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F
ollicular lymphoma (FL) is the most common indolent 
non-Hodgkin lymphoma.1 Most patients present with 
asymptomatic lymphadenopathy, and only 20% present 
with B symptoms (night sweats, fevers, or unintentional 

weight loss).2 Although there is no evidence that overall sur-
vival (OS) improves if treatment is started before clinical symp-
toms or organ disfunction arises,3 some psychological benefit 
has been described for upfront treatment with rituximab.4 This 
latter benefit is considered insufficient to justify the side effects 
and cost of treatment, and therefore a Watch-and-Wait (W&W) 
approach is generally advised for asymptomatic patients with 
low tumor burden. The reported range of the W&W period 
before start of treatment is large (3–122 months, mean ± 24 
months).4,5

Various tools have been developed to predict OS and fail-
ure-free survival, such as Follicular Lymphoma International 

Prognostic Index (FLIPI),2 and the M7-FLIPI.6 None of these 
tools is designed to predict at diagnosis, if the disease allows for 
a long W&W period before starting treatment.

In this exploratory study, the aim of the Lunenburg 
Lymphoma Biomarker Consortium was to address whether 
genetic and microenvironmental features in diagnostic biopsy 
samples could differentiate which FL patients could be managed 
with a long W&W period (>5 years) versus those who required 
treatment immediately following diagnosis (based on clinical 
features).

Stage III/IV, histologic grade 1–3A nodal FL cases as confirmed 
by central pathology review with complete clinical information 
at diagnosis and follow-up with availability of representative 
formalin-fixed paraffin-embedded diagnostic biopsy samples 
were included in this study in 2 subcohorts, representing the 
extremes of the clinical spectrum, with strictly applied inclusion 
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criteria applied to patients from all sources, irrespective of sites 
and countries.

For the W&W cohort, FL patients without any active treat-
ment for ≥5 years after initial biopsy were included from 
German Low-Grade Lymphoma Study Group (GLSG, now 
German Lymphoma Alliance) GLSG2000 trial7 and popula-
tion/institution-based registries; Haematological Malignancy 
Research network Registry,8 Swedish National Lymphoma 
Registry, St Bartholomew’s Hospital, London and Stanford 
University Medical Center, Stanford, USA.

For the immediate treatment (IT) cohort FL patients from 
the above sources were supplemented with patients from the 
Lymphoma Study Association FL2000 study,9 with first-line 
treatment <3 months after initial diagnosis. To ensure that only 
patients were included that required immediate treatment for 
symptomatic disease, at least 2 of the following criteria were 
required for inclusion: high lactate dehydrogenase (LDH), tumor 
mass >7 cm, B symptoms, or hemoglobin (Hb) <10 g/dL (Suppl. 
Table S1: clinical study inclusion criteria; Suppl. Table S2A: 
cases per collaborator; Suppl. Table S2B: treatment modalities).

Immunohistochemical (IHC) analysis for microenviron-
ment-related biomarkers, included T-cell subsets (identified by 
CD8, CD4, CD3, PD1, and FOXP3) and macrophages (CD68, 
CD163), performed on tissue microarrays with semiautomated 
quantification by image analysis.

Copy number aberrations (CNA) analysis was performed 
using the R-script QDNAseq (v1.12.0) and Gistic (v2.0) from 
50-bp single read shallow whole genome sequencing data.10 
Targeted next-generation sequencing panel for mutations (369 
target genes) used for mutation and translocation analysis was 
conducted on 150-bp paired-end data of a 3 Mb SeqCapEZ cap-
ture panel (Roche NimbleGen, Madison, WI; order ID 43712) 
both sequenced on a HiSeq 4000 (Illumina, San Diego, CA)10 
(see Suppl. Methods for more details).

Patient’s clinical characteristics were summarized with 
descriptive statistics (median (range) for quantitative and fre-
quency (percent) for qualitative variables) and compared using 
Chi-Square test and Mann-Whitney test.

The IHC biomarker score used in the analysis was the aver-
age from 2 cores. Given the multiple tests performed, Bonferroni 
FWER correction was applied for the IHC biomarkers so the 
2-sided α level was 0.05/7 = 0.007.

