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Demographics and additional haematologic cancers of patients with histiocytic/dendritic

cell neoplasms

Aims: The discovery of somatic genetic alterations
established many histiocytic disorders as haematolo-
gic neoplasms. We aimed to investigate the demo-
graphic characteristics and additional haematologic
cancers of patients diagnosed with histiocytic disor-
ders in The Netherlands.

Methods and results: We retrieved data on histiocyto-
sis patients from the Dutch Nationwide Pathology
Databank (Palga). During 1993 to 2022, more than
4000 patients with a pathologist-assigned diagnosis
of a histiocytic disorder were registered in Palga.
Xanthogranulomas were the most common subtype,
challenging the prevailing assumption that Langer-
hans cell histiocytosis (LCH) is the most common his-
tiocytic disorder. LCH and juvenile xanthogranuloma
(JXG) had a peak incidence in the first years of life;
males were overrepresented among all histiocytosis
subgroups. 118 patients had a histiocytic disorder
and an additional haematologic malignancy, includ-
ing 107 (91%) adults at the time of histiocytosis

diagnosis. In 16/118 patients, both entities had been
analysed for the same genetic alteration(s). In 11 of
these 16 patients, identical genetic alterations had
been detected in both haematologic neoplasms. This
included two patients with PAXS5 p.P8OR mutated B
cell acute lymphoblastic leukaemia and secondary
histiocytic sarcoma, further supporting that PAX5
alterations may predispose (precursor) B cells to dif-
ferentiate into the myeloid lineage. All 4/11 patients
with myeloid neoplasms as their additional haemato-
logic malignancy had shared N/KRAS mutations.
Conclusions: This population-based study highlights
the frequency of xanthogranulomas. Furthermore,
our data add to the growing evidence supporting
clonal relationships between histiocytic/dendritic cell
neoplasms and additional myeloid or lymphoid malig-
nancies. Particularly adult histiocytosis patients
should be carefully evaluated for the development of
these associated haematologic cancers.

Keywords: bone marrow diseases, bone neoplasms, demography, dendritic cells, histiocytosis, leukaemia,

lymphoma

Address for correspondence: P G Kemps, Department of Pathology, Leiden University Medical Center, PO Box 9600, Leiden 2300 RC, the

Netherlands. e-mail: p.g.kemps@lumc.nl

© 2024 The Authors. Histopathology published by John Wiley & Sons Ltd.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0001-9793-7032
https://orcid.org/0000-0001-9793-7032
https://orcid.org/0000-0001-9793-7032
https://orcid.org/0000-0002-8259-9971
https://orcid.org/0000-0002-8259-9971
https://orcid.org/0000-0002-8259-9971
https://orcid.org/0000-0001-8926-1140
https://orcid.org/0000-0001-8926-1140
https://orcid.org/0000-0001-8926-1140
https://orcid.org/0000-0001-7907-7390
https://orcid.org/0000-0001-7907-7390
https://orcid.org/0000-0001-7907-7390
https://orcid.org/0000-0003-1437-214X
https://orcid.org/0000-0003-1437-214X
https://orcid.org/0000-0003-1437-214X
https://orcid.org/0000-0001-9239-1050
https://orcid.org/0000-0001-9239-1050
https://orcid.org/0000-0001-9239-1050
https://orcid.org/0000-0002-6175-6077
https://orcid.org/0000-0002-6175-6077
https://orcid.org/0000-0002-6175-6077
https://orcid.org/0000-0003-1354-6988
https://orcid.org/0000-0003-1354-6988
https://orcid.org/0000-0003-1354-6988
https://orcid.org/0000-0002-1513-8104
https://orcid.org/0000-0002-1513-8104
https://orcid.org/0000-0002-1513-8104
https://orcid.org/0000-0002-0563-4155
https://orcid.org/0000-0002-0563-4155
https://orcid.org/0000-0002-0563-4155
mailto:p.g.kemps@lumc.nl
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhis.15127&domain=pdf&date_stamp=2024-01-12

