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Validating genomic tools for precision medicine in CLL: ERIC leads the way  
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In this issue of Haematologica, Sutton and colleaguesreport the comparative analysis of targeted next-genera-
tion sequencing (NGS) panels for the detection of gene

mutations in chronic lymphocytic leukemia (CLL).1 This
important contribution to the standardization of mutation
profiling for clinical practice was made possible by a multi-
center study conducted by the European Research Initiative
on CLL (ERIC).
CLL is characterized by the clonal expansion of mature B

cells in blood, bone marrow, and lymph nodes.2, 3 CLL has a
highly variable clinical course. While some patients may
never develop symptomatic disease and do not require treat-
ment, others can progress rapidly and may need repeat lines
of therapy. Relapsing disease often carries additional genetic
abnormalities that contribute to progression and/or treat-
ment resistance. Determination of the mutational status of
the rearranged immunoglobulin heavy chain variable (IGHV)
genes contributes greatly to the dissection of disease hetero-
geneity. IGHV sequences with ≥98% homology to germline
are considered unmutated. Compared to CLL with mutated
IGHV genes, IGHV unmutated CLL is associated with more
rapidly progressive disease, early relapse, and more frequent
acquisition of additional genetic lesions. IGHV mutation sta-
tus is therefore one of the most important prognostic factors
in CLL. Fluorescence in situ hybridization (FISH) cytogenetics
detect additional well-validated prognostic markers.
Deletion of chromosomal arms 17p (del17p) or 11q (del11q)
are associated with shorter overall survival and early progres-
sion after treatment with chemoimmunotherapy.
Dependencies of the clonal cells on B-cell receptor signaling
and BCL2 are now specifically targeted by kinase inhibitors
and venetoclax, respectively. Having demonstrated superior
disease control compared to chemoimmunotherapy in ran-
domized trials, these targeted agents have become preferred
treatment options for patients with CLL.3

Over the last years, genome-wide analyses using NGS con-
tributed a large number of putative driver mutations as well as
mutations associated with treatment resistance. Aggregating
data from two large NGS studies covering approximately
1,000 patient samples, Lazarian et al. counted 75 significantly
mutated genes.4 Thirty-five were found at a frequency >1% in
the combined data set, and 28 were common to both studies.
However, most gene mutations were present in <5% of
patients. The most commonly mutated genes function in
DNA damage response and cell cycle control (ATM, TP53,
POT1), RNA and ribosomal processing (SF3B1, XPO1, RPS15),
NOTCH1 signaling (NOTCH1), and immunoreceptor signal-
ing (BIRC3, MYD88, EGR2).2,4 Several of the somatic muta-
tions have been validated as independent prognostic markers.
In most patients, the tumor cells carry more than one putative
driver mutation often in combination with one or more chro-
mosomal aberration detected by FISH. Integrating somatic
mutations and FISH cytogenetics improves the separation of
risk groups regarding overall survival.5

The increasing number of mutations and the complexity
and heterogeneity of the tumor genome in CLL pose a need
for techniques that can concurrently screen multiple genes.
Targeted amplicon-based gene panels are widely pursued as
an option that can meet the demands while being practical for
routine testing. A number of technical options exist. The
comparative performance of these different technologies in
the hands of clinical laboratories is the focus of the study
reported here.1 The coordinating ERIC site distributed tumor
DNA from 48 CLL patients to six participating European cen-
ters. Three different amplicon-based targeted assays were
used in the study: HaloPlex Target Enrichment System
(Agilent Technologies), Illumina TruSeq Custom Amplicon
(Illumina) and Multiplicom CLL Multiplex MASTR Plus
(Agilent). Each assay was used by two centers allowing for a
comparison of the performance of the individual assays.
Paired-end sequencing was performed on Illumina MiSeq
instruments. All sequencing data were centrally analyzed
using a custom bioinformatics pipeline. Across all six centers,
overall reproducibility of targeted NGS was assessed by look-
ing at the inter-laboratory variation in detecting mutations.
107 of 115 mutations were detected in all six centers for a
remarkable concordance of 93%. A variant allele frequency
(VAF) of 5% had to be reached in at least one center for the
variant to be included in the concordance counts.
Noteworthy, eight variants were detected in five of the six
centers and missed in one. Six of theses eight variants con-
cerned minor subclonal mutations present at low frequency.
The full report is rich in detail on the performance of the indi-
vidual assays and the reasons for false negatives and the rare
false positives having VAF ≥5%. Suffice it to say that all the
assays performed well with high concordance between sister
centers utilizing the same methodology.1