Fisher exact test was used for frequencies of mutations and 
translocations. For comparisons between copy number regions, 
P values and false discovery rates (FDR) were calculated with 
comparative genomic hybridization test, which implements a 
Wilcoxon rank sum test. P values were not corrected for multi-
ple testing, and FDR was controlled at 10% level for mutations 
and translocations.

Statistical analysis was performed using various strategies in 
R (version 3.5.1) and SAS (SAS software version 9.4).

The study and protocols to obtain human archival tissues and 
patient data were approved by the local ethical committee of 
the VU University Medical Center, Amsterdam (FWA00017598) 
and for all collaborating centers and complied with the Code 
for Proper Secondary Use of Human Tissue in the Netherlands 
(http://www.fmwv.nl).

A total of 191 patients (W&W n = 66, IT n = 125) fulfilled the 
primary inclusion criteria. Of these, 159 patients had complete 
IHC data (W&W n = 60, IT n = 99) of which 90 patients with 
molecular data (W&W n = 44, IT n = 46) (Suppl. Figure S1). The 
median W&W period was 83 months (range 60–240 months). 
As a direct result of the pre-set inclusion criteria in this end-of-
spectrum study, adverse parameters including >4 involved nodal 
sites, elevated LDH and Hb, bulky disease, B symptoms, and high 
FLIPI were overrepresented in the IT cohort (Table 1). It should 
be noted, that in the W&W cohort, 24% of the patients also pre-
sented with a high FLIPI. As expected, the differences in clini-
cal presentation had an impact on 10 years OS W&W versus IT, 

85% versus 63% (P = 0.001), underpinning the validity of patient 
selection (Suppl. Figure S2). W&W patients were primarily pop-
ulation-based patients, while IT patients were trial-derived. It is 
well known that patients treated in clinical trials have a better 
survival than age/stage matched real-world patients under similar 
treatment, but systematic tumor-biological differences between 
trial and real-world patients have not been described.

IHC studies have shown conflicting results with regard to 
prognostic value of microenvironment-related biomarkers.11,12 
We studied the composition of the immune microenvironment 
using T-cell and macrophage markers. No differences were seen 
for any of these cell population within the cohort with complete 
IHC data (W&W n = 60, IT n = 99) (Figure 1A, Suppl. Table 
S3A). While statistically significant on the 90-patient cohort, the 
absolute difference of CD68 (Suppl. Figure S3 and Suppl. Table 
S3B) was minor and insufficiently to have clinical relevance. 
Overall, the study was calibrated for a higher anticipated num-
ber of patients of 45 versus 250 for W&W versus IT patients 
with available samples to reach a 80% power to detect a differ-
ence of 0.65 standard deviation with a 2-sided corrected alpha 
threshold of 0.007 (=0.05/7 targeted biomarkers). Despite the 
lower sample size and resulting reduced power, the observed dif-
ference was significantly below the threshold of clinical appli-
cability which indicate that this study had sufficient power to 
detect clinically relevant differences.

Immune microenvironment interactions and genome alter-
ations are considered complementary drivers of FL lymphoma-
genesis with impact on outcome and clinical course.13 In depth 
next generation sequencing (NGS) characterization showed a 
spectrum of genetic alterations consistent with previously pub-
lished data in FL.6 The most frequent rearrangements in W&W 
(n = 44) versus IT (n = 46) were BCL2 (89% versus 98%) and 
BCL6 (21% versus 9%) translocations, KMT2D (66% versus 
63%), CREBBP (61% versus 61%), TNFRSF14 (25% versus 
30%), and EZH2 (16% versus 30%) mutations and somatic 
hypermutation (SHM) in BCL2 (Figure 1B, Suppl. Tables S4, S5, 
S6 and Suppl. Figure S4). No significant differences in the over-
all spectrum or in individual markers between the cohorts were 
observed. Specifically, no significant differences were observed 
for markers frequently associated with more aggressive clinical 
behavior in FL such as TP53 mutations (W&W 4.5% versus IT 
4.2%) (Figure 1B, Suppl. Table S3). Similar results were seen in 
the W&W (n = 47) versus IT (n = 55) with only complete NGS 
data (data not shown).

