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Histiocytic neoplasms are rare hematological disorders that
have diverse clinical manifestations and can pose significant
management challenges for clinicians. Previously considered
inflammatory, several of these disorders are now included in the
World Health Organization classification of hematopoietic and
lymphoid tumors.” This was due, in part, to the discovery of re-
current MAP-ERK pathway alterations in Erdheim-Chester disease
(ECD) and Langerhans cell histiocytosis (LCH).>® Recently, such
mutations were also found to be present in one third of patients
with Rosai-Dorfman disease (RDD).* This suggests that at least
a subset of these disorders is neoplastic in nature. The prognosis
of histiocytic neoplasms is variable, and the natural course may
be relatively benign and self-limiting in some cases, whereas in
others it may be much more aggressive and life-threatening.>”

Most adult patients with histiocytic neoplasms receive empiric
systemic immunosuppressive or cytotoxic therapies because
of the lack of approved treatments. Recently, vemurafenib was
approved by the US Food and Drug Administration for the
treatment of BRAF-V600-mutant ECD.® However, the therapeutic
options for non-BRAF-V600-mutant ECD and other histiocytic
neoplasms are limited. Over the last decade, immune checkpoint
inhibitors, such as programmed death-1 (PD-1) and programmed
death ligand-1 (PD-L1) inhibitors have shown significant im-
provement in outcomes among several hematological and solid
organ malignancies.®' This has led to their accelerated approvals
by the US Food and Drug Administration for these indications.

To identify appropriate treatment candidates for checkpoint
inhibitor therapy, ongoing research has focused on identifying
predictive biomarkers. PD-L1 immunohistochemistry (IHC) and
microsatellite instability (MSI) status are used as complementary
or companion diagnostics for immunotherapy prescription for
some cancers. High levels of PD-1/PD-L1 expression and MSl are
correlated with response to therapy.’' However, these bio-
markers are not necessary to predict a benefit from immuno-
therapy. One promising new biomarker is tumor mutational
burden (TMB), defined as the number of mutations per coding
region within a tumor genome. Previous studies have demon-
strated a strong and positive linear correlation between higher
TMB and response to checkpoint inhibitors, as well as a lack of
response to checkpoint inhibitors with a TMB < 5 mutations per

megabase.’'® The median TMB for tumors almost uniformly
responsive to checkpoint inhibitor blockade, such as mela-
noma and microsatellite unstable colorectal cancer, is ~15 and
45 mutations per megabase, respectively.’ To obtain additional
insight into potential responsiveness of histiocytic neoplasms to
immune checkpoint inhibitors, we performed genomic analyses
on relevant tumor tissue samples. The objective of this study was
to report the TMB, MSI status, and PD-L1 gene expression in
histiocytic neoplasms.

All patients with histiocytic neoplasms diagnosed between
1 January 2017 and 30 June 2018 provided informed consent
to participate in a prospective institutional protocol focused
on tissue genotyping by next-generation sequencing (NGS).
The Tempus xO Assay (performed at Tempus Labs) consists of
a 1714-gene-targeted somatic and germline DNA sequencing
panel and whole-transcriptome RNA sequencing to detect
germline and somatic single-nucleotide polymorphisms, insertions/
deletions, copy number alterations, and gene rearrange-
ments causing chimeric messenger RNA transcript expression in
a wide array of tumor types.”” The assay used formalin-fixed
paraffin-embedded tumor samples and matched blood or sa-
liva samples. Samples with low tumor percentage were macro-
dissected prior to RNA extraction. There was no cell separation or
enrichment by antigen selection during sample preparation. TMB
was calculated and reported as the number of nonsynonymous
mutations per million base pairs or mutations per megabase. MS|
was evaluated using a panel of >200 microsatellite loci covered
on the Tempus xO assay and required a matched normal sample.
PD-L1 gene expression was assessed using RNA sequencing. The
percentile of the RNA expression value for each patient compared
with a reference cohort of PD-L1* IHC patients sequenced at
Tempus Labs was determined using the log10-normalized count
data generated by the bioinformatics RNA pipeline. The tumor
cellularity threshold for clinical reporting of MSI status was 30%;
however, for research purposes, these metrics were calculated for
tumors with cellularity below the threshold.

