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ABSTRACT

Aims The aim of this study was to describe the
characteristics of the bone marrow infiltration found in a
series of clinically defined lymphoplasmacytic lymphoma
(LPL)/Waldenstrém macroglobulinaemia (WM) and IgM-
monoclonal gammopathy of undetermined significance
(MGUS) and to perform a targeted next-generation
sequencing (NGS) for the identification of additional
somatic mutations to MYD88p.L265P in LPL/WM.
Methods We have reviewed a series of 35 bone
marrow biopsies from 28 patients with a clinical
diagnosis of LPL/WM (24 cases) or MGUS (4 cases).
Bone marrow infiltration characteristics by morphology,
immunohistochemistry, flow cytometry (FCM), allele-
specific real-time PCR for the detection of MYD88p.
L265P mutation, targeted exonic amplicon-based NGS of
35 lymphoma-related genes and direct sequencing were
analysed.

Results Our findings show that bone marrow

trephine biopsy evaluation is superior to FCM in the
identification of significant lymphoid infiltrates. A
combined paratrabecular and interstitial infiltration
pattern is the most common feature in LPL/WM while a
patchy interstitial pattern characterises IgM-MGUS cases.
MYD88p.L265P mutation was found by allele-specific-
PCR in 92% of the LPL cases (22 out of 24) and 25%

of IgM-MGUS cases (1 out of 4 cases). In addition to
MYD88p.L265P somatic mutations in CXCR4, KMT2D,
PRDM1/Blimp1, MYC and ID3 were found by NGS and
direct sequencing in 4 cases.

Conclusions In conclusion, bone marrow core biopsy
evaluation is critical in the identification of unequivocal
bone marrow infiltration by LPL/WM. In addition to
MYD88p.L265P, somatic mutations in CXCR4, KMT2D,
PRDM1/Blimp1, MYC and /D3 can appear in a fraction of
LPL/WM.

BACKGROUND

Lymphoplasmacytic lymphoma (LPL) is a neoplasm
of small B cell lymphocytes, plasmacytoid lympho-
cytes and plasma cells, usually involving the bone
marrow and sometimes lymph node and spleen.’
Waldenstrém macroglobulinaemia (WM) is defined
by the combination of an LPL with an IgM mono-
clonal component,? irrespective of the amount of

the monoclonal paraprotein.'! MYD88p.L265P
somatic mutation has been found to be the driver
mutation in most cases.’ ™

The pattern of bone marrow infiltration in cases
of LPL/WM has been previously characterised in
retrospective case series with some detail,”® empha-
sising the differential diagnostic features with other
small B cell lymphomas such as marginal zone
lymphoma.” On the other hand, IgM monoclonal
gammopathy of undetermined significance (MGUS)
has been recently incorporated in the revised
version of the WHO classification of tumours." This
category has been also suggested to be applied in
cases that may show equivocal evidence of marrow
disease. In this regard, the equivalency of bone
marrow aspirate cell count, the demonstration of
clonal B cells by flow cytometry (FCM) or molec-
ular methods and bone marrow trephine infiltration
patterns and cellular quantification is controversial.

The aim of this study was to describe the char-
acteristics of the bone marrow infiltration in clini-
cally defined LPL/WM and IgM-MGUS performing
a correlation study between the bone marrow
trephine biopsy patterns of infiltration and the
results from immunohistochemistry (IHC), FCM
and molecular testing for the detection of MYD88p.
L265P mutation. In addition, we have performed
targeted next-generation sequencing (NGS) and
direct sequencing for the identification of additional
somatic mutations in candidate genes relevant for
lymphoma pathogenesis in a subset of cases.

