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● ● ● CLINICAL TRIALS

Comment on Mikhael et al, page 4391, and on Venner et al, page 4387

CyBorD: stellar response rates in AL
amyloidosis
----------------------------------------------------------------------------------------------------------------
Giampaolo Merlini PAVIA UNIVERSITY HOSPITAL SAN MATTEO

In two independent retrospective studies, Mikhael et al and Venner et al report
unprecedentedly high hematologic response rates, 94% and 81%, including com-
plete response (CR) in 71% and 42%, respectively, to the combination of
cyclophosphamide-bortezomib-dexamethasone in patients with either naive or
relapsed light chain (AL) amyloidosis.1,2

L ight chain amyloidosis is caused by a small
or modest, relatively indolent, plasma cell

clone synthesizing misfolded light chains.
These abnormal light chains behave like “sick
molecules,” a term coined by Jan
Waldenström, because they display a patho-
logic conformation prone to aggregation and
become toxic for cells and tissues, producing
devastating systemic damage (see figure).
� light chains are more prone to misfold than
are � light chains, and certain subgroups have
been reported to be preferentially associated
with specific organ targeting (eg, IGVL1-44

AL amyloidosis is caused by a small or modest, relatively indolent, plasma cell clone secreting light chains (ratio of � to � light chains, 4:1) with abnormal folding
(misfolded) caused by mutations (symbolized by red dot) that affect critical structural sites. These light chains are prone to aggregation, form amyloid fibrils, and become
toxic for cells and tissues, producing failure of vital organs. Heart involvement is the most clinically relevant because it is the cause of death in virtually all patients. Inset:
Survival of 1131 patients with AL amyloidosis according to the year of diagnosis followed at the Pavia Amyloid Research and Treatment Center. Although survival
continues to improve, the slope of the first part of the curves has not changed during almost 30 years, mostly because of early death of patients with severe cardiac
involvement. ANS indicates autonomous nervous system; CHF, congestive heart failure defined as New York Heart Association class III or IV; GI, gastrointestinal tract;
and PNS, peripheral nervous system. Professional illustration by Kenneth X. Probst.
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with heart involvement).3 The misfolded
monoclonal light chain can be directly cyto-
toxic to cardiomyocytes,4 and the extent of
cardiac damage is a major prognostic determi-
nant because heart failure and fatal arrhyth-
mias are the cause of death in a substantial
number of patients. Cardiac biomarkers, tro-
ponins, and particularly the natriuretic pep-
tide type B (NT-proBNP), are very sensitive
and reliable sensors of light chain cardiotoxic-
ity and allow early assessment of cardiac re-
sponse to therapy. They are also powerful
prognostic determinants used to stratify the
risk according to the Mayo cardiac staging
system.5 The light chain–induced cardiac
damage is progressive, but potentially revers-
ible, unless the myocardial lesions are ad-
vanced. Improvement of cardiac function after
therapy, assessed by NT-proBNP, translates
into improved survival.6,7

Thus, the strategy for improving survival
in AL amyloidosis should be based on early
detection of amyloid cardiac involvement
while the damage is still reversible, and on the
rapid and profound reduction of the amyloid
light chain concentration to arrest the progres-
sion of the cardiac damage and rescue the
heart’s function. The most sensitive, although
not specific, marker of early cardiac involve-
ment is NT-proBNP, which can anticipate the
onset of symptoms related to heart failure by
several months.8 Because patients with mono-
clonal gammopathy of undetermined signifi-
cance (MGUS) are at risk, albeit low, of devel-
oping AL amyloidosis it would be advisable
that periodic checkups of individuals with this
condition include measurement of NT-
proBNP, to detect and treat amyloid cardio-
myopathy promptly.

The goal of chemotherapy is rapid, pro-
found, and persistent reduction of amyloid
light chain concentration to rescue organ func-
tion and improve survival. Although signifi-
cant progress has been made toward this goal
(see figure inset) standard therapy based on
melphalan and dexamethasone9,10 is not effec-
tive in patients with severe cardiac involve-
ment (Mayo cardiac stage III). The dismal
outcome is mainly due to the high early death
rate (23%-33%), from advanced cardiac amy-
loidosis, in the first 2 to 3 months after starting
therapy.9,10 These patients do not have enough
time to respond to this therapy.

