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Abstract

The revolutionary finding of cell free DNA (cfDNA) circulating in the bloodstream had a huge impact on the development
of non-invasive prenatal testing (NIPT) (obstetrics) and liquid biopsies (oncology). The latter, combined with the sequenc-
ing of tumor DNA-containing cfDNA, have been widely applied in cancer research, demonstrating the potential of these
techniques to improve prognostication and guide individualized treatment strategies. During routine NIPT analysis of
more than 88,000 pregnant women performed in our institution, 14 abnormal genomic profiles suggestive of maternal
tumor have been identified. Interestingly, one patient was further diagnosed with classic Hodgkin lymphoma (cHL),
a tumor characterized by a low content (<2%) of neoplastic cells in tumor mass. To examine whether circulating cfDNA
can be informative about genomic imbalances in neoplastic Hodgkin/Reed-Sternberg (HRS) cells, we performed a pilot
study of nine prospective cHL cases. This study showed that genomic profiles of cfDNA correspond to the profiles of
HRS cells. To get further insights into the genome of cHL, a large study on cfDNA from 177 prospective cHL patients
was subsequently established. Based on ultra-low pass sequencing of cfDNA from this cohort, we built a comprehensive
catalog of genomic abnormalities, as well as their frequencies and patterns. Besides the known recurrent imbalances,
such as gain/amplification of 2p16/REL-BCL11A and 9p24/JAK2-CD274-PDCDLG2, novel recurrent abnormalities were
identified in cHL. Altogether, we have provided evidence that cHL is characterized by consistent and recurrent genomic
imbalances and we have shown the potential of genomic profiling of ¢cfDNA as a novel and non-invasive tool in the
diagnosis and follow up of cHL patients.
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Introduction The major source of neoplastic material used for cancer

research have been traditional biopsies taken for diagnos-

Cancer is a genetic disorder driven by accumulating genetic
abnormalities, including oncogenic DNA mutations and
chromosomal defects in somatic cells [1]. Acquired aber-
rations result in deregulated expression of involved genes
(oncogenes and tumor suppressor genes) and consequen-
tly lead to malignant transformation of affected cells. To
date, more than 500 driver genes, activated or inactivated
by genetic and epigenetic aberrations, are known to be
involved in carcinogenesis.
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tic purposes. Sampling tumor tissue, however, is invasive,
associated with procedural risks, sampling errors and the
potential inability to capture special heterogeneity in the
setting of multifocal disease. Over the last two decades,
another fraction of tumor DNA known as circulating cell-
-free tumor DNA, has attracted attention of the scientific
community. Circulating cell-free DNA (ccfDNA), first report-
ed by Mandel and Metais in 1948 [2], comprises genome
fragments that float freely through the bloodstream. This
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fraction of DNA became particularly interesting when it was
discovered that fetal DNA, mainly originating from placental
trophoblast cells, can cross the placenta and be identified
in the plasma of pregnant women [3]. This revolutionary
finding launched the era of non-invasive prenatal testing
(NIPT), a screening of fetal genome in maternal ccfDNA
using next generation sequencing [4, 5]. Interestingly, it
appears that tumors also shed DNA to the circulation and
that ccfDNA of patients with cancer contains circulating tu-
mor DNA (ctDNA) which can serve as a ‘liquid biopsy’ [6].

The liquid biopsy’ terms a minimally invasive technique
of extraction of tumor-derived material (circulating tumor
cells, as well as DNA, RNA, microRNA and proteins) from
non-solid biological tissue like blood, saliva and urine, for
further genomics and proteomics analysis in patients with
cancer. Circulating cfDNA fragments are stable in circula-
tion, but their half-life is relatively short. DNA is shed pri-
marily through apoptosis and necrosis, but also through
secretion. ccfDNA in the blood of healthy individuals is
present at low levels, but is increased in oncological pa-
tients, being shed from both normal and malignant cells.

Given that ctDNA harbours cancer-specific modifica-
tions, including point mutations and chromosomal copy
number abnormalities (CNA) (gains and losses), and sam-
pling can be easily done at each stage of disease, inter-
est of non-invasive diagnostic of tumors has grown enor-
mously [7-12].

