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Supplementary Methods

Patients and samples

We collected 100 plasma samples from 36 follicular lymphoma (FL) patients according to the

following general scheme: before the start of treatment (referred to as pre-treatment or basal), at

mid-treatment, at the end of treatment (EOT) or relapse, and follow-up (6 months after EOT).  In

the case of non-treated patients (watch and wait), samples were collected during established

revisions (every 6 months).  Whenever possible, blood samples were also collected at the time

of disease progression or transformation. Ten more cfDNA samples were collected from the

three patients  who had suffered histological  transformation to  diffuse large B-cell  lymphoma

(DLBCL) before recruitment. The blood samples (10 mL) were collected at the different hospitals

in BCT tubes (Streck, La Vista, NE, USA) and shipped at  room temperature within 48 h to

Hospital  Puerta de Hierro.  Plasma was obtained after centrifugation and kept at  -80ºC until

being  used  to  obtain  the  cell-free  DNA  (cfDNA).  We  also  collected  formalin-fixed  paraffin-

embedded tissue (FFPET) from diagnostic biopsies of 31/39 patients in order to identify tumor

somatic mutations. Germinal genomic DNA from 36 patients was isolated from oral mucosa. FL

patients  were  treated  with  chemoimmunotherapy  (CI)  regimens  including  rituximab  (R):  R-

bendamustine (21 patients), R-CHOP (6), R-CVP (2) or rituximab (3) (Table 1). Clinical and

laboratory data were collected, including Follicular Lymphoma International  Prognostic Index

(FLIPI), stage, grade, Eastern Cooperative Oncology Group (ECOG) performance status, Group

d’etude des Lymphomes Folliculaires (GELF) criteria, affected lymph nodes, LDH, hemoglobin

and β2-microglobulin levels.
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DNA extraction

Cell-free  DNA  was  extracted  from  plasma  with  the  QIAamp  Circulating  Nucleic  Acid  Kit

(Qiagen) and quantified with the Qubit Assay (Thermo Fisher Scientific) (Supplementary Table

S4). Every cfDNA sample was analyzed with Bioanalyzer instrument (Agilent). Genomic DNA

was removed from the 51 samples in which it was present by purification using AMPure XP

(Beckman Coulter, Brea, CA, USA). cfDNA quantification (125-300 bp) using the bioanalyzer

before  and  after  purification  showed  minimal  loss  of  cfDNA  levels  during  purification

( Supplementary Figures S12 and Table S8).

Tumor genomic DNA (gDNA) was extracted from the diagnostic FFPETs using the truXTRAC

FFPE DNA Kit (Covaris, Woburn, MA, USA) following the manufacturer's instructions. DNA was

repaired with an NEBNext FFPE DNA Repair kit (New England Biolabs, MA, USA). Germinal

gDNA was extracted from oral  mucosa using  a Puregene Buccal  Cell  Core Kit  A (Qiagen)

according to the manufacturer's instructions. gDNA was fragmented by sonication using Covaris

M220 with a microTUBE-130 AFA Fiber Screw-Cap.

Targeted DNA sequencing

Libraries were prepared with 10-100 ng for cfDNA and 100 ng for gDNA. The libraries of all

cfDNA, germinal gDNA and 19 tumor gDNA were prepared by the capture system using a Twist

Bioscience kit (South San Francisco, CA, USA). Twelve tumor gDNA libraries were prepared

with SureSelect  XT HS (Agilent  Technologies,  Santa Clara,  CA, USA) with a custom panel

targeting the same genes and regions. The gene panel included regions that are known targets

of aberrant somatic hypermutations (aSHM) (1) (Supplementary Table S2).
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The DNA libraries were paired-end-sequenced (2x150bp) on MiSeq (Illumina Inc., San Diego,

CA,  USA)  (germinal  gDNA,  tumoral  gDNA and  6  cfDNA libraries)  and  NovaSeq  (Illumina)

instruments (104 cfDNA libraries).

Bioinformatics pipeline

All FASTQ files were processed using fastp (Chen, S, 2018), disabling the quality and length

filtering by default and enabling the adapter trimming to filter out sequenced adapter fragments.

