
In the present series and in the literature,
not all the patients harbored all the fea-
tures of the syndrome. In this series, only
13% of the patients presented oph-
thalmoplegia at diagnosis and only 44%
during the course of the disease, whereas
cold agglutinins, usually due to an anti-
PR activity, were detectable in only 34%
of patients. The predominant neurologic
sign is clearly chronic sensory ataxia, and
Yuki and Uncini, considering the acronym
CANOMAD too restrictive, have pro-
posed the termCANDA for chronic ataxic
neuropathy with disialosyl antibodies.7

The key to the diagnosis of CANOMAD/
CANDA is the search of anti–ganglioside
antibodies with IgM specificity, and the
clinicians should be aware that they must
be searched in a patient with an IgM
gammopathy and a sensory ataxia even if
ophthalmoplegia and cold agglutinins
are leaking. A prompt diagnosis is, as usual
in MGCS, of paramount importance be-
cause, without efficient treatment, organ
injuries can worsen, as in this series where
almost one-third of patients have severe
disability.

MGCS are a group of diseases where
tissue injuries are not due to the expan-
sion of clonal malignant ce"lls but to the
pathogenic activities of the MIg.5 As in
other MGCS, for example, AL amyloid-
osis, where 40% of patients have a
smoldering myeloma, a significant pro-
portion (36%) of patients in this series
have a hematologic malignancy, mainly
Waldenström macroglobulinemia or low-
grade B-cell lymphoma, a fact not de-
scribed in the 2001 series of 18 patients.2

These hematologic diseases usually do
not have a high tumor mass and are
diagnosed at a younger age than in
patients with the same hematologic
malignancy but without MGCS. This
early diagnosis is probably due to the
symptoms caused by the MGCS. In
CANOMAD/CANDA, the median age
is 62 years, younger than the 70 found
in Waldenström macroglobulinemia. As
mentioned earlier, the neuropathy does
not seem to be more severe in patients
with hematologic malignancies.

The most important part of this paper
is probably the data on management. It
clearly demonstrates that IV immuno-
globulins (IVIGs) and rituximab-based
regimens are effective with 50% to 60%
clinical responses and that corticosteroids
and immunosuppressive therapies are
useless. IVIGs seem to be effective in

MGCS because of a proved or putative
autoantibody mechanism like in necro-
biotic xanthogranuloma, systemic capil-
lary leak syndrome, or scleromyxedema.5

IVIGs are efficient in CANOMAD/CANDA
but not in anti-MAG neuropathy, where
intramyelin IgM deposits are a hallmark of
the disease.

However, IVIGs usually have only a tem-
porary action, and as in other MGCS
(Schnitzler syndrome being the excep-
tion because of the impressive efficacy of
anti–IL-1 antibodies), a secondary treatment,
which targets the B-cell clone producing the
toxicMIg, is often necessary.5,8 CANOMAD/
CANDA is associated with a monoclonal
IgM, and the use of rituximab alone or
associated with other agents is logical,
assuming that the B-cell clone expresses
CD20, even if, as in other MGCS, the
nature of the responsible clone must,
whenever possible, be precisely charac-
terized. Le Cann et al proposed a func-
tional algorithm with first IVIG and then a
rituximab-based regimen for nonresponding
or early relapsing patients. Several questions
remain on the best time to introduce
rituximab, on the role of the new treat-
ments targeting B-cell proliferation,
such as BTK and BCL2 inhibitors, and
also on whether the intensity of treat-
ment should be adapted to the disease’s
severity.
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Architecture and interior
design of Hodgkin lymphoma
C. Steidl | British Columbia Cancer

In this issue of Blood, Veldman et al present a novel in vitro coculture model
that enables the molecular study of microarchitectural rosette formation of
CD41 T cells surrounding the malignant Hodgkin and Reed-Sternberg (HRS)
cells in Hodgkin lymphoma (HL).1