METHODS

Case selection

Thirty-one samples from 24 patients with LPL/WM
and 4 cases diagnosed as IgM-MGUS were obtained
retrospectively from the files of the Anatomic
Pathology Department of the Hospital Universitario
Marqués de Valdecilla. In addition, a series of 47
bone marrow trephine biopsies from patients with
a diagnosis of marginal zone lymphoma (MZL, 24
cases) and chronic lymphocytic leukaemia (CLL, 23
cases) were reviewed. Clinical data were retrieved
in all cases (see summary in table 1). Details about
case and tissue procurement can be found in online
supplementary material.
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Table 1 Summary of clinical characteristics of the patients

Gender (male/female) 20/8

Age (median, range) 72 (49-89)

Diagnosis
IgM-MGUS 4 cases
Smouldering LPL/WM 5 cases
LPL/WM 19 cases

LPL/WM cases—clinical signs and symptoms
Anaemia 13/19 cases (65%)
Asthenia, weight loss, fever 12119 cases (60%)
Headache 6/19 cases (30%)
Vision changes 2/19 cases (10%)
Hyperviscosity-related symptoms 10/19 (50%)
Amyloid deposits 0/19 (0%)
Neuropathy 5/19 (25%)
Palpable splenomegaly 2/19 (10%)
Hepatomegaly 4/19 (20%)
Lymph node involvement 9/19 (45%)
Extranodal involvement 3/19 (15%)
Cryoglobulinaemia 1119 (5%)
Hepatitis C virus 0/19 (0%)

LPL, lymphoplasmacytic lymphoma; MGUS, monoclonal gammopathy of
undetermined significance; WM, Waldenstrom macroglobulinaemia.

Morphology, immunohistochemistry and fluorescent in situ
hybridisation: conventional karyotyping and flow cytometry
Histopathological patterns in the bone marrow biopsy were
categorised as paratrabecular, interstitial (diffuse), interstitial
(nodular), interstitial (diffuse-solid), interstitial (patchy) or a
combination of those. A focal infiltrate was considered paratra-
becular when the contact surface of the infiltrate with the trabec-
ular bone was larger than the maximum diameter perpendicular
to the bone. Interstitial infiltrates were categorised as nodular
when clearly defined focal infiltrates were found in an inter-
trabecular location. Diffuse infiltrates were considered patchy,
diffuse or diffuse-solid according to the density of lymphoid cells

in the bone marrow stroma (see online supplementary figures 4
and 6 for details).

Immunohistochemical reactions were performed following
conventional automated procedures. Conventional karyotyping
and multicolour FCM were also performed using bone marrow
whole cell population aspirate material (see online supplemen-
tary materials for details).

Allele-specific PCR for the detection of //YD88p.L265P
mutation

A customised assay based on allele-specific PCR using Tagman
probes (ThermoFisher) against wild-type and mutant L265P
MYDS88 gene was used. Validation results against Sanger
sequencing showed a specificity of 100% for the identification of
MYD88p.L265P mutation. Detection sensitivity using formalin-
fixed paraffin-embedded (FFPE) material was 5% and 1% using
DNA from bone marrow aspirate fresh material.

Next-generation sequencing using amplicon-based library
generation and Sanger sequencing for the detection of
CXCR4 mutation

DNA was extracted from FFPE samples or fresh bone marrow
aspirate samples using the PicoPure DNA Isolation Kit (Ther-
moFisher Scientific) and DNA was quantified by Qbit fluoro-
meter (ThermoFisher Scientific). All samples subjected to NGS
analysis were required to have >10% of clonal B cells as identi-
fied by either FCM or IHC. Details about amplicon-based library
generation, NGS and direct Sanger sequencing data interpreta-
tion and reporting can be found in online supplementary mate-
rial . Finally, 16 somatic mutations (15 missense, 1 frameshift
deletion) in 5 genes were considered (table 2). The complete list
of genes analysed, and variants identified in the cases analysed is
shown in online supplementary material and table 2.

Statistical analysis

XLSTAT Biomed software (V.19.4) was used for statistical anal-
ysis. Wilcoxon test and Pearson’s correlation test were calcu-
lated. Descriptive statistics were performed.

Table 2 Summary of somatic mutations identified by targeted NGS

CaseID  Gene Chromosome Location Allele cDNA_position AA change VAF (NGS) Consequence Existing_variation
5a MYD88 3 Exon 4 C c.794T>C 265 L/P 31% Missense/deleterious COSM85940
5b MYD88 3 Exon 4 C €.794T>C 265 Lp 28% Missense/deleterious COSM85940
6 MYD88 3 Exon 4 C €.794T>C 265 L/p 3% Missense/deleterious COSM85940
6 CXCR4 2 Exon 1 G ¢.1025C>G 342 S342* -1 Nonsense COSM5981986

