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Double trouble for
Langerhans cell histiocytosis
Michelle L. Hermiston | University of California, San Francisco

In this issue ofBlood, Sengal et al provide a detailed phenotypic and functional
analysis of the inflammatory infiltrate in the Langerhans cell histiocytosis
(LCH) lesion. Using a BRAFV600ECD11C preclinical model of systemic LCH, they
demonstrate the synergistic effect of dual treatment with a MAPK inhibitor
directed toward the pathologic LCH cell and checkpoint blockade with an
anti–programmed death-1 (a-PD-1) antibody directed toward the exhausted
T cells in the LCH lesion microenvironment (see figure).1

LCH is caused by clonal expansion of
myeloid precursors that differentiate into
CD1a1/CD2071 cells.2,3 Identification of
BRAFV600E mutations or other mutations
that result in constitutive activation of the
MAPK pathway has led to characterization
of LCH as an inflammatory myeloid
neoplasm.4,5 LCH can present at all ages
and with a spectrum of findings from
single-system involvement to widespread,
multisystem disease. Therapy is risk-
stratified based on extent of disease.2,3

Those with multisystem disease or high-
risk single system involvement require
systemic chemotherapy. Despite progress
in the treatment of patients with LCH,
disease reactivation rates remain .30%,
and mortality rates for patients with organ
dysfunction may reach 20%.2,3 Long-term
sequalae of disease are also significant.2,3

The identification of universal MAPK
pathway activation in LCH paved the way
for treatment with targeted inhibitors.6-8

Although response to BRAF or MEK in-
hibitors is generally excellent, recurrence
of disease upon discontinuation of ther-
apy is almost universal.8,9

This is where the work of Sengal et al
comes in. Similar to Reed-Sternberg cells
in Hodgkin disease, prior work has
demonstrated that the pathologic LCH
cell constitutes a minority of the cellular
population within the lesion.2,3 Prior
studies have characterized the surround-
ing inflammatory infiltrate and demon-
strated a preponderance of M2-polarized
macrophages, T cells, and regulatory
T cells as well as increased expression of
program death ligand 1 (PD-L1) on the

LCH cells.4,8-10 Sengal et al take this a step
farther and use cytometry by time-of-flight
(CYTOF) coupled with functional assays to
more thoroughly characterize the in-
flammatory infiltrate in LCH. They confirm
that the LCH lesional CD2071 cells ex-
press high levels of PD-L1 and that the
inflammatory infiltrate comprises dendritic
cells, myeloid-derived suppressor cells,
and T cells. Careful analysis of the T cells’
compartment revealed skewing toward
CD41 T cells and regulatory T cells relative
to CD81 T cells. Both CD41 and CD81

T cells exhibited signs of T-cell exhaustion
with increased expression of inhibitor
receptors, including PD-1, TIM-3, and
LAG-3, decreased cytokine production
upon stimulation, and decreased effector
function. Importantly, the exhausted phe-
notype could be reversed with PD-1
blockade. The mechanistic basis for the
preponderance of exhausted T cells re-
mains unclear, although chronic antigen
stimulation by the LCH lesional cells
themselves and/or immunosuppressive
microenvironment mediated by infiltrating
myeloid-derived suppressor cells, regula-
tory T cells, or the LCH cells themselves are
possibilities.

To begin to evaluate whether checkpoint
blockade might have clinical utility, the
authors move to a BRAFV600ECD11C

preclinical murine model of LCH. After
documenting that it recapitulates the
inflammatory infiltrate and exhausted
T-cell phenotype seen in human LCH
lesions, they randomize cohorts of mice
to treatment with the MEK-1 inhibitor
trametinib or the checkpoint inhibitors
PDL-1 or PD-1. Although PD-L1 blockade
had minimal effects, monotherapy with
a-PD-1 or trametinib resulted in partial
responses. Interestingly, trametinib led
to loss of the LCH lesional cells but a
concomitant increase in infiltrating CD31

T cells. In contrast, a-PD-1 resulted in a
significant decrease in infiltration lym-
phoid cells with nominal effect on mye-
loid cells. Strikingly, combined therapy
with trametinib and a-PD-1 resulted in a
synergistic effect on disease burden. A
shortcoming of the study was the lack of
survival analyses evaluating the global
impact of the therapy. Studies looking at
optimal length of therapy to prevent re-
currence or whether combination with
traditional chemotherapy is beneficial
are also needed. Nonetheless, this work
highlights the potential value of targeting
not only the pathologic LCHCD207A cell
but also the abnormal microenvironment
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Double trouble for LCH lesions. Sengal et al perform a detailed phenotypic and functional analysis of the in-
flammatory infiltrate in LCH lesions. Confirming and extending prior observations, Sengal et al show that the
constitutively active MAPK LCH cells are a minority of the population, whereas exhausted CD4 and CD8 T cells,
regulatory T cells, andmyeloid-derived suppressor cells predominate. Using a BRAFV600ECD11C preclinical model of
systemic LCH, they demonstrate that a-PD-1 and MEKi have synergistic activity in reducing the size of the LCH
lesions.
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in which it resides. Clinical trials evalu-
ating dual checkpoint blockade and
MAPK inhibition are warranted.
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Taking aim at IDH in fitter
patients with AML
AndrewH.Wei1 and Naval Daver2 | 1The Alfred Hospital; 2MD Anderson Cancer
Center

