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Summary

The variations in clinical and biological background of
lymphoid malignancies trigger researchers to try to find
out novel therapeutic targets. A typical treatment includes
multiagent chemotherapy and/or targeted therapy in the
light of driver mutations. Next generation sequencing
(NGS) plays a pivotal role during the identification of
genetic alterations in lymphoid malignancies. A total of
52 patients [30 men (58%) and 22 women (42%)] having
normal cytogenetic and FISH results were enrolled in this
study. Usage of NGS based targeted sequencing can confirm
or support a particularly preferred diagnosis (41/52, 78%)

Introduction

Advancement of molecular techniques can
help the classification of malignancies and also
have been rapidly incorporated into daily diagnos-
tic practice of lymphoid malignancies. The prog-
nostic and diagnostic value of mutational analysis
play a critical role in targeted therapy:.

Lymphoid malignancies show varied biologi-
cal and clinical behavior and typically based on
these characteristics chemotherapy is applied [1].
The treatment strategies of metastatic solid tumors
have evolved from chemotherapy toward matching
oncogenic driver mutations with targeted therapy
[2,4]. The discovery and development of next gen-
eration sequencing (NGS) give chance to analyze

or make a differential diagnosis in cases of interference.
Notably, in 11 out of these 52 cases (21%), the initial sus-
pect diagnosis was not supported by the NGS result and
thereby had to be reconsidered. In this study, we highlight
the importance of targeted NGS panel testing for diagno-
sis, prognosis and treatment decision in highly selected in-
stances of lymphoid malignancies and lymphoproliferative
disorders in which histopathology and more conventional
molecular analyses remain inconclusive.
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multiple cancer-related molecular alterations. NGS
provides detailed information about risk stratifica-
tion and finding of potential target gene alterations.
Therefore, it plays a key role during the treatment
designing and diagnosis of solid cancers [5-8]. This
technology has changed the diagnostic significance
of pathology and clinical practice. Until now, differ-
ent commercially available gene panels have been
available for advanced solid tumors, but a limited
number of gene panels has been described in lym-
phomas [9-12]. NGS helps identify different genetic
alterations in hematologic malignancies, including
substitutions, indels, copy number alterations, and
gene fusions [13].
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Herein, we summarize our routine practice in 52
consecutive clinical cases of lymphoid prolifera-
tions by using NGS. In this report, we identified the
frequency of theoretically actionable alterations
in lymphoid malignancies. The present study may
help shed light to the development of clinical trials
in this field.

Methods

Patients

We retrospectively reviewed 52 patients with lym-
phoid malignancies who had undergone NGS (Table 1)
and patients who had normal karyotype results were
enrolled.

Only patients with normal karyotype report were
selected for further analysis. Patients who were seen at
the Trakya University Faculty of Medicine, Department
of Medical Genetics from October 2017 until September
2020 were enrolled in this study. This study was per-
formed and consents were obtained in accordance with
the guidelines of Trakya University Faculty of Medicine
(TUMF) Scientific Research Ethics Committee review
board. The study was approved by the Ethics Committee
of Trakya University and conducted in accordance with the
ethical principles established in the Declaration of Helsinki.

NGS

QIAseq Targeted DNA Panel (QIAseq Targeted DNA
Panel/Qiagen, Germany) was used for evaluation of mo-
lecular alterations in lymphoid malignancies.QIAseq
Targeted DNA Panel covers exon/intron boundaries and
covered genes has been listed in Table 1.

Amplicons were noted as a dropout and excluded
from analysis.If the amplicon coverage (minimum cover-
age) at any position analyzed in any of the two double-
ended sequences was 100x and the allele frequency was>
5%, they were included in the study.

Libraries were prepared according to the QIAseq
Targeted DNA Panel protocol (Qiagen, Hilden, Germany)
and after target enrichment process prepared libraries
were sequenced on the MiSeq System and NextSeq 550
System (Illumina, San Diego, CA, USA). Quality control
and Variant Call Format file generation were completed
by using OCI analysis (Qiagen, Hilden, Germany). Inge-
nuity software (Qiagen, Hilden, Germany) has been used
for variant analysis. Identified variants have been inter-
preted according to the American College of Medical Ge-
netics and Genomic 2015 (ACMG-2015) recommended
standards. Then, candidate variants were annotated by
ANNOVAR with SIFT, PolyPhen-2, MutationTaster, and
the Exome Aggregation Consortium (ExAC) and other
databases. Known hotspot or clinically important vari-
ants detected below these thresholds were verified by
using Sanger sequencing.

