dyscrasia or
lymphoid malignancy, directed therapy toward the underlying
B-cell clone should be undertaken before kidney transplant is
considered, as many of these patients will achieve remission
with anti-neoplastic therapy (Level 4).

2. For patients who develop cryoglobulinemia post-kidney trans-
plant, treatment of the underlying B-cell clone with agents such as

rituximab or alkylators may be of benefit (Level 4).

5.4 | C3glomerulopathy

Recently classified as an MGRS, C3 glomerulopathy (C3G) is a condi-
tion characterized by glomerular lesions with C3 complement depo-
sition in the absence of immunoglobulin deposits.>>>¢ In a recently
published retrospective analysis of 50 adult patients in France with
monoclonal gammopathy and biopsy-proven C3G, some benefit of
treatment of the underlying plasma cell dyscrasia, with improve-
ment in renal disease, was noted.”’ In this series, most had severe
renal disease, with 42 of 49 having stage 3-4 chronic kidney disease,
and 47 of 49 having monoclonal gammopathy. Twenty-nine patients
received chemotherapy; of these, achievement of a hematologic re-
sponse (ie, reduction or absence of the abnormal, disease-causing
serum monoclonal protein by >50%) was associated with improved
renal recovery. Although these are retrospective data, these find-
ings suggest a benefit and further study is needed, to define the
role of anti-plasma cell directed therapy in patients with C3G. There
are no data supporting the use of kidney transplant in patients with
C3G.



COWAN ET AL.

1054 | AJT

5.4.1 | Kidney transplant in C3 glomerulopathy—
recommendations

1. Recent retrospective data suggest that in patients with C3G
who have an underlying plasma cell disorder, treatment may
result in improvement in renal function (Level 3). This should
be considered carefully in consultation with a hematologist-on-
cologist in all patients with C3G who are undergoing evaluation
for kidney transplant.

2. Hematologic remission of an underlying B-cell clone or plasma cell
neoplasm appears to be beneficial before kidney transplant for
patients with C3G to mitigate the risk of recurrence and allograft
failure (Level 5). However, further controlled trials are necessary
to definitively answer this question.

6 | IMMUNOGLOBULIN LIGHT-CHAIN
AMYLOIDOSIS

6.1 | Background

The amyloidoses are a heterogeneous group of disorders charac-
terized by deposition of insoluble fibrils as beta-pleated sheets,
known as amyloid fibrils. The most common type of amyloidosis
is primary systemic immunoglobulin light-chain (AL) amyloidosis,
caused by a clonal plasma cell dyscrasia producing amyloidogenic
light-chains. Typical sites of organ involvement by amyloidosis in-
clude the kidneys in 67%, gastrointestinal tract in 80%, heart in
50%, and nerve involvement in 20% of patients.58 Left untreated,
AL amyloidosis is a devastating condition, often resulting severe
morbidity and mortality. The diagnostic criteria for AL are de-
scribed in Table 2.

Treatment for newly diagnosed AL amyloidosis consists of com-
bination drug regimens (primarily bortezomib-based) and ASCT.
The goal is to induce remission of the clonal plasma cell dyscrasia
that causes amyloid deposition. However, these treatments are not
considered curative.”® Long-term follow-up of these patients who
underwent ASCT for AL amyloidosis was published in 2011. The
median overall survival was 6.3 years, and 8.3 years for those pa-
tients who achieved hematologic complete responses.®° The critical
importance of the hematologic complete response in amyloidosis
and all other plasma cell disorders—defined as absence of the abnor-
mal monoclonal protein in blood and urine, and thus, no detectable
evidence of disease—lies in its association with long term, durable
remissions (ie, a remission characterized by a long period of time
without measurable signs of cancer. The duration of time qualified
for a remission to be “durable” varies by oncologist, but typically in-
dicates a remission lasting at least 3+ years).