Analysis of CNAs showed that the most frequent losses found 
in chromosomes 1p36, 6q, 10q23 and gains of 1p, 2p, 6p, 7, 8, 
12, and 18 (Figure 1C, D). Further investigation with GISTIC 
yielded candidate driver deletions in IT cohort: 6q16, 6q23.3, 
8p23.3, 9p21.3 (containing CDKN2A), and 10q23.3 and in 
W&W cohort: 6q23.3, 8p23.3, and 10q23.3. Gains in IT cohort 
was 2p16.1, and in W&W cohort 1q24.2, 2p16.1, and 8q24.2 
(Suppl. Figure S5). A systematic comparison showed no signifi-
cant differences of CNA frequencies between both cohorts.

Although significant differences were not seen at the level of 
individual mutated genes, structural alterations and CNAs, the 
overall number of nonsynonymous and splice-site mutations per 
case (median W&W 9 versus IT 12.5, P = 0.003) and the CNA 
load (median W&W 7.8% versus IT 12.1%, P = 0.045) were both 
significantly higher in the IT cohort. (Figure 1E, F). In a study by 
Mamessier et al14 similar lower mutational and CNA loads were 
observed and associated with so-called “early phase” FL (in situ 
follicular neoplasia, duodenal-type FL, and partial involvement) 
as compared with overt FL. The W&W cohort showed a similar 
lower mutational and CNA load which may suggest a common 
biology underlying the protracted clinical behavior.

We compared FL patients in whom treatment was deferred 
for >5 years (W&W) from initial diagnosis to a cohort with an 
IT indication. Despite major clinical differences, we observed 
a remarkable similarity of all investigated microenvironmental 
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and/or molecular features in the diagnostic biopsy samples. 
Although overall higher number of CD68+ macrophages, muta-
tional and CNA loads were statistically significantly related to 
the need to start treatment within 3 months after diagnosis, the 
observed differences were minor and as such insufficient to pro-
vide a basis for decision making between a W&W versus IT 
approach in individual patients. Whether other tumor-related 
factors and/or constitutional patient characteristics may con-
tribute to prediction of treatment timing needs further study.15
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Table 1

Demographic and Clinical Characteristics From Time of Diagnose of Watch-and-Wait Versus Immediate Treatment Patients Included 

for Analysis in the Study

 

Watch-and-Wait Immediate Treatment 

P Value (N = 60) (N = 99)

Age at diagnosis   0.206a

  Median years (range) 60.4 (28.4–85.5) 58.0 (25.3–83.3)  

Gender, n (%)   0.785b

  Female 32 (53.3%) 55 (55.6%)  

  Male 28 (46.7%) 44 (44.4%)  

Stage, n (%)   0.043b

  III 31 (51.7%) 35 (35.4%)  

  IV 29 (48.3%) 64 (64.6%)  

ECOG, n (%)   0.043b

  ≤1 58 (98.3%) 88 (88.9%)  

  >1 1 (1.7%) 11 (11.1%)  

  Missing 1 0  

FLIPI, n (%)   <0.001b

  High 13 (24.1%) 64 (67.4%)  

  Intermediate 32 (59.3%) 25 (26.3%)  

  Low 9 (16.7%) 6 (6.3%)  

  Missing 6 4  

B symptoms, n (%)   <0.001b

  Absent 54 (90.0%) 30 (30.3%)  

  Present 6 (10.0%) 69 (69.7%)  

Bulky disease, n(%)   <0.001b

  <7 cm 56 (98.2%) 33 (34.4%)  

  ≥7 cm 1 (1.8%) 63 (65.6%)  

  Missing 3 3  

Bone marrow involvement, n (%)   0.450b

  No 28 (49.1%) 42 (42.9%)  

  Yes 29 (50.9%) 56 (57.1%)  

  Missing 3 1  

Hemoglobin, n (%)   0.018b

  <10 g/dL 0 (0.0%) 11 (11.5%)  

  ≥10 g/dL 56 (100.0%) 85 (88.5%)  

  Missing 4 3  

Elevated LDH at diagnosis, n (%)   <0.001b

  No (≤ULN) 48 (88.9%) 33 (33.3%)  

  Yes (>ULN) 6 (11.1%) 66 (66.7%)  

  Missing 6 0  

Number of nodal areas involved (Ann Arbor), n (%)  0.001b

  1 6 (10.3%) 1 (1.0%)  

  2 8 (13.9%) 14 (14.1%)  

  3 8 (13.9%) 10 (10.1%)  

  4 13 (22.4%) 7 (7.1%)  

  >4 23 (39.7%) 67 (67.7%)  

  Missing 2 0  

aWilcoxon rank sum P value.
bChi-square P value.

