
commercializedCD19CAR T-cell products.
Thus, the definition of “early” interven-
tion differs based on study, as it relates to
intervention after the start of CRS symp-
toms. For example, although intervention
occurred earlier than in the DLT cohort,
the timing of intervention in relation to
CAR T-cell infusion was not dissimilar to
published reports of CD19 CAR T cells.2-5

Interestingly, there was no significant dif-
ference between the timing of intervention
with tocilizumab or corticosteroid in the DLT
and EI cohorts, although it is certainly
worth pointing out that patients who were
treated in the EI cohort received cortico-
steroid courses that were, on average,
5 days shorter than those in theDLT cohort.
This indicates that earlier intervention with
steroids in patients with persistent mild CRS
symptoms, although increasing exposure to
steroids, may limit the overall duration of
steroid course, especially in those whose
symptoms persist despite tocilizumab.

Furthermore, this is one of the only pub-
lished CD19 CAR T-cell studies that found
no correlation between sCRS and disease/
CD19 antigen burden (with CAR T-cell
dose emerging as the only predictor of
CRS). However, because CRS was graded
using different scales in the DLT and EI
cohort, it raises the question of whether the
reduction in sCRS can be attributed solely
to EI, or if the inadequacy of CTCAEv4 in
delineating mild vs sCRS was also a factor.7

It is also important to point out that the
incidence of neurotoxicity was similar be-
tween thegroups,which is not surprising, but
underscores the premise that neither toci-
lizumab nor steroids prevent neurotoxicity.

The promising results reported here rep-
resent a major step forward for the field,
and future controlled studies should ad-
dress whether corticosteroid can be used
as prophylaxis prior to onset of CRS, as has
been shown with tocilizumab.10
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Subclassifying peripheral
T-cell lymphoma NOS
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In this issue of Blood, Amador et al identified 2 distinct subtypes of peripheral
T-cell lymphoma-not otherwise specified (PTCL-NOS) using gene expression
profiling (GEP) and an immunohistochemistry (IHC) algorithm. The authors also
showed that these lymphomas display distinct prognostic and morphologic
features (see figure).1

Previous GEP studies have defined 2major
molecular subtypes within the group of
PTCL-NOS diseases.2,3 One subtype was
identified by the expression of GATA3
and its target genes and was designated
as the PTCL-GATA3 subtype; the other
was identified by the expression of T-box
21 (TBX21) and its target genes and was
designated as the PTCL-TBX21 subtype.2,3

GATA3 is the transcriptional regulator in
TH2 cell differentiation, whereas TBX21 is
the regulator in TH1 and cytotoxic T-cell
differentiation. Therefore, it has been hy-
pothesized that PTCL-GATA3 and PTCL-
TBX21 could originate from TH2 or TH1,
respectively. Very recently, genetic studies
have highlighted the role of distinct genetic
pathways and enrichment of oncogenic
pathways in the development of these
lymphomas4 (see figure).

Starting from these GEP results, Amador
et al have successfully generated an IHC

algorithm with proven interobserver repro-
ducibility and easy applicability to clinical
practice for PTCL-NOS subclassification.
Once the PTCL-NOS diagnosis has been
made, 4 additional stains using commer-
cially available antibodies for GATA3,
CCR4, TBX21, and CXCR3 on formalin-
fixed-paraffin-embedded tissue sections
were recommended to recognize the 2
molecular subtypes. The PTCL-GATA3
and the PTCL-TBX21 subtypes identified
by the IHC algorithm strongly matched
those identified by the GEP results. There-
fore, the IHC algorithm was suitable as a
valid surrogate forGEP to subclassify PTCL-
NOS. The study also showed that the PTCL-
GATA3 and the PTCL-TBX21 subtypes
exhibited distinct morphologic patterns
and distinct tumor microenvironment (TME)
compositions. However, the morphologic
pattern was not integrated within the IHC
algorithm. Furthermore, according to the
conclusions of the study, the IHC algorithm
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could reliably facilitate risk stratification in
future clinical trials, because these sub-
types showed a difference in overall sur-
vival in affected patients.

Nowadays, approximately one third of
PTCL cases cannot be classified further
and are designated as PTCL-NOS.5 The
research by Amador et al results in a
classification proposal for this group
of T-cell lymphomas that are currently
undetermined.6 The major merit of this
study is that the authors have translated
the GEP signatures of PTCL-NOS into a
clinically practical IHC algorithm that can
identify 2 distinct subtypes of PTCL-NOS
(ie, PTCL-GATA3 and PTCL-TBX21). The
discovery of these subtypes improves
the understanding of PTCL-NOS, patient
management, and outcome. In fact, the
PTCL subtypes that have been recognized
by matching genomic and IHC approaches
are also characterized by specific, yet
different, pathogenetic pathways and TME

composition (ie, inflamed vs minimally
inflamed TME). Regardless of whether
these are biological or pathological entities,
what matters for the management of
patients is that the oncogenic pathways
found and the TME immunomodulators
observed in the 2 PTCL subtypes are sen-
sitive to targeted therapies7,8 (see figure).
The choice of personalized treatment
may also be guided by the analysis of
TME to identify which cells or proteins
are limiting the efficacy of therapy in indi-
vidual patients. The immunomodulatory
proteins expressed by the TME cell pop-
ulations can be studied by using multi-
plex immunofluorescence or IHC assisted
by digital image analysis.9 In addition, an
in situ proximity ligation assay10 can beused
for insight into possible protein-protein
interactions.

In conclusion, the 2 molecular subsets of
PTCL-NOS are distinct entities that should
provide an advance in the classification

of PTCL. It is evident that molecular
profiling can refine existing classifications
of T-cell lymphomas. Because these de-
velopments are having a profound im-
pact on how lymphoma is diagnosed and
treated, it is appropriate to define new
lymphoma classes according to the mount-
ing molecular genetic data.
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PTCL-GATA3 and PTCL-TBX21 subtypes were found in ;85% of cases defined by IHC and GEP. PTCL-GATA3 was
associated with monomorphic patterns (histologic patterns 1 and 2), whereas PTCL-TBX21 was associated with
polymorphic patterns (histologic patterns 3 and 4). Monomorphic patterns (patterns 1 and 2) were morphologically
characterized by a monotonous tumor cell morphology with a minimal inflammatory TME. CD41 T-cell rich, poly-
morphic patterns (patterns 3 and 4) were characterized by polymorphic neoplastic cells interspersed in a mixed
inflammatory TME (pattern 3) or in the classic TME of lympho-histiocytic (Lennert) lymphoma (pattern 4). In the
polymorphic patterns, the inflamed TME was CD41 and CD81 T-cell rich and contained eosinophils, plasma cells,
and histiocytes. The PTCL-GATA3 subtype was associated with PI3K-mTOR activation, whereas PTCL-TBX21
showed NF-kB activation. Therefore, PTCL-GATA3 subtype patients may benefit from PI3K inhibitors, whereas
PTCL-TBX21 subtype patients may benefit from NF-kB inhibitors and TME modulators. Significant differences in
overall survival were observed between the PTCL-GATA3 and PTCL-TBX21 subtypes derived by IHC and GEP
classification (not shown). CD41 T cell CD81 T cell eosinophil plasma cell histiocyte. The figure has been adapted from
Figure 5 in the article by Amador et al that begins on page 2159.
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