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Background: Early cancer diagnosis might improve survival rates. As circulating tumor DNA (ctDNA) carries cancer-specific
modifications, it has great potential as a noninvasive biomarker for detection of incipient tumors.

Patients and methods: We collected cell-free DNA (cfDNA) samples of 1002 elderly without a prior malignancy, carried out
whole-genome massive parallel sequencing and scrutinized the mapped sequences for the presence of (sub)chromosomal
copy number alterations (CNAs) predictive for a malignancy. When imbalances were detected, 6-monthly clinical follow-up was
carried out.

Results: In 3% of participants chromosomal imbalances were detected. Follow-up analyses, including whole-body MRI
screening, confirmed the presence of five hematologic malignancies: one Hodgkin lymphoma (HL), stage II; three non-HL (type
chronic lymphocytic leukemia, Rai I–Binet A; type SLL, stage III; type mucosa-associated lymphoid tissue, stage I) and one
myelodysplastic syndrome with excess blasts, stage II. The CNAs detected in cfDNA were tumor-specific. Furthermore, one case
was identified with monoclonal B-cell lymphocytosis, a potential precursor of B-cell malignancy. In 24 additional individuals,
CNAs were identified but no cancer diagnosis was made. For 9 of them, the aberrant cfDNA profile originated from peripheral
blood cells. For 15 others the origin of aberrations in cfDNA remains undetermined.

Conclusion(s): Genomewide profiling of cfDNA in apparently healthy individuals enables the detection of incipient
hematologic malignancies as well as clonal mosaicism with unknown clinical significance. CNA screening of cellular DNA of
peripheral blood in elderly has established that clonal mosaicism for these chromosomal anomalies predicts a 5- to 10-fold
enhanced risk of a subsequent cancer. We demonstrate that cfDNA screening detects CNAs, which are not only derived from
peripheral blood, but even more from other tissues. Since the clinical relevance of clonal mosaics in other tissues remains
unknown, long-term follow-up is warranted. Taken together, this study demonstrates that genomewide cfDNA analysis has
potential as an unbiased screening approach for hematological malignancies and premalignant conditions.

Key words: circulating plasma DNA, liquid biopsies, copy number alterations, early cancer detection

VC The Author(s) 2018. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.

Annals of Oncology 30: 85–95, 2019
doi:10.1093/annonc/mdy476
Published online 29 October 2018

https://academic.oup.com/


Introduction

With the increasing ageing population and concurrent expand-

ing cancer incidence rates, a heavier focus on early cancer detec-

tion is required to complement new and improved treatments.

As circulating tumor DNA (ctDNA) carries cancer-specific

modifications, including DNA mutations and copy number

alterations (CNAs), interest in its use as a noninvasive biomark-

er for detection of incipient tumors has been growing vastly.

ctDNA represents a subset of the plasma cell-free DNA

(cfDNA), the latter being normally present at low levels in the

blood of healthy individuals and suggested to be primarily

derived from normal cells of the hematopoietic lineage [1].

Most reports on ctDNA as a cancer marker focused on the de-

tection of specific point mutations. Owing to its targeted nature,

this approach only provides a partial glimpse of the tumor gen-

ome in plasma and must be customized for each patient based

on a known tumor mutation profile. This is not feasible for

screening purposes. CNAs, such as point mutations, are com-

mon for a large proportion of cancer types. About 90% of solid

tumors and 50% of blood-related cancers are aneuploid and

have somatic CNAs [2]. Furthermore, genomewide sequencing

of plasma-derived DNA from cancer patients enabled the detec-

tion of tumor-associated copy number profiles in selected

tumors prone to CNAs [3, 4].

We recently established a genomewide cfDNA analysis pipe-

line, coined Genomic Imbalance Profiling from cfDNA

SEQuencing (GIPseq) for noninvasive prenatal testing, allowing

genomewide detection of fetal and maternal chromosomal

imbalances. Using this pipeline in �50 000 asymptomatic preg-

nant women we incidentally identified 8 malignancies upon the

detection of cancer-like CNAs in cfDNA [4, 5] (unpublished

data). Furthermore, we demonstrated that this approach allows

detecting CNAs in cfDNA of patients with solid and hematologic-

al tumors [4, 6]. Building on these observations, we aimed to test

this noninvasive unbiased genomewide GIPseq as a tool for can-

cer screening in people with an elevated risk of developing cancer.