HL displays very distinctive histomorphol-
ogy features, most notably the extreme
rarity of the malignant HRS cells (on aver-
age ;1% of all cells) and the surrounding

immune-cell rich tumor microenvironment.
Current pathogenesis models assume
“education” of the tumor microenviron-
ment and particularly emphasize the
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bidirectional cross talk of HRS with highly
abundant CD41 T cells for the survival
advantage of malignant cells.2 Among
many histological and microanatomical
patterns recognizable as features of spe-
cific HL subtypes, T-cell rosettes are of
particular interest due to the presumed
direct contact between HRS and T cells,
and these rosettes are well referenced in
the literature for decades.3 However, clear
molecular correlates and the biological
importance of these structures remain
largely elusive. To study rosette formation
in more detail, Veldman and colleagues
established an elegant coculture model
using HL-derived cell lines and HLA-
matched peripheral blood mononuclear
cells for quantitative assessment of rosette
formation in the context of experimental
disruption (via knockout) of key molecules
involved in immunological synapse for-
mation. The studied interactions between
CD41 T cells and the B-cell–derived HRS
cells in this model include T-cell receptor
(TCR)-major histocompatibility complex

(MHC)-II, CD2-CD58, and CD11a-CD54. A
key output of this study is the dissection
and reported relevance of each of these
interaction pairs for cellular adhesion/
rosette formation andT-cell activation (see
figure). Most strikingly, CD58 was identi-
fied as indispensable for both rosette
formation and T-cell activation, whereas
HLA-II expression was found to be only
involved in T-cell activation. Based on
their findings, the authors suggest a 2-
step model, with step 1 being engagement
of the TCR with antigen-HLA complexes,
and step 2 being signal amplification and
contact stabilization through the CD2-CD58
axis. In contrast, the results did not suggest
a prominent role for CD54 in either rosette
formation or T-cell activation in the model
systems studied.

The presented findings emphasize the
importance of CD58 in the pathogenesis
of HL and solidify MHC class II expres-
sion as a major parameter that drives a
biological dichotomy into HLA-II–positive vs

HLA-II–negative disease with implications
for treatment considerations. BeyondMHC-
II being a prognostic biomarker for standard-
of-care first-line therapy,4 a recent study
strongly suggested that MHC-II expres-
sion also has predictive value for check-
point inhibitor therapy in the relapsed/
refractory setting.5 Of note, both loss of
CD58 function and MHC-II expression
are underpinned by somatic gene mu-
tations in CD586 and CIITA (the master
transcriptional activator of MHC-II),7 pro-
viding evidence for somatically acquired
immune privilege in response to selective
pressure by immune surveillance. Hence,
and with further support from the current
study, characterization of MHC-II expres-
sion is now considered standard workup
of HL biology, in addition to and synergy
with latent Epstein-Barr virus infection
status.

In the past, it has proven difficult to ro-
bustly study cellular interactions in pri-
mary samples with so far only a limited
number of studies that have attempted to
correlate spatial findings, such as rosette
patterns or synapse formation, to clinical
parameters and treatment outcome. This
difficulty is also evidenced in the present
study where a number of clinical samples
were involved for validation of synapse
formation and CD2-CD58 interaction in
primary cases, but the relatively low case
number has limited the ability to uncover
clinical correlates with statistical power.
Toward this goal, the right assay method
to effectively read out cellular cross talk
will need to be determined, and in par-
ticular, multiparametric imaging and se-
quencing technologies will have to reach
technical maturity to be applied to highly
annotated biospecimens from patients
treated in clinical trials or with standard of
care. It will be of specific interest, if
spatial patterns, synapse formation and
the involvement of CD58 and MHC-II
change dynamically over time (eg, before
and after treatment and disease recurrence)
and will be predictive of treatment out-
come using checkpoint inhibitors and/or
brentuximab vedotin.

