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Abbreviations used:  

ABC: Activated B-cell like 

AID: Activation-induced cytidine deaminase 

ASHM: Aberrant somatic hypermutation 

BCR: B-cell receptor 

BTK: Bruton Tyrosine Kinase  

CNV: Copy Number Variation 

CR: Patients with durable complete response 

DLBCL: Diffuse large B-cell lymphoma 

FFPE: Formalin-Fixed, Paraffin-Embedded 

GCB: Germinal center B-cell like 

INDEL: Insertion – Deletion 

NGS: Next Generation Sequencing 

NF-κB: Nuclear factor-kappa B 

OS: Overall survival 

PCLBCL-LT: Primary cutaneous diffuse large B-cell lymphoma, leg type 

PCNSL: Primary Central Nervous System Lymphoma  

PFS: Progression-free survival 

RR: Patients with relapsing or refractory disease 

R-PCT: Rituximab and polychemotherapy 

SNV: Single Nucleotide Variation 

SS: Specific Survival 

WES: Whole Exome Sequencing  



3 

 

ABSTRACT  

Primary cutaneous diffuse large B-cell lymphoma leg-type (PCLBCL-LT) preferentially 

involves the lower limb in elderly subjects. A combination of poly-chemotherapy with 

Rituximab has improved prognosis. However, about 50% of patients will experience 

progression or relapse without any predictive biologic marker of therapeutic response. The 

mutational profile of PLCBCL-LT has highlighted mutations contributing to constitutive NF-

κB and B-cell receptor (BCR) signaling pathways but has not demonstrated clinical utility. 

Therefore, the mutational status of 32 PCLBCL-LT, 14 patients with complete durable 

response and 18 with relapsing/refractory disease was determined with a dedicated 

lymphopanel. Tumors pairs at diagnosis and relapse or progression were analyzed in 14 

relapsing/refractory patients.  

PCLBCL-LT patients harboring one mutation that targets one of the following BCR signaling 

genes (CD79A/B or CARD11) displayed a reduced progression-free survival and specific 

survival (median 18 months, P=0.002 and 51 months, P=0.03 respectively, whereas median 

duration in wild type group was not reached) and were associated with therapeutic resistance 

(P=0.0006). Longitudinal analyses revealed that MYD88 and CD79B were the earliest and 

among the most mutated genes. Our data suggest that evaluating BCR mutations in patients 

with PCLBCL-LT may help to predict first-line therapeutic response and to select targeted 

therapies. 
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INTRODUCTION:  

 

Primary cutaneous diffuse large B-cell lymphoma leg-type (PCLBCL-LT) has been 

individualized as an aggressive disease accounting for 5% of primary cutaneous lymphoma 

and for 20% of primary cutaneous B-cell lymphoma (Willemze et al., 2019, 2005). Occurring 

especially in elderly women, it presents mostly as tumor and nodules, preferentially involving 

the lower limb (Grange et al., 2007; Willemze et al., 2005). PCLBCL-LT correspond to a 

monotonous infiltrate of confluent sheets of centroblasts and immunoblasts typically 

expressing CD20, CD79a, Bcl-2 and MUM-1/IRF4 with usual negativity for CD5 and CD10 

(Menguy et al., 2016; Swerdlow et al., 2016; Willemze et al., 2005). Morphology and 

phenotype bring PCLBCL-LT close to the specific activated B-cell (ABC) subtype of diffuse 

large B-cell lymphoma (DLBCL) which has been individualized by gene expression profiling 

from “Germinal center B-cell like” (GCB) and primary mediastinal B-cell lymphoma 

(Alizadeh et al., 2000). Such ABC subtype corresponds to a post germinal center (GC) cell of 

origin with constitutive activation of nuclear factor-kappa B (NF-κB) signaling pathway and a 

poorer outcome. Molecular profiling of PCLBCL-LT further supported its relationship with 

the ABC DLBCL subtype (Hoefnagel, 2005; Pham-Ledard et al., 2013). A combination of 

poly-chemotherapy with a CD20-directed monoclonal antibody Rituximab (R-PCT), adapted 

to the age of patients has improved the prognosis (average 5-year survival: 73%) (Grange et 

al., 2014). After CD20 binding, rituximab exerts several antitumoral effects either by directly 

triggering antiproliferative effects through calcium release or influx, Src kinase activation and 

apoptosis through BCL2 down regulation or by indirectly mediating complement-dependent 

cytotoxicity (CDC) or antibody-dependent cell-mediated cytotoxicity/phagocytosis 

(ADCC/ADCP) through Fc-γ binding by immune cells (Bachy and Salles, 2014; Chao, 2013). 

