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Systemic immunoglobulin light chain (LC)
amyloidosis (AL) is a potentially fatal dis-
ease caused by immunoglobulin LC pro-
duced by clonal plasma cells. These LC
form both toxic oligomers and amyloid
deposits disrupting vital organ function.

Despite reduction of LC by chemotherapy,
the restoration of organ function is highly
variable and often incomplete. Organ dam-
age remains the major source of mortality
and morbidity in AL. This review focuses
on the challenges posed by emerging

therapies that may limit the toxicity of LC
and improve organ function by accelerat-
ing the resorption of amyloid deposits.
(Blood. 2016;127(19):2275-2280)

Introduction

Systemic immunoglobulin light chain (LC) amyloidosis (AL) is a life-
threatening condition characterized by clonal plasma cell (PC) pro-
duction of immunoglobulin LCs that misfold, are toxic, and form
amyloid deposits causing organ failure.' Diagnosed in 5 to 10 persons per
million in the United States annually,” AL damages the heart, kidneys,
liver, gastrointestinal tract, and peripheral nervous system. Advanced
cardiac involvement at diagnosis is often fatal.® Standard treatments seek
to reduce production of LCs, using chemotherapy against clonal PCs,*
with variable rates of organ responses. Therapies beyond the PC are
necessary to improve outcomes. In this review, we focus on promising
emerging therapies and the challenges they pose for future research.

Clonal PCs and light chains in AL

Clonal PC biology in AL has 3 key features: \ to k frequency of 4:1,
restricted LC variable region germ line gene use, and a genetic abnor-
mality that explains the predominance of LC-producing clones.> "’
Moreover, the clonal PC burden at diagnosis influences AL organ
tropism® and clinical outcomes.>!'' PC genetics are also relevant'?:
About 25% of patients with AL have clones containing gain 1q,
whereas 35% have monosomy 13 and 60% t(1 1;14).1 7% The t(11;14)
translocation, deleting the heavy chain locus, likely accounts for the
high frequency of LC-producing clones. Cytogenetic and fluorescence
in situ hybridization abnormalities in AL PCs may also influence
hematologic and organ responses.'> '

Certain N\ LC germ line genes display organ tropism®®'”'8; clones
using IGVL6-57 are associated with renal involvement, whereas those
using IGVLI-44 are associated with cardiac involvement.>'® The
restricted repertoire of LC variable region germ line gene use may also
contribute to the presence of generic epitopes that antiamyloid antibodies
target in misfolded LC and fibrillar deposits.'?

The pathologic mechanisms of symptomatic disease include both
toxicity of LC and mass effects of deposits, both modulated by LC
concentration and physicochemical features of the misfolded LCs that
remain poorly understood (“amyloidogenicity”). Despite the variability

observed in amyloid accumulation within the organs of a patient, as
well as among patients with the same type of amyloidosis,? the fibrillar
deposits contain a unique proteomic signature of chaperone proteins,
including serum amyloid P (SAP, a pentraxin that protects fibrils from
resorption) protein, vimentin, vitronectin, and apolipoprotein E.>!%?
Turnover of deposits occurs by macrophage-related processes that can
lead to significant resorption if production of the culprit amyloid-
forming protein is stopped®®; hence, some patients with AL improve
significantly with elimination of clonal LCs.**

Cardiac amyloidosis is the priority

Although survival has improved significantly during the past 2 decades,®
cardiac involvement, not PC genetics, remains the primary cause of death.
The use of cardiac biomarkers (N-terminal pro-brain natriuretic peptide
[NT-proBNP] and cardiac troponins) to stage cardiac involvement has
had a major effect on the management of AL.* The cardiotoxicity of
amyloid-forming LC involves activation of stress-related signaling
cascades that upregulate expression of the NT-proBNP gene NPPB. >
Mayo stages III and IV have median survivals of 14 and 5.8 months,
respectively,?’ and despite treatment with proteasome inhibitor-based
frontline therapy, only 63% of patients with advanced cardiac involvement
are alive at 2 years.> Chemotherapy can reduce the toxic effects of LC
by rapidly decreasing L.C concentration, but sudden deaths still occur.

Hematologic response is not sufficient for
organ improvement

Modern response criteria based on the free LC assay and the cardiac bio-
marker NT-proBNP provide surrogates for time-to-event endpoints,30’3]
supplementing earlier criteria.’®> The recognition that hematologic
response is necessary for organ response is being eclipsed, however,
by the recognition that it is not sufficient for organ response and that
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both early cardiac death and survival with chronic organ damage are
major unmet clinical needs. Furthermore, we do not understand the
basis for reversal of AL organ damage. In a report on 313 patients with
AL who were treated and achieved normalization of the free LC ratio,
a surrogate for CR, organ responses were associated by univariate
analysis with a difference between involved and uninvolved free LC
of greater than 180 mg/L, the presence of monosomy 13 in clonal PC,
the involvement of more than 1 organ at diagnosis, and baseline
cardiac stage II or IIl.** Other variables that may influence organ re-
sponse include features of the chaperone proteins in the deposits (poly-
morphisms) and organ- and cell-specific processes related to genetic
differences in proteolysis and phagocytosis. Why some patients with
hematologic responses fail to have organ responses merits further study.