1 MYD88 3 Exon 4 C c.794T>C 265 L/p 51% Missense/deleterious COSM85940

12 MYD88 3 Exon 4 C c.794T>C 265 Lp 28% Missense/deleterious COSM85940

13a MYD88 3 Exon 4 C c.794T>C 265 L/P 59% Missense/deleterious COSM85940

13b MYD88 3 Exon 4 C €.794T>C 265 L/p 20% Missense/deleterious COSM85940

14 MYD88 3 Exon 4 C €.794T>C 265 L/P 13% Missense/deleterious COSM85940

15 MYD88 3 Exon 4 C €.794T7>C 265 L/P 10% Missense/deleterious COSM85940

15 PRDM1 6 Exon 7 T c2251CT 673 HIY 28% Missense/deleterious -

15 myc 8 Exon 3 G c1721A>G 404 KR 15% Missense/deleterious -

19 MYD88 3 Exon 4 C c.794T>C 265 L/P 24% Missense/deleterious COSM85940

24b MYD88 3 Exon 4 C c.794T>C 265 L/P 12% Missense/deleterious COSM85940

24b KMT2D 12 Exon 31 T c.7670C>T 2557 PIL 28% Missense/deleterious COSM1362024
24b KMT2D 12 Exon 14 1379 Met1379fs 24% Frameshift deletion/deleterious -

21 D3 1 Exon 1 T c.376C>T 3 AV 15% Missense/deleterious -

*

tCXCR4 mutation was detected by direct Sanger sequencing.
AA, Aminoacid; NGS, next-generation sequencing; VAF, Variant Allele Frequency.

572

Garcia-Reyero J, et al. J Clin Pathol 2020;73:571-577. doi:10.1136/jclinpath-2019-206282

1ybuAdoo Ag paroaiold Arelqi saaualds yiesH
(ETTYOVEZT 1S9D) Ausianiun Jeisey oW 1e 0Z0Z ‘0€ 1snbny uo /wod lwgdalj:dny woiy papeojumoq "020z Arenuer 1z uo z8z90zZ-6T0zZ-yreduldl/9eTT 0T Se paysiand isiy :joyred uld ¢


https://dx.doi.org/10.1136/jclinpath-2019-206282
https://dx.doi.org/10.1136/jclinpath-2019-206282
https://dx.doi.org/10.1136/jclinpath-2019-206282
https://dx.doi.org/10.1136/jclinpath-2019-206282
https://dx.doi.org/10.1136/jclinpath-2019-206282
https://dx.doi.org/10.1136/jclinpath-2019-206282
https://dx.doi.org/10.1136/jclinpath-2019-206282
http://jcp.bmj.com/

Original research

Table 3 Summary of immunological, histopathological, phenotypic

and molecular features

M protein (median, range)
M protein light chain restriction

Bone marrow infiltration pattern, LPL cases:
Paratrabecular and interstitial

2.539(0.17-6.47)
K 19 cases (68%)
A 9 cases (32%)

21 samples (67%)

Paratrabecular and interstitial (patchy) 9 samples
Paratrabecular and interstitial (diffuse) 4 samples
Paratrabecular and interstitial (diffuse, nodular) 1 samples
Paratrabecular and interstitial (nodular) 7 samples
Interstitial only 10 samples (32%)
Interstitial (patchy) 3 samples
Interstitial (diffuse) 1 sample
Interstitial (nodular) 2 samples
Interstitial (diffuse-solid) 4 samples

Bone marrow infiltration pattern, IgM-MGUS

cases:

Interstitial (patchy) 4 samples (100%)
Phenotype

20% (0%~80%)*
6.6% (0%—62%)*

CD20-positive B cells (IHC), median, range

CD20-positive clonal B cells (FCM), median, range

MYD88p.L265P mutation (AS-PCR)

LPL 22/24 positive (92%)
Median VAF 0.09% (0-0.72)

IlgM-MGUS Ya positive (25%), VAF 0.045

*Quantification of B cells by IHC using CD20 antibody showed higher median
values than by FCM (p value of the median difference, Wilcoxon test <0.0001).
Correlation between the quantification of B cells using CD20 IHC and the
quantification of clonal B cells by FCM was significant (Pearson’s correlation test
0.778, p<0.0001).