FASTQ files were aligned to the Reference Human Genome GRCh38/hg38 with the Burrows-

Wheeler Aligner (BWA) algorithm (2), Picard and the Indel-based realignment routine available

in the Genome Analysis Toolkit 4.1.3.0 (GATK). The de-duplicated step was carried out using

Picard MarkDuplicates. Variant calling for tumor gDNA was analyzed with VarScan 2.3.9 (3) and

Mutect2   to  detect  the  SNVs  and  indels.  Similarly,  alterations  from  cfDNA  samples  were

detected  with  VarScan  2.3.9,  Mutect2  and  Strelka  2.9.2  (4)  in  combination  to  improve  the

sensitivity of tumor alteration identification (SNVs and indels). Germline gDNA files were used to

rule out germline mutations identified in cfDNA/tumor gDNA.

Annotation was carried out with Annovar (5) and all variants identified were visualized using an

Integrative Genomics Viewer (Broad Institute and UC San Diego, San Diego, CA, USA). Data

have been deposited in the Sequence Read Archive (SRA) (accession number PRJNA813747).

After annotation, the variants from the FFPET DNA samples were subjected to additional, more

stringent, and quality- and relevance-based filtering applying the following criteria:

 Quality target coverage of bases ≥ 50.

 Depth of variant-supporting bases ≥ 5.

 Location (exonic, UTRs, splice site or intronic in the case of aSHM).

 Variant effect (non-synonymous, synonymous, stopgain or stoploss).
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 Variant allele frequency ≥ 5%.

 Not listed as a single nucleotide polymorphism, or listed with a variant allele frequency (VAF) 

< 0.01% by the following databases: The Exome Aggregation Consortium, 1000 Genomes

Project  of  the  International  Genome  Sample  Resource  (IGSR),  and  Single  Nucleotide

Polymorphism Database (dbSNP) v138 of the National Center for Biotechnology Information

(NCBI).

The variants detected in cfDNA were filtered according to the following criteria: 

 Quality target coverage of bases ≥ 200.

 Location (exonic, UTRs and splice site).

 Variant effect (non-synonymous, synonymous, stopgain or stoploss).

 VAF ≥ 0.5%.

 Not listed as a single nucleotide polymorphism (SNP), or listed with a VAF < 0.01% by the

databases previously used.

The somatic alterations identified in the diagnostic tissue samples were used as reference for

detecting tumor alterations in the cfDNA samples. ctDNAtools software (6), which uses a Monte

Carlo model, was used to test minimal residual disease in cfDNA samples by tracking a set of

previously  detected  mutations,  referred  to  as  reporter  mutations.  ctDNAtools  is  able  to

determine  whether  the  traces  of  these  mutations  can  be  expected  by  chance  given  the

background mutation rate (ctDNA negative), or they are significantly higher than the background

rate (ctDNA positive).

The  bioinformatic  workflow  has  been  deposited  in  the  GitHub  repository

(https://github.com/Lymphoma-IDIPHISA/Bioinformatic-MuStVar)
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Phased variant analysis

Phased variants (PVs) were identified by Mutect2 in all  regions sequenced of  tissue biopsy

samples, including alterations in intronic, exonic, UTRs and splicing regions (Supplementary

Table S7). PVs identified in biopsy tissue samples were then used as the reference to detect

somatic PVs in cfDNA sequenced samples. In the cases without paired FFPEt samples, the

analyses were done in basal cfDNA. ctDNAtools software (6) was used to identify somatic PVs

in cfDNA samples with the following arguments:

 informative_reads_threshold = 100

 vaf_threshold = 0.1

 min_base_quality = 30

 max_depth = 1e+05

 min_mapq = 40

 min_alt_reads = 1

 n_simulations = 10,000

 pvalue_threshold = 0.05

 seed = 123
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Supplementary Figures

Figure S1. Diagram of patients and samples included in the study.
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Figure S2. Summary of follow-up and plasma sample collection for the cohort of 39 patients.

cfDNA sample collections are indicated by circles: red for positive ctDNA, black for negative

ctDNA and purple for samples collected but not sequenced due to low cfDNA levels (< 10 ng).

