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Familial patterns of
hematologic precursors

Ola Landgren and Francesco Maura | University of Miami

In this issue of Blood, Slager et al report novel results from a large familial

screening study including 1045 relatives from 310 families that include a

patient with chronic lymphocytic leukemia (CLL)."

The aims of their study were to de-
termine patterns of monoclonal B-cell
lymphocytosis (MBL) and risk of pro-
gression from MBL to CLL. According to
large population-based data sets, CLL has
one of the highest familial risks among
cancers,? so it made sense for Slager et al to
conduct a study to gain important clinical
insights and to advance the field scientifically.

Two large prospective cohort studies,
based on the large National Cancer In-
stitute Prostate, Lung, Colorectal and
Ovarian Cancer Screening Trial cohort
(from more than a decade ago), showed
that 2 hematologic malignancies are
preceded by precursor conditions. Spe-
cifically, prospective data showed that
multiple myeloma is consistently pre-
ceded by monoclonal gammopathy of
undetermined significance (MGUS)® and
CLL is similarly preceded by MBL.* These
are clinically and scientifically important
observations in that they provide support
for clinical monitoring of individuals af-
fected by MGUS and MBL, respectively,
and they define a framework for studying
risk factors and underlying mechanisms
of progressive vs stable precursor dis-
ease. Slager et al were motivated to
extend current knowledge by studying
patterns of progression from MBL to CLL
among patients with MBL who are re-
lated to patients with CLL.

Slager et al used highly sensitive flow
cytometry to prospectively follow rela-
tives of patients with CLL and determined
that the baseline prevalence of MBL
among those relatives was 22%. After a
median follow-up of 8 years among 449
relatives, 12 individuals progressed from
MBL to CLL, yielding a 5-year cumulative
incidence of about 2%. The authors fur-
ther dissected their data, and when they
considered only the 139 relatives with
low-count MBL (absolute clonal B-cell

count <500 cells per pl), the 5-year
cumulative incidence increased to 6%.
Furthermore, during follow-up of 264
individuals who had no MBL at baseline,
60 subsequently developed MBL (2 had
high-count MBL [absolute clonal B-cell
count =500 cells per pL]and 58 had low-
count MBL). Overall, this screening co-
hort of relatives of CLL patients showed
an excess of MBL in family members,
which is similar to that in previous
smaller studies.? In addition, among
family members of CLL patients, Slager
et al found evidence in normal blood of
progression from low-count MBL to
high-count MBL and then to onset of
CLL. The authors estimated that the
average rate of progression from low-
count MBL to CLL was ~1% per year,
which is high compared with the risk of
progression in the general population.®

Similar to the pathogenesis of other
lymphoproliferative disorders,é® that for
CLL is characterized by a long evolu-
tionary history and early branching from
the most common recent ancestor.” In
this scenario, most of the key drivers and
genomic defining events are acquired
several years before progression to CLL,
and therefore they are potentially de-
tectable irrespective of the low disease
burden (ie, low-count MBL). A compre-
hensive characterization of these geno-
mic and epigenomic events in CLL and
other hematologic malignancies with
evidence of early precursors and long
evolutionary history®®1° will allow differ-
entiation between progressive and stable
entities and potentially allow the devel-
opment of early interception and pre-
ventive strategies.

The novel insights from the clinical epi-
demiology study by Slager et al suggest
that additional molecular investigations are
needed to characterize biological mechanisms
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of progression and to define early ge-
nomic signatures of progressors vs non-
progressors. For example, such information
could be used to translate the observed
statistically increased (average) risk of
progression among MBL patients who
are family members of patients with CLL
(vs patients with MBL in the general
population) to the absolute risk of pro-
gression to CLL in individual cases.
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“Mast”ering drug discovery

with iPSCs

Adrienne Dorrance | The Ohio State University

In this issue of Blood, Toledo et al describe the generation of KIT D186V~
induced pluripotent stem cells (iPSCs) from patients with aggressive systemic
mastocytosis (SM) to use as patient-specific models for mechanistic studies
and drug discovery. Using these iPSCs, the authors identified nintedanib, a US
Food and Drug Administration-approved angiokinase inhibitor, as a potential

new therapy for SM."