Plasma cfDNA of a large cohort of cancer-free, elderly individuals

was screened for the presence of chromosomal aberrations that

might reveal the presence of a malignancy. Participants were sub-

jected to a 6-month clinical follow-up when aberrancies were

detected. Furthermore, CNAs, present in cfDNA in otherwise

healthy elderly, were cataloged, creating a unique map of anoma-

lies in cfDNA in this ageing population.

Patients and methods

Participants

Aged people, 64 years and older, were recruited via senior societies (76%
of participants) or via University Hospitals Leuven (Departments of
Internal Medicine or Anaesthesiology, 24% of participants). Participants
with a cancer history or reporting an early diagnosis were excluded.
Peripheral blood (8–9 ml) was sampled in Streck tubes (Streck, Omaha).
When a deviating GIPseq profile was detected, a second blood sample
was taken for independent confirmation. Samples were collected between
October 2015 and November 2017. The study was approved by the ethics
committee of University Hospitals Leuven (S/55513). Written informed
consent was obtained from all participants.

Cell-free plasma and genomic DNA extraction

Plasma was isolated through a standard, two-step centrifugation proced-
ure. cfDNA was extracted from 2 to 4 ml plasma, using, respectively, the
QIAamp circulating nucleic acid Kit (Qiagen, Hilden, Germany; manual
extraction) or the Maxwell HT ccfDNA kit (Promega, Madison; auto-
mated procedure). Median cfDNA concentration in plasma was
5.5 6 0.5 ng/ml (median 6 SEM). Genomic DNA from blood cells or
formalin-fixed paraffin-embedded (FFPE) tumor biopsies was extracted
after macrodissection using the Qiagen Blood and Tissue kit. Following
sonication (Covaris M220), samples were electrophoretically run on the
Agilent 2100 Bioanalyzer system to verify fragmentation. The target DNA
fragment size for library preparation was 150–200 bp.

Genomewide imbalance profile sequencing

DNA sequencing libraries were prepared using the TruSeq DNA Nano kit
or Illumina ChipSeq kit (Illumina, San Diego). Whole-genome sequenc-
ing was carried out on a HiSeq2500 or 4000 (Illumina) using a V4 flowcell
generating single-end 36 or 50 bp reads. Mean netto read count per sam-
ple was 9.6 �106 reads. For Genomewide Imbalance Profiling (GIPseq),
our previously described bioinformatics pipeline was applied, using
genomewide parameters (quality score, QS), chromosomal parameters
(z- and zz-score) and subchromosomal parameters [7]. QS was calcu-
lated as the standard deviation of the z-scores of all autosomes excluding
the chromosomes with highest and lowest z-scores. A GIPseq profile was
scored ‘normal’ when QS< 2 and no significant gains or losses were pre-
sent across one of the chromosomes (i.e. jz-scorej < 3.0 and jzz-
scorej < 3.0). The GIPseq profile was called ‘aberrant’ when QS<2, or
when QS< 2 and one or more individual chromosomes were having jz-
scorej � 3.0 and jzz-scorej � 3.0. Constitutional copy number variations
were filtered out and GIPseq profiles were assessed by two independent
researchers for their relevance as cancer-related CNAs, consulting online
databases of chromosome aberrations in oncology [8, 9].

Array comparative genomic hybridization and
fluorescent in situ hybridization

Array comparative genomic hybridization (aCGH) analysis was done as
before [10], using the 4�180K CytoSure Syndrome Plus Leuven Design
microarray or the 8 �60K CytoSure ISCA v2 microarray and analyzed
with the CytoSure Interpret Software (OGT, Oxford, UK). Fluorescent in
situ hybridization (FISH) was carried out according to standard proce-
dures. DNA probes are described in supplementary Table S1, available at
Annals of Oncology online.

Peripheral blood analyses

Analysis of hematological parameters (including cell counts and cy-
tology), clinical biochemistry and protein electrophoresis of peripheral
blood was done at the Laboratory Medicine of University Hospitals
Leuven following standard procedures.