ECOG = Eastern Cooperative Oncology Group; FLIPI = follicular lymphoma international prognostic index; LDH = lactate dehydrogenase; PS = performance score; ULN = upper limit of normal.
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Figure 1. Microenvironment, mutations, translocations, and copy number landscape of Watch-and-Wait vs Immediate Treatment patients with 

follicular lymphoma. (A) For W&W (n = 60) and IT (n = 99) CD4, CD8, CD3, FOXP3, and PD1 are computer assisted scored and the percentage of positive 

nucleated cells of all nucleated cells are depicted as boxplots. CD163 and CD68 are computer assisted scored and the percentage of positive area of the 

total cell area scored are plotted in the boxplots. None of the markers show a significant difference. (B) Frequency of top 25 alterations including BLC2 and 

BLC6 translocations and mutated genes, W&W (n = 44) is depicted in yellow and IT (n = 46) in blue, no significant differences were found (P < 0.05, Fisher 

exact test and FDR using Benjamini&Hochberg method). (C) Comparison plots for CNAs between W&W (filled n = 44) and IT (line n = 46) depicted are per-

centages of the number of cases with gains (positive value red) and losses (negative value blue), sorted for chromosome position (x-axis). (D) P values (orange) 

calculated with a 2-sided rank sum test with 10,000 permutations and FDR (striped blue segments) of the difference in CNAs, the horizontal red dotted lines 

show the significance thresholds P value <0.05, and the FDR in blue <0.1. No significant differences were found. (E) Total number of nonsynonymous and 

splice-site mutations per patient are depicted in boxplots. With a median of 9 nonsynonymous and splice-site mutations (mean 9.52, range 2–22) in the W&W 

cohort (yellow) vs a median of 12.5 nonsynonymous and splice-site mutations (mean 13.07, range 4–32) in the IT cohort (blue), this is a significant difference, 

Wilcoxon test P value = 0.003. (F) Copy number load is depicted in boxplots. For the W&W cohort (yellow), a median of 7.79% (mean 13.22%) vs a median 

of 12.11% (mean 19.18%) for the IT cohort (blue), this is a significant difference, Wilcoxon test P value = 0.045. CNAs = copy number aberrations; FDR = false discover 

rates; IT = immediate treatment; W&W = Watch-and-Wait. 
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involved in its editing and gave final approval of the submitted and published 
versions. The Lunenburg Lymphoma Biomarker Consortium (LLBC) is a col-
laboration of 9 international lymphoma research groups, each represented 
by one or more clinicians and hematopathologists and some also by one or 
more statisticians. Foundation of the LLBC was made possible with a grant 
from the van Vlissingen Lymphoma Foundation. EORTC Lymphoma group: 
Daphne de Jong, John Raemaekers. HOVON Lymphoma group: Daphne de 
Jong, Marie José Kersten. LYSA: Philippe Gaulard, Gilles Salles, Luc Xerri. 
Delphine Maucort-Boulch, Carole Langois-Jacques. British Columbia Cancer 
Agency: Laurie H. Sehn, David W. Scott. GLA: Andreas Rosenwald, Wolfram 
Klapper, Christian Buske, Wolfgang Hiddemann, Eva Hoster. Nordic lym-
phoma group: Birgitta Sander, Eva Kimby. Barts Cancer Institute: Maria 
Calaminici, John Gribben, Andrew J. Clear. Haematological Malignancy 
Research Network: Catherine Burton, Reuben M. Tooze, Alexandra G. 
Smith. Stanford Cancer Institute: Yasodha Natkunam, Ranjana Advani.
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