Standard therapies for AL achieve varying rates of hematologic and
organ responses. Five large, independent studies have established that an
NT-proBNP response is a critical predictor of survival, independent of the
type of therapy.**’ In 377 patients with AL with cardiac involvement,*®
NT-proBNP responses were observed in 57% with a CR, 37% with a very
good partial remission, 18% with a partial remission, and 4% of nonre-
sponders. In a landmark analysis 6 months after starting treatment, NT-
proBNP responses were observed in 26% and progression in 45% of
patients, and at 2 years, 85% of responders and 30% of progressors
survived. Autologous stem cell transplantation (SCT) is feasible in 25% of
patients with a treatment-related mortality of 5% to 13%.%4° In 421
patients undergoing SCT, 34% achieved CR at 1 year, 79% of whom
experienced organ responses.” Adding bortezomib and dexamethasone
as consolidation after SCT resulted in CR in 58% of patients at 1 year and
organ responses in 70% of patients at 2 years.*' Bortezomib and
dexamethasone induction for 2 cycles followed by bortezomib-high-dose
melphalan conditioning for SCT resulted in a 49% hematologic CR with
renal and cardiac responses at 1 year of 35% and 57%, respectively.** In
a small, randomized trial comparing bortezomib-dexamethasone induc-
tion for 2 cycles followed by high-dose melphalan SCT to high-dose
melphalan and SCT alone, the bortezomib group achieved superior
hematologic CR (67.9% vs 35.7%), as well as renal responses (65.2% vs
39.1%) and cardiac responses (67% vs 25%) at 1 year.*® In patients
ineligible for SCT treated with oral melphalan and dexamethasone, CR
was achieved in 37% and cardiac and renal responses in 37% and 24%.*
In an intention-to-treat analysis of 230 patients receiving front-
line cyclophosphamide, bortezomib, and dexamethasone, a promising
regimen,*“® the CR rate was 24%, and cardiac and renal responses
occurred in 17% and 25% of the patients, respectively.*’ Cross-trial
comparisons of hematologic and organ responses in AL amyloidosis are
inherently difficult because of the heterogeneity of patient populations,
small numbers of patients in individual trials, and different analytic
methods (landmark vs intention to treat). For example, there may appear to
be lower organ responses when comparing similar hematologic complete
response rates between SCT and conventional chemotherapy; however,
patients who are eligible for SCT are highly selected patients with
favorable prognostic features compared with conventional chemotherapy.
Although SCT remains an effective therapy for a minority of patients and
accounts for most of those who have long-term survival and organ
improvement, those who survive initial therapy without achieving CR
have persistent and often progressive organ damage and shortened
survival, as the NT-proBNP response data indicate.

Antiamyloid therapies

The concept of both reducing the amyloid-forming protein and
accelerating resorption of deposits is gaining traction because of the
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novel antiamyloid therapies in development for AL and other types
of systemic amyloidosis. Eprodisate, for example, has been shown
to improve outcomes for patients with renal amyloid resulting from
serum amyloid A, an acute-phase apolipoprotein.*® We highlight the
putative mechanisms of action (Figure 1) and ongoing clinical trials
(Table 1).473¢

Epigallocatechin-3-gallate

Epigallocatechin-3-gallate (EGCG) is the main polyphenolic constit-
uent of green tea and showed activity in a mouse model of Alzheimer’s
disease.’” In a report on 11 patients with AL who ingested EGCG,
improvements in New York Heart Association class, decreases in septal
thickness and left ventricular mass index, and increases in ejection
fraction were documented.*” It is important to note that EGCG may
possibly reduce the efficacy of proteasome inhibitor therapy.>®>’

Doxycycline

In mice with transthyretin amyloidosis, doxycycline caused fibril
disruption,®® and in a transgenic model of AL, it reduced gastric
amyloid deposits.®' In a Caenorhabditis elegans model, tetracycline
restored nematode pumping function damaged by LCs from cardiac
patients with AL.%? In a small case-control study of bortezomib-based
chemotherapy with (n = 30) or without (n = 70) doxycycline,63 NT-
proBNP responses were seen in 60% of doxycycline-treated patients
and 18% of controls; 82% of patients receiving doxycycline were alive
at 1 year compared with 53% of controls. Retrospectively, in patients
with AL undergoing SCT, doxycycline had been given as post-SCT
prophylaxis to those with penicillin allergy (106 of 461 total).>*> Among
patients with a hematologic response, median overall survival was not
reached with doxycycline compared with 161 months with penicillin.
These investigations suggest the tetracyclines may reduce amyloid
deposits, control LC toxicity, and have measurable clinical benefit.

Monoclonal antibodies targeting amyloid

Clinical trials testing novel antiamyloid therapies include 3 approaches
based on monoclonal antibodies (mAbs): 11-1F4, anti-SAP, and
NEODO001.7%+¢ All may enhance phagocyte mediated disruption and
clearance of amyloid deposits. In all types of systemic amyloidosis,
reduction of the amyloid-forming protein is likely also required to
optimize resorption of deposits and clinical improvement.