Since the very first investigations, it was
evident that bortezomib might represent a
breakthrough in the care of AL amyloidosis,

producing prompt and profound responses
even in pretreated patients. The molecular
basis of the high sensitivity of amyloidogenic
plasma cells to proteasome inhibition is still
under intense investigation. A prospective
phase 1/2 study on bortezomib as a single
agent in relapsed patients using either a weekly
or a twice-weekly schedule resulted in hema-
tologic response rates of 68.8% and 66.7%,
respectively, including 37.5% and 24.2% CR.
Bortezomib showed limited cardiac toxicity.
Importantly, the median time to first response
for the twice-weekly schedule was just 1 cycle.

The addition of bortezomib to an alkylat-
ing agent, melphalan, and dexamethasone
further improved outcome. A phase 2 pro-
spective study including 26 patients with AL
amyloidosis showed that this regimen pro-
duced a hematologic response in 94% of pa-
tients, with 56% achieving a CR.11

After impressive response rates observed
in multiple myeloma, the combination of bort-
ezomib, cyclophosphamide, and dexametha-
sone (CyBorD, or CVD) has been explored in
AL amyloidosis. Here, Mikhael et al report the
retrospective analysis of 17 patients with AL
amyloidosis, 10 of whom were treatment-
naive, who were treated with a median of
3 cycles (range, 2-6) of weekly administration
of CyBorD before autologous stem cell trans-
plantation (ASCT), as an alternative to high-
dose therapy for those deemed ineligible, and
as salvage for relapsing patients.1 The reported
94% of hematologic responses is excellent and
the 71% CR rate unprecedented in AL amy-
loidosis. The estimated median duration of
CR was 22 months (range, 5-30 months). Or-
gan response was observed in 50% of patients
with renal involvement. Notably, 3 patients
originally not eligible for ASCT became eli-
gible after treatment with CyBorD. Treat-
ment was well tolerated, with only 2 patients
experiencing grade 1 or 2 peripheral neuropa-
thy, possibly thanks to the weekly schedule of
bortezomib. In the London National Amy-
loidosis Center study by Venner et al, 43 pa-
tients (20 treatment-naive) were treated with
biweekly bortezomib and dexamethasone.2

Because 46% of patients had Mayo cardiac
stage III disease, both bortezomib and dexa-
methasone dosages were attenuated. The he-
matologic response rate was 81.4% with a CR
rate of 39.5%. As expected, neuropathy was
more frequent in this study using biweekly
bortezomib, occurring in 30% of patients and
resulting in discontinuation of therapy in

14%. The remarkable finding of this study was
that in the 20 patients with Mayo cardiac stage
III disease, the estimated overall survival at
2 years was 94.4%, thus strikingly better than
the median survival with melphalan and dexa-
methasone, which is � 10 months from diag-
nosis.9 This is the first hint that the profound
and rapid hematologic response induced by
bortezomib may modify the course of severe
amyloid cardiomyopathy.

Although the results of these 2 studies
should be interpreted with caution given their
retrospective design with possible selection
bias, limited number, variable entry criteria,
and, above all, short follow-up (median
21 months1 and 14 months,2 respectively),
they clearly show that CyBorD/CVD has a
profound and rapid effect on the amyloido-
genic clone. Because there is strong evidence
linking the quality of response to survival in
AL amyloidosis,12 CyBorD/CVD has great
potential to change the natural history of the
disease. The availability of this powerful regi-
men opens new perspectives in the care of AL
amyloidosis and raises several challenging
questions that should be addressed through
controlled, prospective trials. First, given the
sparing of stem cells with this regimen, it is
uncertain whether patients who achieve CR
should proceed with ASCT, in light of the risk
of the procedure in these fragile individuals.
Second, the rapid responses produced by
CyBorD/CVD open up the possibility of
thwarting the high rate of early mortality in
patients with advanced cardiac amyloidosis. A
European phase 2 trial using attenuated doses
is being developed for patients with Mayo
cardiac stage III disease. Third, the overall
impact of adding bortezomib to alkylating
agents front-line on the natural history of the
disease should also be assessed in prospective
randomized trials. Because “time is life” in
this frequently rapidly progressive disease, we
need to answer these important questions
quickly. AL amyloidosis is a rare disease and
international collaboration is needed to accrue
patients in clinical trials. Through an unprec-
edented international effort, a randomized
trial comparing the present standard of
care, melphalan-dexamethasone, versus
bortezomib-melphalan-dexamethasone is now
under way in Europe, Australia, and in the
United States. This recently established net-
work of referral centers dedicated to AL amy-
loidosis is a precious resource for conducting
future trials. Furthermore, investigators
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working in the field of AL amyloidosis have
recently defined a framework for clinical re-
search including defining clinically relevant
end points, study populations, and other crite-
ria for collaborative clinical research that
should encourage rapid testing of therapies
and expedite new drug development. This
framework will be formally presented in May
2012 at the XIII International Symposium on
Amyloidosis at the University Medical Center
Groningen before being published.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ■
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● ● ● IMMUNOBIOLOGY