About half of patients will experience cutaneous or extra cutaneous relapse and progression 
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with death due to disease without any biologic marker that could predict R-PCT response 

(Grange et al., 2014; Senff et al., 2008). 

Moreover, PCLBCL-LT has peculiar genetic features with a dramatic prevalence of the 

MYD88L265P mutation in around 70% of cases (Pham-Ledard et al., 2012, 2014). Mutations 

leading to the activation of the B-cell receptor pathway and to NF-κB activation were first 

detected by targeted analyses (Koens et al., 2014; Pham-Ledard et al., 2014). Using whole 

exome sequencing (WES) and a dedicated lymphopanel, a restricted set of highly recurrent 

mutations of MYD88, PIM1, CD79B and MYC, as well as CDKN2A, PRDM1 and TNFAIP3 

deletions were found to associate in 32 patients (Mareschal et al., 2017). Indeed, PCLBCL-LT 

mutational profile is closer to that of primary central nervous system lymphoma (PCNSL) 

than to other DLBCL subtypes, a finding recently confirmed by another WES study of 19 

cases of PCLBCL-LT (Mareschal et al., 2017; Zhou et al., 2018).  

This present study aimed at evaluating if the mutational status of 36 genes involved in B-cell 

lymphomagenesis may help to differentiate among 32 patients with PCLBCL-LT those who 

experienced after R-PCT complete durable response (CR) or presented relapsing-refractory 

(RR) disease. Our second objective was to compare tumors pairs at diagnosis and at relapse or 

progression in 14 patients. 

 

RESULTS:  

Clinico-pathological features: 

Our cohort comprised 32 patients, mostly women (59%), with a median age at diagnosis of 81 

years (range, 61 to 97), preferentially involving the legs (27/32, 84%) (Table 1). All 

PCLBCL-LT cases expressed BCL2, MUM1, CD20 and were negative for CD10. Most cases 

were positive for BCL6 (72%) (Supplementary Table S1 online). Such profile indicated an 

ABC-subtype according to the modified Hans’ algorithm (Menguy et al., 2019). After initial 



6 

 

therapy by R-PCT, 14 patients (44%) reached complete durable response (CR) with a median 

of 39 months (range, 9 to 117). Alternatively, 13 patients (41%) experienced relapse after 

initial complete response, with a median of 22 months (range, 8 to 45) and were considered as 

relapsing patients together with 5 patients (15%) refractory to treatment (RR, n=18). The 

median follow-up was 38 months (range, 8 to 117). The median disease-free period was 23 

months (range, 0 to 117). Patients had a poor prognosis with 5-year overall survival rate at 

38%, 95% CI (18% to 58%). Half of patients (n=16) died during the follow-up period, 9 

(56%) related to lymphoma and 7 (44%) unrelated to the disease.  

 

Lymphopanel sequencing at diagnosis:  

Lymphopanel analysis was performed by next-generation sequencing (NGS) of the 32 

PCLBCL-LT primary samples. For 8 patients, sequencing data of both tumoral and matched 

normal DNA at diagnosis were already available (Mareschal et al., 2017). The median overall 

sequencing depth was 1614x (range, 813 to 2716). When frozen biopsy was available (21/32 

samples), comparison of NGS data from FFPE DNA and frozen DNA at diagnosis showed an 

increase in C to T transitions in FFPE samples related to formalin-induced changes (Spencer 

et al., 2013). Such artefactual variants had a low variant allele frequency (VAF) fewer than 

5%. 

The median of mutation per patient was 6 (range, 0 to 16). The median VAF was 34% with a 

range of 6 to 85% and discrepancy of VAF in the same tumor sample also suggested the 

combination of clonal and subclonal mutations (Supplementary Table S2 online). As 

expected, we observed a high prevalence of mutations in PIM1 (69%), MYD88 (69%), IRF4 

(16%) leading to NF-κB pathway activation and in CD79B (56%) leading to BCR pathway 

activation (Figure 1). Most of MYD88 mutations corresponded to the mutational hotspot 

p.L265P except for two patients with p.V217F and p.S219C mutations, previously reported in 
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nodal DLBCL (Dubois et al., 2016; Ngo et al., 2011). PIM1, IRF4, GNA13, CD58, ARID1A 

and MYC frequently displayed more than one somatic mutation per patient and we 

investigated if aberrant somatic hypermutation (aSHM) involved the following genes: IRF4, 

XPO1, MYC, PIM1, BCL2, CARD11, CD58, MYD88, CD79B, ARID1A, GNA13 by searching 

SNV at AID motif (DGYW/WRCH) (Rogozin and Pavlov, 2006). Indeed, 33% to 100% of 

observed SNV appeared as fingerprint of AID activity for IRF4, XPO1, MYC, PIM1, BCL2, 

CARD11 and CD58 genes but not for MYD88, CD79B, GNA13 and ARID1A (Supplementary 

Figure S1 online). 

