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Abstract

Clonality assessment by the detection of immunoglobulin (IG) gene rearrangements is an important method to determine
whether two concurrent or subsequent lymphoid malignancies in one patient are clonally related. Here, we report the detailed
clonality analysis in a patient with a diagnosis of B-cell acute lymphoblastic leukemia (B-ALL) followed by a histiocytic
sarcoma (HS), in which we were able to study clonal evolution by applying next generation sequencing (NGS) to identify
IG rearrangements and gene mutations. Using the sequence information of the NGS-based IG clonality analysis, multiple
related subclones could be distinguished in the PAX5 P80R-mutated B-ALL. Notably, only one of these subclones evolved
into HS after acquiring a RAF1 mutation. This case demonstrates that NGS-based IG clonality assessment and mutation
analysis provide clear added value for clonal comparison and thereby improves clinicobiological understanding.
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Case introduction

A 60-year-old male patient presented with fatigue. Analysis
of the peripheral blood showed pancytopenia and 40% of
blasts. Subsequent analysis of a bone marrow biopsy and
aspirate resulted in a diagnosis of BCR-ABL-negative B-cell
acute lymphoblastic leukemia (B-ALL, for immunopheno-
type and karyotype, see supplementary Tables 1 and 2),
with absence of extramedullary and central nervous system
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localization. The patient started intensive chemotherapy and
rapidly reached complete remission with no detectable mini-
mal residual disease (MRD) by cytomorphology and immu-
nophenotyping. However, 10 months after the initial diagno-
sis of B-ALL and during consolidation courses, the patient
presented with recurrent thrombocytopenia, progressive
fatigue and a skin lesion on the forehead. A positron emis-
sion tomography (PET) scan showed generalized disease
with foci of increased FDG uptake in bone, lymph nodes, the
liver, the skin, and the lungs. Morphology and immunohisto-
chemistry of biopsies obtained from the bone marrow, skin,
and a supraclavicular lymph node showed an infiltration of
rather large, pleomorphic malignant cells (Fig. 1A) with a
high proliferation (Ki-67: 80%) and histiocytic differentia-
tion (CD14%, CD68", and CD163™, supplementary Table 3),
consistent with a diagnosis of histiocytic sarcoma (HS). The
biopsies, peripheral blood, and bone marrow aspirate did not
demonstrate any evidence of B-ALL relapse. To determine
whether the two malignancies in this patient were clonally
related, we performed clonality assessment by using GeneS-
can and NGS-based immunoglobulin (IG) clonality analysis
and mutation analysis.
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BClonotype 3’'V-gene N1 D-gene N2 5J-gene
D2-2 -2/7/-5 J6 - - AGTAGTACCAGCTGCTATG TTTCTGG TACTACTACTACGGTATGGACGTCTGG....
V6-1-1/37/-506 ... TGTGCAAGAG GTACCTGCGAG AGTAGTACCAGCTGCTATG  TTTCTGG TACTACTACTACGGTATGGACGTCTGG....
V6-1-0/39/-5J6  ...TGTGCAAGAGA  TGGGGTG TATTGTIAGTAGTACCAGCTGCTATG ~ TTTCTGG TACTACTACTACGGTATGGACGTCTG(....
V3-7 -1/34/-5 J6 ... TGTGCGAG CCCGTTTC AGTAGTACCAGCTGCTATG TTTCTGG TACTACTACTACGGTATGGACGTCTGG....

V3-19 -0/44/-2J6 ... TGTGTGAGAAA TGGCTGAGG  GTATT ACGATATTTTGACTGGTTAT | CCTCGCCGCC TACTACTACTACTACTACATGGACGTCTGG...
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«Fig. 1 Clonality assessment of B-cell acute lymphoblastic leukemia
(B-ALL) and histiocytic sarcoma (HS). A Immunophenotyping. The
H&E staining (40 X magnification) of the B-ALL in the bone marrow
biopsy shows a monomorphic proliferation of small blasts. The H&E
staining of the HS in the skin shows a proliferation of pleiomorphic
cells with abundant eosinophilic cytoplasm. Additional immunoflow-
cytometry and immunohistochemistry data are listed in the supple-
mentary Tables 1 and 3. B Comparison of IGH rearrangements in the
B-ALL sample. The red square highlights the identical IGHD-IGHJ
sequences (D-J stem). N indicates added nucleotides at the junction.
C Clonal evolution based on IGH rearrangements and mutations.
Based on the identified IGH rearrangements, it seems that first an
IGHV-IGHD-IGH]J rearrangement occurred on one IGH allele (allele
A). Subsequently, the other IGH allele (allele B) started to rearrange
by combining an IGHD and IGHJ gene after which a catastrophic
event occurred, leading to several subclones in which a different V
gene (indicated in red; for the two subclones containing IGHV6-1 the
difference in the junction is indicated as well) was joined to the exist-
ing IGHD-IGHIJ. One of these subclones evolved into HS, supported
by the detection of two 100% identical IGH rearrangements (and one
identical IGK rearrangement) in both samples. Also, the identified
mutations supported a clonal relationship (relevant mutated genes
are shown in green). The PAX5 mutation is likely an early event after
which additional mutations occurred in the different subclones. The
KRAS mutated clone evolved into histiocytic sarcoma. A novel RAF1
mutation might have played a role in the switch from B-ALL to HS