11-1F4. The antiamyloid 11-1F4 mAb was generated by immu-
nizing mice with a denatured human k LC.%” 11-1F4 binds to an
epitope in denatured LC of both isotypes and in AL fibrils.” In mice
with flank human AL amyloidomas, 11-1F4 elicited a phagocytic
response that led to elimination of the amyloidomas without
apparent toxicity.®® In a phase 1 trial, I'**~labeled 11-1F4 was used in
18 patients with AL, and imaging by positron emission tomography/
computed tomography scan showed uptake in liver and other sites, but
not in kidneys or heart.> In a subsequent and ongoing phase 1 dose-
escalation clinical trial in patients with AL with relapsed refractory
disease, employing a chimeric 11-1F4 mAb (NCT02245867), cardiac
and gastrointestinal organ responses were reported in 3 of the first 6
patients treated, which was a promising result.%

Anti-SAP. Anti-SAP mAbD binds to SAP, a protein found in
deposits and in the blood. Scans for amyloid using iodinated SAP have
been used for decades in the United Kingdom.”® In the phase I anti-SAP
trial, patients received 1 cycle of therapy with iodinated-SAP scans at
baseline and at 6 weeks. To deplete circulating SAP from the blood, a
depleting agent was infused, and then anti-SAP was given with no
serious adverse events. Four of 8 patients had major reductions in
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Figure 1. Emerging antiamyloid agents and their
putative mechanisms of action. The mechanisms of
action of the antiamyloid mAb therapies currently in
clinical trials are based on enhancing phagocytic
clearance of amyloid deposits. Whether the removal of
the deposits will enable durable organ recovery and
prolong survival or time to organ failure is unknown.
Doxycycline and EGCG are antiamyloid agents whose

detailed mechanisms of action are not as well un-

derstood, given the limited amount of data from experi-
mental models. The key points remain that antiamyloid
therapies must be shown to provide measurable benefit
to patients and are likely to be more effective when the
production of the amyloid-forming protein is stopped.

Chemotherapy

Clonal plasma cell disorder

> Amyloidogenic Ig Multi-step process of o
C))D Light chains ~ —  oligomer formation T) Amyloid Fibrils

—— Reduction or interference

Doxycycline EGCG
v

mAb 11-1F4
mAb anti-SAP
mAb NEOD001

%> Direct organ toxicity

........ | Possible reduction or interference —q Enhances phagocytic clearance

hepatic amyloid, as well as decreases in C3 and increases in CRP,
suggesting inflammatory responses.’' Importantly, there was an ap-
parent reduction in amyloid burden in patients who had active clonal
disease, including a decrease in size of an amyloid laden lymph node
from 5 to 1 cm.>® Cardiac patients were excluded from the trial.
NEODO001I. NEODO001 mAb reacts strongly with both k and \
human amyloid, binding to an epitope in protofilaments and fibrils.®® In
a phase 1/2 study of patients with AL in hematologic remission, but
with persistent organ dysfunction, NEODOO1 was infused monthly
without toxicities. Cardiac and renal responses were seen in 57% and
60% of patients, including some who were years from initial therapy.>*

Challenges in designing studies of agents
targeting organ damage

The preclinical and clinical studies indicate that antiamyloid agents
may affect outcomes in AL. However, assessing the effect of these
agents in clinical trials presents numerous challenges. The most
fundamental challenge is selecting the optimal endpoint for clinical

Table 1. Novel antiamyloid agents in clinical trials for AL

trials. Because cardiac amyloidosis is the priority, endpoints that
measure the effect on cardiac outcomes are essential. Studies have
shown that NT-proBNP responses are a robust biomarker for outcomes
in AL.>' The use of response criteria based on NT-proBNP would
shorten timelines, thereby saving patients and resources in a rare dis-
ease with a significant unmet need. A limitation of NT-proBNP
response assessment is selecting optimal timing for assessment,
given that hematologic and organ responses are out of phase.
Regulatory authorities may view NT-proBNP response as a surrogate
endpoint and also employ other options for cardiac endpoints, such as
patient-related outcomes and 6-minute walk test (a common endpoint
in heart failure studies).

There are several possible risks to the use of antiamyloid agents.
These agents could lead to a NT-proBNP “flare” confounding response
assessment. Combining antiamyloid and anti-PC therapies, particu-
larly simultaneously in the newly diagnosed setting, may result in both
rapid reduction in cardiotoxic light chains and rapid amyloid resorp-
tion that could increase the risk for decompensated heart failure,
arrhythmias, and sudden death. It is also possible the concomitant
anti-PC chemotherapy could impair the amyloid resorption effects
of antiamyloid agents. The optimal manner to integrate antiamyloid

Agent Active clinical trials Study population Key endpoints

EGCG Randomized phase 2 Cardiac involvement Change in left ventricular mass at 12 mo
NCT02015312 = very good partial remission before therapy