CDKN2A deletion was the most frequent copy number variation (CNV) observed (21/32 

patients) with 11 homozygous and 10 heterozygous deletions (Figure 1). CDKN2B was also 

deleted in 9 cases (28%) with 5 heterozygous and 4 homozygous deletions. Other deletions 

involved PRDM1 (28%), TNFAIP3 (19%) and TP53 (13%). Interestingly, one heterozygous 

deletion of either PRDM1 or TNFAIP3 was associated with a stop gain mutation on the 

second copy leading to complete inactivation of the gene in each patient (n=2).  

Copy gains detected for BCL2 (19%) and MYC (6%) were confirmed by interphase 

fluorescence in situ hybridization (FISH). CNV analysis also indicated the presence of an 

amplification of MYC (>25 copies) and BCL2 (>6 copies), in a relapsing/refractory patient 

(RR16).  

 

Relapsing/refractory patients to R-PCT displayed mutations targeting BCR pathway:  

Mutations of CD79A/B encoding for BCR subunits, were frequent (n=20, 62%). Two RR 

patients had a splice mutation in CD79A ITAM region consisting in a deletion across the 

intron 4/exon 5 that removes a part of ITAM domain, including the first tyrosine. CD79B 

mutations detected in 18 patients exclusively involved the ITAM domain and targeted the first 

tyrosine residue (Y196) except in one patient with E197D mutation (Supplementary Figure 
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S2 online). CARD11 mutations on the coiled-coil domain detected in two patients were 

mutually exclusive with those of CD79A/B (Supplementary Figure S2 online). 

At presentation, the three patients at T3 stage displayed a mutation involving the BCR 

pathway (Table 1).  

A reduced progression free survival (PFS) was observed in patients with a CD79B mutation 

(median 18 months versus 45 months in wild-type group, Log-rank, P=0.05) (Figure 2A). A 

mutation among CD79A or CD79B genes was also associated with a reduced PFS (median 22 

months versus not reached in the wild-type group, Log-rank, P=0.02) (Figure 2B) and a 

lower proportion of response to R-PCT (75% vs 25%, P=0.01) (Table 1). Altogether, patients 

with mutation of either CD79A/B or CARD11 encoding for members of the BCR signaling 

pathway displayed a reduced PFS and specific survival (SS) (median 18 months, Log-rank, 

P=0.002 and median 51 months, Log-rank, P=0.03 respectively, median durations were not 

reached in the wild-type group) (Figure 3) but not a reduced overall survival (OS) (median 48 

months versus not reached in the wild-type group Log-rank, P=0.21) (Supplementary Figure 

S3 online). Alternatively, a wild-type status of these genes was associated with R-PCT 

response (90% vs 23%) (P=0.0006) (Table 1). There was no statistically significant 

difference of baseline treatment regimen (R-PCT with or without anthracycline) according to 

therapeutic response and BCR mutational status (P=1.00 and P=0.44 respectively) (Table 1). 

The MYD88 mutated status had no adverse impact on PFS or OS but might be associated with 

a better SS (p=0.05) (Supplementary Figure S4 online). In the different 

MYD88wt/MYD88mt/BCRwt/BCRmt status combinations, a negative impact on SS, OS and 

PFS was only observed for patients with BCRmt status whatever MYD88 status, although the 

small size of each subgroup did not permit do reach statistical significance. 

 

Clonal selection and heterogeneity between primary and secondary samples:  
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In 14 RR PCLBCL-LT, the analysis was conducted at diagnosis and at relapse or progression. 

Corrected VAF of each mutation was adapted to the estimated fraction of tumoral cells 

(Figure 4).  

In 3 patients (RR5, RR6 and RR15), no major variation in corrected VAF was observed 

between the biopsy pairs. VAF enrichment of primary mutations affecting CD79B (patients 

RR11, RR17 and RR18), CARD11 (patient RR2) and MYD88 (patients RR11 and RR17) was 

observed at relapse or progression supporting a pivotal role in disease oncogenesis. Similarly, 

several mutants of SOCS1, MYC and MYD88 had a very low VAF or even wild-type status at 

diagnosis and were enriched at relapse or progression. For example, an increase (from 1% to 

58%) of the VAF of a SOCS1 mutation was observed at relapse in patient RR18. A similar 

increase from <1% to 48% of MYD88P258L mutant VAF was observed in patient RR9 who 

also gained at progression two MYC mutations at a VAF around 50%. 