Detection of incipient tumors in pregnant
women by screening of plasma cell-free DNA

NIPT has been recently widely applied in routine practice.
Since then, occasional reports of discordant NIPT results
indicating for detection of tumor-derived CNAs in plasma
cfDNA of pregnant women have been published [13, 14]. In
University Hospital Leuven, Belgium, NIPT was introduced in
2013. Over 6.5 years, more than 88,000 pregnant women
underwent NIPTing. Application of the Genome-wide Imba-
lance Profile sequencing pipeline (GIPSeq) developed in our
institution allows unbiased detection of CNA in cfDNA [5].

Upon analysis of the 88,294 NIPT results, 14 women
without a previous medical history of cancer were identi-
fied with a GIPSeq result suggesting an occult maternal
malignancy [15, 16]. The patients underwent further clin-
ical investigations, including whole-body diffusion-weight-
ed magnetic resonance imaging (WB-DWI MRI), which led
to identification of maternal tumors in 12 pregnant wom-
en. In one case, the cancer diagnosis (primary mediasti-
nal large B-cell lymphoma) was made three years after
the detection of an aberrant result by NIPT/genome-wide
imbalance profile sequencing (GIPSeq). More than 66% of
tumors were of hematological origin, mainly Hodgkin (75%)
and non-Hodgkin lymphomas (25%). One-third (33.3%) of
cancers were solid tumors (ovarian and breast carcinoma,

high grade osteosarcoma). In several cases with confirmed
cancer diagnoses, further genetic analyses, using array
comparative genomic hybridization (aCGH), fluorescence
in situ hybridization (FISH), or low-pass whole genome se-
quencing (0.1x) of biopsy DNA, evidenced that the ccfDNA-
-detected CNAs represent genomic modifications of tumor
DNA. In two patients with an aberrant GIPSeq profile and
lack of suggestive malignancy, clinical follow-up was ad-
vised. Although the detected maternal malignancies were
occult, it is possible that the symptoms of cancer (such as
fatigue, nausea, abdominal discomfort, and vaginal blood
loss) easily could have been misinterpreted as physiologi-
cal gestational symptoms.

Genome-wide studies of classic Hodgkin
lymphoma (cHL) using plasma cfDNA

Initial discovery and pilot study of cHL
The identification of genomic abnormalities in plasma cfDNA
of a pregnant woman further diagnosed with early-stage
cHL (Ann Arbor stage IIA) [15] was unexpected, because
cHL is hallmarked by a minority of neoplastic cells (0.1-2%)
amidst an overwhelming majority of non-malignantimmune
cells [17]. For this reason, detection of HRS cell-derived
DNA in plasma was intriguing. The rarity of neoplastic cells
in cHL tumor mass complicates the analysis of somatic
genetic alterations in this malignancy and hampers the
elucidation of its pathogenesis, biology and diversity [18].
Genetic features of HRS cells has been initially studied in
HL-derived cell lines or sporadically in original tumor sam-
ples by FISH [19-21]. More recently, challenging attempts
were undertaken to investigate genomics of cHL using HRS
cells isolated by laser microdissection or cell sorting after
whole genome DNA amplification [22-28]. The discovery
that HRS-derived DNA is present in a patient’s plasma
opened a new avenue to remotely sample the HRS genome
in a minimally invasive way and to impact HL research.
To validate our initial observation of HRS cells-relat-
ed chromosomal imbalances in patient’s ccfDNA [15], we
undertook a pilot study of nine prospective cases of biop-
sy-proven nodular sclerosis Hodgkin lymphoma, which is
the most frequent subtype of cHL [29]. Eight cases were
recruited at time of diagnosis and one at first relapse. The
patients presented at stage IlA (7/9) and IVB (2/9) dis-
ease. The collected ccfDNA was subjected to low-cover-
age massive parallel sequencing. The downstream analy-
sis detected genomic gains and losses in eight cases. The
most frequent gains, found in >5 cases, affected 2p (n =7),
3q, 5q and 9p (n =5), while recurrent losses detected in
4-5 patients involved 1p, 6q, 7q, 99, 10q, 11q, 13q and
22q. Some of these imbalances were extensively validated
by FISH with probes representing affected chromosomal
regions on HRS cells from either cytogenetic harvests or
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biopsy samples. All patients, including the pregnant woman,
underwent chemotherapy with or without the involvement
of node radiotherapy. All responded, as shown by early clin-
ical evaluation. Importantly, GIPSEq analysis performed in
subsequent samples taken between days 15 and 43 after
treatment initiation, showed normal genomic profiles in all
cases, confirming clinical observation of complete meta-
bolic remission. To gain insights into mechanisms under-
lying an abundant release of ccfDNA by scarce HRS cells,
we analyzed the expression of cell cycle indicator Ki67 and
cleaved caspase 3 by immunohistochemistry (IHC) in all
nine cases. Coexpression of both molecules in HRS cells
and the presence of necrosis in biopsy samples suggest
a high turnover of neoplastic HRS cells in cHL. The find-
ing of most complex genomic profiles in both patients with
advanced disease (stage IVB) suggests an association be-
tween the HRS cell burden and the level of HRS cell derived
DNA in ccfDNA. These pilot data indicates for potential of
ccfDNA profiling as a novel non-invasive tool for diagnosis
and monitoring of the disease.