EGCG Randomized phase 2 Cardiac involvement Cardiac response by NT-proBNP at 6 mo
NCT01511263 > partial remission before therapy

Doxycycline Phase 2 Newly diagnosed AL with vital organ (heart, kidney, liver) Amyloid organ response at 1y
NCT02207556 involvement

mAb 11-1F4 Phase 1 Relapsed refractory AL with measurable localized or vital Establish safety, maximum tolerated dose
NCT02245867 organ involvement Assess reduction in amyloid burden

mAb anti-SAP Phase 1* Systemic amyloidosis, multiple types Establish safety and dose

(GSK2398852) NCTO01777243 Assess reduction in amyloid burden

mAb NEODOO1 Phase 1-2* Previously treated AL with persistent organ damage Establish safety and dose
NCTO01707264 Assess cardiac and renal responses

mAb NEODOO1 Phase 3 Newly diagnosed untreated AL with cardiac involvement, Time to composite of all-cause mortality or cardiac
NCT02312206 NT-proBNP between 650 and 8500 ng/L hospitalization

mAb NEODO0O1 Randomized phase 2b Previously treated AL with persistent cardiac Best cardiac response by NT-proBNP
NCT02632786 dysfunction, NT-proBNP 650-5000 ng/L

*Active, not recruiting
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agents, either in combination or before or after chemotherapy, remains
unknown. Last, we do not know whether amyloid deposits may
reaccumulate more aggressively at hematologic relapse in organs that
have been cleansed by these agents.

The heterogeneity of noncardiac organ involvement may affect
certain endpoints. For instance, autonomic dysfunction can lead
to cardiovascular events, aggressive diuresis can decrease the
NT-proBNP, and peripheral neuropathy may affect the results of
the 6-minute walk test. Reduction in amyloid burden in the liver can
be measured by imaging and alkaline phosphatase, but may
be confounded by liver regeneration or heart failure. Reversal of
significant long-term proteinuria may lower the risk for progression to
end-stage renal disease, thus making time to dialysis an attractive,
albeit delayed, endpoint.”?

Using imaging modalities to measure tissue amyloid burden and
its functional consequences will be essential in clinical trials of
these novel therapies. However, the optimal imaging modalities for
cardiac and noncardiac organ involvement remain unknown. The
addition of global longitudinal strain to standard echocardio-
graphic parameters may prove more sensitive to the effect of these
agents.”® Cardiac magnetic resonance imaging can provide quan-
titative measurements of amyloid burden by measuring extracel-
lular volume fraction and left ventricular mass and is emerging
as a useful tool in amyloidosis.”*”> There are several radiotracers
available that can detect amyloid deposits in various organs, but
there is no single radiotracer that can image the entire body. In
the United Kingdom, radiolabeled SAP scintigraphy has been
used extensively to image amyloid burden (aside from heart and
nerve) and has been shown to be useful in the first-in-human trial
of the anti-SAP antibody.>®”® As mentioned earlier, 11-1F4 con-
jugated to '2*I can image noncardiac amyloid.>® The most promising
is florbetapir, which has recently been approved by the US Food and
Drug Administration for imaging Alzheimer’s disease.”” Initial studies
have demonstrated that florbetapir binds to myocardial LC amyloid
deposits and can detect cardiac deposits, using cardiac positron
emission tomography.’®”® As so much is unknown about these mo-
dalities, intense imaging studies will need to be integrated into trials of
antiamyloid agents to understand the optimal timing and ideal modalities
and how specific parameters correlate with outcome. It is most likely that
a combination of imaging modalities will be complementary in assessing
both amyloid burden and its functional consequences.
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Conclusions

Emerging therapies targeting organ involvement may provide major
benefit to patients with AL. To move forward, we must develop
collaborative research networks and multidisciplinary teams and
recognize the limits AL imposes on clinical research with respect to
sample size and accrual timelines. The constant emphasis must be on
measurable clinical benefit to patients. The use of surrogate biomarkers
and rational correlative studies will help us understand how, when,
why, and for whom these agents may be most beneficial.

Acknowledgments

At Tufts we are grateful for the support of the John C. Davis
Myeloma and Amyloid Program, the Amyloidosis and Myeloma
Research Fund, the Sidewater Family Fund, the Werner and Elaine
Dannheiser Fund for Research on the Biology of Aging of the
Lymphoma Foundation, the Demarest Lloyd Jr Foundation, and
Barbara and David Levine in memoriam.

Authorship

Contribution: B.M.W. conceived and wrote the first draft of the
manuscript; S.W.W. and R.L.C. cowrote and revised subsequent
revisions; and all authors agreed on the final version.

Conflict-of-interest disclosure: B.M.W. has received research
support from Prothena and Janssen Research and Development and
received consulting fees from Prothena and Janssen Research and
Development. R.L.C. has received research support from Prothena,
Takeda Millenium, Teva, and Janssen and consulting fees from
Prothena, Takeda Millenium, GlaxoSmithKline, and Janssen. S.W.W.
declares no competing financial interests.