AS-PCR, allele-specific PCR; FCM, flow cytometry; IHC, immunohistochemistry; LPL,
lymphoplasmacytic lymphoma.

RESULTS

A summary of the clinical features of the series can be found
in table 1 and online supplementary table. The cohort was
composed of 28 patients, 20 male (70%) and 8 female. Median
age was 72 years (range 49-89 years). Nineteen out of 28 (68%)
patients fulfilled criteria for LPL/WM, 5 patients (19%) were
considered asymptomatic or smouldering LPL/WM* and 4
cases were classified as [gM-MGUS. Among LPL/WM, the most
common clinical presentation included anaemia (65%), consti-
tutional symptoms (60%) and hyperviscosity-related symptoms
(50%). Five patients had IgM-related neuropathy and one single
patient had cryoglobulinaemia. Palpable splenomegaly was
found in two patients (10%) and nodal involvement by CT scan
in nine patients (45%). In three patients, lymph node biopsy
confirmed involvement by LPL. None of our patients had hepa-
titis C virus infection.

LPL/WM shows a predominantly paratrabecular pattern
combined with interstitial infiltrates; IgM-MGUS shows a
patchy interstitial pattern of infiltration

LPL/WM bone marrow biopsy results are summarised in table 3.
LPL core biopsy samples were characterised by a paratrabecular
infiltration pattern (21 samples, 67%), combined with either
patchy (9 samples, 25%), nodular (7 samples, 19%) or diffuse (5
samples, 13%) interstitial patterns. The other 10 samples (32%)
showed a non-paratrabecular pattern with interstitial involve-
ment (patchy in 3 samples, nodular in 2 samples, diffuse in 1
sample, diffuse-solid in 4 samples). The samples with patchy

interstitial infiltrate derived from two patients (n10, n24) with
previous pretreatment core biopsies with a significant infiltrate.
All four cases of IgM-MGUS showed a patchy interstitial infil-
trate (figure 1). In contrast, only 6 out 23 (25%) cases of MZL
(19 cases of Splenic Marginal Zone Lymphoma (SMZL), 3 Nodal
Marginal Zone Lymphoma (NMZL) and 1 case of Mucosa-
Associated Lymphoid Tissue (MALT) lymphoma) showed a
paratrabecular component and only 1 out of 24 (4%) cases of
CLL showed this pattern. The most common infiltration pattern
in MZL was interstitial and intrasinusoidal (10 samples, 42%),
followed by interstitial only (8 samples, 33%). CLL cases were
almost purely interstitial (22 samples, 96%) (see online supple-
mentary table 1).

Regarding the cytological features, all cases showed the pres-
ence of small B cell lymphocytes, plasmacytoid cells and plasma
cells with variable degrees of plasma cell differentiation. Dutcher
bodies were present, although infrequent (online supplementary
figure 3). One sample showed a complete absence of B lymphoid
cells and was composed purely of plasmacytoid and plasma cells
(case n4, I[gM-MGUS). Mast cells were present in almost every
case.

Bone marrow quantification of B cells and correlation with
MYD88p.L265P allele burden determination by allele-specific-
PCR

Bone marrow cells in the trephine biopsy were stained with anti-
bodies against CD20 and CD138 and positive cells were quanti-
fied by visual estimation against the overall marrow cellularity. An
estimation of the percentage of positive cells with both markers
was annotated for every sample in 5% increments. The median
percentage of CD20-positive cells in all 35 available samples
was 20% (range 0%-80%) and the median presence of CD20-
positive and CD138-positive cells was 40% (range 5%-90%).
FCM performed using bone marrow aspirate material disclosed
a median percentage of clonal B cells of 6.6% (range 0%—62%).
Thus, quantification of B cells by IHC using CD20 antibody
showed higher values than by FCM in 32 out of 35 cases (p
value of the median difference, Wilcoxon test p<0.0001, see
online supplementary table 1 and online supplementary figure
6). There was a high correlation between the quantification of B
cells using CD20 IHC and the quantification of clonal B cells by
FCM (Pearson’s correlation test 0.78, p<0.0001, online supple-
mentary figure 1).