Landscape of copy number variations in cHL
After the technical proof-of-principle study proving that
circulating cfDNA from HL patients contains circulating
tumor DNA (ctDNA) from HRS cells, and that the DNA
can be profiled by massive parallel sequencing [29], we
established a large collaborative project of KU Leuven
and the Lymphoma Study group (LYSA) of cHL on cell-free
DNA [30]. The project aimed at screening of genomic im-
balances in HRS cells using ultra-low pass sequencing of
cfDNA in a large series of cHL patients. Between 2014 and
2018, we prospectively collected plasma cfDNA from 177
new cHL patients (mostly early stage). To profile genomic
imbalances, cfDNA samples were sequenced at low cove-
rage (0.26x) and subjected to downstream bioinformatic
analysis. In addition, we attempted to estimate the clonal
fraction of cfDNA (presumably derived from HRS cells) and
analyze a possible correlation of ctDNA with the known
prognostic risk factors and tumor burden, and monitor the
CNA evolution after treatment initiation.

The subsequent genome-wide analysis of cfDNA from
this cohort allows the construction of a comprehensive cat-
alog of the types of CNA, their frequencies and patterns in
cHL. More than 90% of patients (164,/177) exhibited CNA in
cfDNA. The remaining cases displayed balanced CN profiles
at diagnosis, likely due to a low content of tumor fractions,
below the detection threshold of the applied assay. CNA
was detectable in 94% (140/149) and 92% (22/24) of cas-
es with stage |-l disease and IlI-1V disease, respectively.
Most cases (152/164) revealed complex profiles with five or
more CNAs. The most prevalent gains affected 2p16 (69%),
5p14 (50%), 12913 (50%), 9p24 (50%), 5q (44%), 17q
(43%) and2q (41%). Genomic gain or amplification usual-
ly impacts expression of harbored genes, as show in the

case of 2p16 and 9p24 amplification targeting the known
lymphoma-related driver genes, REL/BCL11A and JAK2/
/CD274/PDCDLG2, respectively. Other candidate genes
(unmutated or mutated) deregulated by genomic gains
in cHL include IL-10 (1932), XPO1 (2p15), NFKB1 (4q24),
CASP6 (4925), CSF1R (5g34) and STAT6 (12q13). Genomic
losses most frequently targeted 13q (57%), 6925927 (55%),
4935 (50%), 11923 (44%) and 8p21 (43%). The known tu-
mor suppressor genes affected by losses of 6g and 13q
include TNFAIP3 and FOXO01, respectively. In addition, we
identified loss of 3p13p26 and 12021924, and gain of
1592-026 as novel recurrent CNA in cHL.