Whole-body MRI screening

When two sequential plasma samples independently confirmed the pres-
ence of an aberrant GIPseq profile, subjects were sent for 3 Tesla whole-
body diffusion Weighted MRI (WB-DWI MRI) imaging to be screened
for the presence of cancer-like lesions, as described before [11]. We
choose WB-DWI MRI due to its absent ionizing radiation, in-house ex-
perience, and similar diagnostic performance compared with PET/CT for
detecting primary and metastatic malignancies [5, 12]. As WB-DWI MRI
was designed for diagnostic purposes rather than for screening purpose
and from ethical considerations, we applied a low threshold for detection
of possible tumor and incidental findings favoring high sensitivity for le-
sion detection over specificity. Detected lesions were examined via dedi-
cated investigations in a second stage. When no lesions, indicative of
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malignancy, were observed, the participant was referred for two addition-
al WB-DWI MRIs with a 3-month time interval.

Statistical analysis

Two-tailed t-testing, assuming equal variances in unpaired samples was
used to compare plasma cfDNA concentrations among study subgroups.
Fisher’s exact test was applied to determine the association between the
frequency of chromosomal aberrations in plasma cfDNA and the age of
the index.

Results

A subset of elderly people has chromosomal
imbalances in plasma cfDNA

Plasma cfDNA of 386 men and 616 women, with a median age of

72 years (range 64–96 years), was subjected to GIPseq analyses.

Ninety-five percent of participants had a normal GIPseq profile.

For 5% of cases, an aberrant profile was detected and a second

blood sample was analyzed (Figure 1A). One participant refused

secondary sampling. Eighteen other samples, for which aberra-

tions could not be confirmed upon second sampling, were reclas-

sified as normal. In the remaining 30 cases (20 men and 10

women), representing 3% of the study population, the GIPseq

profile of the second blood sample reproduced the CNAs found

in the first sample. There was no association between the detec-

tion of chromosomal aberrations in plasma cfDNA and the age of

the participants (frequency of chromosomal aberrations: 2.7% in

people aged 64–69 years; 3.2% in people aged 70–79; and 3.3% in

the 80þ group; P> 0.5). Cell-free DNA concentrations did not

significantly differ between participants with a reproducible aber-

rant GIPseq profile and those with a normal score (mean 6 SEM:

9.6 6 0.5 ng/ml plasma for ‘normal’ cases; 6.3 6 0.6 ng/ml for

‘aberrant’ cases; P¼ 0.66).

Two types of chromosomal anomalies were observed upon

cfDNA profiling: (i) genomewide aberrations with gains and/or

losses on multiple chromosomes, affecting whole chromosomes

and chromosome arms, characterized by an elevated GIPseq QS-

score (n¼ 12 cases; Figure 2A and Table 1) and (ii) isolated aber-

rations in which only one chromosome or chromosomal segment

was affected, with an overall QS< 2 (n¼ 18 cases; Figure 2B and

Table 2). Isolated anomalies encompassed: a segmental del(3p),

del(5q), del(9q), del(20q) or del(22q); segmental gains on 9p and

9q, or 14q, or a trisomy 12 or 15.

For the 30 participants with aberrant GIPseq profiles, aCGH on

peripheral blood cell DNA was carried out to investigate the possi-

bility of an underlying hematological malignancy. Furthermore,

general peripheral blood parameters (including cell count and cy-

tology) were examined and subjects were screened via WB-DWI

MRI for the presence of potentially malignant lesions. The results

are summarized in Tables 1 and 2 and Figure 1B.

Genomewide chromosomal imbalances in plasma
cfDNA may point to an underlying (pre)malignancy

Five cases, with genomewide chromosomal imbalances in cfDNA,

were diagnosed with cancer or a premalignant condition upon

clinical follow-up (Table 1): one non-Hodgkin lymphoma

(NHL)-type chronic lymphocytic leukemia (CLL) (Rai I–Binet A);

one classical Hodgkin lymphoma (HL) (stage II); one myelodys-

plastic syndrome (MDS) with excess blasts (type 1, IPSS 2); one

NHL-type mucosa-associated lymphoid tissue (MALT; stage I)

and one high-count monoclonal B-cell lymphocytosis (MBL), a

premalignant condition at risk for progression to B-cell malig-

nancy. Molecular investigations in biopsies from the indices, con-

firmed that the CNAs detected in cfDNA were, at least partially,

derived from tumor DNA. One additional individual, having an

isolated trisomy 12 in cfDNA, was eventually identified with NHL-

type small lymphocytic lymphoma (SLL; stage III), with the tri-

somy 12 present as a low-grade mosaicism in peripheral blood

cells. Supplementary document S1, available at Annals of Oncology

online, comprehensively describes follow-up investigations in

these six cases. Figure 3 depicts the results of the molecular and

clinical examinations for the NHL, type CLL. Analogous results for

the HL, MDS, MALT, SLL and MBL cases are shown in supple-

mentary Figures S1–S5, available at Annals of Oncology online.