Regarding the correlation between the amount of bone
marrow infiltration by lymphoplasmacytic cells and the presence
of symptoms attributable to the disease, we found no difference
between smouldering LPL cases and LPL/WM cases. As shown in
the online supplementary table, smouldering LPL cases (6, 7, 14,
23, 28) had a median % of B cells by IHC of 20 (range 10-35)
and by FCM of 6.6 (range 1.6-18.5). The same median values
were obtained for the 19 LPL/WM cases.

In addition, we performed tryptase staining in 18 samples.
In five samples (28%), mast cells comprised <5% of the bone
marrow cellularity. In 13 samples (72%), it was between 5% and
10% of the cellularity. DBA44 was also performed in 15 cases.
In five cases, DBA44 staining was in the range of 1%-5% of the
cellularity; in 10 cases it was negative.

After allele-specific PCR (AS-PCR), 22 out of 24 LPL/WM
cases (92%) were positive for MYD88p.L.265P mutation. In one
out of two of the negative cases, the quantification of clonal B
cells in the sample analysed was below the detection limit of
the technique, thus a false-negative result could not be ruled
out. Median variant allele frequency (ie, the fraction of mutated
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Figure 1

DNA in the total DNA present in a given sample) of the mutated
LPL cases was 9% (range 0%-72%). One out of four (25%)
IgM-MGUS cases was positive with a VAF of 4%. Correlation
between the AS-PCR values from 27 samples with positive
results for both AS-PCR and FCM was significant (Spearman’s
correlation value 0.477, p=0.013, online supplementary figure
2A), as it was the comparison between AS-PCR and IHC (Spear-
man’s correlation value 0.457, p=0.017, online supplementary
figure 2B).

Genetic characterisation of LPL: additional genetic events to
MYD8E8p.L265P mutation include CXCRY, KMT20, PRDMT and
MYC mutations

Targeted NGS was performed with a customised amplicon-based
NGS protocol using DNA from FFPE or aspirate bone marrow
samples. Thirteen samples from 11 patients with a significant
neoplastic infiltration (=10% by FCM/IHC) were included in
this analysis. A summary of the results is shown in figure 2 and
table 2. Nine out of 11 cases were MYD88p.L265P mutated and
2 cases were negative (n21, n22). In six out of these nine cases,
only MYD88p.L265P mutation was found after targeted NGS.
The other two cases had additional mutations in PRDM1, MYC
(case n15) and KMT2D (case n24). One of the two MYDS88 wild-
type cases had mutations in ID3. After direct Sanger sequencing,
one (case n6) out of four analysed cases (25%) was found to
harbour the CXCR4 ¢.1025 C>G (p.S342*) mutation (online
supplementary material). The lack of detection of this particular
mutation in this case by targeted NGS was probably due to a
drop-off NGS artefact.

Main histopathological patterns. Bone marrow core biopsy infiltration patterns as shown with H&E and CD20 IHC. (A) Paratrabecular and
interstitial-diffuse; (B) paratrabecular and interstitial-nodular; (C) diffuse interstitial-solid; (D) patchy interstitial.

Recurrent mutations, different than MYD88p.L265P were
found in KMT2D. Interestingly, one case (n24) had two different
KMT2D mutations (one frameshift deletion in exon 14 and one
missense single nucleotide mutation (c.7670C>T) in exon 31). A
possible mechanism of KMT2D biallelic inactivation is suggested
based on this pattern of KMT2D mutations.

In addition, 6q deletion was studied in nine cases by conven-
tional interphase fluorescent in situ hybridisation (FISH) and/or
conventional karyotyping. 6q deletion was found in five out of
nine cases (55%, n5, n12, n13, n14 and n25). All five cases were
MYD88p.L265P mutated.