Data and statistical analyses

Patient characteristics were obtained through electronic
medical record review. Descriptive statistics were used,
including medians, ranges and frequencies.

Results

Patient characteristics

Fifty-two patients [30 men (58%) and 22 wom-
en (42%)] were enrolled in this study who suffered
of different lymphoid malignancies. The median
age was ~53 years, ranging from 1 to 79 years and
there were 49 adults and 3 children (<18 years)
(Table 1).The distribution of malignancies in the
cohort were chronic lymphocytic leukemia (CLL;
329%), acute lymphoblastic leukemia (ALL; 21%),
non-Hodgkin lymphoma (13%), diffuse large B-cell
lymphoma (DLBCL; 4%), Hodgkin lymphoma (HL;
4%), marginal zone lymphoma (MZL; 4%), and atyp-
ical lymphoproliferative disease (21%) (Table 2).

The number of patients with at least one or at
most 4 variations was determined as 35/52(67%).
No variation was detected in 17 out of 52 patients.
Using NGS based targeted sequencing could con-
firm or support a particularly preferred diagnosis
(41/52, 78%) or make a differential diagnosis in
cases of interference. Notably, in 11 out of these 52
cases (21%), the initial suspect diagnosis was not
supported by the NGS result and thereby had to be

Table 1. Patient characteristics

Characteristics %
No. of patients 52
Sex

Male 30

Female 22
Median age at diagnosis, years (range) ~53(1-79)
Race

White 52
Malignancy

CLL 17

ALL 11

NHL 7

DLBCL 2

HL 2

MZL 2

Atypical lymphoproliferative disease 11
Timing of NGS

At diagnosis 50

At relapse 2
Median alterations per patient (range) 1.5 (1-4)
Median potentially FDA-actionable alterations 1.9 (0-4)

per patient (range)

CLL: chronic lymphocytic leukemia; ALL: acute lymphoblastic
leukemia; FDA: US Food and Drug Administration; NGS: next-
generation sequencing; NHL: non-Hodgkin lymphoma; DLBCL: diffuse
large B-cell lymphoma; MZL: Marginal zone lymphoma; HL: Hodgkin
lymphoma.
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reconsidered (Figure 1). Therefore, NGS based mo-
lecular characterization was useful in patients who
had not specific histopathological and molecular
(ie, clonality test and / or FISH-related) diagnosis
(Table 2).

Sixty-six alterations [39 pathogenic or likely
pathogenic/27 variant of uncertain (or unknown)
significance (VUS)] were identified by using NGS in
the entire cohort of 52 patients. Genetic alterations
were distributed on a total of 39 genes. At least 1
genetic aberration was detected in 35 out of the 52
cases (67%) (Table 3).

The mean variant allele frequencies of detected
mutations were 37%. The genetic variants included
missense mutations (51/52), frame shift insertion
or deletion mutations (indels) (13/52), stop gain
(3/52), and splice site mutations (1/52) (Table 3).
The most frequently altered genes in the en-
tire cohort were TP53 (11, 53%, and 6/52), NOTCH1
(9, 61%, and 5/52), and ATM (7, 69%, and 4/52). As
demonstrated in Table 3, 18 patients (35%) had no
reportable alterations, 13 (25%) had one alteration,
and 19 (37%) had two or more alterations. The maxi-
mum number of alterations identified was 5, which

Table 2. The distribution of potentially actionable alterations in 52 patients with various lymphoid malignancies

Diagnosis No reportable Patients with alterations but Patients with one or more
alterations none potentially actionable by alterations potentially
FDA-Approved Drug and/or actionable by approved and/or
Clinical Trial. experimental drug
n n n
CLL (17) 2 2 13
ALL(11) 2 2 7
NHL(7) 4 1 3
DLBCL(2) 1 1
HL(2) - 2
MZL(2) 1 1
Atypical lymphoproliferative disease (11) 8 3 -
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Figure 1. Frequency of molecular alterations which was found among 52 individuals with lymphoid malignancies.
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was observed in one patient (1, 9%), with ALL (Table
3). Variations of 4 genes were detected in 4 patients
(7, 69%) who were clinically diagnosed as CLL.
NGS was performed on clinical demand to as-
sess potentially druggable alterations that might
have therapeutic implication in 27 out of 52 (51%)
cases. Harbored actionable or potentially action-
able mutation were identified in 27 cases (51%)
with an average 1,9 alterations/patients (range 0-4).
Mutation of NOTCHI is a potential targeted
therapy with Gamma-secretase inhibitors and was
detected in a significant body of cases in our cohort
(n=5). The second predictive group included cases
who had ATM/Mutations (n=4) with a certain sensi-
tivity for Olaparib. NRAS mutations were identified
in 2 cases which precision medicine might be avail-

able using NRAS-targeted therapy in affected cases.
TET2 (n=2) mutations potentially targetable with
agents against dysfunctional TET2 (azacytidine,
decitabine) and JAK1, 2 (n=3) were determined in
our cohort which JAK-inhibitors might have been
useful based on mutational status (Table 4) [15-20].

