
in restraining some of the functions of erythroid
cells during the essential steps leading to
reticulocyte biogenesis.

Macrophages play an important role in
regulating erythroid survival, proliferation,
and maturation, providing a major contribution
to the erythroid microenvironment and
modulating the phenotype of erythropoietic
disorders.7-10 Because Sui and colleagues
also showed that Tmod3 is expressed in
macrophages, the ability of Tmod3-null
macrophages in forming erythroid islands was
investigated. In fact, native erythroblastic island
formation was impaired in Tmod3-null fetal
livers. Furthermore, using reconstitution
experiments, the authors also showed that
erythroid island formationwas impaired if either
Tmod3-null erythroblasts or macrophages were
used with their wild-type counterpart. This
indicated that Tmod3 is required in both
erythroblasts and macrophages to correctly
form erythroid islands. It is undermined
whether the function of Tmod3 in erythroid
cells and macrophages is the same. However,
we can speculate that Tmod3 in both
macrophages and erythroid cells plays a major
role in determining the correct repertoire of
adhesionmolecules required by these 2 cell types
to interact with each other. In addition, these
observations might also suggest a role of
macrophages in reinforcing the program in
erythroid cells that coordinates cell-cycle exit
with enucleation (see figure, panel B).

Conflict-of-interest disclosure: S.R. is support-
ed by the National Institutes of Health (NIH)
National Institute of Diabetes and Digestive and
Kidney Diseases (grants R01DK090554 and
R01DK095112), andNIHNationalHeart, Lung,
and Blood Institute (grant R01HL102449), the
European Community (FP7), Isis Pharmaceuti-
cals, Bayer Pharmaceuticals, and Merganser Bio-
tech; is a consultant for Novartis, Biomarin, Bayer,
Alexion, and Isis Pharmaceuticals; and is a stock-
holder and consultant for Merganser Biotech. The
consulting work and intellectual property of S.R.
did not affect in any way the preparation of this
commentary. n

REFERENCES
1. Sui Z, Nowak RB, Bacconi A, et al. Tropomodulin3-

null mice are embryonic lethal with anemia due to impaired
erythroid terminal differentiation in the fetal liver. Blood.
2014;123(5):758-767.

2. Yamashiro S, Gokhin DS, Kimura S, Nowak RB,
Fowler VM. Tropomodulins: pointed-end capping
proteins that regulate actin filament architecture in
diverse cell types. Cytoskeleton (Hoboken). 2012;69(6):
337-370.

3. Woodrum DT, Rich SA, Pollard TD. Evidence for
biased bidirectional polymerization of actin filaments using
heavy meromyosin prepared by an improved method.
J Cell Biol. 1975;67(1):231-237.

4. Kondo H, Ishiwata S. Uni-directional growth of
F-actin. J Biochem. 1976;79(1):159-171.

5. Moyer JD, Nowak RB, Kim NE, et al. Tropomodulin
1-null mice have a mild spherocytic elliptocytosis with
appearance of tropomodulin 3 in red blood cells and
disruption of the membrane skeleton. Blood. 2010;116(14):
2590-2599.

6. McKeown CR, Nowak RB, Moyer J, Sussman MA,
Fowler VM. Tropomodulin1 is required in the heart but
not the yolk sac for mouse embryonic development. Circ
Res. 2008;103(11):1241-1248.

7. Manwani D, Bieker JJ. The erythroblastic island. Curr
Top Dev Biol. 2008;82:23-53.

8. Chasis JA, Mohandas N. Erythroblastic islands:
niches for erythropoiesis. Blood. 2008;112(3):470-478.

9. Ramos P, Casu C, Gardenghi S, et al.
Macrophages support pathological erythropoiesis in
polycythemia vera and b-thalassemia. Nat Med. 2013;
19(4):437-445.

10. Chow A, Huggins M, Ahmed J, et al. CD1691
macrophages provide a niche promoting erythropoiesis
under homeostasis and stress. Nat Med. 2013;19(4):
429-436.

© 2014 by The American Society of Hematology

l l l CLINICAL TRIALS & OBSERVATIONS

Comment on Pfreundschuh et al, page 640

Is rituximab one for all
ages and each sex?
-----------------------------------------------------------------------------------------------------

Thomas M. Habermann1 1MAYO CLINIC

In this issue of Blood, Pfreundschuh et al report that young males treated with
rituximab-based immunochemotherapy in contrast to elderly males benefit as
much as females from rituximab immunochemotherapy and patients with more
rapid rituximab clearance have reduced therapeutic benefit.1

In 1993, the International Prognostic Factor
Index (IPI) defined a predictive model for

aggressive non-Hodgkin lymphoma.2 In 1993,
2 studies were designed in international
cooperative groups to evaluate the role of
a targeted anti-CD20 monoclonal antibody,
rituximab, at a dose of 375 mg/m2, in
combination with CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone) in
patients age 60 or greater with aggressive
lymphoma each administered over 21 days.3,4