CONCLUSIONS

The diagnosis of LPL/WM according to the updated WHO
classification relies on the identification of a significant bone
marrow infiltration by LPL clonal B cells. The category of IgM-
MGUS has been incorporated to classify those cases that do
not have unequivocal bone marrow infiltration." An arbitrary
cut-off of 10% clonal lymphoplasmacytic cells has been desig-
nated as the threshold to identify an LPL infiltrate as signifi-
cant. However, discordant results can be found when analysing
the bone marrow infiltration with different available methods
including morphological assessment of the bone marrow aspirate
and bone marrow biopsy, identification of clonal B cell popu-
lations by FCM and clonality studies.”® To date, no study has
analysed the correlation between the different methods used in
these multiparametric approach using new available molecular
tools in the framework of the revised WHO classification. The
aim of this study was to characterise and correlate the results of
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Figure 2 Mutational profiles of lymphoplasmacytic lymphoma/Waldenstrom macroglobulinaemia. After targeted next-generation sequencing with a
lymphoma dedicated panel of genes, we found additional somatic mutations to MYD88p.L265P in roughly one-fourth of the cases (3 out of 11 cases).
Co-mutated genes were MYD88 and KMT2D and MYD88, PRDM1 and MYC. Interestingly, one MYD88 wild-type case had a mutation in /D3. 6q
deletion was found in five out of nine cases (55%). All five cases were MYD88p.L265P mutated.

these complementary methods in a series of patients in order to
optimise the identification of patients with LPL/WM who may
require therapeutic intervention. In addition, we have expanded
the genetic characterisation of our cases to identify coexisting
genetic events in the disease.

Morphological assessment of the bone marrow infiltration
pattern in the trephine core biopsy showed that a combined
paratrabecular and interstitial pattern was the most common
feature in LPL cases, with 60% of the cases showing different
combinations of patterns. In contrast, MZL and CLL cases in
our study showed predominantly interstitial patterns, combined
with intrasinusoidal growth in the case of MZL. These results are
in contrast with the traditional concept of a interstitial pattern
of bone marrow involvement in LPL cases.! Recent reports have
shown a similar result to ours, with a relatively high frequency
of paratrabecular involvement in LPL cases, both MYD88
mutated and wild type.® '° Interestingly, this morphological
feature has also been found by others as a significant differen-
tial feature with marginal zone B cell lymphoma involving the
bone marrow.” Thirty-two per cent of our LPL samples showed
a non-paratrabecular pattern with interstitial infiltration. Only
three of the samples showed a limited patchy interstitial infiltrate
and these samples derived from patients after initial therapy. In
contrast to LPL cases, all four cases with IgM-MGUS showed
a limited patchy interstitial infiltrate. Although the number of
IgM-MGUS cases here analysed is relatively small, our results
suggest that a patchy interstitial infiltrate is the tissue correlate
of IgM-MGUS. Adequate THC analysis is required to identify
this pattern in cases of pretreatment bone marrow samples with
suspected IgM-MGUS. Interestingly, this pattern can also be
found in samples with low tumour burden after therapy.

Regarding the phenotypic evaluation of LPL infiltrates, there
was a good correlation between the quantification of clonal B
cells by FCM and the estimation of B cells in the core biopsy
sample by IHC. Importantly, bone marrow core biopsy rendered
in most cases a higher value than by FCM and this difference was

significant. Interestingly, in 14 out of 24 patients FCM quantifi-
cation of clonal B cells was below the 10% threshold while the
quantification by IHC in the bone marrow core biopsy was suffi-
cient to meet the criteria for LPL according to WHO classifica-
tion." Five out of these 14 patients were considered smouldering
LPL. Thus, our results suggest that it is worthwhile to evaluate
the presence of neoplastic B cell infiltrates by IHC in the core
biopsy samples to improve the detection of LPL cases. A possible
explanation for these differences might be the preferential distri-
bution of the LPL infiltrates in the paratrabecular regions and its
association with reticulin fibrosis. This topography may prevent
the aspiration the neoplastic infiltrate and its underestimation by
FCM using bone marrow aspirate material. On the other hand,
the multifocality and heterogeneous distribution of the infiltrate
in the trephine biopsy may explain some discrepant results in
few cases after serial sections of the material for downstream
molecular methods.

We identified MYD88p.L265P somatic mutation by AS-PCR
in 22 out of 24 LPL cases (92%) and one additional case of
IgM-MGUS. This prevalence of MYD88p.L265P mutation is
like previously reported cohorts.’ © '™ Interestingly, AS-PCR
quantitative results correlated well with the clonal B cell quanti-
fication by FCM and IHC of the bone marrow aspirate samples,
providing an acceptable method for the quantification of the
neoplastic population by molecular methods. AS-PCR and
targeted NGS were concordant for the detection of MYD88p.
L265P mutation in 20 out of 21 tested samples (92%) in our
series. No other MYD88 mutations were found after targeted
NGS of MYD88 exonic regions in our cases. Previously reported
data have shown rates up to 31% of false-negative results using
targeted NGS when compared with AS-PCR." ¢