FISH was used to validate genomic gains or losses
detected in cfDNA. Using DNA probes representing the
gained/lost regions of interest which were applied on stored
cytogenetic harvests from 10 biopsies, we confirmed the
imbalances in HRS cells of 9/10 cases. Notably, most CNAs
detected in our series have been already reported in small-
er studies on purified HRS cells or on tumor sections, but
their occurrence and frequencies varied in different stud-
ies [19, 20, 22-25].

Our study, the largest study on CNA in cHL to date, pro-
vides a comprehensive landscape of CNAs with a reliable
rating of their relative frequency. We found that occurrence
of gain of 2p16, 5p14 and 12q13 and loss of 6925 and
13q is similar to gain/amplification of 9p24 affecting
CD274/PD-L1 and PDCDLG2/PD-L2. The latter aberration
is an important predictor for favorable outcome after an-
ti-PD-1 driven immune checkpoint blockade, e.g. nivolum-
ab [15, 31]. Significantly, we found loss of 3p13-p26 and
12g21-g24 and gain of 15921-926 as three novel non-ran-
dom CNAs in cHL. Postulated candidate oncogenes har-
bored by chromosome 15q include several genes promot-
ing cell proliferation and acting downstream of NF-xB,
JAK-STAT and cytokine receptor signaling (AKAP13, FES,
STRA6 and PIAS1) and genes showing anti-apoptotic activ-
ity (MAP2K1 and MAP2K5). Candidate tumor suppressor
genes mapped on 3p and 12q include negative regulators
of cell proliferation (RHOA, VHL and TLR9/3p, SOCS2/12q)
and apoptosis (TRAIP/3p, APAF1/12q). Further investiga-
tions studying whether and how these novel CNAs are im-
plicated in the pathogenesis of cHL are required.

In addition, we found that ctDNA concentration at di-
agnosis was associated with HRS cell burden and tumor
mass volume. Notably, ctDNA and related CNA rapidly di-
minished upon treatment initiation, while persistence of
CNA correlated with an increased probability of relapse.

Our study showed that cfDNA could be a gateway to the
genome of HRS cells and serve as substrate for the mon-
itoring of early disease response.

Altogether, we have provided evidence that cHL is char-
acterized by consistent and recurrent genomic imbalanc-
es. The aberrations were detected by massive parallel se-
quencing of ccfDNA from 93% of patients with early and
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advanced stages of newly diagnosed tumors. Besides the
known recurrent gains and losses, loss of 3p13p26 and
12921924 and gain of 1592126 were identified as novel
recurrent CNA in cHL. Genomic aberrations were correlated
with disease burden and evolution. The rapid normalization
of ccfDNA profiles on therapy initiation suggests a potential
role for ccfDNA profiling in early response monitoring. These
findings confirmed our pilot studies, and showed the poten-
tial of genomic profiling of cfDNA as novel and non-invasive
tool at diagnosis and follow up of cHL patients. Moreover,
our discoveries and those by other groups show several new
possibilities for exploring the molecular pathogenesis of
HL, as illustrated by recent publications [32-35] and have
potential implications for the prospective clinical develop-
ment of biomarkers and precision therapy for this tumor.

Authors’ contributions
All authors contributed in the discussed research and
writing of the article

Conflict of interest
The authors have no competing interests to declare.

Financial support
None.

Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments invol-
ving humans; EU Directive 2010/63/EU for animal exper-
iments; Uniform Requirements for manuscripts submitted
to Biomedical journals.

References

1. Hanahan D, Weinberg R. The hallmarks of cancer. Cell. 2000; 100(1):
57-70, doi: 10.1016/s0092-8674(00)81683-9, indexed in Pubmed:
10647931.

2. Mandel P, Metais P. [Nuclear acids in human blood plasma] [Article in
French]. C R Seances Soc Biol Fil. 1948; 142(3-4): 241-243, indexed
in Pubmed: 18875018.

3. Bianchi DW. Circulating fetal DNA: its origin and diagnostic potential
— a review. Placenta. 2004; 25 (Suppl A): S93-S9S101, doi:
10.1016/j.placenta.2004.01.005, indexed in Pubmed: 15033315.