Correspondence: Brendan M. Weiss, Perelman Center for
Advanced Medicine, 2 West, Abramson Cancer Center, 3400 Civic
Center Blvd, Philadelphia, PA 19104; e-mail: brendan.weiss @uphs.
upenn.edu.

. Merlini G, Comenzo RL, Seldin DC, Wechalekar A,
Gertz MA. Immunoglobulin light chain amyloidosis.
Expert Rev Hematol. 2014;7(1):143-156.

populations in patients with immunoglobulin light

chain amyloidosis. J Clin Oncol. 2013;31(34):
4319-4324.

Comenzo RL. Clonal plasma cell pathophysiology

and clinical features of disease are linked to clonal
plasma cell expression of cyclin D1 in systemic
light-chain amyloidosis. Clin Lymphoma Myeloma

6. Comenzo RL, Zhang Y, Martinez C, Osman K, ” .

. Kyle RA, Linos A, Beard CM, et al. Incidence Ht_arrera GA. Th_e tropisr_n of_organ ir_wolyement in Leuk. 2012;12(1):49-58.
and natural history of primary systemic primary systemic amyloidosis: contributions of Ig 11 perfetti v, Colli Vignarelli M, Anesi E, et al. The
amyloidosis in Olmsted County, Minnesota, V(L) germ line gene use and clonal plasma cell degrees of plasma cell clonality and marrow
1950 through 1989. Blood. 1992;79(7): burden. Blood. 2001;98(3):714-720. infiltration adversely influence the prognosis of AL
1817-1822. 7. Comenzo RL, Wally J, Kica G, et al. Clonal amyloidosis patients. Haematologica. 1999;84(3):

X immunoglobulin light chain variable region 218-221.

- Jaccard A, Comenzo RL, Hari P, et al. germline gene use in AL amyloidosis: association
Efficacy of bortezomib, cyclophczsphamlde and with dominant amyloid-related organ involvement 12. Warsame R, Kumar SK, Gertz MA, et al.
dexamethasone in treatment-naive patients and survival after stem cell transplantation. Br J Abnormal FISH in patients with immunoglobulin
with high-risk cardiac AL amyloidosis (Mayo Haematol. 1999;106(3):744-751. light chain amyloidosis is a risk factor for cardiac
Clinic stage Ill). Haematologica. 2014;99(9): . . . involvement and for death. Blood Cancer J. 2015;
1479-1485. 8. Dispenzieri A, (_Eertz MA, Bua_d| F What_do | need 5:6310.

to know about immunoglobulin light chain (AL)

. Merlini G, Wechalekar AD, Palladini G. Systemic amyloidosis? Blood Rev. 2012;26(4):137-154. 13. Bochtler T, Hegenbart U, Kunz C, et al.
light chain amyloidosis: an update for 9. Abraham RS, Geyer SM, Price-Troska TL, et al. Translocation t(11;14) is associated with adverse
treating physicians. Blood. 2013;121(26): Immunoglobulin light chain variable (V) region outcome in patients with newly diagnosed AL
5124-5130. genes influence clinical presentation and outcome amylmdoms when treated with bortezomib-based

. Kourelis TV, Kumar SK, Gertz MA, et al. in light chain-associated amyloidosis (AL). Blood. regimens. J Clin Oncol. 2015;33(12):1371-1378.
Coexistent multiple myeloma or increased bone 2003;101(10):3801-3808. 14. Bochtler T, Hegenbart U, Kunz C, et al. Gain of
marrow plasma cells define equally high-risk 10. Zhou P, Hoffman J, Landau H, Hassoun H, lyer L, chromosome 1g21 is an independent adverse

prognostic factor in light chain amyloidosis

20z aunr 80 uo 3senb Aq Jpd'G/22/cS626€1/5.22/61/LT L /Ppd-ajoie/poojqAau-suonedligndyse//:djy wol papeojumog


mailto:brendan.weiss@uphs.upenn.edu
mailto:brendan.weiss@uphs.upenn.edu

BLOOD, 12 MAY 2016 - VOLUME 127, NUMBER 19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

patients treated with melphalan/dexamethasone.
Amyloid. 2014;21(1):9-17.

. Warsame R, Dispenzieri A. Blaming the Right

Fluorescent in Situ Hybridization. J Clin Oncol.
2015;33(33):3976.

Bochtler T, Hegenbart U, Kunz C, Benner A,
Schoénland SO. Reply to R. Warsame et al. J Clin
Oncol. 2015;33(33):3976-3977.

Perfetti V, Casarini S, Palladini G, et al. Analysis
of V(lambda)-J(lambda) expression in plasma
cells from primary (AL) amyloidosis and normal
bone marrow identifies 3r (lambdalll) as a new
amyloid-associated germline gene segment.
Blood. 2002;100(3):948-953.

Perfetti V, Palladini G, Casarini S, et al. The
repertoire of \ light chains causing predominant
amyloid heart involvement and identification of a
preferentially involved germline gene, IGLV1-44.
Blood. 2012;119(1):144-150.

. Solomon A, Weiss DT, Wall JS. Immunotherapy

in systemic primary (AL) amyloidosis using
amyloid-reactive monoclonal antibodies. Cancer
Biother Radiopharm. 2003;18(6):853-860.