Alternatively, a loss of mutation at relapse was observed for the following genes: B2M (RR3), 

IRF4 (RR7, RR9), CREBBP (RR10), CD79B (RR10), CARD11 (RR13) and MEF2B (RR12) 

(Figure 4). To decipher differences between diagnosis and relapse in patient RR13, DNA 

from 3 tumor-rich macrodissected areas of the primary biopsy and from 2 areas of the relapse 

biopsy was subjected to re-sequencing. The CARD11 mutation was detected at a VAF under 

1% and equal to 9% in two areas of the primary biopsy while it was absent in the third area of 

the primary biopsy as opposed to 10% in global tissue. Other mutations of this case were 

homogeneously detected (Table 2). No CARD11 mutation was detected at relapse. Our data 

support both spatial intra-individual heterogeneity and temporal selection of subclones under 

treatment.  

Finally, many patients displayed losses and gained mutations in the PIM1 gene suggesting the 

presence of subclones carrying different PIM1 mutations (patients RR3, RR9, RR10 and 

RR18). The bioinformatic analysis also revealed that somatic hypermutation load was higher 
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at relapse than at diagnosis supporting an ongoing aberrant hypermutation process 

(Supplementary Figure S5 online).  

 

DISCUSSION: 

So far, the mutational profile of PCLBCL-LT had not been evaluated according to outcome or 

therapeutic response (Mareschal et al., 2017; Zhou et al., 2018). The comparison between 14 

patients with durable response to R-PCT and 18 patients with relapsing or refractory disease 

highlights the central role of mutations involving the BCR pathway enriched in patients with 

poor PFS and therapeutic resistance.  

In the relapsing/refractory group, a single case (RR16) harbored an amplification of MYC and 

BCL2 polysomy which may account for therapeutic resistance (Mareschal et al., 2017). 

Indeed, MYC and BCL2 co-expression called dual expressor phenotype identifies a subgroup 

of patients with PCLBCL-LT and adverse prognosis (Menguy et al., 2018a).  

Unlike our previous report on 58 PCLBCL-LT cases (Pham-Ledard et al., 2014), no adverse 

prognostic value of the MYD88L265P mutation was found. Here, only patients treated by R-

PCT were included and diagnostic criteria for PCLBCL-LT have been improved (Menguy et 

al., 2016, 2018a, 2019).  

Alternatively, mutations involving the BCR pathway were found associated with disease 

aggressiveness. The BCR is composed of a membrane-anchored surface immunoglobulin 

with an antigen-binding site on the variable regions and heterodimeric subunits, CD79A and 

B, which transduces signals to the cell (Davis et al., 2010). Antigenic stimulation of BCR 

signaling engages CARD11 a scaffolding protein that is part of the CBM multiprotein 

complex (CARD11/BCL10/MALT1) initiating NF-κB signaling (Davis et al., 2010; Ngo et 

al., 2006). Cell survival of ABC DLBCL depends on “chronic active” BCR signaling (Davis 

et al., 2010). CD79A/B mutations (20% in ABC DLBCL) increase “chronic BCR signaling” 
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by enhancing surface BCR expression and attenuating LYN kinase, a negative regulator of 

BCR activation (Davis et al., 2010; Heizmann et al., 2010). Chronic BCR is also dependent of 

CARD11 mutations in 10% of ABC DLBCL leading to activation of the anti-apoptotic NF-κB 

pathway (Lenz et al., 2008; Davis et al., 2010). Addiction of ABC tumor cells to BTK 

signaling was shown by genetic interference for CD79A/B, CARD11 or MYD88L265P 

mutations (Davis et al., 2010; Ngo et al., 2006). Distinct subgroups of DLBCL have been 

defined by the cell of origin or differentiation stage from which they develop that also 

matches with initiating or acquired genetic lesions (Schmitz et al., 2018). Among them, the 

MCD genetic subtype correspond to cases with both MYD88L265P and CD79B mutations 

predominantly observed in the ABC subgroup of DLBCL with frequent extranodal secondary 

involvement or primary onset such as PCNSL (Schmitz et al., 2018). This MCD genetic 

subtype was associated with shorter PFS and OS than the other subgroups of DLBCL but 

PCLBCL-LT was not evaluated (Schmitz et al., 2018). The MCD genotype present in 15 out 

of our 32 PCLBCL-LT cases (47%) was observed both in the CR (n=5, 36%) and the RR 

(n=10, 56%) subgroups without prognostic impact. In fact, therapeutic resistance was 

associated with mutations targeting one of the BCR signaling genes (CD79A/B or CARD11).  

