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SUPPLEMENTARY MATERIAL 

Supplementary Methods 

Patients  

Patients older than 65 years, or ≤65 years and considered unfit for high-dose chemotherapy, with previously 

untreated, stage II-IV, histologically confirmed, diagnosis of MCL were included in the Nordic Lymphoma group 

phase I/II trial MCL4 (#NCT00963534).1 Treatment consisted of an induction phase with six cycles of LBR 

(lenalidomide [days 1-14, cycles 1-6], bendamustine [90 mg/m2 IV, days 1-2], rituximab [375 mg/m2 IV, day 

1]), cycle duration 28 days, followed by a maintenance phase with single-agent lenalidomide ([days 1-21], 

cycle 7-13, cycle duration 28 days). In the early phase I portion (after 12 patients included), the protocol was 

amended due to unexpected high portion of treatment-related toxicity. Lenalidomide was omitted from cycle 

1 and included in cycles 2-6.  Details on the regimen are found in supplement figure 1.  

The diagnosis of MCL was confirmed by central pathology/histology review board according to WHO criteria 

by detection of t(11;14) or overexpression of cyclin D1.  

The study was performed in agreement with the Declaration of Helsinki and was conducted according to the 

guidelines for Good Clinical Practice, issued by The International Conference on Harmonization (ICH). The 

protocol was approved by all national Ethical Review Boards. All patients signed a written informed consent to 

participate and to donate/provide samples from peripheral blood, bone marrow and tissue for biologic 

studies. The study was registered at www.ClinicalTrials.gov as #NCT00963534. 

Patient samples  

Bone marrow (BM) and peripheral blood (PB) samples were collected centrally for MRD measurements, and 

DNA was purified from unsorted specimens by QIAamp DNA Blood Midi Kit (Qiagen, Valencia, CA). Inclusion 

criteria in this study were available pre-treatment BM or PB sample with measurable MCL by flow cytometry 

or positive minimal residual disease (MRD) marker. BM samples were available from 39 patients, and PB 

samples from another 7 patients. Two of the PB samples did not reach sufficient quality for next generation 

sequencing (NGS) analyses, and were thus only included in deletion analyses, both described below. 

Mutational analysis with Next Generation Sequencing  

Targeted NGS was performed of selected coding regions, splice sites and untranslated regions (UTRs) of eight 

recurrently mutated genes in MCL: ATM, KMT2D, CCND1, TP53, WHSC1, BIRC3, NOTCH1 and NOTCH2, as 

previously described.2 Libraries were constructed based on the Ion Ampliseq technology (Thermo Fischer 

Scientific, Waltham, MA), and quantitative polymerase chain reaction (qPCR) measurements performed using 

the TaqMan Ion library quantification kit. Template preparation was carried out on the Ion Chef instrument 

and sequencing was performed on the Ion PGM System, using Hi-Q view technology and reagents. All steps 

were carried out according to manufacturer’s instructions, and reagents and equipment were manufactured 

by ThermoFisher Scientific. Median coverage of all runs was >3000X. 

Cut-off for calling a variant was variant allele frequency (VAF) of ≥5% and coverage of ≥400X. For TP53, the 

lower limit for calling a variant was 3%, as described previously.2 Variants were carefully reviewed in the IGV 

software (Broad Institute). All known common single nucleotide polymorphisms (SNPs) (>1% in the SNP 

database, dbSNP) were excluded prior to analyses, and only variants giving rise to amino acid changes were 

reported, unless in splice sites or UTR regions. Variants with a VAF 40-60% and a SNP database (dbSNP) 

reference were considered rare SNPs and excluded. If both dbSNP and COSMIC references were present, the 

variant was reported here, including both references (supplemental table 2).  
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Deletion analysis by Droplet Digital PCR 

Deletion analyses for the TP53 gene and CDKN2A locus were performed by Droplet Digital PCR (ddPCR) using 

the QX200 system (Bio-Rad Laboratories, Hercules, CA). RPP30 was used as a reference gene. All samples were 

run at least twice. QuantaSoft software was used for data analyses, and copy number (CN) below 1.95 was 

interpreted as a deletion, as previously described.2 

Statistics 

Overall survival (OS), progression-free survival (PFS) and cumulative incidence of relapses or progression (CIR) 

were used as patient and disease-specific endpoints with starting point at date of inclusion in the trial. OS was 

measured until date of death of any cause, PFS until date of documented progression, lack of response, first 

relapse, or death of any cause and CIR until date of documented relapsing or progressive disease. The Kaplan-

Meier method was used to estimate survival curves for PFS, OS and CIR and subgroup analyses by specific 

gene alterations or mutations were compared by log-rank test. Analyses on adverse events (grade 3-5 

infections, cutaneous reactions and incidence of SPM) in relation to presence of specific gene alterations or 

mutations were made by using Fisher’s exact t-test. All analyses were made by using SPSS v.22.  
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Supplementary table 2: Mutations overview
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Supplementary figure 1: MCL4 regimen. Top: Overview of the regimen and doses of rituximab and 

bendamustin. Bottom: Lenalidomide dosing, before and after amendment. 
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Supplementary figure 2: Prognostic impact of deletions of TP53 and CDKN2A. Kaplan-Meier estimates of OS, 

PFS and CIR by subgroups according to presence of deletion of TP53 or not (A-C); deletion of CDKN2A or not 

(D-F) and both deletions (G-I) and compared by log-rank test.  

 

 

 