Overall, providing important functional
insight, the presented work is highly
complementary to recently published
studies interrogating malignant cell-
tumor microenvironment interactions
using single-cell technologies, including
multicolor immunohistochemistry,8 flow-
based mass cytometry,9 imaging mass
cytometry, single-cell RNAseq,10 and, as
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Rosette formation and T-cell activation in HL. The schematic highlights the immune synapse between a malignant
Reed-Sternberg cell and a CD41 T cell. Both TCR-MHC-II and CD2-CD58 interactions were found to be needed for
T-cell activation, whereas only the CD2-C58 axis was involved in cell adhesion and rosette formation.
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employed in this study, proximity ligation
assays. The new opportunities linked to
all these studies include unprecedented
insight into the architecture of the tumor
microenvironment and into spatial rela-
tionships of different cell types at single-
cell resolution. These relationships have
relevance not only to HL but also to other
lymphoma entities that rely on a complex
cellular ecosystem of malignant cells with
reactive immune cells. However, the
molecular underpinnings (the “interior
design”) in the form of somatic gene
mutations, receptor-ligand interactions,
and involved soluble factors (cytokines/
chemokines) are still only partially under-
stood and are rarely combined with the
characteristic morphology features (“archi-
tecture”) of HL. Thus, the present study can
be seen as a paradigm for an accelerating
process deciphering the relatedness of “ar-
chitecture” and “interior design.”
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MLL-menin and FLT3
inhibitors team up for AML
Alexander E. Perl | University of Pennsylvania

In this issue of Blood,1 Dzama and colleagues demonstrate that inhibiting MLL
binding to menin synergizes with FLT3 inhibition in preclinical models of
NPM1c and KMT2A (MLL)-rearranged AML, thus identifying a novel, rational
combination for clinical development.

Potent, selective Fms-like tyrosine kinase
3 (FLT3) inhibitors improve remission rate
and survival compared with standard
chemotherapy in patients with relapsed
or refractory FLT3-mutated acute mye-
loid leukemia (AML).2 However, single-
agent FLT3 inhibitors are not curative,
prompting studies of drug resistance.
These data identified clonal selection for
cells bearing new mutations in Ras or
related signaling proteins downstream of
FLT3 as well as on-target FLT3 kinase
domain resistance mutations that impair
drug binding or facilitate activation.3,4 In
addition to combining FLT3 inhibitors
with cytotoxic agents and moving these
drugs earlier in therapy, there is a need to
develop rational combinations of FLT3
inhibitors with other biologically targeted
drugs. Recent data suggest nucleophosmin
(NPM1) mutations, and KMT2A (MLL)
translocations might identify promising
populations for this approach, due to
shared biologic features and cooperativity
with FLT3 in leukemogenesis.

NPM1 encodes a phosphoprotein that
shuttles between nucleolus and cyto-
plasm and contributes to histone chaper-
oning, ribosome trafficking, DNA damage
response, and centrosome duplication.
NPM1 is commonly mutated in AML by
4 base-pair insertions in exon 12 that cause
frameshift, truncation, and loss of a
C-terminal nucleolar localizing segment.
Consequently, mutated NPM1 localizes
exclusively cytoplasmic (NPM1c), which

perturbs multiple cellular functions and
strongly promotes leukemogenesis. Al-
though NPM1 mutations are thought to
initiate AML, the full leukemic phenotype
requires comutations. FLT3 mutations are
found in approximately half of cases and
can be associated with high rates of
treatment failure and generally poor sur-
vival, especially with comutation of
DNMT3A and/or high FLT3-internal tan-
dem duplication (ITD) allele burden.5

NPM1c is mutually exclusive with other
balanced translocations that initiate AML,
such as RUNX1-RUNX1T1, CBFB-MYH11,
PML-RARA, and lysine methyltransferase
2A (KMT2A) rearrangements (formerly
mixed-lineage leukemia, MLL). This sug-
gests overlapping functions of NPM1c
and these gene fusions. Gene expression
profiling highlights overlapping patterns
in NPM1c and KMT2A-rearranged AML,
specifically overexpression of homeobox
(HOX) A cluster genes, which resemble
hematopoietic stem cells’ expression
pattern.6 In particular, HOXA9 and its
cofactorMEIS1overexpression are thought
to be critical for enhanced self-renewal in
both of these AML subtypes.

KMT2A, the human homolog of the
drosophila gene trithorax, is essential for
both fetal and adult hematopoiesis.
KMT2A is a member of a large multi-
protein complex that interacts with chro-
matin and normally acts as a histone
H3 lysine 4 (H3K4) methyltransferase, a
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