838 P G Kemps et al.

Introduction

Histiocytic disorders are a group of rare diseases char-
acterized by tissue accumulation of monocyte-,
macrophage-, or dendritic cell-differentiated cells.!
The discovery of somatic genetic alterations estab-
lished many of these diseases as haematologic neo-
plasms, which are collectively referred to as
histiocytic/dendritic cell neoplasms in the latest
World Health Organization (WHO) Classification of
Haematolymphoid Tumours.” The genetic alterations
often comprise activating mutations in genes of the
mitogen-activated protein kinase (MAPK) signalling
pathway or in genes encoding for receptor tyrosine
kinases.> > Unfortunately, many histiocytic disorders
have not been comprehensively registered by cancer
registries (Figure S1), hampering population-based
studies of these rare diseases. In The Netherlands,
however, a unique digital archive of histo- and cyto-
pathology reports exists, with nationwide coverage
from 1991 onwards.®” Using data from this Dutch
Nationwide Pathology Databank (Palga), we investi-
gated the demographic characteristics and additional
haematologic cancers of patients diagnosed with
diverse histiocytic disorders during 30 years in The
Netherlands.

Methods

For this study, we retrieved all pathology reports reg-
istered in Palga from 1971 until (and including)
2022 with a pathologist-assigned diagnostic code for
one of the various histiocytic disorders. Using the
unique Palga pseudonym for each patient, cases with
a first pathology report during 1993 until (and
including) 2022 were included. Thus, cases with a
primary pathologic diagnosis before 1993, but with a
histologically-confirmed relapse during or after 1993,
were excluded. Diagnostic codes for LCH, juvenile
xanthogranuloma (JXG), reticulohistiocytoma (RH),
Rosai-Dorfman disease (RDD), Erdheim—Chester dis-
ease (ECD), malignant histiocytosis (MH), histiocytic
sarcoma (HS), interdigitating dendritic cell sarcoma
(IDCS), and blastic plasmacytoid dendritic cell neo-
plasm (BPDCN) were used and reported previously.”
Diagnostic codes for Langerhans cell sarcoma (LCS),

indeterminate dendritic cell histiocytosis or ALK-
positive histiocytosis are not available in Palga. Diag-
nostic codes for xanthogranuloma/xanthogranuloma-
tous inflammation/lipogranuloma (SNOMED CT
448285003) and (fibrosing) histiocytosis (SNOMED
CT 60657004) were considered too aspecific and
therefore excluded. Unlike other dendritic cell neo-
plasms (e.g. LCH), BPDCN is not always considered
part of histiocytic disorders." For example, BPDCN is
classified separately from the group of histiocytic/den-
dritic cell neoplasms in the International Consensus
Classification.® Yet it is classified within the group of
histiocytic/dendritic cell neoplasms in the latest WHO
classification?; therefore, we considered BPDCN as a
histiocytosis subtype and included it in our study. HS
and IDCS are histologic variants of MH'; therefore,
they were grouped together with MH. Similarly, RH
is a subtype of xanthogranuloma'; therefore, JXG and
RH were also grouped together in certain analyses.
Demographic analyses were performed for JXG and
RH separately (Figure 1), and for JXG/RH diagnosed
during child- or adulthood (Figure S2). For MH/HS/
IDCS (hereafter collectively referred to as MH), only
patients diagnosed from 2002 until (and including)
2022 were included, because prior diagnoses often
constitute misdiagnosed lymphomas.” Using the Palga
pseudonym, we also retrieved all additional pathology
reports of included patients issued during 1993-2022
with a pathologist-assigned diagnostic code for any
haematologic malignancy. Consistent with prior
literature,” any haematologic malignancy other than
a histiocytic disorder was considered an *“additional”
or “associated” haematologic malignancy; those diag-
nosed after the date of histiocytosis diagnosis were
termed “second” or” secondary” cancers. The terms
“transformation” and “transdifferentiation” were con-
sidered to implicate a clonal relationship between
neoplasms. Manual review was performed of all
pathology reports of patients with a registered diag-
nosis of a rare histiocytosis (ECD, RDD, MH, or
BPDCN), patients with diagnostic codes for two or
more histiocytoses, and patients with a registered
diagnosis of an additional haematologic malignancy.
Given the large number of identified cases, a manual
review of pathology reports of all patients with a reg-
istered diagnosis of LCH or JXG/RH was not feasible;
therefore, these diagnoses were assumed accurate.