PVs detection is indicated with an orange inverted triangle.

PV, phased variant.
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Figure S3. Waterfall plots representing cfDNA mutations in pre-treatment cfDNAs. The Y-axis

represents the VAF of the mutations identified in the diagnostic tissue samples. Each colored

vertical bar corresponds to one mutation detected (left side) or undetected (right side) in pre-

treatment  cfDNA,  categorized  by  (A)  response  to  treatment,  and  (B)  POD24.  The  vertical

dashed line separates the alterations detected and undetected in ctDNA. The horizontal dashed

lines indicate the 18% threshold.

CR,  complete  response;  W&W,  watch-and-wait;  POD24,  progression  of  disease  within  24

months.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S4. Box plot showing the number of mutations in tissue diagnostic biopsies according to

(A) POD24, and (B) watch-and-wait (W&W) and response to treatment. 

CR, complete response; POD24, progression of disease within 24 months.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S5. Number of SNVs (A) and PVs (B) detected in the aSHM regions in tissue biopsy

samples (23) by genes.

SNV, single nucleotide variant; PV, phased variant.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S6.  Kaplan–Meier estimates of OS probabilities according to (A) ctDNA detection; (B)

classification based on hGE levels, and (C) the combination of  ctDNA levels and FLIPI risk

groups. OS differences between groups were tested using the log-rank test. 

OS, overall survival; FLIPI, Follicular Lymphoma International Prognostic Index; hGE, haploid

genome equivalent.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S7. Pre-treatment ctDNA levels correlation with (A) stage (B) ECOG performance status

(C) Beta-2 microglobulin levels and (D) GELF criteria Pre-treatment ctDNA levels correlation

with  POD24 status in (E) patients  negative for GELF criteria (GELF = 0) and (F) positive for

GELF criteria (GELF ≥ 1).

hGE,  haploid  genome  equivalent;  ECOG,  Eastern  Cooperative  Oncology  Group;  ND,  non-

detected; GELF; Groupe d'Etude des Lymphomes Folliculaires.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S8. Kaplan–Meier estimates of EFS and OS probabilities according to FLIPI (A and D);

POD24-PI (B and E), and m7-FLIPI risk groups (C and F). EFS and  OS differences between

groups were tested using the log-rank test. 

EFS, event-free survival; OS, overall survival; FLIPI, Follicular Lymphoma International Prog-

nostic Index; POD24-PI, progression of disease within 24 months Prognostic Index.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S9. Waterfall plot representing mutations in cfDNAs at (A) mid-treatment and (B) EOT.

The Y-axis represents the variant allele frequency of the mutations identified in the diagnostic

tissue samples. Each colored vertical bar corresponds to one mutation detected (left side) or un-

detected in cfDNA (right side), categorized by the response to treatment. The vertical dashed

line separates the alterations detected and undetected in ctDNA. The horizontal dashed lines in-

dicate the 18% threshold. 

CR, complete response.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S10. Kaplan–Meier estimates of OS probabilities for ctDNA positive and negative sam-

ples at mid-treatment (A) and EOT (B). Kaplan–Meier estimates of EFS probabilities for CR and

non-CR patients (C). EFS and OS differences between groups were tested using the log-rank

test.

EFS, event-free survival; OS, overall survival; CR, complete response; EOT, end-of-treatment.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S11. Box plots showing mid-treatment ctDNA levels correlation with progression of dis-

ease within 24 months (A) and response to treatment (B) and end-of-treatment ctDNA levels

correlation with progression of disease within 24 months (C) and response to treatment (D).

Group differences were assessed with the Mann–Whitney U test.

hGE, haploid genome equivalent;  POD24, progression of disease within 24 months; EOT, end-

of-treatment; ND, non-detected.
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Circulating Tumor DNA in Follicular Lymphoma

Figure S12. Concentration (pg/μl) of cfDNA before and after purification, using AMPure XP to

discard genomic DNA. R and P correspond to the Pearson correlation coefficient, which was

used to assess associations between paired samples.
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