Hawkins PN. Diagnosis and monitoring of
amyloidosis. Baillieres Clin Rheumatol. 1994;8(3):
635-659.

Vrana JA, Gamez JD, Madden BJ, Theis JD,
Bergen HR lIl, Dogan A. Classification of
amyloidosis by laser microdissection and mass
spectrometry-based proteomic analysis in clinical
biopsy specimens. Blood. 2009;114(24):
4957-4959.

Pepys MB, Tennent GA, Booth DR, et al.
Molecular mechanisms of fibrillogenesis and the
protetive role of amyloid P component: two
possible avenues for therapy. Ciba Found Symp.
1996;199:73-81.

Cohen AD, Comenzo RL. Systemic light-chain
amyloidosis: advances in diagnosis, prognosis,
and therapy. Hematology Am Soc Hematol Educ
Program. 2010;2010:287-294.

Sanchorawala V, Seldin DC, Magnani B, Skinner
M, Wright DG. Serum free light-chain responses
after high-dose intravenous melphalan and
autologous stem cell transplantation for AL
(primary) amyloidosis. Bone Marrow Transplant.
2005;36(7):597-600.

Dispenzieri A, Gertz MA, Kyle RA, et al.
Prognostication of survival using cardiac
troponins and N-terminal pro-brain natriuretic
peptide in patients with primary systemic
amyloidosis undergoing peripheral blood stem cell
transplantation. Blood. 2004;104(6):1881-1887.

Liao R, Jain M, Teller P, et al. Infusion of light
chains from patients with cardiac amyloidosis
causes diastolic dysfunction in isolated mouse
hearts. Circulation. 2001;104(14):1594-1597.

Brenner DA, Jain M, Pimentel DR, et al. Human
amyloidogenic light chains directly impair
cardiomyocyte function through an increase in
cellular oxidant stress. Circ Res. 2004;94(8):
1008-1010.

Shi J, Guan J, Jiang B, et al. Amyloidogenic
light chains induce cardiomyocyte contractile
dysfunction and apoptosis via a non-canonical
p38alpha MAPK pathway. Proc Natl Acad Sci
USA. 2010;107(9):4188-4193.

Kumar S, Dispenzieri A, Lacy MQ, et al. Revised
prognostic staging system for light chain
amyloidosis incorporating cardiac biomarkers and
serum free light chain measurements. J Clin
Oncol. 2012;30(9):989-995.

Comenzo RL, Reece D, Palladini G, et al.
Consensus guidelines for the conduct and
reporting of clinical trials in systemic light-chain
amyloidosis. Leukemia. 2012;26(11):2317-2325.

Palladini G, Dispenzieri A, Gertz MA, et al.
New criteria for response to treatment in

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

immunoglobulin light chain amyloidosis based
on free light chain measurement and cardiac
biomarkers: impact on survival outcomes. J Clin
Oncol. 2012;30(36):4541-4549.

Gertz MA, Comenzo R, Falk RH, et al. Definition
of organ involvement and treatment response in
immunoglobulin light chain amyloidosis (AL): a
consensus opinion from the 10th International
Symposium on Amyloid and Amyloidosis, Tours,
France, 18-22 April 2004. Am J Hematol. 2005;
79(4):319-328.

Kaufman GP, Dispenzieri A, Gertz MA, et al.
Kinetics of organ response and survival following
normalization of the serum free light chain ratio in
AL amyloidosis. Am J Hematol. 2015;90(3):
181-186.

Palladini G, Lavatelli F, Russo P, et al. Circulating
amyloidogenic free light chains and serum
N-terminal natriuretic peptide type B decrease
simultaneously in association with improvement of
survival in AL. Blood. 2006;107(10):3854-3858.

Kastritis E, Wechalekar AD, Dimopoulos MA,

et al. Bortezomib with or without dexamethasone
in primary systemic (light chain) amyloidosis.

J Clin Oncol. 2010;28(6):1031-1037.

Palladini G, Barassi A, Klersy C, et al. The
combination of high-sensitivity cardiac troponin T
(hs-cTnT) at presentation and changes in
N-terminal natriuretic peptide type B (NT-proBNP)
after chemotherapy best predicts survival in AL
amyloidosis. Blood. 2010;116(18):3426-3430.

Wechalekar AD, Schonland SO, Kastritis E, et al.
A European collaborative study of treatment
outcomes in 346 patients with cardiac stage 1l AL
amyloidosis. Blood. 2013;121(17):3420-3427.

Skinner M, Sanchorawala V, Seldin DC, et al.
High-dose melphalan and autologous stem-cell
transplantation in patients with AL amyloidosis: an
8-year study. Ann Intern Med. 2004;140(2):85-93.

Cibeira MT, Sanchorawala V, Seldin DC, et al.
Outcome of AL amyloidosis after high-dose
melphalan and autologous stem cell
transplantation: long-term results in a series of
421 patients. Blood. 2011;118(16):4346-4352.