Methods

1G clonality analysis using GeneScan (EuroClonality/
BIOMED-2 assay)

BIOMED-2 multiplex PCRs and GeneScan analysis were per-
formed according to standard procedures [1]. For each target, a
duplicate analysis was performed with 20 and 40 ng DNA input.

1G clonality analysis using NGS

PCR library preparation and sequencing were performed as
described previously [2]. 40 ng DNA was used as input for
the library preparation. Sequencing data were visualized and
analysed using the ARResT/Interrogate software platform.

Trusight oncology 500

Library preparation was performed using the hybrid capture-
based TruSight Oncology 500 Library Preparation Kit (TSO500;
[llumina) following the manufacturer’s protocol. 60 ng DNA
was used as input for the library preparation. Sequencing and
data analysis were performed as described previously [3].

Results
To determine whether the B-ALL and HS had a com-

mon clonal origin, we performed immunoglobulin (IG)
clonality analysis on a bone marrow sample at the time

of B-ALL diagnosis and a skin biopsy with HS infiltra-
tion. With conventional clonality analysis using GeneScan
fragment length analysis according to the EuroClonality/
BIOMED-2 assay[1], IGHV-IGHD-IGHIJ rearrangement
analysis showed similarly sized products for framework
(FR)1, FR2, and FR3 targets in both the B-ALL and HS
sample, but also products that were unique for the B-ALL
or HS sample were observed (Table 1, Supplementary
Fig. 1). For IGHD-IGHJ, IGKV-IGKIJ, and IGKV/Intron-
KDE targets, only clonal products unique for one of the
two samples could be detected. This analysis was therefore
not firmly conclusive to establish whether the B-ALL and
HS were clonally related, since only one IGHV-IGHD-
IGHJ gene rearrangement (as convincingly detected
in the FR1 and FR2 PCRs) showed an identically sized
fragment, which could be a coincidence. In addition, the
results of the B-ALL sample suggested the presence of
more than one clone based on the number of IGH gene
rearrangements.

To more reliably determine the clonal relationship
between the B-ALL and HS in this patient, we performed
NGS-based clonality analysis, according to the protocol
that was recently published by the EuroClonality-NGS
Working Group [2, 4]. With NGS-based IG clonality
analysis, two clonal IGHV-IGHD-IGH]J rearrangements
(clonotypes V6-1 -0/39/-5 J6 and V3-19 -0/44/-2 J6) and
one clonal IGKV-IGKJ rearrangement (V1(D)-33 -11/2/-7
J3) were detected in both the B-ALL and HS with 100%
identical sequences, providing evidence for a direct clonal
relationship (Table 1, Supplementary Fig. 2). Nonetheless,
additional IG rearrangements unique for each sample were
also detected. Detailed analysis of the sequences of the five
IGH rearrangements in the B-ALL sample revealed that
four of the rearrangements, i.e., one incomplete IGHD-
IGHIJ and three complete IGHV-IGHD-IGHJ rearrange-
ments, contained the exact same D and J genes, including
an identical N2 junction (D-J stem: D2-2 -2/7/-5 J6). Two
different V genes were combined with this IGHD-IGHJ
stem, resulting in three different clonotypes (V6-1 -1/37/-5
J6, V6-1-0/39/-5 J6 and V3-7 -1/34/-5 J6) (Fig. 1B). This
suggests that (at least) three subclones in the B-ALL arose
from the same IGHD-IGH]J stem. Based on the rearrange-
ments detected in the HS sample, only one of the sub-
clones evolved into the HS (Fig. 1C).