Figure 1. Demographics of Dutch histiocytosis patients. (A) Violin plot showing age at diagnosis of patients with diverse histiocytosis sub-
types. Thick dashed lines indicate medians; thin dotted lines indicate interquartile ranges. (B-D) Numbers of patients with JXG, LCH, or RH
by age at diagnosis and sex. The number of male and female patients (per age at diagnosis) are stacked. (E) Proportions of male and female
patients by histiocytosis subtype. Numbers of patients are depicted in panel A. (F) Five-year moving averages of the numbers of patients diag-

nosed with JXG, LCH, or RH each year.

© 2024 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 84, 837—-846.
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Trends over time in LCH, JXG, or RH frequency were
evaluated by Poisson regression; correlations between
patients’ age at histiocytosis diagnosis and their age
at diagnosis of the additional haematologic malig-
nancy were evaluated by linear regression. Informa-
tion on molecular analyses was retrieved from
pathology reports; for specific cases of interest,
detailed molecular results and tissue slides were
obtained from the relevant pathology department
through the “Palga intermediary procedure”,'’ as
described previously.” This study was approved by
the Palga Scientific Council and Privacy Committee
(LZV-2016-183) and the Institutional Review Board
of Leiden University Medical Center (B19.074); the
requirement for informed consent was waived.

Results

We identified 1652 patients with a registered diagno-
sis of JXG, 1624 with LCH, 642 with RH, 58 with
BPDCN, 56 with MH, 47 with ECD, and 36 with
RDD (Figure 1A). Among patients with MH, the dis-
ease was described by pathologists as HS in 48/56
patients and IDCS in 5/56 patients, whereas an inde-
terminate cell phenotype was noted in two cases and
an RDD phenotype was reported in one case.'! The
median age at diagnosis was 13 years (interquartile
range [IQR]: 2-29) for JXG, 32.5 years (IQR: 9-54)
for LCH, 42 years (IQR: 30-55) for RH, 54 years
(IQR: 23.5-68) for RDD, 55 years (IQR: 47-63) for
ECD, 64.5 years (IQR: 43.5-72) for MH, and
72 years (IQR: 62-81.25) for BPDCN (Figure 1A).
When combining JXG and RH (as xanthogranuloma
family lesions'), the median age at diagnosis of this
subgroup of patients was 22 years (IQR: 5-41). Thus,
across major histiocytosis subgroups, most patients
were diagnosed at adult age. Yet, there was a peak
incidence of LCH and JXG in the first years of life
(Figure 1B-D). Among all histiocytosis subgroups,
males were (slightly) overrepresented, ranging from

55.5% of patients with LCH to 81.0% of patients with
BPDCN (Figure 1E). The number of patients diag-
nosed with LCH each year was stable during 1993 to
2022 (P = 0.45), whereas the number of patients
diagnosed with JXG increased over time (P < 0.0001;
Figure 1F). The number of patients diagnosed with
RH each year appeared to slightly increase, but this
was not statistically significant (P = 0.09). When
investigating time trends in the frequency of paediat-
ric or adult xanthogranuloma, both were statistically
significant (Figure S2F). Diagnostic codes for other
histiocytoses were mostly assigned in recent years,
with >50% of patients with ECD diagnosed in 2014
or later, >50% of patients with MH diagnosed in
2017 or later, and >50% of patients with RDD or
BPDCN diagnosed in 2018 or later.

Among this cohort of histiocytosis patients, 118
patients with a histologically-confirmed additional
haematologic malignancy were identified (Figure 2A).
This group included 65 patients with LCH, 25 with
JXG/RH, 14 with MH, eight with BPDCN, three with
ECD, two with RDD, and one with mixed LCH/ECD.
The 118 patients had diverse additional haematologic
malignancies, including lymphoid cancers in 70
(59%) cases, additional myeloid cancers in 45 (38%)
cases, and both in three (3%) cases. Notably, 20
(17%) patients had a mature B-cell lymphoma with
an accompanying histiocytic lesion in the same tissue
sample,'? which was assigned by the pathologist as
LCH in 18/20 patients, and RDD or MH (Figure S3)
in single cases. Strikingly, 107/118 (91%) patients
were adults at the time of histiocytosis diagnosis. The
median age at histiocytosis diagnosis was 59 years
(range: 0-85); the median age at diagnosis of the
(first-occurring) additional haematologic malignancy
was 61 years (range: 0-86). Across histiocytosis sub-
types, there was a strong correlation (P < 0.0001)
between the patients’ age at histiocytosis diagnosis
and their age at diagnosis of the additional haemato-
logic malignancy (Figure 2B). However, this analysis
was limited by selection bias, given that only