4. Bayindir B, Dehaspe L, Brison N, et al. Noninvasive prenatal test-
ing using a novel analysis pipeline to screen for all autosomal fetal
aneuploidies improves pregnancy management. Eur J Hum Genet.
2015; 23(10): 1286-1293, doi: 10.1038/ejhg.2014.282, indexed in
Pubmed: 25585704,

5. Brady P, Brison N, Van Den Bogaert K, et al. Clinical implementation of
NIPT — technical and biological challenges. Clin Genet. 2016; 89(5):
523-530, doi: 10.1111/cge.12598, indexed in Pubmed: 25867715.

6. Diaz LA, Bardelli A. Liquid biopsies: genotyping circulating tumor DNA.
JClin Oncol. 2014; 32(6): 579-586, doi: 10.1200/JC0.2012.45.2011,
indexed in Pubmed: 24449238.

www.journals.viamedica.pl/acta_haematologica_polonica

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Diehl F, Li M, Dressman D, et al. Detection and quantification of
mutations in the plasma of patients with colorectal tumors. Proc
Natl Acad Sci USA. 2005; 102(45): 16368-16373, doi: 10.1073/
/pnas.0507904102, indexed in Pubmed: 16258065.
Schwarzenbach H, Hoon DSB, Pantel K. Cell-free nucleic acids as bio-
markers in cancer patients. Nat Rev Cancer. 2011; 11(6): 426-437,
doi: 10.1038/nrc3066, indexed in Pubmed: 21562580.

Leary RJ, Sausen M, Kinde I, et al. Detection of chromosomal al-
terations in the circulation of cancer patients with whole-genome
sequencing. Sci Transl Med. 2012; 4(162): 162ra154, doi: 10.1126/
/scitransimed.3004742, indexed in Pubmed: 23197571.

Thierry AR, Mouliere F, El Messaoudi S, et al. Clinical validation of the
detection of KRAS and BRAF mutations from circulating tumor DNA.
Nat Med. 2014; 20(4): 430-435, doi: 10.1038/nm.3511, indexed in
Pubmed: 24658074.

Roschewski M, Staudt LM, Wilson WH. Dynamic monitoring of circu-
lating tumor DNA in non-Hodgkin lymphoma. Blood. 2016; 127(25):
3127-3132, doi: 10.1182/blood-2016-03-635219, indexed in
Pubmed: 27081097.

Lenaerts L, Vandenberghe P, Brison N, et al. Genomewide copy num-
ber alteration screening of circulating plasma DNA: potential for the
detection of incipient tumors. Ann Oncol. 2019; 30(1): 85-95, doi:
10.1093/annonc/mdy476, indexed in Pubmed: 30371735.

Osborne CM, Hardisty E, Devers P, et al. Discordant noninvasive pre-
natal testing results in a patient subsequently diagnosed with meta-
static disease. Prenat Diagn. 2013; 33(6): 609-611, doi: 10.1002/
/pd.4100, indexed in Pubmed: 23559449,

Dharajiya NG, Grosu DS, Farkas DH, et al. Incidental detection of
maternal neoplasia in noninvasive prenatal testing. Clin Chem. 2018;
64(2): 329-335, doi: 10.1373/clinchem.2017.277517, indexed in
Pubmed: 28982650.

Amant F, Verheecke M, Wlodarska |, et al. Presymptomatic identifi-
cation of cancers in pregnant women during noninvasive prenatal
testing. JAMA Oncol. 2015; 1(6): 814-819, doi: 10.1001/jamaon-
c0l.2015.1883, indexed in Pubmed: 26355862.

Lenaerts L, Brison N, Maggen C, et al. Comprehensive genome-
-wide analysis of routine non-invasive test data allows cancer pre-
diction: A single-center retrospective analysis of over 85,000 pre-
gnancies. EClinicalMedicine. 2021; 35: 100856, doi: 10.1016/j.
eclinm.2021.100856.

Stein H. Hodgkin lymphoma. In: Swerdlow SH, Campo E, Harris NL.
eds. WHO classification of tumours of haematopoietic and lymphoid
tissues. larc, Lyon 2008.