This was after only extremely preliminary
observations of responses in data on a small
number of patients who had responded to
single-agent rituximab therapy after relapse
from different approaches and an ongoing
phase 2 study. An international trial was also
undertaken in younger patients, theMabThera
International Trial (MInT).5 The initial
rituximab-CHOP (R-CHOP) regimens
were empirically designed. These trials
were designed without a pharmacologic
understanding of rituximab or the half-life of
the drug. The outcomes of these trials reported
an improved overall survival (OS) when
compared with CHOP or CHOP-like regimens
and led to the approval of rituximab in

combination with CHOP in the United States
in February 2006 and in countries worldwide.
This was the first monoclonal antibody
approved in diffuse large B-cell lymphoma.
The publication by the Groupe d’ Etude des
Lymphomes de L’Adulte was a landmark
observation.3 Clinical trials incorporating
rituximab into other investigations including
the rituximab with CHOP over the age of 60
(RICOVER-60) and the Mega–CHOP plus
etoposide (CHOEP) trials were performed.6

Following the reports of the initial phase 3
trials, data emerged that females had better
outcomes when treated with rituximab than
males.7,8 In the rituximab era, male sex became
a more adverse prognostic factor. These
differences were not related to the doses of
myelosuppressive drugs or rituximab received
in treatment arms between men and women.
In the RICOVER-60 trial, male sex was
a significant risk factor for event-free survival
and progression-free survival in patients
treated with R-CHOP.9

In this analysis, clinical data were used
from 6 prospective clinical trials and
pharamacokinetic studies from 49 patients on
3 clinical trials, 20 previously reported.10 The
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improvements in outcome in patients treated
with rituximabwere as strong in youngmales as
in young females with low-risk disease in the
MInT study and in young poor-prognosis
patients in theMega-CHOEP trial. In contrast,
in the RICOVER-60 trial, both elderly females
and males benefited from the addition of
rituximab, but the improvement was greater in
elderly females. These data suggested that the
effect was not at the level of the malignant
lymphoma cell but was a pharmacokinetic one.
Rituximab clearances were similar in young
males and young females. Elderly females, who
had the greatest benefit from rituximab, had
a statistically significant slower rituximab
clearance resulting in higher serum levels and
longer exposure times related to an age-
dependent decrease in rituximab clearance in
females. The sex- and age-dependent clearance
with rituximab is unusual in the field of
chemotherapy drugs.

Do older males benefit from rituximab? In
the RICOVER-60 trial, rituximab did improve
the OS by 10%. Older males have a more rapid
rituximab clearance resulting in suboptimal
dosingwith rituximabwhendosed at 375mg/m2.
In the smart elderly (SMARTE)-R-CHOP-14
trial, older patients received 8 doses of rituximab
over 240 days resulting in a 20% improvement
in poor prognosis males but only a 4%
improvement in older females.1

Do these observations have implications
for ongoing clinical trials in diffuse large B-cell
lymphoma? New approaches include adding
new drugs such as lenalidomide and ibrutinib
to R-CHOP. The role of lenalidomide in
combination with R-CHOP (R2-CHOP) in
improving outcomes in patients with the
activated B-cell signature is currently under
evaluation in a randomized phase 2 intergroup
study. The influence of the outcomes in elderly
male patients in this study, the ibrutinib studies,
and maintenance rituximab studies will be
essential to understand.

The cutoff of age 60 has been used to define
elderly as initially described in the IPI by the
International Non-Hodgkin’s Lymphoma
Prognostic Factors Project.2 Ongoing studies
suggest that there are differences in outcomes
in patients age 60 vs age 70. Variables are
dichotomous in the IPI model. Models using
multicategorical predictors with age as
a continuous variable might further refine risk
prediction in populations and for individual
patients and enhance interpretation of clinical
trial results. The term elderly has been

incorporated into clinical trials. The field
would be well served to move away from the
term elderly.

The importance of the contributions of
Pfreundschuh and colleagues cannot be
underestimated. The opportunity to combine
large data sets of well-defined patients is
invaluable when attempting to address these
types of questions. The utilization of resources
to store peripheral blood samples, to have
patients consent to pharmacologic studies, to
perform the studies, and to assemble the team
to analyze the data is a model for future studies.
The collection of peripheral blood with storage
of serum, plasma, cells, DNA, andRNA is even
more important in the genomic era. Twenty
years later, we still continue to learnmore about
rituximab. This report demonstrates the
importance of pharmacokinetic studies in all
potential ages and both sexes. The optimal dose
and schedule for rituximab will be related to
pharmacokinetic-based investigations in
studies of patients in different age groups and
different sexes
Conflict-of-interest disclosure:The author declares
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Less strength and more
fractures for MGUS bones
-----------------------------------------------------------------------------------------------------

Evangelos Terpos1 and Meletios A. Dimopoulos1 1NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS

In this issue of Blood, Farr et al showed that patients with monoclonal
gammopathy of undetermined significance (MGUS) have increased cortical bone
porosity and reduced bone strength,1 conditions that can lead to the increased
fracture risk, which has been reported in MGUS patients.2

The importance of understanding the
mechanisms of bone loss in MGUS is of

extreme value as the majority of these patients
do not receive any bone targeted therapy,
despite their twofold higher tendency to

develop fractures, mainly in the axial skeleton,
compared with age- and gender-matched
controls.2 Furthermore, these mechanisms
will allow us to uncover the best imaging
technique for the early depiction of bone
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