To further study the pattern of clonal evolution from
the B-ALL (sub)clone to HS, molecular analysis was
performed with the TruSight Oncology 500 assay (Illu-
mina), which identified multiple mutations and several
copy number variations in both the B-ALL and HS sam-
ple (Supplementary Tables 4 and 5). A pathogenic muta-
tion in the PAX5 gene (resulting in the p.P8OR change)
was detected indicating that the B-ALL belongs to the
newly recognized subtype of B lymphoblastic leukemia
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Table 1 IG clonality: GeneScan and NGS results

1G locus B-cell acute lymphoblastic leukemia

Histiocytic sarcoma

GS results NGS results GS results NGS results
Peak size Clonotype Frequency Peak size Clonotype Frequency
IGHV-IGHJ FR1 C364bp n.a n.a C364bp n.a n.a
Cw362bp n.a n.a - n.a n.a
Cw349bp n.a n.a - n.a n.a
IGHV-IGHJ FR2 C29%bp n.a n.a C29%bp n.a na
C284bp n.a na - n.a na
C292bp n.a n.a - n.a n.a
- n.a n.a C295bp n.a n.a
IGHV-IGHJ FR3 Cw164bp -1 - - 5% Cl164bp -] - - 65%
C149bp V3-7 -1/34/-5 16 17% - - -
Cwl61bp V6-1-1/37/-5 16 15% - - -
- -19 - - 46% - -19 - - 31%
IGHD-IGHJ C257bp D2-2 -2/7/-5716 97% nsp nsp -
IGKV-IGKJ Cw135bp -33 - - 64% - -33 - - 25%
- - - C293bp V2D-26 -1/2/-0 J4 74%
IGKV/intron-IGKde C292bp intron -0/8/-0 Kde 11% nsp nsp -

Remark: Since different primers are used for GS and NGS, some rearrangements might have been missed/underrepresented with one of the tech-
niques because of suboptimal primer annealing. An example is the IGHV-IGHD-IGHJ V3-19 -0/44/-2 J6 clonotype, which cannot be detected
by GS because of alterations at the 3’end of the BIOMED?2 primer binding site. A clonotype is defined as a rearrangement that is denoted as a
combination of the 5’ gene, the number of deleted and added nucleotides at the junction and the 3’ gene

n.a. indicates not applicable (FR1 and FR2 targets were not analyzed by NGS); scoring: nsp, no specific products; C, clonal; Cw, clonal weak;
GS, GeneScan; NGS, next-generation sequencing; and FR, framework. Underlined indicates rearrangements identified in both samples

with PAXS5 P80R [5, 6]. In addition, mono-allelic loss
of PAX5 was observed, leading to bi-allelic inactiva-
tion of the PAXS5 gene. These PAX5 alterations, together
with a mutation in KRAS (p.G12D) and loss of CDKN2A,
were identified in both the B-ALL and HS tissue, which
supported the clonal relationship. An additional, likely
oncogenic RAFI (p.R391W) mutation, was detected in
the HS sample only [7].

Discussion

Lineage switch of a lymphoid malignancy to HS is rare, but
has been well documented in previous case reports and in
small case series [8—11]. A clonal relationship between the
lymphoid malignancy and the HS was established in a sub-
set of cases by the detection of identical cytogenetic abnor-
malities or rearrangements of the immunoglobulin or T-cell
receptor genes. In our case, conventional clonality analysis
yielded ambiguous results, but NGS-based IG clonality anal-
ysis was able to confirm the clonal relationship between the
B-ALL and the HS. In addition, using the sequence infor-
mation of the NGS-based IG clonality analysis, multiple
related subclones could be distinguished in the B-ALL, and

@ Springer

the clonal evolution to HS could be unraveled (Fig. 1C). The
clonal relationship was further supported by the presence of
identical somatic mutations in PAX5 and KRAS.

The reason why some B-ALL patients develop a his-
tiocytic malignancy is not clear, yet. Several studies
show that loss of PAXS5 expression in B-cells leads to
dedifferentiation to uncommitted precursor cells [12,
13]. Interestingly, the present B-ALL case displayed
inactivated PAX5 due to a mutation combined with loss
of the other PAX5 allele, which will result in a lack of
PAXS5 expression. This likely makes these cells prone
to loss of their B-cell phenotype and differentiate into
another lineage after acquiring one or more additional
genetic aberrations. Furthermore, specific aberrations in
B-ALL, including PAXS5-P80R, were recently found to
predispose to an early monocytic phenotype switch in
pediatric patients during initial chemotherapy [14]. The
monocytic switch was accompanied by a gradual loss of
CD19 expression and increase in expression of at least
one monocytic marker. This observation also shows that
PAX5-mutated cells are able to rather easily switch their
phenotype. In this pediatric PAX5-P80R-mutated cohort,
no subsequent malignancies, like histiocytic sarcoma,
were described during follow-up.