In the remaining 24 individuals, of whom 7 presenting with

multiple and 17 having isolated chromosomal anomalies in

cfDNA, no definitive cancer diagnosis was made (Tables 1 and 2

and Figure 1B). For eight of them, no complete clinical follow-up

was carried out, either due to the participant’s voluntary withdraw-

al, and hence preventing a final diagnosis, or because the abnor-

malities in cfDNA were believed not to be cancer-related

(indicated with an asterisk, Tables 1 and 2). For one such case (case

22022016-03), again having genomewide CNAs in cfDNA but not

in peripheral blood DNA, WB-DWI MRI revealed supraclavicular

adenopathies, being suggestive of a lymphoma. No confirmatory

diagnosis was made since this woman refused subsequent clinical

investigations because of her age. Additionally, one male (case

30032017-02) having genomewide aberrations in cfDNA, was in-

dependently of our investigations, diagnosed with a lip cancer, but

no correlation was found between the imbalances in cfDNA and

the copy number profile in tumor DNA (data not shown).

About one-third of chromosomal imbalances in
plasma cfDNA of asymptomatic individuals
originates from peripheral blood cells

In 9 of the 24 (37.5%) individuals without a cancer diagnosis, the ab-

errant cfDNA species were shown, upon aCGH, FISH and/or

low-pass sequencing of peripheral blood DNA, to originate from a

low-grade mosaicism in peripheral blood cells, but without fulfilling

the criteria for a hematological diagnosis. It concerned cases with an

isolated anomaly on chromosome 3p, 5q, 15, 20q or 22q (Table 2).

GIPseq profiles of each of these imbalances, and confirmatory analy-

ses in peripheral blood cells, are shown in supplementary Figures

S6–S8, available at Annals of Oncology online. For 15 out of the 24

undiagnosed cases (62.5%), the chromosomal imbalances observed

in cfDNA were not detected in peripheral blood DNA.

Four incidental cancer diagnoses were made
despite a normal GIPseq profile

Four out of the 953 cases, with a normal GIPseq profile, were inci-

dentally diagnosed with one of the following cancers: prostate

adenocarcinoma (stage pT3aN0M0; diagnosed 5 months after

GIPseq analysis), bronchus adenocarcinoma (stage cT3N3M1b;
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diagnosed 35 days after GIPseq analysis), liver-metastasized

colon adenocarcinoma (stage pT4N1cM1; 1 month after GIPseq

analysis) or multiple myeloma IgG kappa (stage 2; 27 days after

GIPseq testing). For the prostate adenocarcinoma, additional

plasma analysis at the time of diagnosis again showed a normal

GIPseq profile (supplementary Figure S9A, available at Annals of

Oncology online). Whole-genome shallow sequencing was carried

out on FFPE biopsy DNA of the solid tumors, and FISH analysis

was done on bone marrow plasma cells from the multiple mye-

loma patient. The genomes of the prostate, bronchus and colon

adenocarcinomas and that of the plasma cell tumor displayed no-

ticeable focal and/or broad CNAs (supplementary Figures S9–

S11, available at Annals of Oncology online).

Discussion

We here report unique data on the potential of genomewide

CNA detection in plasma cfDNA for cancer screening in a large

cohort of individuals without a cancer history. Five out of the

1002 screened participants were diagnosed with a hematological

cancer (3 NHL, 1 HL and 1 MDS-EB1), with the CNAs in cfDNA

originating, at least partially, from malignant cells. This fre-

quency of cancer detection (0.5%) is three to four times lower

than the expected prevalence of all cancers together, but is ap-

proximately four times higher than reported incidence rates for

NHL, HL and MDS combined, in people aged 65 years and above

[13–15]. Importantly, for two of our participants, the malignancy

was not yet reflected in abnormal blood parameters, pointing to

the potential of GIPseq for presymptomatic detection of these

hematological cancers. Whereas current incidence numbers are

based on the usual clinical presentations and conventional diag-

nostic criteria for hematologic malignancies, genetic screening

approaches for clonal DNA mosaicisms in blood may result in a

higher detection rate: especially in indolent disorders, the obser-

vation of clonality can lead to diagnosis of a malignancy before

clinical signs or symptoms bring it to attention. The preponder-

ance of hematological diagnoses might be plausible when

1002 plasma cell-free DNA GIPseq results
(39% men – 61% women)