Comment on Guimont-Desrochers et al, page 4349

IKDCs or B220� NK cells are pre-mNK
cells
----------------------------------------------------------------------------------------------------------------

Laurence Zitvogel and Franck Housseau INSTITUT GUSTAVE ROUSSY; SIDNEY KIMMEL COMPREHENSIVE

CANCER CENTER

The cell lineage origin of interferon-producing killer dendritic cells (IKDCs)
has been challenged since 2006 when the unique capacity of these cells to accu-
mulate in tumors and mediate remarkable antitumor effects was first de-
scribed.1-4 In this issue of Blood, Guimont-Desrochers et al redefine B220� NK
cells as a novel intermediate in NK-cell differentiation preceding the acquisi-
tion of CD27.5

IKDCs were originally defined as
CD11cintB220�CD49b�MHC class II�

cells, endowed with an unexpected functional
plasticity compared with classical NK cells.
After in vivo exposure to imatinib mesylate
and IL-2 or TLR9L, conditions of trans-
presentation of IL-15R�/IL-15, IKDCs
lost MHC class II molecules and harbored
potent TRAIL-dependent lytic activity

leading to immunogenic cell death of their
targets.6 In contrast, when licensed by tu-
mor cells, IKDCs up-regulated MHC class
II and CD86 molecules and acquired the
capacity to cross-present exogenous anti-
gens to naive CD8� and CD4� T cells in an
MHC class I– and class II– dependent fash-
ion, respectively.4,7 On TLR-9 activation
in vitro, IKDCs down-regulated NKG2D/

DAP10/DAP12 molecules as well as their
killing potential and started producing IL-
12p40.2 In vivo, MCMV infection triggered
their migration to lymph nodes and their
maturation into professional APCs able to
cross-prime MCMV-specific CD8�

T cells.2 After lung viral infection with in-
fluenza virus, IKDCs were recruited to
lungs and were endowed with antigen-
presenting capacities.8 Most of these studies
demonstrated the intrinsic APC functions of
IKDCs using adoptive transfer of IKDCs in
vivo (purified from resting spleens or cul-
tured from bone marrow in the presence of
growth factors) into hosts presenting genetic
defects in the MHC class I4,7 or class II pathway7

or depleted from CD11chigh classical dendritic
cells (DCs). In these reports, IKDCs drastically
differed from B220� or MHC class II� NK cells
that failed to present antigens to naive
T cells.2,7

However, several arguments indicated that
IKDCs may truly belong to the NK-cell lin-
eage (as opposed to a bona fide DC origin),
challenging the acronym “IKDC.” First,
IKDCs were dependent on IL-15, IL-2R�

chain, and Id2 but independent of Flt3L for
their in vivo differentiation.6,9,10 Secondly,
gene- and NK receptor– expression profiling
suggested that IKDCs resemble mature NK
cells.5 Finally, many IKDC-related markers
(CD11c, B220, and MHC class II) can be
shared by mature NK cells, at least on in vitro
activation.9 Therefore, a consensual view
emerged as to reconsidering IKDCs as B220�

NK cells endowed with unique tumoricidal
and/or APC potential.

In this issue of Blood, Guimont-
Desrochers et al report that B220� NK cells
are a novel intermediate in NK-cell differ-
entiation preceding the acquisition of
CD27.5 After adoptive transfer of
CD45.1�B220� NK cells
(CD11cintCD122�) into C57BL/6 or
B6.Rag1�/� CD45.2� hosts, B220� NK
cells highly proliferated and progressively
adopted a mature NK phenotype
(B220�CD43�CD11bhigh). In contrast,
B220� or CD27� NK cells failed to acquire
the so-called B220 activation marker even on
in vivo stimulation with Poly I:C or anti-
CD40 agonistic antibodies (see figure). The
high incorporation rate of BrdU as well as a
transcriptional profile highlighting genes
associated with cell-cycle and microtubule
organization, a large size, and high levels of
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