SM is a rare disease involving expansion
and organ infiltration of neoplastic mast
cells. Initially, SM was thought to be a
homogenous disease; however, clinical
differences in disease progression and re-
sponse to therapy, along with the identi-
fication of mutations supports the modern
premise that SM is a complex heteroge-
nous disease. According to the World
Health Organization classification of SM
there are several subcategories, including:
indolent SM, smoldering SM, aggressive
SM (ASM), SM with an associated hema-
tologic neoplasm (involving cell lineages
other than mast cells), and mast cell leu-
kemia (MCL). ASM and MCL subgroups
have poor outcomes with a median survival
for MCL being <1 year." Therefore, there
is an unmet need for novel therapies for
these patients. Although the KIT D816V
mutation is found in >80% of patients with
SM, it does not appear that the KIT D816V
mutation alone is sufficient to induce
malignant transformation of mast cells.
This mutation contributes to increased
proliferation and survival of neoplastic
MCs, making it an important therapeu-
tic target for SM.23 The US Food and
Drug Administration recently approved
midostaurin for the treatment of adults
with ASM, SM with an associated hema-
tologic neoplasm, and MCL based on
response rates and duration of responses.
However, in patients with advanced SM, mid-
ostaurin does not induce complete remission.*

Advances in our understanding of the
biology and treatment of SM have been
limited not only by the rarity of the disease,
but also by the relatively low number of
primary patient cells recovered from pa-
tients with SM. Unlike acute myeloid leu-
kemia, where leukemic cells become the
dominant cell type within the blood and
bone marrow, ASM and MCL present with
relatively low levels of MCs in peripheral
blood and bone marrow.23 Although human
MCL cell lines exist, they do not adequately
recapitulate the full spectrum of the hu-
man disease. To overcome these limita-
tions, Toledo et al generated iPSCs from
patients with ASM and MCL. Importantly,
KIT D816V iPSCs derived from patients
with SM had important features of the
human disease. Specifically, these iPSCs
showed increased activation of KIT in the
absence of cytokine stimulation and in-
creased proliferation and survival of he-
matopoietic cells upon iPSC differentiation,
compared with KIT unmutated iPSCs. Im-
portantly, iPSCs also displayed patient-
specific differences in hematopoietic
differentiation capacity, demonstrating that
patient heterogeneity is maintained when
generating iPSCs. The poor prognosis of
SM has also been attributed to the presence
of mutations commonly found in other
hematologic malignancies such as RUNX1,
SRSF2, and TET2 mutations, among oth-
ers.> These cooccurring mutations have
not been found in MCL cell lines, but were

present in patient-derived SM iPSCs with
those additional mutations. This is an
important advance because this model
reflects more accurately the human
disease and its complex biology. Although
the authors state that 1 limitation of the
model is the persistence of the KIT D816V
and associated mutations in the iPSCs, the
use of CRISPR/Cas9n would allow for
deletion of these mutations within the
patient-derived iPSCs to further dissect
the contribution of each these mutations
in disease progression, similar to what
have been done in MDS/acute myeloid
leukemia iPSCs.¢

No longer being limited by cell numbers,
Toledo et al used patient-derived iPSCs
to perform a drug screen to identify novel
SM inhibitors. Nintedanib was found to
be a highly potent KIT D816V inhibitor,
resulting in decreases in cell viability and
KIT activation. Induced fit molecular
docking studies confirmed preferential
targeting of nintedanib for KIT D816V
compared with wild-type KIT, thus possi-
bly eliminating some of the negative off-
target drug effects associated with TKls."

Using patient-derived SM iPSCs, Toledo
et al have eliminated critical barriers that
prevented large-scale drug screens in a
rare subset of hematologic malignancy
and identified a potential new treatment
of patients with SM with a poor prognosis.
This study also demonstrates that the use
of patient-specific iPSCs is a valuable tool
to investigate other hematologic diseases
where primary samples are limited to
identify novel targets for therapy.
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