A

B

49 ABERRANT GIPseq profiles
(63% men – 37% women)

30 GIPseq profiles remained ABERRANT
(67% men – 33% women)

1 refused

953 NORMAL GIPseq profiles
(37% men - 63% women)

18 NORMAL GIPseq profiles
(61% men – 39% women)

INCIDENTAL
CANCER DIAGNOSES 

(PRE)CANCER
DIAGNOSES

aberrations in cfDNA originate from
(pre)malignant tissue

aberrations in
cfDNA originate
from peripheral

blood cells

origin of
aberrations
in cfDNA

not known

• 9 cases • 15 cases
• 1 prostate carcinoma, stage III

• 1 NHL type CLL, stage IV

• 1 NHL type MALT, stage I

• 1 NHL type SLL, stage III

• 1 HL stage II

• 1 MDS with excess blasts-1, IPSS 2

• 1 high-count MBL

• 1 bronchus carcinoma, stage III

• 1 colon carcinoma, stage IV

• 1 multiple myeloma, stage II

NO DEFINITIVE
CANCER DIAGNOSIS*

s e c o n d  s a m p l i n g

Figure 1. Flow chart of analyses and clinical outcome. (A) Flow chart of plasma sampling and subsequent GIPseq profiling. (B) Clinical fol-
low-up results of the 30 cases with a reproducible GIPseq profile. *For 8 of the 24 cases, for whom no cancer diagnosis was made, clinical fol-
low-up data for either whole-body diffusion weighted MRI examination(s) or general hematological analysis are missing, either due to
withdrawal of the participant during the course of the study or because the observed abnormalities in cfDNA were believed not to be can-
cer-related aberrations. CLL, chronic lymphocytic leukemia; HL, Hodgkin lymphoma; MALT, mucosa-associated lymphoid tissue; MBL, mono-
clonal B-cell lymphocytosis; MDS, myelodysplastic syndrome; NHL, non-Hodgkin lymphoma; SLL, small lymphocytic lymphoma.
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Figure 2. Chromosomal aberrations observed in cell-free plasma DNA. Representative circos plots showing reproducible chromosomal
anomalies detectable in cfDNA. Plotting is based on the GIPseq results of the second plasma sample of each case, showing those chromo-
somal anomalies that are reproducible in the two independent plasma samples and with a chromosomal z-score �3.0 (suggesting gain; in
green) or �3.0 (suggesting loss; in red). Chromosomal regions with clear reproducible amplifications and deletions, resulting in a neutral z-
score are displayed as well. For every case, the genomic representation profile of the autosomal chromosomes is shown in clockwise order,
aligned with chromosomal ideograms (outer circle). (A) Cases with genomewide chromosomal aberrations (n¼12). For some of these cases,
high z-scores for almost every chromosome were observed. This indicates that either all chromosomes are indeed affected, or the z-scores of
particular individual chromosomes or chromosomal fragments might be skewed due to excessive presentation of other, highly amplified
chromosomes or chromosome arms. (B) Cases with single chromosomal aberrations (n¼18). For one del(20q) case focal gains on chromo-
some 5 emerged upon second cfDNA sampling (second last case; see also supplementary Figure S8, available at Annals of Oncology online).
Cases are shown from the periphery to the center in the same order as in Tables 1 and 2.
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assuming that cfDNA is largely derived from hematopoietic cells

[1]. Three of the four incidental cancer diagnoses, following a

normal GIPseq profile, were solid tumors and the genomes of

these cancers were characterized by CNAs. Either these tumors

did not shed DNA into the circulation or the load of ctDNA spe-

cies was too low to be detected via GIPseq. Also, plasma cfDNA

concentrations did not differ between participants with and with-

out CNAs in cfDNA, suggesting that, even with a higher turnover

of malignant cells, the ctDNA fraction remains limited.