Ibrutinib is a selective inhibitor of BTK that kills ABC DLBCL lines by reducing NF-κB 

pathway activity (Davis et al., 2010; Yang et al., 2012). Interestingly, frequent responses were 

observed in ABC DLBCL with combined CD79A/B and MYD88L265P mutations (Wilson et al., 

2015). Partial response to ibrutinib in PLBCL-LT has also been reported in some 

relapsing/refractory PCLBCL-LT (Fox et al., 2018; Gupta et al., 2015). In 18 PCNSL, a phase 

Ib study of ibrutinib monotherapy followed by ibrutinib plus chemotherapy provided a good 

response rate in patients with CD79B and/or MYD88 mutations but not those with CARD11 

mutations, as also observed in nodal DLBCL (Lionakis et al., 2017; Wilson et al., 2015). 
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Moreover, the assessment of tumors pairs at diagnosis and at relapse or progression in 14 

patients showed subclonal variations. One half of patients retained the same mutational 

profile at relapse while the other half harboured genetic changes in the relapse besides 

common genetic driver mutations at high VAF of MYD88 and CD79B (Mareschal et al., 

2017). The study of primer pairs also confirms sustained AID activity preferentially targeting 

the PIM1 gene (Mareschal et al., 2017). The ongoing emergence of PIM1 mutations in 

PCLBL-LT could also contribute to ibrutinib resistance observed in PIM1 mutated ABC 

subtype of DLBCL (Kuo et al., 2016).    

This study indicates that the mutational profile of PCLBCL-LT could help to predict 

therapeutic response to first-line R-PCT with resistance in patients bearing mutations of the 

BCR pathway. In such patients, ibrutinib could be proposed either in association with R-PCT 

or as a second-line therapy in patients without CARD11 or PIM1 mutations. Alternative 

therapies using lenalidomide, a modulator of NF-κB and IFNβ signaling, demonstrated 

effectiveness in some patients with relapsing/refractory PCLBCL-LT (Beylot-Barry et al., 

2018). The toxicity and adverse effects of either ibrutinib or lenalidomide in this elderly 

population underscore the need of further deciphering mechanisms of therapeutic response. 

 

MATERIALS AND METHODS:  

Inclusion criteria and number of subjects: 

All PCLBCL-LT patients were treated by R-PCT as first line therapy and included between 

01/01/2004 and 01/07/2017 in the database of the French Study group on cutaneous 

lymphomas (GFLEC). All patients have been included in previous observational retrospective 

studies with informed consent and/or included in a phase II clinical trial (NCT01556035, 

REVLEG) that evaluate Lenalidomide in second line after R-PCT (Beylot-Barry et al., 2018). 

Clinical data were available or updated. 
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At diagnosis formalin-fixed, paraffin-embedded (FFPE) skin biopsy was available in 32 

patients with 21-matched tumor frozen material. For 14 out of the 18 relapse or refractory 

patients after R-PCT therapy, we also had a FFPE skin biopsy at relapse before the second 

line treatment. According to the French public Health and Bioethical Law, no ethics 

committee approval was needed for this observational study on already collected data and 

biological material (Article L1121-1 and Article R1121-3). Moreover, informed written 

consent was given by patients for use of their data and biological material for research 

purposes.  

 

Response to treatment: 

Patients were followed during six R-PCT perfusions with an intermediate evaluation after 

three cures. Then, there was at least a half-yearly follow-up assessing potential relapse 

(Cheson et al., 2014). Patients were classified as follows: 

1- Complete response (CR) was defined by a complete durable response lasting at least 6 

months: disappearance of all lesions by clinical and radiological evaluation and without 

relapse during the study. 

2- Relapsing/refractory (RR) patients were either:  

- Refractory patients with no CR under R-PCT (Partial response*, stability** or 

progression***), 

- Relapsing patients with apparition of new lesions after an initial complete response. 