Figure 2. Histiocytosis patients with additional haematologic malignancies. (A) Pie charts depicting the types of additional haematologic
malignancies for the overall cohort and major histiocytosis subgroups. For the seven histiocytosis patients with AML after prior MDS or
CMML, the AML is depicted. (B) Scatterplots depicting age at histiocytosis diagnosis and age at diagnosis of the first-occurring additional hae-
matologic malignancy for all patients and major histiocytosis subgroups. (C) Scatterplots depicting the time between the diagnosis of the his-
tiocytic neoplasm and the diagnosis of the first-occurring additional haematologic malignancy on the x-axis, as well as the patients’ age at
histiocytosis diagnosis on the y-axis. Dots are coloured according to the colour coding depicted in panel A. (D) Scatterplot depicting the 16
histiocytosis patients with multiple additional haematologic malignancies. *These cases had a mature B-cell lymphoma with an accompany-
ing histiocytic lesion in the same tissue sample.IZ (E) Photomicrographs of haematoxylin and eosin (H&E), CD163, CD14, phosphorylated-
ERK (p-ERK), and S100 stained tissue slides of the histiocytic sarcoma of Case #7. Shown are atypical cells with large round to oval nuclei,
prominent nucleoli, and eosinophilic cytoplasm. Some cells are multinucleated, and there is focal emperipolesis. The atypical cells are
strongly positive for CD163, CD14, and p-ERK. S100 stained a minor subset of atypical cells; shown is an area with a relatively high num-
ber of positive cells. All photomicrographs were taken at 40x; the black bars in the bottom right corners indicate 20 pm.

© 2024 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 84, 837—-846.
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additional malignancies occurring within the study
period (i.e. a maximum of 30 years before or after
the histiocytosis) were captured. This selection bias
results in an overestimation of the association.
Regarding lymphoid cancers, 5/6 lymphoblastic leu-
kaemias presented before the histiocytic neoplasm
(Figure 2C), and mature B-cell lymphomas were diag-
nosed on or before the date of the histiocytosis diag-
nosis in 42/64 (66%) cases (Figure 2C). In contrast,
33/45 (73%) patients with myeloid cancer as their
first additional haematologic malignancy received this
diagnosis on or after the date of histiocytosis diagno-
sis (Figure 2C). Finally, 16 patients had multiple addi-
tional haematologic malignancies, including nine
with secondary acute myeloid leukaemia (Figure 2D).
In many cases, the second additional cancer con-
cerned a higher-grade variant.

In 16/118 histiocytosis patients with an additional
haematologic malignancy, both entities were ana-
lysed for the same genetic alteration(s). The majority
of these 16 patients had been diagnosed with histio-
cytosis during or after 2017. In 11 patients, identical
genetic alterations were identified in both haematolo-
gic neoplasms (Table 1). Six of these 11 patients have
been reported previously.”'>'> The remaining five
cases comprised one patient with KRAS p.G12A
mutated ECD and chronic myelomonocytic leukaemia
and four patients with MH and B-lineage lymphoid
cancers harbouring identical immunoglobulin gene
rearrangements (Figures S3-S6). In one case (Case
#7) of a 19-year-old male with B-cell acute lympho-
blastic leukaemia (B-ALL) and secondary HS
(Figure 2E), identical NRAS p.G12V and PAXS
p-PS8OR mutations were also detected in the B-ALL
and HS. Furthermore, several genetic alterations
unique to the HS (BRAF p.G469R, BRAF p.D594N,
and MTOR p.S2215Y) were detected. Similarly, in
another patient (Case #8) with a mature B-cell lym-
phoma and secondary HS harbouring identical immu-
noglobulin gene rearrangements, a KRAS p.A146T
mutation was detected in the HS, but not in the prior
lymphoma.