Virchows Archiv (2023) 483:105-110

109

In our adult case, the B-ALL cells harbored a PAX5 muta-
tion and subclonal KRAS, NRAS, PTPN11, and CDKN2A muta-
tions. In addition, mono-allelic loss of PAX5 and CDKN2A
was detected. All these aberrations are frequently observed in
PAX5-mutated B-ALL patients. Passet et al. [5] described a
cohort of 30 PAX5-P80R-mutated adult B-ALL patients which
all showed inactivation of the second PAXS allele (mutation
or loss) and the majority harbored CDKN2A loss (74%) and
an NRAS and/or KRAS mutation (73%). All patients achieved
complete remission after treatment. Monocytic shift or subse-
quent histiocytic malignancies were not reported in this paper.

Interestingly, the HS cells of our patient harbored the same
PAX5 and KRAS mutation as the B-ALL cells, with an addi-
tional RAFI mutation. The combinaton of multiple mutations
effecting the RAS pathway has been reported before in HS,
including the combination of a KRAS with a RAFI muta-
tion [9, 15]. Also in one of these previously described cases,
the RAF1 mutation was present only in the HS sample and
not in the concomitant chronic myelomonocytic leukemia
(CMML), whereas both harbored the same KRAS mutation
[9]. These observations suggest that RAF1 activation might
play a role in the final transformation to HS in B-cells that are
already prone to loss of their B-cell phenotype.

In conclusion, we report a case of PAX5 PSOR-mutated
B-ALL followed by histiocytic sarcoma in which combined
NGS-based IG clonality and mutational analysis elucidated
the clonal relationship and evolution. A combination of
genetic events, including PAX5 inactivation in combina-
tion with an acquired RAFI mutation, may have played a
role in the lineage switch of the malignant cells and sub-
sequent development of HS. Our study demonstrates that
NGS-based mutation and IG clonality analysis provide clear
added value for clonal comparison, which helps to unravel
the underlying clinicopathological mechanisms of disease
evolution.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00428-022-03428-y.

Author contribution D.E. provided patient material and clinical data.
K.H. and M.v.d.B. performed morphology and immunhistochemistry
analyses of the tissues. J.R. and J.A.C.W.L. performed the laboratory
work. WH., L.ILK.,J.R., B.S., and PJ.T.A.G performed data analyses.
M.v.d.B., K.H., and L.I.K. wrote the paper. All authors discussed the
results, commented on the manuscript at all stages, and approved the
submission of the final version.

Funding This study was partly supported by grants from the Dutch
Cancer Society (KWF-11137) and Dutch Health Insurers’ Innovation
Fund (Project no. 17-179).

Declarations

Ethical approval and consent to participate The study was conducted
in accordance with the Declaration of Helsinki. The samples originated
from leftover patient materials obtained during routine care and were
excluded from research regulations requiring informed consent.

Conflict of interest PJ.T.A.G. is the treasurer of the EuroClonality
foundation. M.v.d.B. has received speaker’s fees from Gilead. The
other authors have no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. van Dongen JJ, Langerak AW, Bruggemann M, Evans PA, Hum-
mel M, Lavender FL, Delabesse E, Davi F, Schuuring E, Garcia-
Sanz R, van Krieken JH, Droese J, Gonzalez D, Bastard C, White
HE, Spaargaren M, Gonzalez M, Parreira A, Smith JL, Morgan
GJ, Kneba M, Macintyre EA (2003) Design and standardization
of PCR primers and protocols for detection of clonal immuno-
globulin and T-cell receptor gene recombinations in suspect lym-
phoproliferations: report of the BIOMED-2 Concerted Action
BMH4-CT98-3936. Leukemia 17:2257-2317. https://doi.org/
10.1038/sj.1eu.2403202

2. Scheijen B, Meijers RWJ, Rijntjes J, van der Klift MY, Mobs
M, Steinhilber J, Reigl T, van den Brand M, Kotrova M, Ritter
JM, Catherwood MA, Stamatopoulos K, Bruggemann M, Davi F,
Darzentas N, Pott C, Fend F, Hummel M, Langerak AW, Groenen
P, EuroClonality NGSWG (2019) Next-generation sequencing of
immunoglobulin gene rearrangements for clonality assessment:
a technical feasibility study by EuroClonality-NGS. Leukemia
33:2227-2240. https://doi.org/10.1038/s41375-019-0508-7