 

Immunohistochemistry: 

FFPE slides were subjected to automated immunolabeling (Bond Max, Leica, France) with 

the following antibodies; BCL2 (clone 124, Dako), MUM1 (clone MUM1p, Dako), CD10 

(clone 56C6, Leica), BCL6 (clone PGB6P, Dako), CD21 (clone 2G9, Leica), Ki67 (clone 
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MM1, Leica), CD20 (clone L26, Dako). The positivity cut-offs for BCL2, MUM1, or CD10 

were respectively ⩾50%, ⩾30%, and ⩾30% of cells (Menguy et al., 2019).  

 

Targeting next-generation sequencing using a lymphopanel comprising 36 genes:  

DNA was extracted from FFPE and frozen tissues. Lymphopanel was designed to identify 

alterations within 36 genes important for lymphomagenesis, based on literature data and WES 

of relapsed/refractory DLBCL sequencing. A previous version has been used to characterize a 

PCLBCL-LT cohort (Dubois et al., 2016; Mareschal et al., 2017). The Ampliseq panel 

(ThermoFisher Scientific, Life Technologies, Les Ullis France) covers 75.08 kbases and was 

sequenced on IonS5. Data analysis was performed using Torrent Suite™ version 5.6 software 

(ThermoFisher Scientific). Reads were mapped to the human hg19 reference genome. The 

Variant Caller detected SNV with VAF ≥2% and INDEL with VAF ≥5%. VCF files were 

annotated by ANNOVAR (Wang et al., 2010). BAM sequence were also checked using 

Alamut Software (Interactive Biosoftware, Rouen, France). CNV were screened using the 

ONCOCNV algorithm (Boeva et al., 2014) compared to 7 control DNA patients.  

 

Interphase fluorescence in situ hybridization (FISH):  

To confirm copy number variation detected by sequencing analysis, hybridization was 

performed to evaluate BCL2, MYC and CDKN2A copy number (Menguy et al., 2018b; Pham-

Ledard et al., 2013). Slides were analyzed by two independent observers. Gain was defined by 

presence of more than 4 copies, amplification by more than 6 copies and a ratio to a control 

locus above 2 and losses by less than 2 copies. 

 

Statistical analysis:  



15 

 

Comparison of clinical characteristics and response according to mutational status was 

performed using Fisher’s exact test. Patients without event of interest were censored at their 

last study visit, with administrative end of follow-up in July 2018. Disease-specific survival 

was calculated from diagnosis to disease-related death, and considering patients whose death 

was unrelated to lymphoma as censored. Overall survival duration was calculated from 

diagnosis to death from any cause and progression-free survival from the diagnosis to 

recurrence or disease-related death, whichever comes first. Kaplan-Meier survival curves 

were displayed. Statistical analyses were performed using Medcalc software (Ostend, 

Belgique) with a bilateral significance threshold of 0.05.  
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Tables : 

Table 1: Main Findings at diagnosis and follow-up data according to (i) CD79A/B (ii) 

CD79A/B or CARD11 mutation (BCR mutation). 

Characteristics Total  

CD79A/B 

P Valuea 

BCR mutation 

P Valueb WT Mutation  WT   Mutation 

Patients, n (%) 32 (100) 12 (38) 20 (62) 10 (31) 22 (69)   

Age at diagnosis, median (range) (y)  
81 (61-

97) 

82 (61-

97) 
81 (62-94) 

 
79,5 (61-97) 82,5 (62-94)   

Female sex, n (%) 19 (59) 9 (75) 10 (50) P=0.27  8 (80) 11 (50)  P=0.14  

Localization, n (%)   

Lower limb 27 (84) 10 (83) 17 (85) 
P= 0.99 

8 (80) 19 (86) 
P=0.64 

Other site 5 (16) 2 (17) 3 (15) 2 (20)  3 (14) 

LDH   

Normal 23 (72) 10 (83) 13 (65) 
P=0.42 

9 (90) 14 (64) 
P=0.21 

High 9 (28) 2 (16) 7 (35) 1 (10) 8 (36) 

T stage, n (%)   

T1 9 (28) 5 (42) 4 (20) 

P=0.21 

5 (50) 4 (18) 

P=0.12 T2 20 (63) 7 (58) 13 (65) 5 (50) 15 (68) 

T3 3 (9) 0 (0) 3 (15) 0 (0) 3 (14) 

 

Extracutaneous spreading, n (%) 

Type of treatment regimens, n (%) 

R-PCT with anthracycline 

R-PCT without anthracycline 

 

9 (28) 

 

 

  22 (69) 

10 (31) 

 

2 (16) 

 

 

9 (75) 

3 (25) 

 

7 (35) 

 

 

13 (65) 

7 (35) 

P=0.70 

 

 

P= 0,70 

 

1 (10) 

