
that myo-inositol can be much more heavily
phosphorylated in cells, including versions of
inositol in which all six –OH groups contain
phosphate (inositol hexakisphosphate, or IP6,
as depicted in the figure), or even more highly
phosphorylated forms, termed inositol
pyrophosphates (reviewed by Wilson et al8).
In these latter molecules, at least one of the
–OH groups contains pyrophosphate while
the rest contain monophosphate (yielding
IP7 or IP8, with 7 or 8 attached phosphates,
respectively). Many of the enzymes
responsible for synthesizing inositol
pyrophosphates use IP6 (see figure) as the
substrate, including, in mammals, 3 isozymes
of the enzyme, inositol hexakisphosphate kinase
(IP6K). The IP6K1 isozyme has been knocked
out in mice, resulting in lower body weight,
reduced insulin levels/insulin hypersensitivity,
and defective spermatogenesis.9

Ghosh et al1 cleverly noted that yeast
lacking the enzyme equivalent to IP6K are not
only depleted of inositol pyrophosphates but
that they also, perhaps surprisingly, have
severely reduced levels of polyphosphate.10

Reasoning that a metabolic link between
inositol pyrophosphates and polyphosphate
may also exist in mammals, they explored the
use of IP6K1 knockout mice as a means
of generating animals with low levels of
polyphosphate in their platelets. In the
present study,1 they now report that, while
the platelets of homozygous IP6K1 knockout
mice have normal-appearing dense granules,
these platelets have a roughly 3-fold
reduction in polyphosphate levels.
Furthermore, in in vitro studies, they report
that the platelets from these animals exhibited
slower platelet aggregation, supported
lengthened clotting times when platelet
releasates were added to plasma, and
exhibited lower incorporation of
polyphosphate into fibrin clots (with
concomitantly altered clot ultrastructure
that could be rescued by exogenous
polyphosphate), compared with studies
performed using platelets from wild-type
littermates. In vivo, they demonstrated
longer tail bleeding times and greater
resistance to thromboembolism in the
homozygous IP6K1 knockout mice compared
with wild-type littermates. Because inositol
pyrophosphates play roles in energy
metabolism in yeast, Ghosh et al took pains
to demonstrate that the levels of adenosine
59-diphosphate (ADP) and adenosine

triphosphate (ATP) in platelets from their
knockout mice were normal, so the reduced
platelet-mediated functions in these animals
were not simply attributed to decreased
secretion of ADP or ATP.

Taken together, the results from this study
clearly underscore important roles for
polyphosphate secreted from activated
platelets in both hemostasis and thrombosis.
The decreased aggregation seen in platelets
from homozygous IP6K1 knockout mice is
particularly intriguing because a role in
platelet aggregation has not previously
been reported for polyphosphate. The
availability of this mouse line for studying
the consequences of severely reduced
polyphosphate levels in platelets will allow
a wealth of studies to investigate the biological
roles of polyphosphates in mammals, no
doubt beyond their currently appreciated
contributions to hemostasis, thrombosis, and
inflammation.
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Comment on Gay et al, page 1376

Transplants for the elderly in myeloma
-----------------------------------------------------------------------------------------------------

Gareth J. Morgan1 1INSTITUTE OF CANCER RESEARCH AND ROYAL MARSDEN HOSPITAL

In this issue of Blood, Gay et al provide important new information that can be
used to design future phase 3 trials.1

They chose a dose of melphalan known to
be tolerated in this age group and

augmented its activity by using cassettes of
treatment using novel agents during
induction, consolidation, and maintenance
and evaluated its activity and tolerability in
the 65- to 75-year-old age group. It is clear
that it is well tolerated, with minimal early
mortality and is associated with good response
and survival data. It is possible to compare
these outcomes with representative historical
data sets including the Medical Research
Council (MRC) study where the overall
survival (OS) in the nontransplanted group

for melphalan-prednisone vs
cyclophosphamide-thalidomide-
dexamethasone was 30.6 vs 33.2 months,
respectively, and for patients in the
transplanted group .64 years of age was
53 months.2 In the Intergroup Français du
Myélome (IFM) 99-06 study comparing
melphalan-prednisone with melphalan-
thalidomide-prednisone and with autologous
stem cell transplant (ASCT) with 100 mg/m2

of melphalan, the OS in each group was 33.2,
51.6, and 38.3 months, respectively.3 Thus,
the 5-year OS of 63% in the current study
is good, using this novel sequential approach
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to treatment, which should now be
evaluated formally against current standard
approaches for this age group.