3. Kroeze LI, de Voer RM, Kamping EJ, von Rhein D, Jansen EAM,
Hermsen MJW, Barberis MCP, Botling J, Garrido-Martin EM,
Haller F, Lacroix L, Maes B, Merkelbach-Bruse S, Pestinger V,
Pfarr N, Stenzinger A, van den Heuvel MM, Grunberg K, Ligten-
berg MJL (2020) Evaluation of a hybrid capture-based pan-cancer
panel for analysis of treatment stratifying oncogenic aberrations
and processes. J Mol Diagn 22:757-769. https://doi.org/10.1016/j.
jmoldx.2020.02.009

4. van den Brand M, Rijntjes J, Mobs M, Steinhilber J, van der Klift
MY, Heezen KC, Kroeze LI, Reigl T, Porc J, Darzentas N, Luijks
J, Scheijen B, Davi F, ElDaly H, Liu H, Anagnostopoulos I, Hum-
mel M, Fend F, Langerak AW, Groenen P, EuroClonality NGSWG
(2021) Next-generation sequencing-based clonality assessment of
Ig gene rearrangements: a multicenter validation study by Euro-
Clonality-NGS. J Mol Diagn 23:1105-1115. https://doi.org/10.
1016/j.jmoldx.2021.06.005

5. Passet M, Boissel N, Sigaux F, Saillard C, Bargetzi M, Ba I,
Thomas X, Graux C, Chalandon Y, Leguay T, Lengline E,
Konopacki J, Quentin S, Delabesse E, Lafage-Pochitaloff M,
Pastoret C, Grardel N, Asnafi V, Lheritier V, Soulier J, Dombret
H, Clappier E, Group for Research on Adult ALL (2019) PAXS5
P8OR mutation identifies a novel subtype of B-cell precursor acute
lymphoblastic leukemia with favorable outcome. Blood 133:280-
284. https://doi.org/10.1182/blood-2018-10-882142

6. GuZ, Churchman ML, Roberts KG, Moore I, Zhou X, Nakitandwe
J, Hagiwara K, Pelletier S, Gingras S, Berns H, Payne-Turner

@ Springer


https://doi.org/10.1007/s00428-022-03428-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/sj.leu.2403202
https://doi.org/10.1038/sj.leu.2403202
https://doi.org/10.1038/s41375-019-0508-7
https://doi.org/10.1016/j.jmoldx.2020.02.009
https://doi.org/10.1016/j.jmoldx.2020.02.009
https://doi.org/10.1016/j.jmoldx.2021.06.005
https://doi.org/10.1016/j.jmoldx.2021.06.005
https://doi.org/10.1182/blood-2018-10-882142

110

Virchows Archiv (2023) 483:105-110

10.

D, Hill A, Iacobucci I, Shi L, Pounds S, Cheng C, Pei D, Qu
C, Newman S, Devidas M, Dai Y, Reshmi SC, Gastier-Foster
J, Raetz EA, Borowitz MJ, Wood BL, Carroll WL, Zweidler-
McKay PA, Rabin KR, Mattano LA, Maloney KW, Rambaldi A,
Spinelli O, Radich JP, Minden MD, Rowe JM, Luger S, Litzow
MR, Tallman MS, Racevskis J, Zhang Y, Bhatia R, Kohlschmidt
J, Mrozek K, Bloomfield CD, Stock W, Kornblau S, Kantarjian
HM, Konopleva M, Evans WE, Jeha S, Pui CH, Yang J, Paietta
E, Downing JR, Relling MV, Zhang J, Loh ML, Hunger SP, Mul-
lighan CG (2019) PAXS5-driven subtypes of B-progenitor acute
lymphoblastic leukemia. Nat Genet 51:296-307. https://doi.org/
10.1038/s41588-018-0315-5

Atefi M, Titz B, Tsoi J, Avramis E, Le A, Ng C, Lomova A, Las-
sen A, Friedman M, Chmielowski B, Ribas A, Graeber TG (2016)
CRAF R391W is a melanoma driver oncogene. Sci Rep 6:27454.
https://doi.org/10.1038/srep27454