Discussion

Our study, based on the Dutch Nationwide Pathology
Databank, provides an unbiased look into the demo-
graphic characteristics and additional haematologic
cancers of patients with histiocytic disorders in The
Netherlands. Because the underlying cause of histio-
cytoses has been a decades-long enigma, and the
question of whether (specific) histiocytic/dendritic
neoplasms represent cancers or not remains a matter

of debate, many histiocytic disorders have not been
comprehensively registered by cancer registries. These
registries are generally based on the International
Classification of Diseases for Oncology (ICD-0O), which
in turn is based on the WHO Classifications of
Tumours. In the latest ICD-O classification (v. 3.2,
published in 2019), disseminated LCH, ECD, MH, HS,
LCS, IDCS, and BPDCN are classified as malignant
diseases (Figure S1). Nondisseminated LCH was classi-
fied as “malignant” in the previous classification
(ICD-0-3.1, published in 2013), but is no longer
assigned malignant behaviour in ICD-0O-3.2. Thus,
the much-welcomed registration of the entire spec-
trum of LCH in cancer registries was only short-
lived.'® Likewise, JXG/RH and RDD are not classified
as “malignant”, and therefore not registered by can-
cer registries. Although there may be valid arguments
against classification of all histiocytoses as bona fide
cancers (e.g. their mild clinical manifestation or lim-
ited biological hallmarks of cancer), this lack of com-
prehensive registration of these rare diseases is highly
unfortunate. Similarly, inconsistent terminology of
histiocytic disorders has been hindering the field;
therefore, we advocate for standardization of classifi-
cation systems and nomenclature to increase aware-
ness and advance research on these rare conditions.

Using the unique Dutch Nationwide Pathology
Databank, we were able to get an impression of the
frequency of histiocytic disorders and the demo-
graphics of patients with these diseases. We observed
a peak incidence of LCH and JXG in the first years of
life, as previously noted for LCH in national registry
studies from England“f and France.'” In contrast to
common assumption,'® JXG and not LCH was the
most common histiocytic disorder. It should be noted
that pathologists have also assigned the JXG diagnos-
tic code to adults with xanthogranulomas
(Figure 1A). Considering that both JXG and RH repre-
sent xanthogranulomas,’ it is evident that xanthogra-
nulomas occurred more frequently than LCH. The
observed male overrepresentation across histiocytosis
subgroups is in accordance with previous cohort
studies,” 'Y with the extreme male predominance
in BPDCN recently linked to X chromosomal muta-
tions in ZRSR2.>° The underlying mechanisms in
other histiocytoses remain to be defined. Finally, the
fact that 65/1652 patients with LCH compared to
25/2294 patients with JXG/RH had an additional
haematologic malignancy suggests that specific histio-
cytoses may be more associated with second haema-
tologic cancers than others, although the absence of
follow-up data in the Dutch Nationwide Pathology
Databank precludes a conclusive analysis.
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TABLE 1. Histiocytic disorders and additional haematologic malignancies analysed for the same genetic alteration(s)