In this study NGS testing was applied in cases
whose clinical follow-up information was available
because NGS panel testing plays a crucial role dur-
ing the treatment decision and clinical manage-
ment of cases. In our cohort, we also confirmed
the importance of NGS testing during the patient
management. Two patients with CLL and harbor-
ing a highly unfavorable SFB3B1 mutation were
treated with a more intense cyclophosphamide +
mitoxantrone (RFCM) chemotherapy rather than

Table 4. Potentially actionable targets and relevant FDA-approved drugs

Actionable Gene ~ Examples of FDA Approved Drugs

Comment

Olaparib is a PARP inhibitor.

Bevacizumab (anti-VEGF-A antibody) has been associated with longer

median PFS in patients with tp53 than tp53 wild type (11 v 5 months;
retrospective study), and TP53 mutation is associated with increased
VEGF-A. In patients with sarcoma, pazopanib (a VEGFR inhibitor)
response is associated with the presence of TP53 mutations.

ATM Olaparib

TP53 Bevacizumab Pazopanib

NOTCH1 Gamma-secretase inhibitors (GSI)/
OMP-52M51

CHEK2 neoadjuvant chemotherapy

FLT3 Sorafenib, Sunitinib

JAK1 Tofacitinib

JAK2 Ruxolitinib, Tofacitinib

NF1 Trametinib Temsirolimus

Everolimus

NRAS Trametinib

TET2 Azacitidine Decitabine

CDKN2A/B Palbociclib

RB1 Glucocorticoids

SF3B1 Spliceostatin A, Pladienolide,

Meayamycin, Sudemycins

MPL Ruxolitinib

PTPN11 Dasatinib

IKZF3 Lenalidomide

BCORL1 CHOP

CALR PD-L1, IFN-a

XPO1 Selinexor (KPT-330) Small-

BRCA2 Lynparza

CSF3R Dasatinib

EP300 YF2

PHFG6 Prednisolone

Targeting Notch signaling

Targeting DNA repair, cell cycle regulation and apoptosis
Both sorafenib and sunitinib are multitargeted kinase inhibitors
Tofacitinib is FDA approved for the treatment of rheumatoid arthritis

Ruxolitinib is approved for use in polycythemia vera and primary

myelofibrosis.

Temsirolimus and everolimus are mTOR inhibitors.

Trametinib is an MEK inhibitor.
Azacitidine and decitabine are hypomethylating agents.
Palbociclib is a CDK4 and CDKG6 inhibitor.
Hypophosphorylation

Spliceosome modulators

JAK 1/2 inhibitor
Multikinase inhibitor
IMiD
TCR signaling
immunomodulatory treatments
molecule inhibitors of XPO1-mediated nuclear protein export
PARP inhibitor
Tyrosine kinase inhibitor
HDAC inhibitors

Glucocorticoid
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less intense rituximab monotherapy. In a case of
MZL, NGS helped resolve the clinical dilemma of
whether to give R-CHOP or R-bendamustin. NGS
testing helped identify TP53 mutated in 6 patient’s
clinical decision and treatment protocol. NGS panel
analysis was clinically requested in 26 (50%) of 52
cases to clarify the prognosis. Remarkably, NGS ren-
dered prognostic information in all these instances.

Discussion

In this study, we highlighted the importance of
targeted NGS panel testing for diagnosis, prognosis
and treatment decision in highly selected instances
of lymphoid malignancies and lymphoproliferative
disorders. Moreover, NGS analysis was a useful tool
able to detect potentially therapeutically relevant
mutations in lymphoid malignancies. We identified
actionable mutations in 27 patients in our cohort
and investigated 25 of these mutated cases for use
as biomarkers upon clinical request. NGS analysis,
nevertheless was meaningful for the clinicians in
the case of actionable mutations were not identi-
fied. In this study group, clinical follow-up infor-
mation was available approximately to 50 % of our
patients. Thus, the information which was gained
from NGS had treatment implications in our cohort.