 

 

8 (80) 

2 (20) 

 

8 (36) 

 

 

14 (64) 

8 (36) 

P=0.27 

 

 

P= 0,44 

Outcome, n  (%)    

Durable complete responders (CR) 14 (44)  9 (75) 5 (25) 
P=0.01 

9 (90) 5 (23) 
P=0.0006 

Refractory/Relapse (RR) 18 (56) 3 (25) 15 (75) 1 (10) 17 (77) 

* Relapse after CR 13 (41)  3 (25) 10 (50) 
P=0.52 

1 (10) 12 (54) 
P=0.99 

* Primary refractory 5 (15) 0 (0) 5 (25) 0 (0) 5 (23) 

Status at last follow-up, n (%)   

Alive disease free 12 (38) 6 (50) 6 (30) 

P=0.72 

6 (60) 6 (27) 

P=0.12 
Alive with disease 4 (12) 1 (8) 3 (15) 1 (10) 3 (14) 

Died of lymphoma 9 (28) 2 (17) 4 (20) 0 (0) 9 (41) 

Died unrelated 7 (22) 3 (25) 7 (35) 3 (30) 4 (18) 

Specific survival rates, %   

3-year survival  74 80 70 
P=0.33c 

100 63 
P=0.03c 

5-year survival 59 80 50 100 45 

Overall survival rates, %   

3-year survival 65 62 66 
P=0.65c 

76 59 
P=0.21c 

5-year survival 38 42 37 51 33 

Progression free survival, %   

3-year survival 42 82 24 
P=0.02c 

100 22 
P=0.002c  

5-year survival 32 61 18 75 16 
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Abbreviation: WT, wild-type; CR, durable complete response; RR, Refractory/relapse; BCR: 

B-cell receptor 

a Indicates the difference between patients exhibiting CD79A/B WT and those with a 

mutation in CD79A/B gene.  

b Indicates the difference between patients exhibiting CD79A/B and CARD11 WT and those 

with a mutation in CD79A or CD79B or in CARD11 gene (BCR mutation). 

c P values correspond to the comparison of survival curves. 

 

Table 2: Intra-tumour heterogeneity in primary and relapse biopsy. Resequencing of 

several areas from the biopsy of the patient RR13 at the diagnosis and at the relapse.  

First line corresponds to the mutations observed from the global tissue. The other lines 

correspond to the mutation from a distinct zone of the sample. In each column gene, the 

mutation and the VAF (%) are specified. At diagnosis, the CARD11 mutation was detected in 

area 1 and 3 (low level) but absent in area 2. At relapse, no CARD11 mutation was detected in 

any area. 

 

Zone of 

extraction 
ARID1A NOTCH2 CCND3 TNFAIP3 CARD11 NOTCH1 

Primary Global Tissue 
 c.6100G>A ; 

p.(Glu2034Lys) ; 40 

 c.7198C>T ; 

p.(Arg2400*) ; 71 

c.778C>T; 

p.(Gln260*) ; 40 

 c.1880_1881del ; 

p.(Cys627Phefs*44) ; 65 

 c.1071C>G ; 

p.(Asp357Glu) ; 10 

 c.7538C>T ; 

p.(Ser2513Phe) ; 42 

 
Area 1 

 c.6100G>A ; 

p.(Glu2034Lys) ; 43 

 c.7198C>T ; 

p.(Arg2400*) ; 76 

 c.778C>T ; 

p.(Gln260*) ; 42 

 c.1880_1881del ; 

p.(Cys627Phefs*44) ; 63 

 c.1071C>G ; 

p.(Asp357Glu) ; <1 

 c.7538C>T ; 

p.(Ser2513Phe) ; 40 

 
Area 2 

 c.6100G>A ; 

p.(Glu2034Lys) ; 41 

 c.7198C>T ; 

p.(Arg2400*) ; 71 

 c.778C>T ; 

p.(Gln260*) ; 35 

 c.1880_1881del ; 

p.(Cys627Phefs*44) ; 71 
 NA; 0 (0/2404 reads) 

 c.7538C>T ; 

p.(Ser2513Phe) ; 38 

 
Area 3  

 c.6100G>A ; 

p.(Glu2034Lys) ; 32 

 c.7198C>T ; 

p.(Arg2400*) ; 66 

 c.778C>T ; 

p.(Gln260*) ; 30 

 c.1880_1881del ; 

p.(Cys627Phefs*44) ; 46 

 c.1071C>G ; 

p.(Asp357Glu) ; 9 

 c.7538C>T ; 

p.(Ser2513Phe) ; 34 

Relapse Global Tissue 
 c.6100G>A ; 

p.(Glu2034Lys) ; 35 

 c.7198C>T ; 

p.(Arg2400*) ; 55 

c.778C>T; p. 