Kippers R, Engert A, Hansmann ML. Hodgkin lymphoma. J Clin In-
vest. 2012; 122(10): 3439-3447, doi: 10.1172/JCI61245, indexed
in Pubmed: 23023715.

Joos S, Menz CK, Wrobel G, et al. Classical Hodgkin lymphoma is cha-
racterized by recurrent copy number gains of the short arm of chro-
mosome 2. Blood. 2002; 99(4): 1381-1387, doi: 10.1182/blood.
v99.4.1381, indexed in Pubmed: 11830490.

Martin-Subero JI, Gesk S, Harder L, et al. Recurrent involvement of
the REL and BCL11A loci in classical Hodgkin lymphoma. Blood.
2002; 99(4): 1474-1477, doi: 10.1182/blood.v99.4.1474, indexed
in Pubmed: 11830502.

Giefing M, Arnemann J, Martin-Subero JI, et al. Identification of can-
didate tumour suppressor gene loci for Hodgkin and Reed-Stern-
berg cells by characterisation of homozygous deletions in classical
Hodgkin lymphoma cell lines. Br J Haematol. 2008; 142(6): 916-
-924, doi: 10.1111/j.1365-2141.2008.07262.x, indexed in Pubmed:
18671701.

/£


http://dx.doi.org/10.1016/s0092-8674(00)81683-9
https://www.ncbi.nlm.nih.gov/pubmed/10647931
https://www.ncbi.nlm.nih.gov/pubmed/18875018
http://dx.doi.org/10.1016/j.placenta.2004.01.005
https://www.ncbi.nlm.nih.gov/pubmed/15033315
http://dx.doi.org/10.1038/ejhg.2014.282
https://www.ncbi.nlm.nih.gov/pubmed/25585704
http://dx.doi.org/10.1111/cge.12598
https://www.ncbi.nlm.nih.gov/pubmed/25867715
http://dx.doi.org/10.1200/JCO.2012.45.2011
https://www.ncbi.nlm.nih.gov/pubmed/24449238
http://dx.doi.org/10.1073/pnas.0507904102
http://dx.doi.org/10.1073/pnas.0507904102
https://www.ncbi.nlm.nih.gov/pubmed/16258065
http://dx.doi.org/10.1038/nrc3066
https://www.ncbi.nlm.nih.gov/pubmed/21562580
http://dx.doi.org/10.1126/scitranslmed.3004742
http://dx.doi.org/10.1126/scitranslmed.3004742
https://www.ncbi.nlm.nih.gov/pubmed/23197571
http://dx.doi.org/10.1038/nm.3511
https://www.ncbi.nlm.nih.gov/pubmed/24658074
http://dx.doi.org/10.1182/blood-2016-03-635219
https://www.ncbi.nlm.nih.gov/pubmed/27081097
http://dx.doi.org/10.1093/annonc/mdy476
https://www.ncbi.nlm.nih.gov/pubmed/30371735
http://dx.doi.org/10.1002/pd.4100
http://dx.doi.org/10.1002/pd.4100
https://www.ncbi.nlm.nih.gov/pubmed/23559449
http://dx.doi.org/10.1373/clinchem.2017.277517
https://www.ncbi.nlm.nih.gov/pubmed/28982650
http://dx.doi.org/10.1001/jamaoncol.2015.1883
http://dx.doi.org/10.1001/jamaoncol.2015.1883
https://www.ncbi.nlm.nih.gov/pubmed/26355862
http://dx.doi.org/10.1016/j.eclinm.2021.100856
http://dx.doi.org/10.1016/j.eclinm.2021.100856
http://dx.doi.org/10.1172/JCI61245
https://www.ncbi.nlm.nih.gov/pubmed/23023715
http://dx.doi.org/10.1182/blood.v99.4.1381
http://dx.doi.org/10.1182/blood.v99.4.1381
https://www.ncbi.nlm.nih.gov/pubmed/11830490
http://dx.doi.org/10.1182/blood.v99.4.1474
https://www.ncbi.nlm.nih.gov/pubmed/11830502
http://dx.doi.org/10.1111/j.1365-2141.2008.07262.x
https://www.ncbi.nlm.nih.gov/pubmed/18671701

Acta Haematologica Polonica 2021, vol. 52, no. 4

22.