Haematologic cancers of histiocytosis patients

Histiocytic Additional Findings
neoplasm malignancy supporting a
Histologic (age at (age at clonal
Case presentation diagnosis) diagnosis) Shared genetic alteration(s) Unique genetic alteration(s) relationship Reference
1 Both ECD (61) AML (63)*  « NRASF¢'R - Yes 7
2 Separate ECD (54) CMML (60)  + KRASS'24 - Yes -
3 Separate ICH (68) CMML (68)  + NRAS®™?Y ICH (relapse”): BRAF->97R Yes 7
4 Both HS (47) CMML (47)  + KRAS*%% HS: MAP2K7"%%, and RAF1°257 Yes 7
5 Separate Non-LCH/ T-ALL (4) « TRB and TRG T-ALL: TRB DJ rearrangement; bi-allelic ~ Yes 13
HS (7) rearrangements CDKN2A loss
« CDKN2A mono-allelic loss non-LCH: 32 Mb deletion on
« ACACB*7", ARHGEF17 (5' chromosome 8q (MYC)
UTR C>T), IGFN7¢7?Y, HS: gains of parts of chromosomes
MEIST9%%C, ODAM??" and 5p-q, 11p, 21q, and 22g;
PPP5CP¥3N C60rR217%7%% and KIAAT644°#°W
6 Separate HS (61) B-ALL (60)  +IGH and IGK rearrangements HS: RAF1?3%"W Yes 14
+ KRASC"2P B-ALL: CDKN2AY*"* NRAS®'*R and
+ CDKN2A loss* multiple P7PN77 mutations
« PAX5P8%R & PAX5 loss
7 Separate HS (19) B-ALL (18) « IGH rearrangements HS (after disease progression): Yes -
« NRASE™?Y BRAF%4%R (calcaneus), BRAFP94N
« PAX5PEOR (iliac bone), and MTORS?21%Y
(iliac bone)
B-ALL: CDKN2A and PAX5 loss®
8 Separate HS (72) B-NHL, NC  «IGH and IGK rearrangements HS: KRASA"46T Yes -
71
9 Separate HS (66)" B-NHL, NC  «IGH and IGK rearrangements — Yes -
(63)"
10 Intermixed IDCS (70) SLL/CLL « IGH and IGK rearrangements — Yes -
(70)
11 Separate LCH (53) DLBCL (57)  + IGH rearrangements LCH: BRAFV60%F Yes 15
DLBCL: BCL2 translocation,
CARD17°%°%, CREBBPR7##¢t,
MYD8E?", and TP53°252W
12 Separate LCH (61) AML (64) - LCH: BRAFV60%F No -
13 Separate LCH (56) MDS (57) « CBL p.R420Q LCH: BRAFVe0%F Potentially -
(potentially)**
14 Separate BPDCN (65) CD30" ALK~ — BPDCN: TET2R727#W and TET2R727¢", No -
ALCL (74) and SRSF27%
ALCL: TRB and TRG rearrangements,
NF7 (c.4835+1G>A; p.(?)),
SMC3®%" and an IRF4::DUSP22
(6p25.3) translocation’™
15 Both HS (42) SLL/CLL - HS: KRAS¢™ No -
(42)
16 Separate HS (59) FL (59) and - FL and HGBL: BCL2 translocation No 74
HGBL (61)
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TABLE 1. (Continued)

ICH, Indeterminate cell histiocytosis; AML, Acute myeloid leukaemia; CMML, Chronic myelomonocytic leukaemia; T-ALL, T -cell acute lym-
phoblastic leukaemia; B-NHL, B-cell non-Hodgkin lymphoma; NC, Not classifiable; SLL/CLL, Small lymphocytic lymphoma/chronic lympho-
cytic leukaemia; DLBCL, Diffuse large B-cell lymphoma; MDS, Myelodysplastic syndrome; ALCL, Anaplastic large-cell lymphoma; FL,
Follicular lymphoma; HGBL, High-grade B-cell lymphoma; VAF, Variant allele frequency; WES, Whole-exome-sequencing; WTS, Whole-
transcriptome-sequencing; NGS, Next-generation-sequencing.

*This patient was initially diagnosed with concurrent ECD and multiple myeloma. Molecular analysis of the multiple myeloma was precluded
by the absence of cryopreserved material.”

"Novel finding, not described in the prior study.”

*In the HS sample, bi-allelic loss of CDKN2A was detected. In the B-ALL sample, mono-allelic loss of CDKN2A was detected, but it could
not be excluded that bi-allelic loss was present in a small subclone.

$The following aberrations were detected in the B-ALL by karyotyping/SNP-array: del(9p), gain(20p), and aUPD(20q). COKN2A and PAX5
are both located on chromosome 9p. The deletion of 9p21.3 (COKN2A) was homozygous. The region with copy number loss at 9p24.3-
p13.1 was 39 Mb in size, partially homozygous, and in ~80% present as a mosaic genetic alteration. Similarly, the copy number alterations
of 20p13-p11.1 (26 Mb) and 20911.21-q13.33 (34 Mb) were ~80% present as mosaic genetic alterations. The HS samples were not tested
by karyotyping/SNP-array, but no PAX5 or COKN2A loss was detected by WES of an iliac bone sample taken after disease progression. In
this iliac bone sample, however, the VAF of the NRAS p.G12V mutation was 1% by WES (and 14% by WTS), compared to 12% in the
diagnostic HS sample and 40% in a calcaneus HS biopsy by DNA-NGS. Thus, it cannot be ruled out that the copy number losses of
CDKN2A and PAX5 were also present in the HS.