The most frequently used nontransplant treatment for AL am-
yloidosis is the combination of cyclophosphamide (an alkylator),
bortezomib (a proteasome inhibitor), and dexamethasone—known
as CyBorD. In an early study, responses were noted in 16 of 17 pa-

tients (94%), with a median time to response of only 2 months.®*

Furthermore, it should be noted that the quality of response of AL
amyloidosis with bortezomib is outstanding, and recently a study
has suggested that the outcome of these patients may be equivalent
in patients who have bortezomib-based regimens only or ASCT.%?
Beyond this combination, other new drugs have changed the land-
scape for AL, such that with relapse of the abnormal protein in the
blood, most patients can be successfully treated and achieve re-
peated remissions.®3-¢°

Despite progress in treatments for AL amyloidosis, the disease re-
mains devastating for many, especially those patients with advanced
cardiac involvement.®” For those patients with advanced organ fail-
ure, solid organ transplantation—heart or kidney transplantation—
has been tested in small case series, often in conjunction with ASCT,
though the widespread application of organ transplant has yet to

achieve consensus.

6.2 | Kidney transplantation in AL amyloidosis—
background

In AL amyloidosis, renal involvement is the most common site of
organ involvement, occurring in approximately two-thirds of pa-
tients with amyloidosis.®® Proteinuria is a common manifestation
of renal amyloidosis, and many patients will have nephrotic-range
proteinuria (up to 28%).°® Despite effective treatment, many pa-
tients still experience renal progression culminating in a need for
renal replacement therapy. In a series of 145 patients with biopsy-
proven AL amyloidosis of the kidneys, 42% ultimately needed
dialysis.®?

An early study, published in 2005, first reported on outcomes
of patients with AL amyloidosis with renal involvement who under-
went ASCT and living donor kidney transplantation.”® In this series,
8 patients with AL-associated end stage renal disease on dialysis un-
derwent sequential living donor kidney transplantation, followed by
mobilization and collection of autologous peripheral blood stem cells
in 6 of 8, and ASCT in 5 of 8. Notably, all 6 patients who underwent
ASCT had stable renal allograft function, and with a mean follow-up
of 18 months, none of the patients had shown clinical or laboratory
evidence of recurrent AL disease in the kidneys.

In another publication, outcomes of 19 patients with AL-
associated renal disease who underwent both kidney transplant and
ASCT were presented.71 Eighteen patients underwent living donor
kidney transplant, while 1 received a deceased donor transplant.
There was no difference between the median graft survival and the
median overall survival, and at the time of study, 79% of patients
remained alive. Importantly, recurrent amyloid deposition in the kid-
neys occurred in only 2 of 19 patients. Although these results are
promising, the small sample size limits any conclusions that should
be drawn. In a subset of patients presented from a larger publica-
tion on organ transplant in AL amyloidosis, a publication reported
on follow-up in patients with AL amyloidosis who underwent kid-
ney transplant.”?2 Twenty-two patients underwent transplant; 19 re-
ceived deceased donor transplant, and 3 had live donors. Nineteen

had received either chemotherapy or ASCT prior to transplant.
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Notably, no allograft failed due to recurrent amyloid deposition; 2
grafts failed from chronic allograft nephropathy, and one related to

recurrent pyelonephritis.

6.3 | Kidney transplantation in AL amyloidosis—
recommendations

1. Limited data in small series of patients suggest that kidney
transplantation in AL amyloidosis is feasible, with long-term
allograft survival (Level 4). This has been made increasingly
possible with improved treatments, including combination ther-
apy with proteasome inhibitors, as well as high-dose therapy.
In select patients with deep and lasting hematologic remissions,
kidney transplant should be considered.

2. Further study is needed to definitively define the optimal patient
selection criteria and sequencing of therapies prior to or following
kidney transplant to optimize outcomes and reduce risk of recur-

rent amyloid deposition.

6.4 | Cardiac transplantation in AL amyloidosis—
background

Cardiac involvement in AL amyloidosis is both common—seen in
at least 50% of patients—and associated with the worst outcomes
with respect to overall disease-related mortality. Those patients
who present with decompensated congestive heart failure have a
median survival of 6 months, with only 6% surviving for 3 years.®873
Unfortunately, due to decline in performance status and severity of
heart failure, many of these patients are not eligible for ASCT.

As a strategy to overcome disease injury from cardiac amyloid
deposition, cardiac transplantation may allow for receipt of ASCT.
Sequential heart transplantation followed by ASCT has been tested
in several centers. Criticism of this approach has focused on 2 critical
issues. Transplant hearts remain a limited resource and should be
used only in patients in whom long term survival is not expected to
be limited. Second, there are concerns that amyloid will recur in the
transplanted heart and other organs. Thus, the practice remains con-
troversial and the majority of centers will still not consider patients
with amyloid cardiomyopathy for heart transplant.

