
integrin complexed with the drug that caused
the thrombocytopenia. They called these
changes in the integrin mimetic-induced bind-
ing sites, or MIBs. Cross-reactivity existed
with the antibodies of some patients (13 of
43 patients). The cross-reacting antibodies
bound �IIb�3 when platelets were pretreated
with any one RGD mimetic drug or RGD
peptide. These MIBS were located in the head
region of �IIb�3, near the RGD recognition
site, probably on the �-propeller domain of
�IIb or the �A domain of �3 (see figure). There
appeared to be 3 eptifibatide-dependent and
3 tirofiban-dependent antibody binding sites,
each with an individual footprint. MIBS in
this report were identified by cross-blocking
studies using monoclonal antibodies with
known epitopes. More precise epitope map-
ping, particularly identification of �IIb or �3

sequences that mediate antibody binding, may
have to await further in-depth investigations
using site-directed mutagenesis or structural
studies such as x-ray crystallography or
nuclear magnetic resonance.

The findings of Bougie et al provide im-
portant insights into the mechanism whereby
patient antibodies bind integrin �IIb�3 and the
results have significant clinical implications.
Before this study it was assumed that
eptifibatide- and tirofiban-dependent anti-
bodies do not cross-react as the 2 drugs have
different chemical structures. However,
Bougie and colleagues found that the 2 drug-
dependent antibodies did cross-react in ap-
proximately 30% of patients.1 Their findings
suggest that it might not be safe to administer
tirofiban to a patient with eptifibatide-induced
thrombocytopenia and vice versa. One ap-
proach is to assess antibody cross-reactivity
before administration of an alternative RGD
mimetic as some clinical laboratories may be
able to detect eptifibatide- and tirofiban-
dependent antibodies4 and assess antibody
cross-reactivity using flow cytometry. How-
ever, the clinical usefulness of such laboratory
investigations will have to await confirmation
by future studies.

Understanding the pathogenesis of drug-
induced thrombocytopenia may lead to devel-
opment of safer RDG mimetic inhibitor drugs.
Recently, Zhu et al described an RDG mimetic
inhibitor (designated RUC-1) that blocks fi-
brinogen binding to activated �IIb�3 but does not
induce conformational changes in the integrin
nor emergence of LIBS and presumably MIBS.9

Consequently, RUC-1 and RUC-1–like drugs

are unlikely to be antigenic and may not cause
immune thrombocytopenia. Currently, if a pa-
tient with RGD mimetic-induced thrombocyto-
penia has a serious or potentially fatal bleed,
there is no treatment to rapidly increase the pa-
tient’s platelet count. Identification of �IIb or �3

sequences that mediate antibody binding by
more precise epitope mapping studies may allow
development of effective drugs such as inhibi-
tory small molecules, peptides, or antibody frag-
ments that block antibody binding to platelets
and promote platelet recovery. Such novel drugs
could be very helpful in this clinical setting.
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Death of frontline allo-SCT in myeloma
----------------------------------------------------------------------------------------------------------------
Philippe Moreau UNIVERSITY HOSPITAL NANTES

In this issue of Blood, Lokhorst et al report the results of a donor versus no-donor
comparison trial, which unambiguously establishes that reduced intensity condi-
tioning allogeneic stem cell transplantation (RIC allo-SCT) should not be offered
as part of frontline therapy in multiple myeloma (MM).1

A t the end of the 1990s, 2 prospective trials
compared autologous stem cell transplan-

tation (auto-SCT) with myeloablative allo-SCT
in MM.2,3 In both of these, extremely high
rates of transplant-related mortality (TRM)
were observed in the allogeneic arms, ranging
from 30% despite partial T-cell depletion in
the study conducted by the HOVON group,2

up to 53% in the United States Intergroup
trial (S9321), in which T-cell depletion was
not carried out.3 As a result, myeloablative
allo-SCT was abandoned and the procedure is
not recommended as part of frontline therapy
in patients with symptomatic de novo MM.4