23.

24,

25.

26.

27.

28.

29.

Steidl C, Telenius A, Shah SP, et al. Genome-wide copy number ana-
lysis of Hodgkin Reed-Sternberg cells identifies recurrent imbalan-
ces with correlations to treatment outcome. Blood. 2010; 116(3):
418-427, doi: 10.1182/blood-2009-12-257345, indexed in Pubmed:
20339089.

Hartmann S, Martin-Subero JI, Gesk S, et al. Detection of genomic
imbalances in microdissected Hodgkin and Reed-Sternberg cells of
classical Hodgkin’s lymphoma by array-based comparative geno-
mic hybridization. Haematologica. 2008; 93(9): 1318-1326, doi:
10.3324/haematol.12875, indexed in Pubmed: 18641027.

Slovak ML, Bedell V, Hsu YH, et al. Molecular karyotypes of Hodgkin
and Reed-Sternberg cells at disease onset reveal distinct copy number
alterations in chemosensitive versus refractory Hodgkin lymphoma.
Clin Cancer Res. 2011; 17(10): 3443-3454, doi: 10.1158/1078-
0432.CCR-10-1071, indexed in Pubmed: 21385932.

Green MR, Monti S, Rodig SJ, et al. Integrative analysis reveals se-
lective 9p24.1 amplification, increased PD-1 ligand expression, and
further induction via JAK2 in nodular sclerosing Hodgkin lympho-
ma and primary mediastinal large B-cell lymphoma. Blood. 2010;
116(17): 3268-3277, doi: 10.1182/blood-2010-05-282780, indexed
in Pubmed: 20628145.

Juskevicius D, Jucker D, Dietsche T, et al. Novel cell enrichment tech-
nique for robust genetic analysis of archival classical Hodgkin lymp-
homa tissues. Lab Invest. 2018; 98(11): 1487-1499, doi: 10.1038/
/s41374-018-0096-6, indexed in Pubmed: 30087457.

Wienand K, Chapuy B, Stewart C, et al. Genomic analyses of flow-sorted
Hodgkin Reed-Sternberg cells reveal complementary mechanisms of
immune evasion. Blood Adv. 2019; 3(23): 4065-4080, doi: 10.1182/
/bloodadvances.2019001012, indexed in Pubmed: 31816062.
Reichel J, Chadburn A, Rubinstein PG, et al. Flow sorting and exome
sequencing reveal the oncogenome of primary Hodgkin and Reed-
-Sternberg cells. Blood. 2015; 125(7): 1061-1072, doi: 10.1182/
/blood-2014-11-610436, indexed in Pubmed: 25488972.
Vandenberghe P, Wlodarska |, Tousseyn T, et al. Non-invasive detec-
tion of genomic imbalances in Hodgkin/Reed-Sternberg cells in early

30.

31.

32.

33.

34.

35.

36.

and advanced stage Hodgkin’s lymphoma by sequencing of circulating
cell-free DNA: a technical proof-of-principle study. Lancet Haematol.
2015; 2(2): e55-e65, doi: 10.1016/52352-3026(14)00039-8, inde-
xed in Pubmed: 26687610.

Buedts L, Wlodarska |, Finalet-Ferreiro J, et al. The landscape of copy
number variations in classical Hodgkin lymphoma: a joint KU Leuven
and LYSA study on cell-free DNA. Blood Adv. 2021; 5(7): 1991-2002,
doi: 10.1182/bloodadvances.2020003039, indexed in Pubmed:
33843986.

Ansell SM, Lesokhin AM, Borrello |, et al. PD-1 blockade with nivo-
lumab in relapsed or refractory Hodgkin's lymphoma. N Engl J Med.
2015; 372(4): 311-319, doi: 10.1056/NEJM0a1411087, indexed in
Pubmed: 254822309.

