
2008 classification. Blood. 2011;117(11):
3163-3171.

3. Wolach O, Stone RM. Optimal therapeutic
strategies for mixed phenotype acute
leukemia. Curr Opin Hematol. 2020;
27(2):95-102.

4. Alexander TB, Gu Z, Iacobucci I, et al. The
genetic basis and cell of origin of mixed
phenotype acute leukaemia. Nature. 2018;
562(7727):373-379.

5. Takahashi K, Wang F, Morita K, et al.
Integrative genomic analysis of adult mixed
phenotype acute leukemia delineates
lineage associated molecular subtypes. Nat
Commun. 2018;9(1):2670.

6. Coustan-Smith E, Mullighan CG, Onciu M,
et al. Early T-cell precursor leukaemia: a
subtype of very high-risk acute lymphoblas-
tic leukaemia. Lancet Oncol. 2009;10(2):
147-156.

7. Strehl S, Nebral K, K€onig M, et al. ETV6-
NCOA2: a novel fusion gene in acute

leukemia associated with coexpression of
T-lymphoid and myeloid markers and fre-
quent NOTCH1 mutations. Clin Cancer Res.
2008;14(4):977-983.

8. Hosokawa H, Rothenberg EV. How
transcription factors drive choice of the T
cell fate. Nat Rev Immunol. 2021;21(3):
162-176.

9. Homminga I, Pieters R, Langerak AW, et al.
Integrated transcript and genome analyses
reveal NKX2-1 and MEF2C as potential
oncogenes in T cell acute lymphoblastic leu-
kemia. Cancer Cell. 2011;19(4):484-497.

10. Van Vlierberghe P, Ambesi-Impiombato A,
Perez-Garcia A, et al. ETV6 mutations in
early immature human T cell leukemias.
J Exp Med. 2011;208(13):2571-2579.

DOI 10.1182/blood.2021014129

© 2022 by The American Society of Hematology

LYMPHOID NEOPLASIA

Comment on Orellana-Noia et al, page 413

CNS prophylaxis in DLBCL:
time to say goodbye?
Norbert Schmitz and Fabian Frontzek | University Hospital Muenster

In this issue of Blood, Orellana-Noia et al report that central nervous system
(CNS) relapse rates following either intrathecal (IT) or systemic (IV) adminis-
tration of methotrexate (MTX) are not significantly different, shedding doubt
on the overall efficacy of both approaches.1

For patients with diffuse large B-cell
lymphoma (DLBCL), the overall inci-
dence of relapse or progression in the
CNS has been estimated at 5% with
percentages varying from 1% to .15%
in different risk groups. Current guide-
lines recommend CNS prophylaxis with
IT or IV MTX for patients with high
CNS–international prognostic index
(IPI).2 In a large retrospective study,
Orellana-Noia et al now compare CNS
relapses occurring after single-route IT
or IV MTX. Do their findings suggest
that both routes of administration are
comparably effective, or ineffective?
What are the clinical implications?

Because the overall incidence of CNS dis-
ease in DLBCL is �5%, not all patients
are deemed high-risk candidates requir-
ing prophylaxis. The CNS-IPI identifies a
high-risk group carrying a 10% rate of
CNS disease.3 Because this rate was not
considered high enough to justify CNS

prophylaxis in every high-risk patient, the
search for alternative predictors contin-
ued. Indeed, more recently, combinations
of CNS-IPI and molecular characteristics
(activated B-cell subtype, double-hit lym-
phoma, distinct genetic signatures) were
reported to increase the risk of CNS
relapse.4,5 Disappointingly, however, a
very high-risk group unequivocally war-
ranting aggressive CNS prophylaxis in
any patient carrying these characteristics
has not been identified so far.

As early as 2009, we and others started
to report that IT MTX was not effective in
preventing CNS relapse in the rituximab
era.6 Similarly, studies investigating the
systemic administration of MTX also
gave equivocal results. Thus, although
studies on prophylaxis with IT or IV MTX
became increasingly controversial, guide-
lines and most clinicians continue to rec-
ommend MTX for prophylaxis to prevent
secondary CNS involvement (see table).

The study by Orellana-Noia et al adds to
our doubts on the current practice of
prophylactically administering IV or IT
MTX to patients with DLBCL. The authors
report that CNS relapse rates do not sig-
nificantly differ between patients receiv-
ing IT or IV MTX (5.4% vs 6.8%, P 5 .4)
and, importantly, differences in CNS
relapse rates by route of administration
failed to show significant differences also
when patient groups were stratified by
CNS-IPI, National Comprehensive Cancer
Network–IPI, and double-hit status. Inter-
pretation of the data and arriving at
appropriate recommendations are not
easy. One extreme would be to
completely abandon CNS prophylaxis
because increasing numbers of studies
failed to demonstrate a benefit of MTX
administration regardless of the route
(see table). A more cautious approach
would possibly return to IT MTX because,
if not more effective, it is undoubtedly
less toxic than IV MTX. Both conclu-
sions seem premature because all stud-
ies have limitations (eg, patients in the
current study receiving IT MTX were
mostly treated with dose-adjusted eto-
poside, prednisone, vincristine, cyclo-
phosphamide, doxorubicin, and
rituximab (DA-EPOCH-R) while patients
given IV MTX mostly received rituxi-
mab, cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP).
Although the key message remained
unchanged after this imbalance had
been taken care of by statistical model-
ing, the retrospective nature of this and
other studies does not definitely
exclude that the results were influenced
by known and unknown confounding
factors.