Gertz MA, Lacy MQ, Dispenzieri A, Hayman SR,
Kumar S. Transplantation for amyloidosis. Curr
Opin Oncol. 2007;19(2):136-141.

Landau H, Hassoun H, Rosenzweig MA, et al.
Bortezomib and dexamethasone consolidation
following risk-adapted melphalan and stem cell
transplantation for patients with newly diagnosed
light-chain amyloidosis. Leukemia. 2013;27(4):
823-828.

Sanchorawala V, Brauneis D, Shelton AC, et al.
Induction Therapy with Bortezomib Followed by
Bortezomib-High Dose Melphalan and Stem Cell
Transplantation for Light Chain Amyloidosis:
Results of a Prospective Clinical Trial. Biol Blood
Marrow Transplant. 2015;21(8):1445-1451.

Huang X, Wang Q, Chen W, et al. Induction
therapy with bortezomib and dexamethasone
followed by autologous stem cell transplantation
versus autologous stem cell transplantation alone
in the treatment of renal AL amyloidosis: a
randomized controlled trial. BMC Med. 2014;12:2.

Palladini G, Perfetti V, Obici L, et al. Association
of melphalan and high-dose dexamethasone is
effective and well tolerated in patients with AL
(primary) amyloidosis who are ineligible for stem
cell transplantation. Blood. 2004;103(8):
2936-2938.

Mikhael JR, Schuster SR, Jimenez-Zepeda VH,
et al. Cyclophosphamide-bortezomib-
dexamethasone (CyBorD) produces rapid and
complete hematologic response in patients with
AL amyloidosis. Blood. 2012;119(19):4391-4394.

Venner CP, Lane T, Foard D, et al.
Cyclophosphamide, bortezomib, and
dexamethasone therapy in AL amyloidosis is

47.

48.

49.

50.

51.

52,

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

BEYOND THE PC IN AL 2279

associated with high clonal response rates and
prolonged progression-free survival. Blood. 2012;
119(19):4387-4390.

Palladini G, Sachchithanantham S, Milani P,

et al. A European collaborative study of
cyclophosphamide, bortezomib, and
dexamethasone in upfront treatment of systemic
AL amyloidosis. Blood. 2015;126(5):612-615.

Dember LM, Hawkins PN, Hazenberg BP, et al;
Eprodisate for AA Amyloidosis Trial Group.
Eprodisate for the treatment of renal disease in
AA amyloidosis. N Engl J Med. 2007;356(23):
2349-2360.

Mereles D, Buss SJ, Hardt SE, Hunstein W, Katus
HA. Effects of the main green tea polyphenol
epigallocatechin-3-gallate on cardiac involvement
in patients with AL amyloidosis. Clin Res Cardiol.
2010;99(8):483-490.

Kristen AV, Lehrke S, Buss S, et al. Green tea
halts progression of cardiac transthyretin
amyloidosis: an observational report. Clin Res
Cardiol. 2012;101(10):805-813.

Mereles D, Wanker EE, Katus HA. Therapy
effects of green tea in a patient with systemic
light-chain amyloidosis. Clin Res Cardiol. 2008;
97(5):341-344.

Kumar SK, Dispenzieri A, Lacy MQ, et al.
Doxycycline used as post transplant antibacterial
prophylaxis improves survival in patients with
light chain amyloidosis undergoing autologous
stem cell transplantation [abstract]. Blood. 2012;
124(21). Abstract 3138a.

Purrucker JC, Hund E, Hinderhofer K, Kollmer J,
Schénland S, Hegenbart U. Doxycycline in
ATTRY69H (p.ATTRY89H) amyloidosis with
predominant leptomeningeal manifestation.
Amyloid. 2013;20(4):279-280.

Gertz MA, Landau HJ, Comenzo RL, et al.
Cardiac and renal biomarker responses in a
phase 1/2 study of NEODOO1 in patients with AL
amyloidosis and persistent organ dysfunction.

J Clin Oncol. 2015;33(15):8514a.

Wall JS, Kennel SJ, Stuckey AC, et al.
Radioimmunodetection of amyloid deposits in
patients with AL amyloidosis. Blood. 2010;
116(13):2241-2244.

Richards DB, Cookson LM, Berges AC, et al.
Therapeutic Clearance of Amyloid by Antibodies
to Serum Amyloid P Component. N Engl J Med.
2015;373(12):1106-1114.

Rezai-Zadeh K, Shytle D, Sun N, et al. Green tea
epigallocatechin-3-gallate (EGCG) modulates
amyloid precursor protein cleavage and reduces
cerebral amyloidosis in Alzheimer transgenic
mice. J Neurosci. 2005;25(38):8807-8814.

Golden EB, Lam PY, Kardosh A, et al. Green tea
polyphenols block the anticancer effects of
bortezomib and other boronic acid-based
proteasome inhibitors. Blood. 2009;113(23):
5927-5937.

Bannerman B, Xu L, Jones M, et al. Preclinical
evaluation of the antitumor activity of bortezomib
in combination with vitamin C or with
epigallocatechin gallate, a component of green
tea. Cancer Chemother Pharmacol. 2011;68(5):
1145-1154.