Camus V, Stamatoullas A, Mareschal S, et al. Detection and pro-
gnostic value of recurrent exportin 1 mutations in tumor and cell-
free circulating DNA of patients with classical Hodgkin lymphoma.
Haematologica. 2016; 101(9): 1094-1101, doi: 10.3324/haema-
t0.2016.145102, indexed in Pubmed: 27479820.

Spina V, Bruscaggin A, Cuccaro A, et al. Circulating tumor DNA reveals
genetics, clonal evolution, and residual disease in classical Hodgkin
lymphoma. Blood. 2018; 131(22): 2413-2425, doi: 10.1182/
/blood-2017-11-812073, indexed in Pubmed: 29449275,

Bessi L, Viailly PJ, Bohers E, et al. Somatic mutations of cell-free
circulating DNA detected by targeted next-generation sequencing and
digital droplet PCR in classical Hodgkin lymphoma. Leuk Lymphoma.
2019; 60(2): 498-502, doi: 10.1080/10428194.2018.1492123,
indexed in Pubmed: 30068243.

Desch AK, Hartung K, Botzen A, et al. Genotyping circulating tu-
mor DNA of pediatric Hodgkin lymphoma. Leukemia. 2020; 34(1):
151-166, doi: 10.1038/s41375-019-0541-6, indexed in Pubmed:
31431735.

Camus V, Viennot M, Lequesne J, et al. Targeted genotyping of cir-
culating tumor DNA for classical Hodgkin lymphoma monitoring:
a prospective study. Haematologica. 2021; 106(1): 154-162, doi:
10.3324/haematol.2019.237719, indexed in Pubmed: 32079702.

www.journals.viamedica.pl/acta_haematologica_polonica


http://dx.doi.org/10.1182/blood-2009-12-257345
https://www.ncbi.nlm.nih.gov/pubmed/20339089
http://dx.doi.org/10.3324/haematol.12875
https://www.ncbi.nlm.nih.gov/pubmed/18641027
http://dx.doi.org/10.1158/1078-0432.CCR-10-1071
http://dx.doi.org/10.1158/1078-0432.CCR-10-1071
https://www.ncbi.nlm.nih.gov/pubmed/21385932
http://dx.doi.org/10.1182/blood-2010-05-282780
https://www.ncbi.nlm.nih.gov/pubmed/20628145
http://dx.doi.org/10.1038/s41374-018-0096-6
http://dx.doi.org/10.1038/s41374-018-0096-6
https://www.ncbi.nlm.nih.gov/pubmed/30087457
http://dx.doi.org/10.1182/bloodadvances.2019001012
http://dx.doi.org/10.1182/bloodadvances.2019001012
https://www.ncbi.nlm.nih.gov/pubmed/31816062
http://dx.doi.org/10.1182/blood-2014-11-610436
http://dx.doi.org/10.1182/blood-2014-11-610436
https://www.ncbi.nlm.nih.gov/pubmed/25488972
http://dx.doi.org/10.1016/S2352-3026(14)00039-8
https://www.ncbi.nlm.nih.gov/pubmed/26687610
http://dx.doi.org/10.1182/bloodadvances.2020003039
https://www.ncbi.nlm.nih.gov/pubmed/33843986
http://dx.doi.org/10.1056/NEJMoa1411087
https://www.ncbi.nlm.nih.gov/pubmed/25482239
http://dx.doi.org/10.3324/haematol.2016.145102
http://dx.doi.org/10.3324/haematol.2016.145102
https://www.ncbi.nlm.nih.gov/pubmed/27479820
http://dx.doi.org/10.1182/blood-2017-11-812073
http://dx.doi.org/10.1182/blood-2017-11-812073
https://www.ncbi.nlm.nih.gov/pubmed/29449275
http://dx.doi.org/10.1080/10428194.2018.1492123
https://www.ncbi.nlm.nih.gov/pubmed/30068243
http://dx.doi.org/10.1038/s41375-019-0541-6
https://www.ncbi.nlm.nih.gov/pubmed/31431735
http://dx.doi.org/10.3324/haematol.2019.237719
https://www.ncbi.nlm.nih.gov/pubmed/32079702