.(Gln260*) ; 30 

 c.1880_1881del ; 

p.(Cys627Phefs*44) ; 57 
 NA; 0 (0/1786 reads) 

 c.7538C>T ; 

p.(Ser2513Phe) ; 29 

 
Area 1 

 c.6100G>A ; 

p.(Glu2034Lys) ; 33 

 c.7198C>T ; 

p.(Arg2400*) ; 58 

 c.778C>T ; 

p.(Gln260*) ; 34 

 c.1880_1881del ; 

p.(Cys627Phefs*44) ; 43  NA; 0 (0/2145 reads) 

 c.7538C>T ; 

p.(Ser2513Phe) ; 35 

 
Area 2 

 c.6100G>A ; 

p.(Glu2034Lys) ; 44 

 c.7198C>T ; 

p.(Arg2400*) ; 72 

 c.778C>T ; 

p.(Gln260*) ; 46 

 c.1880_1881del ; 

p.(Cys627Phefs*44) ; 70  NA; 0 (0/2567 reads) 

 c.7538C>T ; 

p.(Ser2513Phe) ; 44 
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Figure legends:  

Figure 1: Overview of the somatic mutations and CNV alterations detected by the 

lymphopanel.  

(A) Each line represents one patient and each column represents one gene organized by 

symbols-coded (RRx= Relapsing/refractory patients and CRx= Durable complete responder 

patients):  

❶ Missense. In the middle, the number of mutations observed is specified; � Nonframeshift 

indel; ✖  Stopgain comprising frameshift and nonsense mutations; ★ Splicing.  

Shading indicates CNV observed for each gene: red shading indicates deletions, homozygous 

(dark) or heterozygous (light), blue shading indicates gains.  

(B) Graph represents proportion of affected patients for each gene by mutations (black) or 

CNV (grey). 

 

Figure 2: Kaplan-Meier survival curves for progression-free survival (PFS) in 32 

patients with primary cutaneous diffuse large B-cell lymphoma leg type according to the 

mutational status of (A) CD79B, (B) CD79A or B.  

(A) A CD79B mutation was detected in 18/32 patients with statistically significant difference 

for PFS (P=0.05). 

(B) A CD79A/B mutation was present in 20/32 patients, with statistically significant 

difference for PFS (P=0.02). 

Group 0 corresponds to wild type patients; Group 1 corresponds to mutated patients. 

WT=Wild-type; MT= mutated.  
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Figure 3: Kaplan–Meier survival curves of 32 patients with primary cutaneous diffuse 

large B-cell lymphoma leg type according to the mutational status of the three genes 

implicated in the B-cell receptor (BCR) signaling pathway (CARD11 and CD79A/B). (A) 

Progression-free survival (PFS), and (B) specific survival. 

A BCR mutation was present in 22/32 patients, with statistically significant difference for 

PFS (P=0.002) and specific survival (P=0.03). Group 0 corresponds to wild-type patients; 

Group 1 corresponds to mutated patients. 

WT = Wild-type; MT = mutated 

 

Figure 4: Variations of corrected variant allelic frequencies of mutations in 14 tumors 

pairs from the same patient at diagnosis (P) and at relapse or progression (R).  

The arrow indicates the time between the two biopsies in a same patient.  
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Supplementary Materials 

 

Supplemental Table S1: Summary of immunophenotypical features of 32 PCLBCL-LT 

sequenced in this study. 

 

Supplemental Table S2: Mutations observed at diagnosis in the lymphopanel for each 

patient. 

 

Supplemental Figure S1: Aberrant somatic hypermutation analysis.  

 

Supplemental Figure S2: Schematics of genes annotated with oncogenic mutations found 

in PCLBCL-LT at diagnosis.  

 

Supplementary Figure S3: Overall survival for 32 patients with primary cutaneous 

diffuse large B-cell lymphoma leg type according to the mutational status of the three 

genes implicated in the B-cell receptor (BCR) signalling pathway (CARD11 and 

CD79A/B). 

 

Supplementary Figure S4: Specific survival for 32 patients with primary cutaneous 

diffuse large B-cell lymphoma leg type according to the mutational status of MYD88. 

 

Supplemental Figure S5: Distribution of mutations for each gene between primary (P) 

and relapse or progression tumours (R) for the 14 RR patients analysed. 

 