A first series of patients with AL amyloidosis and significant
cardiac involvement who underwent sequential heart transplan-
tation followed by ASCT was published in 2008.% In this series,
11 patients underwent sequential heart transplant and ASCT be-
tween 1994 and 2005. Treatment-related mortality from ASCT
occurred in 2 of the 11 patients (18%). The 1- and 5-year survival
from time of heart transplant was 82% and 65%, respectively.
Follow-up of these data were published in 2016.”* With a total
of 23 patients who underwent sequential heart transplant and
ASCT—20 of 23 had died since the procedure, with a median OS
of 3.5 years for all patients. Nonetheless, patients in whom a du-
rable (deep) hematologic response was achieved had among the
best outcomes, with a median OS of 10.8 years in 7 patients with

a complete response.
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A joint effort from two large tertiary centers, combining heart
transplant followed by ASCT at was developed.”> Of 9 patients who
underwent heart transplant, 8 underwent sequential ASCT. With
a median follow-up of 56 months, 5 of 7 were still alive without
recurrence of amyloidosis at the time of publication. Another study,
also reported on outcomes with patients with AL amyloidosis un-
dergoing cardiac transplantation.”? Of 14 patients who underwent
transplant, the median OS was 7.5 years; 2 perioperative deaths oc-
curred. Amyloid recurrence was documented to have occurred in 5
allografts. Finally, another effort from Europe published a series of
8 patients with AL amyloidosis and cardiac involvement who under-

t.76 Of these patients, 6 had received oral mel-

went heart transplan
phalan and dexamethasone, and 1 had previously undergone ASCT.
Three patients underwent sequential heart transplant and ASCT.
After a median follow-up of 26 months, 6 were still alive, and 4 pa-

tients had a sustained complete response of the underlying disease.

6.5 | Cardiac transplantation in AL amyloidosis—
recommendations

1. Further study is warranted to improve outcomes for cardiac trans-
plantation in patients with AL amyloidosis and cardiac involvement.
Although promising results have been described in small series,
this approach needs further study in larger clinical trials (Level 3).

2. The available data lead us to conclude that heart transplant for
patients with AL amyloidosis cannot be routinely recommended
(Level 3).

7 | FUTURE DIRECTIONS

We have attempted to compile and summarize the body of knowl-
edge regarding the management of plasma cell diseases in the organ
transplant setting. However, in several arenas, further research is
needed. Although the data we summarize suggests no increased risk
for MGUS patients undergoing organ transplant, there remain lin-
gering concerns regarding the safety of live donors with an MGUS.
Real concerns exist among the transplant community regarding the
suitability of performing organ transplantation for patients with
organ failure due to an underlying plasma cell disease; however, with
improved novel-agent therapies, and newly-approved monoclonal-
antibody based therapies, survival and outcomes will continue to
improve for many patients with these diseases. It is plausible that
in the near future, there will be a tipping point—at which point sur-
vival gains due to improved treatments for plasma cell diseases may
allow successful organ transplant without putting the allografts at

risk for recurrent monoclonal protein induced organ damage.

8 | CONCLUSION

Since its inception, solid organ transplantation has emerged as

an effective and relatively safe intervention to overcome organ
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failure. Herein, we have reviewed the various plasma cell disorders
which may often exist as a prior diagnosis of little consequence—
with the primary example of MGUS in organ transplant—or are a
major underlying contributor to organ failure. Attempts at organ
transplant may be fraught with risk of allograft failure from recur-
rence of complications of the plasma cell disease. As we have seen
with multiple myeloma and AL amyloidosis—organ transplantation
is feasible, but risk of disease recrudescence and allograft failure is
ever-present, even in those patients with a sustained deep hema-
tologic remission.

Despite these shortcomings, there has been striking prog-
ress in treatment of plasma cell disorders. Recently, proteasome
inhibitors and immunomodulatory agents in combination with
traditional high-dose chemotherapy have dramatically improved
outcomes for many patients. Newer promising agents, such as
CD38 monoclonal antibodies have the promise to build upon what
has already been a dramatic improvement in survival. As such,
organ transplant should play an increasingly prominent role in the
management of organ failure related to an underlying plasma cell
disorder. With better therapies resulting in longer durations of
remission for more patients, organ transplantation may open to

many more patients in the future.
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