Egan C, Lack J, Skarshaug S, Pham TA, Abdullaev Z, Xi L,
Pack S, Pittaluga S, Jaffe ES, Raffeld M (2021) The mutational
landscape of histiocytic sarcoma associated with lymphoid
malignancy. Mod Pathol 34:336-347. https://doi.org/10.1038/
$41379-020-00673-x

Kemps PG, Hebeda KM, Pals ST, Verdijk RM, Lam KH, Brug-
gink AH, de Lil HS, Ruiterkamp B, de Heer K, van Laar JA, Valk
PJ, Mutsaers P, Levin MD, Hogendoorn PC, van Halteren AG
(2021) Spectrum of histiocytic neoplasms associated with diverse
haematological malignancies bearing the same oncogenic muta-
tion J Pathol. Clin Res 7:10-26. https://doi.org/10.1002/cjp2.177
Pericart S, Waysse C, Siegfried A, Struski S, Delabesse E, Laurent
C, Evrard S (2020) Subsequent development of histiocytic sar-
coma and follicular lymphoma: cytogenetics and next-generation
sequencing analyses provide evidence for transdifferentiation of
early common lymphoid precursor-a case report and review of

@ Springer

11.

12

13.

14.

15.

literature. Virchows Arch 476:609-614. https://doi.org/10.1007/
$00428-019-02691-w

Kumar R, Khan SP, Joshi DD, Shaw GR, Ketterling RP, Feld-
man AL (2011) Pediatric histiocytic sarcoma clonally related to
precursor B-cell acute lymphoblastic leukemia with homozygous
deletion of CDKN2A encoding pl16INK4A. Pediatr Blood Cancer
56:307-310. https://doi.org/10.1002/pbc.22810

Cobaleda C, Schebesta A, Delogu A, Busslinger M (2007) Pax5:
the guardian of B cell identity and function. Nat Immunol 8:463—
470. https://doi.org/10.1038/ni1454

Pagni F, Fazio G, Zannella S, Spinelli M, De Angelis C, Cusi
C, Crosti F, Corral L, Bugarin C, Biondi A, Cazzaniga G, Isim-
baldi G, Cattoretti G (2014) The role of PAXS and C/EBP alpha/
beta in atypical non-Langerhans cell histiocytic tumor post acute
lymphoblastic leukemia. Leukemia 28:1377-1379. https://doi.org/
10.1038/1eu.2014.87

Novakova M, Zaliova M, Fiser K, Vakrmanova B, Slamova L,
Musilova A, Bruggemann M, Ritgen M, Fronkova E, Kalina
T, Stary J, Winkowska L, Svec P, Kolenova A, Stuchly J, Zuna
J, Trka J, Hrusak O, Mejstrikova E (2021) DUX4r, ZNF384r
and PAX5-P80R mutated B-cell precursor acute lymphoblas-
tic leukemia frequently undergo monocytic switch. Haemato-
logica 106:2066-2075. https://doi.org/10.3324/haematol.2020.
250423

Egan C, Nicolae A, Lack J, Chung HJ, Skarshaug S, Pham TA,
Navarro W, Abdullaev Z, Aguilera NS, Xi L, Pack S, Pittaluga S,
Jaffe ES, Raffeld M (2020) Genomic profiling of primary histio-
cytic sarcoma reveals two molecular subgroups. Haematologica
105:951-960. https://doi.org/10.3324/haematol.2019.230375

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1038/s41588-018-0315-5
https://doi.org/10.1038/s41588-018-0315-5
https://doi.org/10.1038/srep27454
https://doi.org/10.1038/s41379-020-00673-x
https://doi.org/10.1038/s41379-020-00673-x
https://doi.org/10.1002/cjp2.177
https://doi.org/10.1007/s00428-019-02691-w
https://doi.org/10.1007/s00428-019-02691-w
https://doi.org/10.1002/pbc.22810
https://doi.org/10.1038/ni1454
https://doi.org/10.1038/leu.2014.87
https://doi.org/10.1038/leu.2014.87
https://doi.org/10.3324/haematol.2020.250423
https://doi.org/10.3324/haematol.2020.250423
https://doi.org/10.3324/haematol.2019.230375

	PAX5 P80R-mutated B-cell acute lymphoblastic leukemia with transformation to histiocytic sarcoma: clonal evolution assessment using NGS-based immunoglobulin clonality and mutation analysis
	Abstract
	Case introduction
	Methods
	IG clonality analysis using GeneScan (EuroClonalityBIOMED-2 assay)
	IG clonality analysis using NGS
	Trusight oncology 500

	Results
	Discussion
	Anchor 10
	References