Although the introduction of RIC regi-
mens has resulted in a decrease in the high
incidence of TRM associated with myeloabla-
tive conditioning, an intense debate is cur-
rently ongoing regarding the question of

whether patients should be subjected to the
substantial morbidity, especially graft-versus-
host disease (GVHD), and the risk of mortal-
ity associated with RIC allo-SCT as part of
first-line therapy compared with the relatively
safe procedure of auto-SCT.5-11 Lokhorst et al
performed a donor versus no-donor analysis of
patients included in the phase 3 HOVON-
50 MM trial.1 After a single auto-SCT, eli-
gible patients were randomized according to
the availability of an HLA-identical sibling to
receive either maintenance therapy consisting
of thalidomide or �-interferon or RIC allo-
SCT after low-dose 2 Gy total body irradia-
tion. Importantly, the trial included a large
number of patients, and the median follow-up,
which exceeds 6 years, is long enough to draw
reliable conclusions. The complete response,
the overall survival (OS), and progression-free
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survival (PFS) rates were not significantly
different between the donor and no-donor
groups. As expected, the cumulative incidence
of nonrelapse mortality was significantly
higher, while the incidence of relapse was sig-
nificantly decreased in the RIC allo-SCT
group. The PFS of patients who actually re-
ceived RIC allo-SCT was significantly pro-
longed compared with the patients who con-
tinued maintenance, but this difference did
not translate into a survival benefit.

These results differ from those previously
reported by the Italian5,6 and the European
Blood and Marrow Transplantation (EBMT)
groups7 regarding the comparison of tandem
auto-SCT with a sequential application of
single auto-SCT followed by RIC allo-SCT.
In both of these trials PFS and OS were im-
proved for patients with a sibling donor. Inter-
estingly, in all 3 studies, the Lokhorst trial as
well as the Italian and EBMT studies, which
used the same conditioning regimen before RIC
allo-SCT, the PFS and OS of patients who had
a donor and underwent the auto-SCT/RIC
allo-SCT procedure appeared similar. The
absence of a difference between the donor and
the no-donor groups in the Lokhorst study,
which is the major finding of this trial, is related
to a much better outcome of the no-donor group
compared with the EBMT and the Italian series.
The HOVON study was the last of the 3 trials to
be initiated, and was conducted when lenalido-
mide and/or bortezomib could be routinely
given at the time of relapse in the no-donor
group of patients. The results of the HOVON
trial are in line with those of a recent donor ver-
sus no-donor comparison reported by the Blood
and Marrow Transplant Clinical Trials Network
(BMT-CTN) group, in which after a shorter
follow-up no difference was seen in outcome
between patients in the tandem auto-SCT arm
and those undergoing auto-SCT followed by
RIC allo-SCT.11 Overall, 6 donor versus no-
donor studies are now available, 2 supporting5-7

and 4 opposing1,8-11 the sequential approach of
auto-SCT followed by RIC allo-SCT.

The impact of the HOVON study is sub-
stantial, because it is the only one to be per-
formed at a time of widespread use of novel
agents at relapse. The systematic use of combi-
nations of novel agents upfront as induction
therapy before auto-SCT, as well as their in-
corporation into the consolidation and/or
maintenance settings after auto-SCT, which
can be considered an optimal strategy in the

2010s, will further improve the results of pro-
cedures not including RIC allo-SCT. More-
over, recent attempts aimed at bettering out-
comes with RIC allo-SCT, such as the use of
maintenance treatment with low-dose lena-
lidomide in the HOVON-76 study, failed be-
cause of the rapid induction of acute GVHD.12

It can be anticipated that the gap between the
results achieved with auto-SCT versus those
obtained with RIC allo-SCT, also taking into
account toxicity, will widen in the future to the
detriment of the allogeneic procedure.

In their important report and analysis,
Lokhorst et al note that the study was not pow-
ered to address the significant issue of the out-
come of poor-risk patients, such as those har-
boring the 17p deletion. This subgroup, which
constitutes 7% to 10% of all patients, might be
the only one to derive a benefit from an alloge-
neic effect, which, however, will have to be
proven in clinical trials.

In conclusion, front-line myeloablative
allo-SCT in MM died 10 years ago, and the
latest results from the HOVON-50 study fur-
ther corroborate that RIC allo-SCT should
not be recommended as part of front-line
therapy in patients with symptomatic MM.
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All roads lead to “ome”:
defining the DRiPome
----------------------------------------------------------------------------------------------------------------

Jonathan W. Yewdell and Michael F. Princiotta NIAID; SUNY UPSTATE MEDICAL UNIVERSITY

In this issue of Blood, Granados et al explore the relationship between the cellular
transcriptome and immunopeptidome,1,2 the repertoire of peptides presented by
MHC class I molecules for immunosurveillance.

C lass I molecules are encoded by 3 highly
polymorphic genes, HLA-A, -B, and -C,

in humans, so individuals typically express

6 distinct class I molecules on their cell surface
that function to regulate the effector functions
of CD8� T cells and natural killer (NK) cells.
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