Maximizing cure rates by personalizing
therapy is one of the major aims of modern
myeloma treatment. With respect to achieving
cure, one of the major prerequisites is the
achievement of a stringent complete response
(sCR) as assessed by multiparameter flow
cytometry. It has been increasingly possible to
achieve this aim in younger patients treated
with ASCT where such sCRs are associated
with optimum clinical outcomes.4 The
integration of novel therapies into the context
of ASCT has further improved overall and
sCR rates and has changed the prevailing
treatment paradigm which now comprises
induction, transplant, consolidation, and
maintenance treatment blocks. These blocks
of treatment are delivered with the aim of
sequentially reducing tumor bulk and
incorporate the concept of using combinations
of drugs incorporated into cassettes of
treatment, which when combined have
synergistic effects maximizing response rates.
In addition, at each treatment phase, different
cassettes comprising different combinations
of drugs are given with the aim maximizing
the chance of inducing apoptosis in resistant
subclones and reducing the risk of relapse.
More recently, the aim of maximizing

responses has incorporated the concept of

“maintenance treatment,” whereby ongoing
treatment is given aiming to control the
biology of residual clonal populations and
killing myeloma stem cell populations coming
into cell cycle.5,6

The incorporation of these ideas has
revolutionized the treatment of younger
patients, but it has come at the price of
potentially increasing toxicity that needs to be
managed. This is perhaps not an issue for the
40% of patients who develop myeloma
before the age of 60, but for the majority of
patients who develop myeloma beyond this
age, toxicity is a significant issue. ASCT is
considered the standard treatment of younger
fitter patients, but there is no consensus in
terms of an age cutoff above which ASCT is
contraindicated. The initial IFM study used
60 years as an age cut point, whereas the
MRC VII study used 65 years.7,8 In
subsequent studies, including Myeloma IX,
the MRC group used doctor and patient
preference to decide on treatment pathway
and included patients up to the age of
73 years in the transplant strategy. In an
analysis of this study based on 5-year age
cohorts, it was clear that there were
differences in survival for the 55 to 60, 60 to
65, and 65 to 70 year groups, but mortality
was not an issue. Interestingly, although

a small number of patients over the age of
70 were included in the study, none made it
to the transplant procedure for a number of
reasons, including failure to collect stem
cells and doctor or patient preference,
making 70 a pragmatic age cutoff above
which a full dose of 200 mg/m2 is generally
inappropriate.2

The definition of an age cutoff of 70 years
raises the issue of what is the best way of
treating this age group, as well as younger
patients who are considered too frail to
receive a full dose of melphalan. One way of
making high-dose melphalan more applicable
is to reduce the dose. The standard dose of
melphalan is 200 mg/m2, which reflects the
fact that 3 positive studies comparing
transplant to standard therapy used this
dose,8 whereas studies using lower doses were
not associated with positive survival
benefits.3,9 In a variation on the single dose of
melphalan approach, a sequential 100 mg/m2

approach has been evaluated and was found to
be tolerable but again it did not improve
survival.10

Conflict-of-interest disclosure: G.J.M. has par-
ticipated in advisory boards for, received payment
for lectures and development of educational pre-
sentations from, and received travel support from
Celgene, Millenium, Novartis, Merck, and Johnson
& Johnson. n

REFERENCES
1. Gay F, Magarotto V, Crippa C, et al. Bortezomib
induction, reduced-intensity transplantation and
lenalidomide consolidation-maintenance for myeloma:
updated results. Blood. 2013;122(8):1376-1383.