Sixteen patients with histiocytic neoplasms were included. The
distribution of individual histiocytic neoplasms was as follows:
RDD (n = 10), ECD (n = 3), LCH (n = 2), and histiocytic sarcoma
(HS; n = 1). The median TMB for RDD and ECD patients was
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Figure 1. TMB among patients with histiocytic
neoplasms. 4.5
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0.17 and 0.19 mutations per megabase, respectively. The TMB for
2 LCH patients was 0.51 and 0 mutations per megabase. For the
patient with HS, the TMB level was 4.27 mutations per megabase
(Figure 1). Fifty percent (8/16) of patients expressed PD-L1 RNA at
a level >20% of patients in the PD-L1* IHC patient reference
cohort. The RDD patients had variable RNA expression of PD-L1,
but they also had the 4 highest expressing patients in the cohort.
PD-L1 IHC results were available for 2 RDD patients (RDD-3 and
RDD-9), which were 0% and 30%, respectively. The LCH patients
had intermediate expression in this cohort, whereas the ECD and
HS patients had the lowest expression (Table 1). For patients in
whom evaluation of MSI status was feasible (n = 14), the MSI
status was predicted as microsatellite stable.

In addition to the immunotherapy biomarkers, NGS on tumor DNA
was able to identify a number of clinically actionable mutations,
including the presence of BRAF-VE0OE in the tumor tissue of 2 of
3 ECD patients and 1 of 2 LCH patients. Pathogenic mutations were
also detected in 4 of 10 RDD patients (PTEN, SMARCA4, KRAS,
and MAP2K1) and in the HS patient (KRAS and PTCH1). Table 1
includes disease characteristics, molecular findings, treatments, and
responses based on previously published criteria.'®

In this limited cohort of histiocytic neoplasms, the TMB was low
compared with cancers that have been shown to respond to
immune checkpoint blockade. Among the cohort, the TMB was
highest for the patient with HS, suggesting that this disease
subgroup may benefit from further exploration of TMB and
consideration of anti-PD-1/PD-L1 therapy. This is corroborated
by a recent report of radiographic response to nivolumab, an
anti-PD-1 antibody, in a patient with HS refractory to systemic
chemotherapy.’” No patient was found to have MSI-high status or
alterations in DNA mismatch-repair genes, suggesting that these
neoplasms are typically microsatellite stable. It is notable that the
majority of the patients in our study had RDD, and only a pro-
portion of these have been found to demonstrate clonal neoplasia
in previous studies, which may explain the low TMB and micro-
satellite stability. PD-L1 RNA expression was variable among the
cohort and did not show a correlation with IHC assay in the 2 RDD
specimens for which both results were available. These results
should be confirmed by a clinical PD-L1 IHC test, because the
RNA-based assay is unable to differentiate between PD-L1 RNA
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expression in tumor cells and adjacent cells."* One study using PD-
L1 IHC in histiocytic neoplasms found that 3 of 4 ECD and 7 of 8
LCH tumor specimens were positive for PD-L1 expression (=5%).2°

Our study is the first to explore TMB and MSI status in histiocytic
neoplasms. In the current era of trials of checkpoint inhibitors
in almost every malignancy, our data on TMB and MSI status
suggest that these neoplasms may be less likely to respond to
such agents. An exploration of all established immunotherapy
biomarkers in a larger cohort of patients may be warranted prior to
considering checkpoint inhibitor therapy in histiocytic neoplasms.
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Footnotes

Presented in part at the 60th annual meeting of the American Society of
Hematology, San Diego, CA, 1 December 2018, and at the Annual
Erdheim Chester disease medical symposium, Orlando, FL, 15 No-
vember 2018.

The online version of this article contains a data supplement
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