The comparison of CNS relapses
occurring after CHOP vs cyclophos-
phamide, doxorubicin, vincristine, eto-
poside, and prednisone (CHOEP) or
R-CHOP vs CHOP was an early dem-
onstration that not only the prophylac-
tic regimen but also first-line therapy
may influence the incidence of CNS
relapses.7,8 We recently reported that
rituximab, doxorubicin, cyclophospha-
mide, vindesine, bleomycin, predni-
sone (R-ACVBP) including 4 IT
injections of MTX followed by consoli-
dative CNS prophylaxis with IV MTX,
rituximab, ifosfamide, etoposide, and
cytosine arabinoside resulted in very
low CNS relapses. Patients with age-
adjusted International Prognostic Index
(aaIPI) 2 or 3 experienced a 3-year
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cumulative incidence of CNS relapse
of 1.6% treated with R-ACVBP vs 4%
following R-CHOP, R-CHOEP, or dose-
escalated R-CHOEP (R-MegaCHOEP).9

Although the difference was not signif-
icant, the low rate of CNS relapse after
R-ACVBP may suggest that the combi-
nation of aggressive first-line therapy,
IT MTX, and systemic administration of
multiple drugs crossing the blood-
brain barrier may reduce the incidence
of CNS relapse.

Although patients with low or intermedi-
ate CNS-IPI can be spared CNS prophy-
laxis because of the low relapse rates
reported, CNS imaging and fluorescence-
activated cell sorter analysis of the
cerebrospinal fluid will identify CNS
involvement at diagnosis in some patients
with high CNS-IPI. Patients with high
CNS-IPI but no evidence of CNS involve-
ment by modern screening technologies
remain prime candidates for CNS prophy-
laxis. In light of the devastating prognosis
of CNS relapse, and before results of
studies involving alternative molecules
(lenalidomide, Bruton tyrosine kinase, or
BCL2 inhibitors) become available, this
small group of patients (,,10% of
DLBCL patients) may benefit from the
combination of aggressive first-line ther-
apy, IT MTX, and systemic administration
of multiple drugs crossing the blood-brain
barrier.
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Driving differentiation:
targeting APA in AML
Pia Sommerkamp1 and Andreas Trumpp 2 | 1German Cancer Research
Center; 2Heidelberg Institute for Stem Cell Technology and
Experimental Medicine

In this issue of Blood, Davis et al show that the posttranscriptional alternative
polyadenylation (APA) process contributes to acute myeloid leukemia (AML)
pathogenesis and that targeting the APA regulator FIP1L1 in AML cell lines
promotes differentiation.1 The authors quantify changes inAPApatterns byper-
forming 39 untranslated region (UTR) extraction and deep sequencing
(39READS) (seefigure)onsamples frompatientswithprimaryAMLandonhema-
topoietic stem and progenitor cells (HSPCs) from healthy donors. Mechanistic
analysis suggests that targetingAPApromotesdifferentiationofAMLcells.

More than 70% of all genes harbor more
than 1 polyadenylation site, and differen-
tial usage of these sites is termed APA.2

Depending on the exact localizations of
the different polyadenylation sites, this
process can affect the 39 UTR as well as
the coding DNA sequence (CDS). APA
can influence RNA stability, RNA output,
protein localization, and protein isoform
expression. Occurring within the 39
UTR, APA determines the length of the
UTR, which directly affects the presence
or absence of binding motifs and regu-
latory sequences. In contrast, differen-
tial usage of polyadenylation sites
within exons, introns, and alternative 39
UTRs leads to changes in the CDS of
the transcript.

Large-scale sequencing of transcriptomes
in different cancer entities and the appli-
cation of novel 39 sequencing methods
have revealed that changes in APA are a
common feature of malignant transfor-
mation.3 Although multiple studies have

dealt with the prevalence of APA in solid
tumors, few reports have focused on
hematologic diseases and leukemia.
Recently, APA was studied in healthy
murine HSPCs and samples from patients
with primary acute lymphoblastic leuke-
mia, chronic lymphocytic leukemia, and
AML.4-7 These studies suggest that APA
plays a key role in the development of
hematologic diseases. To date, however,
mechanistic insights into how APA is
involved in leukemia pathogenesis have
remained elusive, which has also limited
the potential for therapeutic exploitation.
The study by Davis et al serves as a
resource for APA patterns in samples
from patients with AML and from HSPCs
from healthy individuals, provides a com-
prehensive mechanistic analysis of the
signaling pathways deregulated by APA
in AML, and introduces APA as a puta-
tive target for AML therapy.

Davis et al performed 39 READS on pri-
mary CD341 AML blasts from patients
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