2. Morgan GJ, Davies FE, Gregory WM, et al;
NCRI Haematological Oncology Study Group.
Cyclophosphamide, thalidomide, and dexamethasone
(CTD) as initial therapy for patients with multiple
myeloma unsuitable for autologous transplantation. Blood.
2011;118(5):1231-1238.

3. Facon T, Mary JY, Hulin C, et al; Intergroupe
Francophone du Myélome. Melphalan and prednisone
plus thalidomide versus melphalan and prednisone
alone or reduced-intensity autologous stem cell
transplantation in elderly patients with multiple
myeloma (IFM 99-06): a randomised trial. Lancet. 2007;
370(9594):1209-1218.

4. Rawstron AC, Child JA, de Tute RM, et al. Minimal
residual disease assessed by multiparameter flow cytometry
in multiple myeloma: Impact on outcome in the Medical
Research Council myeloma IX study. J Clin Oncol. 2013;
31(20):2540-2547.

5. Morgan GJ, Walker BA, Davies FE. The genetic
architecture of multiple myeloma. Nat Rev Cancer. 2012;
12(5):335-348.

6. Barlogie B, Anaissie E, van Rhee F, et al. The Arkansas
approach to therapy of patients with multiple myeloma.
Best Pract Res Clin Haematol. 2007;20(4):761-781.

The key elements of modern treatment strategies: sequential treatment approach for myeloma. Ongoing treatment with

an induction phase, followed by intensification (transplant), consolidation, and a maintenance phase.

BLOOD, 22 AUGUST 2013 x VOLUME 122, NUMBER 8 1333

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/122/8/1332/1373994/1332.pdf by guest on 04 June 2024



7. Attal M, Harousseau JL, Facon T, et al; InterGroupe
Francophone du Myélome. Single versus double
autologous stem-cell transplantation for multiple myeloma.
N Engl J Med. 2003;349(26):2495-2502.

8. Child JA, Morgan GJ, Davies FE, et al; Medical
Research Council Adult Leukaemia Working Party. High-
dose chemotherapy with hematopoietic stem-cell rescue
for multiple myeloma. N Engl J Med. 2003;348(19):
1875-1883.

9. Sonneveld P, van der Holt B, Segeren CM, et al;
Dutch-Belgian Hemato-Oncology Cooperative Group

(HOVON). Intermediate-dose melphalan compared with
myeloablative treatment in multiple myeloma: long-term
follow-up of the Dutch Cooperative Group HOVON 24
trial. Haematologica. 2007;92(7):928-935.

10. Cavo M, Tosi P, Zamagni E, et al. Prospective,
randomized study of single compared with double
autologous stem-cell transplantation for multiple myeloma:
Bologna 96 clinical study. J Clin Oncol. 2007;25(17):
2434-2441.

© 2013 by The American Society of Hematology

l l l MYELOID NEOPLASIA
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Precision ‘re’arming of CD33 antibodies
-----------------------------------------------------------------------------------------------------

Gautam Borthakur1 1MD ANDERSON CANCER CENTER

In this issue of Blood, Kung Sutherland et al report on the preclinical activity of
SGN-CD33A, a humanized anti-CD33 antibody conjugated to
a pyrrolobenzodiazepine (PBD) dimer via a protease-cleavable linker, against
acute myeloid leukemia (AML) cells in vitro and in vivo.1

A t this time, there is a void in the field
of antibody–drug conjugates (ADC)

targeting CD33 as a therapeutic option for
treatment of AML after the voluntary
withdrawal of gemtuzumab ozogamicin (GO)
from the market.