In this issue of Blood, Stein et al report the feasibility of combining isocitrate
dehydrogenase (IDH) inhibitors with intensive induction and consolidation
therapy, paving the way for pivotal studies to explore targeted IDH therapy
as standard of care for those with newly diagnosed IDH-mutant acute myeloid
leukemia (AML).1

From the initial identification of IDH1R132C

in AML to the US Food and Drug Ad-
ministration (FDA) approval of a small
molecule targeting mutant IDH1 9 years
later, the IDH story represents a remark-
able bench-to-bedside journey.2 IDH1R132

abnormalities impair decarboxylation of
isocitrate to a ketoglutarate. Themutation
also confers a dominant negative effect via
a neomorphic gain-of-function oncome-
tabolite called (R)-2-hydroxyglutarate.3

Mutations in IDH1 and IDH2 are found in
16% to 22% of AML cases, with a higher
frequency in patients with diploid karyo-
type and those of older age.4

High-throughput screening followed by
hit-to-lead chemistry for inhibitors of
IDH2R140Q activity led to the develop-
ment of enasidenib, the first-in-class in-
hibitor of IDH2 mutations.5 A phase 1
study in relapsed/refractory (R/R) AML
identified 100 mg per day as the optimal
dose of enasidenib. The overall response
rate (ORR) was 39% (complete response
[CR], 20%), and median overall survival
(OS) in all patients was 9 months. Median
time to best response was 4 months, and
drug-specific adverse events included
hyperbilirubinemia (8%) and differentia-
tion syndrome (DS; 7%).6 A parallel study

determined ivosidenib at 500mg per day
as optimal in R/R IDH1-mutant AML, with
an ORR of 42% (CR, 22%) and median CR
duration of 8months.7 Median time to CR
was 3 months, and key adverse events
included QT prolongation (8%) and IDH
DS (4%). The manageable toxicity, clinical
efficacy, reduced transfusion dependency,
and appeal of targeting biologically rele-
vant mutations with an orally delivered
drug led to FDA approval of both enasi-
denib for IDH2- (2017) and ivosidenib for
IDH1-mutant (2018) R/R AML. In newly
diagnosed patients with AML ineligible for
intensive chemotherapy, the CR/CR with
partial hematologic recovery rate for ivo-
sidenib was 43% (CR, 30%), and median
OSwas 12.6months, resulting in a label for
frontline therapy.8 Incorporating targeted
therapies into the frontline setting for fit,
younger patients with presumably less
complex disease and greater chance of
cure may maximize survival benefit, anal-
ogous to the benefits found with mid-
ostaurin, gemtuzumab, and venetoclax in
AML. The addition of cytotoxic therapy
could also reduce the risk of DS and
shorten the time to achieve CR compared
with single-agent therapy.

In their study reported in this issue of
Blood, Stein et al explored IDH targeting
in fit patients with AMLundergoing first-line
intensive 71 3 inductionwith intermediate-
or high-dose cytarabine-based consolida-
tion therapy. The study population was
predominantly$60 years of age, consistent
with the higher frequency of IDHmutations
in older age groups. After confirming
the safety of ivosidenib at 500 mg or
enasidenib at 100 mg per day, com-
mencing on day 1 of induction che-
motherapy, the study was expanded to
include a total of 60 and 91 patients in
the ivosidenib and enasidenib arms,
respectively.

In the ivosidenib arm, 15% received 2
induction cycles, 58%were consolidated,
32% received maintenance therapy, and
47% proceeded to hematopoietic stem
cell transplantation (HSCT). The time to
median neutrophil (.0.5 109/L) or platelet
(.50 3 109/L) recovery during induction
did not seem prolonged (28 days). Al-
though any-grade QT prolongation during
induction was 27% (grade $3 in 10%) and
seemed higher than reported in the phase
1 study, the potential impact of concomi-
tant medications could not be excluded.
The end-of-induction CR rate was 55%
in the ivosidenib arm, and the combined
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