The concordance of 93% for inter-laboratory performance
is based on mutations with VAF ≥5%.  VAF cutoffs of 10%,
the approximate detection limit of Sanger sequencing, are
widely used in clinical routine. Despite advantages of NGS,
reliable detection of low-level variants may be difficult.
Pushing the limit of detection lower requires additional tech-
nical adaptions. In the ERIC study, the investigators explored
high sensitivity assays containing unique molecular identi-
fiers to detect low-level variants.1 While successful in princi-
ple, this method adds to complexity and will require addi-
tional efforts to implement in routine diagnostics.
Given the technical difficulties, do we really need to know

about low frequency mutations? Yes, because, at least for
some genes, low-level variants may be clinically relevant. In
patients treated with chemoimmunotherapy, minor clones
harboring TP53 mutations have been shown to expand by the
time of relapse.6 The strong selective advantage conferred by
TP53 mutations may explain observations that even minor
clones harboring TP53 mutations (VAF <10%) confer poor
prognosis.7,8 Nadeu and colleagues screened for known driver
mutations in 28 genes. They identified some as having a prog-
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nostic impact independent of VAF, for example NFKBIE,
while for others, for example NOTCH1, only high but not
low VAF was associated with inferior survival.9

Independent of specific prognostic information of a given
variant, the mere presence of low VAF mutations reflects
clonal complexity that, in turn, has been associated with
shorter time to first treatment,9 and in patients treated
with ibrutinib, with the risk of clonal evolution and even-
tual disease progression.10 Specific mutations in BTK or
PLCG2 and BCL2 that are associated with disease progres-
sion on BTK inhibitors or venetoclax, respectively, may be
detected at low VAF many months before overt clinical
progression.11-13 While the presence of these mutations
does not immediately warrant changes in treatment, they
can identify patients that could benefit from closer obser-
vation. 
This ERIC initiative takes an important step towards

standardization of NGS based testing in clinic practice. A
few considerations regarding widespread implementation
may be in order. The common testing material consisted
of DNA from 48 patients.1 Ideally, all mutations of inter-
est, at variable VAF would be represented in the testing
material which could present challenges to scale for wide-
spread standardization. Bioinformatics was centralized.
Using different bioinformatic pipelines could add addi-

tional variability. All test sites are academic ERIC member
institutions that are experienced with standardization
efforts that ERIC has been conducting over many years.
Conceivably, adding less experienced centers could lower
the concordance rate. In localities where different com-
mercial entities may be doing the bulk of testing the
approach may also have to be adapted. Overall, the cur-
rent study highlights once more the extraordinary contri-
butions ERIC makes to the standardization of key labora-
tory data in CLL including IGHV sequencing, diagnostic
flow cytometry, and the detection of minimal residual dis-
ease.14-16

The performance of NGS assays reported here provides
a solid basis for implementation in clinical testing. So the
tools for precision medicine seem ready. Are we ready to
use them? Given the expanding choices of therapies with
distinct mechanisms of action, predictive markers that
guide patients to the most promising therapy would be
very valuable. However, to date, few predictive markers
have been identified. IGHV unmutated status is predictive
of benefit from targeted therapy with ibrutinib or veneto-
clax based therapy over chemoimmunotherapy. Mutated
NOTCH1 was found to predict lack of benefit of adding
rituximab to fludarabine and cyclophosphamide, but that
provides little actionable information for current treat-

Figure 1. European multicenter evaluation of amplicon-based next generation sequencing assays. 



ment choices. TP53 aberrations, del(17p) and/or mutated
TP53, indicate benefit from treatment with novel agents
over chemoimmunotherapy but also remain associated
with earlier progression in patients treated with targeted
therapy.17,18 In the CLL14 trial that compared venetoclax
with obinutuzumab to chlorambucil with obinutuzumab,
mutated BIRC3, and SF3B1 mutations were independent
adverse factors for outcome in the chemoimmunotherapy
arm but not in the venetoclax arm.17 While formally not
identified as predictive markers, BIRC3 and SF3B1 muta-
tions, as well as TP53 aberrations would still reasonably
guide patients to venetoclax based therapy over chemoim-
munotherapy. 
Asking for predictive markers for every treatment deci-

sion may raise the bar too high. Solid data on the prognos-
tic information of genetic markers for different types and
lines of treatment should suffice in most settings.
Especially, when access to, and tolerability of the pro-
posed therapy are also considered. Mutation testing by
NGS, once incorporated into clinical trials, will not only
yield rich prognostic information but also provide a more
granular resolution of the genetic risk profiles of the
enrolled patient population. We are eager to use the tools,
we shall learn how to best apply the data they generate to
clinical decision making.
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