
For many years the gold standard for pa-
tients with MM not eligible for ASCT has
been the combination of melphalan and pred-
nisone (MP) or dexamethasone-based regi-
mens. The overall response rate was � 50%
with a CR rate of � 5%, a median duration of
response of 1.5 years, and a median overall
survival (OS) of � 3 years. Interestingly, for
this population of patients, new combination
regimens incorporating novel drugs such as
MP-thalidomide (MPT), MP-bortezomib
(MPV), MP-lenalidomide (MPR), or lenalido-
mide plus dexamethasone have resulted in an
unprecedented CR rate of up to 15%, 30%,
24%, and 24%, respectively.7 However, the
impact of these CRs on event-free survival
(EFS) and OS in the nontransplantation set-
ting has not yet established.

In this issue of Blood, Gay et al report on
the impact of response to therapy on
progression-free survival (PFS) and OS in
1175 newly diagnosed patients with MM, not
eligible for ASCT and enrolled in 3 multi-
center trials, treated with either MP alone
(332), MPT (332), MPV (235), or MPV fol-
lowed by VT maintenance (254).1 Concerning
response, CR was achieved in 17%, VGPR in
19%, and PR in 35%. According to the treat-
ment group, CR was attained in 49%, 31%,
15%, and 5% of patients treated with MPV-
VT, MPV, MPT, and MP, respectively. After
a median follow-up of 29 months, PFS and OS
were significantly longer in patients who
achieved CR versus those who attained VGPR
or PR. Of interest, the PFS and OS were vir-
tually identical in patients who achieved
VGPR and PR. Finally, the achievement of
CR was an independent predictor of longer
PFS and OS irrespective of age, International
Staging System stage, and treatment arm.

There is no doubt that, in the transplanta-
tion setting, the achievement of IFE-negative
CR is a crucial step forward for long-lasting
response and survival in MM.8 Gay et al
clearly demonstrate that the achievement of
IFE-negative CR in elderly patients treated
with MP plus novel antimyeloma agents has
also a significant impact on PFS and OS.1 In-
terestingly enough, in a recent transplantation
series, the achievement of VGPR did not re-
sult in a better outcome than the achievement
of PR.9 It has been shown that approximately
one-third of CRs achieved after ASCT in
younger myeloma patients last for � 10 years,
representing the so-called “cure fraction” or
“operational cure.”8 Although the achieve-

ment of a PFS of 67% at 3 years in elderly pa-
tients with MM in the study of Gay et al is
encouraging,1 it must be considered that the
follow-up is still too short with few patients at
risk beyond 4 years from initiation of therapy,
to know whether or not operational cures can
be expected with primary therapy incorporat-
ing novel agents in elderly patients. Further-
more, with the availability of novel technolo-
gies, the achievement of IFE-negative CR
should no longer be the ultimate goal in the
treatment of MM. In this regard, the impact of
sCR should be investigated. It has been re-
cently reported that the achievement of CR
with primary therapy including novel agents
results in the emergence of oligoclonal bands
in up to 60% of the patients.10 Whether this
phenomenon is because of a higher tumor re-
duction or a more robust immune reconstitu-
tion as well as its potential prognostic influ-
ence are unknown. Finally, sequential MRD
measurements with MFC or molecular studies
could be helpful in determining from what
level of MRD further treatment is or not
needed. Ideally, the treatment approach in
elderly patients with MM should include a
triple-agent induction regimen such as MPT
or MPV followed by maintenance incorporat-
ing novel agents along with sequential MRD
studies to establish for how long treatment is
still of benefit.
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Comment on Baraniskin et al, page 3140

PCNSL: biomarker better than biopsy?
----------------------------------------------------------------------------------------------------------------

Gerald Illerhaus and Tracy Batchelor UNIVERSITY HOSPITAL FREIBURG; MASSACHUSETTS GENERAL HOSPITAL

In this issue of Blood, Baraniskin and colleagues report on microRNAs
(miRNAs) as a possible biomarker for the diagnosis of primary central nervous
system lymphoma (PCNSL).1 Levels of miR-21, miR-19, and miR-92a were
significantly increased in cerebrospinal fluid (CSF) samples from PCNSL pa-
tients compared with controls with inflammatory CNS disease or other neuro-
logic disorders.

The diagnosis of PCNSL is most com-
monly achieved via stereotactic brain

biopsy. Contemporary imaging methods
(CT, MRI, PET) fail to reliably differentiate

inflammatory processes, solid-tumor metastases,
and primary or secondary CNSL. A misinter-
pretation of findings can lead to a delay in initiat-
ing therapy on the one hand, or to unnecessary
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resection of PCNSL on the other, in conjunction
with related morbidity. Both of these situations
can affect the patient’s outcome dramatically.
The success of stereotactic biopsy, while the
histologic gold standard, depends on accessible
lesions, and it is sometimes unfeasible when le-
sions lie close to or within critical brain struc-
tures. Although most brain biopsy procedures
are safely performed there is up to a 7% risk of
hemorrhage and up to a 35% risk of failure to
achieve a definitive histologic diagnosis.2 CSF
examination can only provide definitive evidence
of PCNSL in the presence of leptomeningeal
dissemination and is � 50% sensitive for the
diagnosis of PCNSL in this setting.3 Antithrom-
bin III,4 soluble CD-27,5 and free immunoglobu-

lin light chains6 are CSF biomarkers that have
not yet achieved general acceptance in clinical
practice. miRNAs are short RNA molecules that
bind the 3�-untranslated regions of mRNA tran-
scripts (see figure panel A). They inhibit gene
expression at a posttranscriptional level by inter-
fering with the translational initiation or degra-
dation of mRNA.7