Even though CD33 is an antigen that is
both considered to be expressed in more
committed myeloid precursors2,3 and is not
present in AML stem cells, the clinical
relevance of CD33 as a target is validated by
survival benefit with GO in subgroups of
patients with AML in randomized clinical
trials.4-6 The reliable efficacy of drug
conjugation with antibody and the greater
stability of conjugate to avoid the exposure of
non-target-expressing tissue to drugs can
improve CD33 ADCs as therapeutic agents.
The PBD dimer released after protease
cleavage of SGN-CD33A causes DNA cross-
linking and is capable of inducing cell cycle
arrest and apoptosis. Engineered cysteine
moieties at linker attachment sites allow
more precise PBD dimer loading of antibody,
thus improving predictability of payload
delivery. The activity of SGN-CD33A
requires CD33 expression, but its activity
does not correlate with levels of CD33
surface expression. In vitro studies with
SGN-CD33A showed approximately 3-fold
more potency than GO shows against
primary AML cells. What makes SGN-

CD33A potentially interesting is that this
ADC appears to have activity irrespective of
the multidrug resistance phenotype and p53
status of AML cells. Additional in vivo
studies using immune-competent isogeneic
mouse models of disseminated AML with
relevant translocations/mutations and
variable p53 backgrounds are needed to
add valuable information to the current
report. In addition, data regarding levels of
“naked” PBD dimer in plasma after
infusions are important, as this may

have relevance with regard to nonspecific
toxicity.

There is a distinct need in the field for
CD33-based ADCs to quickly fill the void left
by the withdrawal of GO from the market,
and the rapid preclinical and clinical
development of agents such as SGN-CD33A
is needed.
Conflict-of-interest disclosure:The author declares

no competing financial interests. n

REFERENCES
1. Kung SutherlandMS,Walter RB, Jeffrey SC, et al. SGN-
CD33A: a novel CD33-targeting antibody-drug conjugate
using a pyrrolobenzodiazepine dimer is active in models of
drug-resistant AML. Blood. 2013;122(8):1455-1463.

2. Andrews RG, Torok-Storb B, Bernstein ID. Myeloid-
associated differentiation antigens on stem cells and their
progeny identified by monoclonal antibodies. Blood. 1983;
62(1):124-132.

3. Andrews RG, Takahashi M, Segal GM, Powell JS,
Bernstein ID, Singer JW. The L4F3 antigen is expressed
by unipotent and multipotent colony-forming cells but not
by their precursors. Blood. 1986;68(5):1030-1035.

4. Burnett AK, Hills RK, Milligan D, et al. Identification
of patients with acute myeloblastic leukemia who benefit
from the addition of gemtuzumab ozogamicin: results of
the MRC AML15 trial. J Clin Oncol. 2011;29(4):369-377.

5. Burnett AK, Russell NH, Hills RK, et al. Addition
of gemtuzumab ozogamicin to induction chemotherapy
improves survival in older patients with acute myeloid
leukemia. J Clin Oncol. 2012;30(32):3924-3931.

6. Delaunay J, Recher C, Pigneux A, et al. Addition of
gemtuzumab ozogamycin to chemotherapy improves
event-free survival but not overall survival of AML
patients with intermediate cytogenetics not eligible
for allogeneic transplantation. Results of the
GOELAMS AML 2006 IR study [abstract]. Blood.
2011;118(21):37-38.

© 2013 by The American Society of Hematology

l l l TRANSFUSION MEDICINE

Comment on Stowell et al, page 1494

A mouse model of hemolytic
disease of the newborn
-----------------------------------------------------------------------------------------------------

Chance John Luckey1 and Leslie E. Silberstein1,2 1BRIGHAM AND WOMEN’S HOSPITAL; 2BOSTON CHILDREN’S
HOSPITAL

In this issue of Blood, Stowell et al describe a novel mouse model of hemolytic
disease of the fetus and newborn (HDFN) that recapitulates many of the key
features of human disease.1 Recently, this same group of researchers described
a transgenic mouse that expresses the human KEL2 (Chellano) red cell surface
protein from the Kell system on red cells,2 and subsequently demonstrated that
Kell differences on transfused blood induce antibody responses and hemolytic
transfusion reactions similar to those seen in patients.3 In this latest report,
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