After targeted NGS with a lymphoma dedicated panel of
genes, we found additional somatic mutations to MYD88p.
L265P in roughly one-fourth of the cases (3 out of 11 cases).
Direct Sanger sequencing was required to identify CXCR4 muta-
tion in one additional case. Co-mutated genes were MYD88 and
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CXCR4, MYD88 and KMT2D and MYD88, PRDM1 and MYC.
Interestingly, one MYD88 wild-type case had a missense muta-
tion in ID3. Except for CXCR4, KMT2D and PRDM1 mutations,
MYC and ID3 have not been previously described in the disease.
The VAF of these novel mutations is concordant with the clonal
B cell fraction found in the samples by phenotyping and consis-
tent with a derivation from the LPL clonal B cells.

CXCR4 mutations have been associated with worse outcome
for patients with LPL/WM.* 7 A recent phase I1I trial suggests that
CXCR4 mutations do not alter overall survival or progression-
free survival in patients treated with a combination including
ibrutinib plus rituximab but evidence is limited.'®

KMT2D somatic mutations have been previously found in
both MYD88p.L.265P mutated and wild-type cases. The prev-
alence is roughly 20%-25% and some groups reported a higher
incidence in MYD88p wild-type cases'” when compared with
MYD88p.L265P mutated cases. It has been found at subclonal
levels in MYD88p.L265P mutated cases.® Its relatively high
prevalence in LPL cases suggests a potential role in the patho-
genesis of the disease. Interestingly, KMT2D germline mutations
have been found to be associated with Kabuki syndrome®” and
KMT2D knockout in mice leads to reduced class-switched B cell
populations following immunisation, consistent with defective
terminal B cell differentiation?! ** and mirroring the immune
deficiency found in patients with Kabuki syndrome.

Regarding PRDM1 mutations, we have identified a somatic
missense mutation located in exon 7 of the gene (c.2251C>T;
H673Y) that involves the Zn finger domain, responsible of tran-
scriptional regulation of PRDM1/Blimp1 protein target genes.
This mutation has been identified previously by our group in a
case of plasmablastic lymphoma.”* PRDM1 gene has been found
mutated in ~8% of overall diffuse large B cell lymphoma.** #
Furthermore, it has been found to be inactivated, either by muta-
tion or genetic deletion of 6q21-q22.1 locus, in a significant frac-
tion (23%-24%) of ABC-type Diffuse Large B cell Lymphoma
(DLBCL).?* ¥ Recently, PRDM1 has been found mutated in 4%
of cases of WM." Importantly, in our series, the case with the
PRDM1/Blimp1 mutation showed a normal pattern for 6q by
FISH ruling out biallelic inactivation of PRDM1/Blimp1.

In summary, bone marrow core biopsy evaluation is critical
in the identification of unequivocal bone marrow infiltration
by LPL/WM. A combined paratrabecular and interstitial infil-
tration pattern is the most common feature in LPL/WM while
a patchy interstitial pattern characterises IgM-MGUS cases. It
is particularly relevant in the framework of the revised WHO
classification to differentiate between patients with [gM-MGUS
and LPL in order identify those that may require therapeutic
intervention. Furthermore, the use of targeted NGS and direct

Take home messages

» Bone marrow core biopsy evaluation is critical in the
identification of unequivocal bone marrow infiltration
by lymphoplasmacytic lymphoma (LPL)/Waldenstrom
macroglobulinaemia (WM).

» A combined paratrabecular and interstitial infiltration
pattern is the most common feature in LPL/WM while a
patchy interstitial pattern characterises IgM-monoclonal
gammopathy of undetermined significance cases.

» Somatic mutations in CXCR4, KMT2D, PRDM1/Blimp1, MYC
and /D3 can be found in a fraction of LPL/WM in addition to
MYD88p.L265P.

sequencing confirms the relatively uniform molecular profiles of
the disease, characterised by MYD88p.L.265P mutation and occa-
sional somatic mutations in CXCR4, KMT2D, PRDM1/Blimp1,
MYC and ID3 in a fraction of patient samples with LPL/WM.

Handling editor Mary Frances McMullin.
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