Cardoso |, Saraiva MJ. Doxycycline disrupts
transthyretin amyloid: evidence from studies in
a FAP transgenic mice model. FASEB J. 2006;
20(2):234-239.

Ward JE, Ren R, Toraldo G, et al. Doxycycline
reduces fibril formation in a transgenic mouse
model of AL amyloidosis. Blood. 2011;118(25):
6610-6617.

Diomede L, Rognoni P, Lavatelli F, et al. A
Caenorhabditis elegans-based assay recognizes
immunoglobulin light chains causing heart
amyloidosis. Blood. 2014;123(23):3543-3552.

20z aunr 80 uo 3senb Aq Jpd'G/22/cS626€1/5.22/61/LT L /Ppd-ajoie/poojqAau-suonedligndyse//:djy wol papeojumog



2280

63.

64.

65.

66.

67.

68.

WEISS et al

Wechalekar AWC, Lachmann H, Fontana M,
Mahmood S, Gillmore JD, Hawkins PN. Oral
doxycycline improves outcomes of stage |1l AL
amyloidosis - a matched case control study
[abstract]. Blood. 2015;126(23). Abstract 732.

Pepys MB, Herbert J, Hutchinson WL, et al.

Targeted pharmacological depletion of serum
amyloid P component for treatment of human
amyloidosis. Nature. 2002;417(6886):254-259.

Bodin K, Ellmerich S, Kahan MC, et al. Antibodies
to human serum amyloid P component eliminate
visceral amyloid deposits. Nature. 2010;
468(7320):93-97.

Wall JS, Kennel SJ, Williams A, et al. AL amyloid
imaging and therapy with a monoclonal antibody
to a cryptic epitope on amyloid fibrils. PLoS One.
2012;7(12):€52686.

O’Nuallain B, Allen A, Kennel SJ, Weiss DT,
Solomon A, Wall JS. Localization of a
conformational epitope common to non-native
and fibrillar immunoglobulin light chains.
Biochemistry. 2007;46(5):1240-1247.

Solomon A, Weiss DT, Wall JS. Therapeutic
potential of chimeric amyloid-reactive monoclonal
antibody 11-1F4. Clin Cancer Res. 2003;

9(10 Pt 2):3831S-3838S.

71.

72.

73.

74.

Langer AL, Miao S, Mapara M, et al. Results
of phase | study of chimeric fibril-reactive
monoclonal antibody 11-1F4 in patients with AL
amyloidosis [abstract]. Blood. 2015;126(23).
Abstract 188.

Hawkins PN, Lavender JP, Pepys MB. Evaluation
of systemic amyloidosis by scintigraphy with
123l-labeled serum amyloid P component.

N Engl J Med. 1990;323(8):508-513.

Comenzo RL. Out, Out-Making Amyloid’s Candle
Briefer. N Engl J Med. 2015;373(12):1167-1169.

Palladini G, Hegenbart U, Milani P, et al. A staging
system for renal outcome and early markers

of renal response to chemotherapy in AL
amyloidosis. Blood. 2014;124(15):2325-2332.

Buss SJ, Emami M, Mereles D, et al. Longitudinal
left ventricular function for prediction of survival in
systemic light-chain amyloidosis: incremental
value compared with clinical and biochemical
markers. J Am Coll Cardiol. 2012;60(12):
1067-1076.

Banypersad SM, Sado DM, Flett AS, et al.
Quantification of myocardial extracellular volume
fraction in systemic AL amyloidosis: an
equilibrium contrast cardiovascular magnetic

76.

77.

78.

79.

BLOOD, 12 MAY 2016 - VOLUME 127, NUMBER 19

resonance study. Circ Cardiovasc Imaging. 2013;
6(1):34-39.

5. Treibel TA, Bandula S, Fontana M, et al.

Extracellular volume quantification by dynamic
equilibrium cardiac computed tomography in
cardiac amyloidosis. J Cardiovasc Comput
Tomogr. 2015;9(6):585-592.

Gillmore JD, Wechalekar A, Bird J, et al; BCSH
Committee. Guidelines on the diagnosis and
investigation of AL amyloidosis. Br J Haematol.
2015;168(2):207-218.

Yang L, Rieves D, Ganley C. Brain amyloid
imaging—FDA approval of florbetapir F18
injection. N Engl J Med. 2012;367(10):885-887.

Park MA, Padera RF, Belanger A, et al.
18F-Florbetapir Binds Specifically to Myocardial
Light Chain and Transthyretin Amyloid Deposits:
Autoradiography Study. Circ Cardiovasc Imaging.
2015;8(8):2002954.

Dorbala S, Vangala D, Semer J, et al. Imaging
cardiac amyloidosis: a pilot study using
"8Fflorbetapir positron emission tomography.
Eur J Nucl Med Mol Imaging. 2014;41(9):
1652-1662.

20z aunr 80 uo 3senb Aq Jpd'G/22/cS626€1/5.22/61/LT L /Ppd-ajoie/poojqAau-suonedligndyse//:djy wol papeojumog