Baraniskin et al were the first to define the
role of miRNAs in the CSF of lymphoma pa-
tients. Taking a “candidate approach” and
quantifying miRNA via qRT-PCR, the au-
thors identified significant levels of miRNAs
in the CSF of PCNSL patients. In particular,
miR-21, miR-19, and miR-92a had diagnostic
value in distinguishing PCNSL from inflam-

matory CNS diseases and other neurologic
disorders. Despite their small patient sample
(n � 23), using combined miRNA analyses
they demonstrated that these candidate
miRNAs have high sensitivity (95.7%) and
specificity (96.7%) for PCNSL diagnosis (see
figure panel B). The authors also demon-
strated that miRNAs in the CSF exhibited
remarkable stability with resistance to exog-
enous RNase, repeated freeze-thaw cycles, and
long-term storage of CSF specimens. Possible
explanations for this phenomenon include
miRNA protection in exosomes or association
of miRNA with other molecules (eg, CSF pro-
teins). These features may enhance the practi-
cal utility of CSF miRNA for diagnostic
purposes.

The article by Baraniskin et al advances
the field of diagnostic markers in CNSL.
Perhaps the analysis of miRNAs in the CSF
of patients with suspected PCNSL will ex-
pand the diagnostic tools at our disposal,
especially in patients in whom biopsy ap-
pears too risky or when histologic findings
are equivocal. However, as these data
were generated from a small number of
patients, it will be up to future studies to
validate the diagnostic utility of miRNAs
in the PCNSL patient population. Finally,
there is the intriguing possibility that
miRNAs derived from primary brain
tumors like PCNSL may also circulate
in blood,8 which could offer a readily acces-
sible source of tumor-derived RNA for fu-
ture study.
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(A) Model for miRNA biogenesis. The initiation step is mediated by the Drosha complex in the nucleus.
The product of this nuclear processing step is an � 70-nucleotide pre-miRNA. After export, the
cytoplasmic RNase III dicer participates in the second processing step (dicing) to produce miRNA
duplexes. The duplex is separated by helicase and usually one strand is selected as the mature
miRNA, whereas the other strand is degraded. (B) Scatter plots of expression levels of miR-21, miR-19b,
and miR-92a in CSF samples from 23 PCNSL patients compared with 30 control patients with various
neurologic disorders. Increased mean and median relative expression levels of miR-21, miR-19b, and
miR-92a were demonstrated in PCNSL patients’ CSF compared with controls. Professional illustration by
Debra T. Dartez.
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Salivary microvesicles clot blood
----------------------------------------------------------------------------------------------------------------

Peter L. Gross THROMBOSIS AND ATHEROSCLEROSIS RESEARCH INSTITUTE

The capacity of saliva to clot blood has been documented in the scriptures (Luke
16:21), folklore, and in the medical literature of the 1920s when Hunter described
the ability of saliva to clot blood and proposed it as a means to attenuate bleeding
from gastric ulcers.1 In 1938, Glazko and Greenberg reported that saliva contains a
cell-derived, protein-based thromboplastin,2 which was later identified as tissue
factor.

Where is the source of tissue factor in
saliva? In 1979, Zacharski and Rosen-

stein reported that almost one-quarter of the
tissue factor procoagulant activity in saliva
remains in the supernatant after centrifuga-
tion of the cells.3 Using contemporary tech-
niques, Berckmans and colleagues have now
identified the source of the tissue factor pro-
coagulant activity in the supernatant.4 Sali-
vary tissue factor is associated with micro-
vesicles and exosomes. These are vesicles

that are shed from cells.5 Shedding occurs
in resting cells, but increases with cell
stimulation or apoptosis. The tissue factor–
bearing vesicles in saliva are likely derived
from cells in the salivary glands and the
mouth because they express epithelial-cell
and leukocyte markers on their surface (see
figure). The concentration of tissue factor in
these vesicles is at least 5-fold higher than
that in blood, so there is more than enough
to clot blood!6

In this issue of Blood, Berckmans et al sug-
gest that salivary tissue factor serves as an extra
barrier between the blood and the outside mi-
lieu by promoting hemostasis and preventing
infection. Blood pools in the saliva when the
oral mucosa is injured. In the absence of flow,
only low concentrations of tissue factor are
required to trigger thrombin generation,7 pro-
vided that there are an adequate number of
normal platelets.8 Could this explain, at least
in part, why oral mucosal bleeding is more
common with platelet disorders than with
deficiencies of clotting factors?

As with all science, answers beget more
questions. In mice, removal of the salivary
glands decreases wound healing.9 Is the poor
wound healing the result of an absence of sali-
vary tissue factor? Do the levels of salivary
tissue factor change with aging or disease?
Would strategies aimed at increasing salivary
tissue factor reduce mucosal bleeding in pa-
tients with thrombocytopenia or gingivitis, or
even those with gastric ulcers? These are ques-
tions for the future. Meanwhile, the work by
Berckmans and colleagues provides some basis
for why the wound-licking reflex may be ben-
eficial. The clot-promoting activity of saliva
may be offset by harm, including the introduc-
tion of oral bacteria into the wound.10
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Tissue factor on microvesicles in saliva can cause blood to clot. This may provide the basis for the
wound-licking reflex. Illustration by Nima Vaezzadeh.
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