Besides detecting hematological malignancies, GIPseq profil-

ing might allow detecting premalignant conditions. Firstly, one

high-count MBL diagnosis was made, being recognized as a pre-

cursor lesion of CLL [16]. Secondly, in 9 of the 24 cases (38%)

without a cancer diagnosis, the isolated anomalies in cfDNA were

originating from a low-grade mosaicism in peripheral blood cells,

some of these aberrations being typically associated with MDS

and myeloproliferative neoplasms [17, 18]. Two of our cases had,

respectively, a mild anemia and monocytosis, potentially point-

ing to an underlying, developing myeloid neoplasm. Previous

studies on cellular DNA from peripheral blood found that clonal

mosaicisms for these chromosomal anomalies in blood cell DNA

are present in �2.5% of aged people and, importantly, that

they predict a 5- to 10-fold increased risk of a subsequent cancer

[19, 20].

For about two-third of study participants (15 of 24 cases), with

anomalies in cfDNA but no cancer diagnosis, the chromosomal

aberrations were not detectable in peripheral blood DNA. This

does not necessarily preclude that the observed abnormalities

were from hematopoietic origin. It might be possible that aber-

rant cfDNA species originated from neoplastic clones in bone

marrow without resulting in aberrant peripheral blood cell

descendants. Such an observation was previously reported by Yeh

et al. in the context of MDS [21]. Similarly, the cases identified

with MDS and MALT in our study had a normal molecular

karyotype in peripheral blood cells. Molecular testing of bone

marrow biopsy DNA in cases with detectable anomalies in

cfDNA but not in peripheral blood could help identifying the ori-

gin of aberrant cfDNA species. However, this is not ethically justi-

fiable in otherwise healthy individuals. Nevertheless, there

remains the possibility that the cfDNA clones might be derived

from other than hematopoietic cells and reflect other non-

neoplastic conditions [22]. Future analyses, exploiting supra-

molecular information contained in cfDNA, may help tracing the

tissue from which the detected aberrant cfDNA species originated

[23].

To allow exploiting the full potential of GIPseq for cancer

screening, a longer follow-up of our study population should be

carried out to determine the clinical and biological significance of

chromosomal imbalances in cfDNA of apparently healthy indi-

viduals. Either these chromosomal events represent malignant

precursor clones or they reflect the normal clonal variation in

aged people. Both scenarios impact future cancer screening pro-

grams searching for cancer-specific CNAs in liquid biopsies.

Furthermore, long-term follow-up will allow determining the

false negative rate in our population. Finally, further investiga-

tions are necessary to understand why, in about one-third of

cases, the initial deviating GIPseq profile could not be reproduced

upon subsequent plasma sampling, and whether this irregularity

has a technical and/or a biological nature.Ta
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Together, these data underscore the potential of genomewide

cfDNA profiling, as an unbiased screening approach for chronic

hematological malignancies and premalignant conditions, such

as HL, NHL, MDS or MBL. Such a secondary prevention strategy

could be particularly valuable for patient groups at risk, e.g. after

genotoxic cancer therapy. As shown above, plasma cfDNA

analysis might allow detecting a broader range of chromosomal

abnormalities than do examinations restricted to peripheral

blood cells. Identifying individuals with an indolent hematologic-

al malignancy or a clonal mosaicism at risk of subsequent malig-

nant evolution would allow a close follow-up and the

introduction of specific measures for the management of the

Figure 3. GIPseq profiles, array CGH and WB-DWI MRI analyses for the case with non-Hodgkin lymphoma-type CLL. (A) GIPseq-profiles of
the two consecutive blood samples of case 12012016-28. For every chromosome, the ideogram is shown at the left, together with the gen-
omic representation profile of sample one (immediately at the right) and sample two (far right, taken three months after sample one). The
vertical graph represents the actual genome representation profile: dotted lines on either side of the axis, plus or minus �1.5; red areas, likely
deleted regions; green areas, likely duplicated or amplified regions. (B) Array CGH on peripheral blood DNA. The column labels represent the
numbered chromosomes plus X and Y; the y-axis, represents the log 2 of the intensity ratios; each graphed point represents an array probe.
(C) WB-DWI MRI. Arrows indicate the presence of multiple infra- and supradiaphragmatic adenopathies, indicative of a lymphoproliferative
process.
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early-stage disease [24]. Finally, potential consequences for the

patient’s mental health need to be taken into account: the discov-

ery of clonal mosaicism in cfDNA and/or an indolent hemato-

logical malignancy together with uncertainty about its future

evolution may cause anxiety, akin to that described in patients

diagnosed with CLL that were approached with a strategy of ac-

tive surveillance and ‘watchful waiting’ [25, 26]. Lastly, this study

also provides a baseline of CNAs expected to be present in plasma

cfDNA.
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