Molecular alterations of numerous lympho-
mas have been well characterized by whole-exome
sequencing studies. In DLBCL, MLL2, CREBBP and
TP53 alterations described by Pasqualucci et al [21]
mutations were detected in patients with DLBCL
in the current study.

NOTCHI mutations identified in 5 out of 19
patients suffered with CLL (26%). Also, Puente et
al [22] identified NOTCHI mutation in 12% of pa-
tients with CLL [22]. The frequency of variations
in the current cohort were included; TP53 (12%),
NOTCHI (11%) and ATM (11%). In theoretical us-
age, these alterations can be used for decision of
targeted treatment by bevacizumab/pazopanib,
NOTCH pathway inhibitors and olaparib respec-
tively [21,22].

We detected TP53 variation in 12% of our
patients and this provided information about the
progression of disease. Despite the development of
new therapeutic choices, those patients who had
TP53 aberrations are defined as a high-risk group.
Monotherapy or in combinational therapies have
become the first-line treatment in patients with
CLL harboring TP53 mutations or del (17p), as well
as in relapsed or refractory CLL and have led to
recent updates in treatment guidelines.

Staging of CLL is based on NOTCH] variations
and recent studies showed the interaction between
NOTCHI mutation and aggressive clinical behavior

JBUON 2021; 26(4): 1546

of CLL [23]. Also, NOTCHI mutations plays a key
role for decision of the therapeutic approach in he-
matological B cell malignancies [24].

ATM is another common variation in lymphoid
malignancies. ATM variation was detected in 11%
of the cases in our cohort. Ten-twenty % of CLL
patients carried del (11q22-23) before the treat-
ment and this will increase to over than 40% upon
progression following chemoimmunotherapy.

Discovery of ATM deficient individuals pro-
vides prognostic importance for these subgroups to
therapies that target redundant, cooperative DNA
damage response pathways such as ATR, DNA-PK
and PARP1 inhibition. In a recent study, research-
ers demonstrated ATR inhibition which led to syn-
thetic lethality in ATM-defective CLL cells [25].

A limitation of our study is that germline DNA
was not investigated. Targeted NGS was enriched
for known cancer-relevant genes and hotspots, and
this may be linked to difficulties to differentiate
between rare germline variants and somatic al-
terations. The other important point of NGS is the
detection of subclonal, low frequency variants in
samples with low tumor cell numbers. This will
be solved by using a VAF cutoff of 5% for non-hot-
spot mutations which inevitably filters out some
somatic variants. Besides, other types of relevant
genetic alterations (like CNVs, insertion, transloca-
tion) are not detected by NGS technology. There-
fore, additional techniques such as FISH and aCGH
were needed to address copy number alterations
and translocations. Targeted RNA sequencing may
offer possibilities for the simultaneous NGS-based
detection of fusion genes and gene dosage so this
will be the use in future approaches during bio-
marker evaluation [26-29].

In this study, the patients who had a normal
FISH and karyotype were enrolled. Our aim was
to show the molecular changes that are likely to
be found in cases where no alterations were de-
tected by FISH and karyotyping. Despite these
above-mentioned limitations, NGS panel testing
is a feasible and may be clinically useful in lym-
phomas. Additionally, our cohort reflects the real-
ity of clinical practice and our study demonstrates
the robustness and applicability of dedicatedly
designed NGS panels. In general, molecular data
should be interpreted with the histopathological
and clinical background. NGS results should be
evaluated context-dependent and carefully. During
the evaluation of NGS results should avoid over-
calling of pathogenic mutations and the clinical
diagnosis or indication should be done cautiously.
In clinical practice, analysis is not generally useful
for patients as first-line investigation but should
be applicable to further define diagnosis and/or to
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identification of mutations will guide treatment
decisions in cases in which standard treatment
options are limited or exhausted.

After all current molecular genetics advances,
personalized medicine provides an accurate and
personalized diagnosis that contributes to precise
and targeted therapy to reduce adverse outcomes
or side effects [30].

Conclusion

The advancement of personalized oncology/
personalized medicine identification of copy num-
ber alterations and fusion genes play a crucial role
during the identification of novel treatment targets.
In cases, which standard treatment options are lim-
ited or resistant NGS platforms will help re-design
novel scientific information with respect to diagno-
sis, prognosis and therapy and will likely become
part of standard investigations in the near future.
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