TAlthough the morphology and immunophenotype supported a diagnosis of histiocytic sarcoma (Figure S4), the very high proliferation index
was unusual and raised concern for a more immature neoplasm/myeloid sarcoma. Regarding the B-NHL, considered subtypes were hairy
cell leukaemia variant, splenic diffuse red pulp small B-cell lymphoma/leukaemia, and (leukaemic) splenic marginal zone lymphoma.

**The CBL p.R420Q mutation was detected with a VAF of 11% in the LCH diagnostic bone marrow biopsy. In this tissue sample, a BRAF
p.V600E mutation was also detected with a VAF of 4.5%. The same CBL p.R420Q mutation, but not the BRAF p.V600E mutation, was
subsequently detected in the diagnostic MDS bone marrow biopsy, with a VAF of 16%. Thus, the BRAF mutated LCH-cells might have
originated from the CBL mutated haematopoietic clone, but the absence of cryopreserved material precluded molecular analysis of sorted
LCH-cells to confirm this.

"The BPDCN was not tested for the DUSP22 translocation. Furthermore, the pathogenic 7£72 and SRSF2 variants were detected with low
variant allele frequencies (<5%) in the ALCL sample and therefore considered to derive from blood admixture. Lastly, identical variants of
unknown significance in NF7 and STAG2 were detected in both the BPDCN and ALCL.

#Cases 5-9 from this prior study’ are not depicted because only the LCH sample was molecularly analysed (Case 5), or because the speci-
men that was molecularly analysed contained both the histiocytic lesion and associated lymphoma (Cases 6-9), without selection for a spe-
cific cell population.

The detection of identical genetic alterations in his-
tiocytic/dendritic cell neoplasms and additional mye-
loid or lymphoid cancers strongly suggests a shared
clonal origin of these haematologic diseases (Table 1).
Both entities may derive from a common progenitor,
such as haematopoietic stem cells with clonal haema-
topoiesis of indeterminate potential (CHIP)-associated
mutations in cases with second myeloid cancers.'’
Alternative mechanisms are dedifferentiation or trans-
differentiation of lineage-committed haematopoietic
cells,” which may occur in cases with lymphoid malig-
nancies and secondary (malignant) histiocytoses.?'
Interestingly, we report the second case of PAXS5
p-PS8OR mutated B-ALL and secondary histiocytic sar-
coma, further supporting that PAXS5 alterations may
predispose (precursor) B cells to differentiate into the
myeloid lineage.!*?? Furthermore, the frequent obser-
vation of shared N/KRAS mutations is remarkable
(Table 1), suggesting that patients with activating
mutations in these oncogenes may be particularly at
risk of developing clonally related second cancers.” In
addition to shared genetic alterations, several

mutations unique to either the histiocytic/dendritic cell
neoplasm or associated haematologic malignancy were
detected—which might have contributed to the trans-
formation to the secondary neoplasm (Table 1). In
accordance with previous observations,” these unique
alterations often comprised MAPK gene alterations in
the histiocytic/dendritic cell neoplasms.

There are several limitations to our study.” First,
pathologists may assign incorrect or nonspecific diagnos-
tic codes to pathology reports. Particularly for rare histio-
cytosis subtypes (e.g. ECD and RDD), our study certainly
does not include all patients in The Netherlands during
the 30-year period. This is also influenced by nomencla-
ture changes and gradually improved recognition of
these rare entities. Specifically, the diagnosis of ECD
requires the integration of xanthogranuloma histology,
together with appropriate clinical and radiographic find-
ings (and preferably molecular support). Hence, in the
absence of clinical and radiographic information, patho-
logic specimens of patients with ECD might have been
incorrectly assigned as JXG/RH. Furthermore, haemato-
logical malignancies are not always histologically
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confirmed, and thus included in the Dutch Nationwide
Pathology Databank. Finally, this databank does not
contain data on clinical features, treatment, and survival
of patients.

Conclusion

Our study highlights the frequency of xanthogranuloma
family lesions (JXG/RH), which are not registered by can-
cer registries. Furthermore, our data add to the growing
evidence supporting clonal relationships between histio-
cytic/dendritic cell neoplasms and additional myeloid or
lymphoid malignancies. Future studies should identify
which histiocytosis patients are at high risk of developing
these associated haematologic cancers.’
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