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Abstract

Background: c-Myc has become significantly involved in aggressive B-cell non Hodgkin lymphoma (NHL), but
little is known about its importance in T and NK cell NHL (TNKcNHLs) in association with prognostic factors. The
study is to investigate the significance of c-Myc expression with clinicopathological features of TNKcNHLs patients.
Methodology: A cross-sectional study of 32 archived tissue blocks of TNKcNHLs were immunohistochemically
stained with c-Myc. The results were microscopically evaluated and statistically analysed to examine the association
between the clinicopathological data with the c-Myc expression. Results: c-Myc protein expressions were detected in
25/32 (78.1%) cases. The median age was 38-years. Malay ethnicity (92.0%) with 21 males and 11 females. c-Myc
expressions were seen in T lymphoblastic lymphoma (20%), ALK-positive ALCL (16%) ,PTCL,NOS (16%), extra nodal
NK/T-cell lymphoma, nasal type (12%), extra-nodal involvement (78.1%), elevated serum LDH (83.3%) and high ECOG
performance status (82.4%). However, no statistical significant of c-Myc in association with the clinicopathological
parameters (p > 0.05). Conclusion: There was no statistically significant association of clinicopathological parameters
and histological subtypes of TNKcNHLs contributed by small samples tested. However, the attribution of c-Myc in

this disease should be further explored.
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Introduction

Lymphomas encompass malignant diseases that
originate from T and B cells in the lymphatic system. It can
arise in any tissue, two third are from lymph node and one
third from extranodal (Yin etal., 2019). There are Hodgkin
lymphoma (HL) and Non-Hodgkin lymphoma (NHL:
B-cell, T-cell and natural killer (NK) cell neoplasms). T and
NK cell NHLs (TNKcNHLs) are uncommon, constituting
about 10-15% of the disease (Satou et al., 2019). They
comprised of heterogeneous group of lymphoma entities,
classified by morphology, immunophenotype, and genetic
characteristics. In the World Health Organisation (WHO)
Classification system, TNKcNHLs can be divided
into precursor T-cells (T lymphoblastic lymphoma
(TLBL), and mature T-cells, termed as peripheral T cell
lymphomas (PTCLs). Specifically, 31 entities are listed
in the WHO Classification of Tumours of Haematopoietic
and Lymphoid Tissues (Swerdlow et al., 2016). Except
for a few relatively indolent entities, TNKcNHLs are
aggressive tumours with poor prognosis (Armitage, 2012;
Zain, 2019).

TNKcNHLs are underrepresented because of lower
incidence compared to that of B-cell NHL, however

they vary in different geographical regions and racial
populations. TNKcNHLs commonly affect adults and the
elderly, and are more common in Asia (10.1%) compared
to the West (6%) (Au et al., 2005; Zain et al., 2019). Wang
and Vose (2013) discovered the incidence rates of most
B cell NHL have started to decline in the United States
compared to the rising incidence rates of TNKcNHLs,
mainly PTCL and AITL. In Malaysian population,
lymphoma was generally ranked fourth in males and
sixth in females as reported by Azizah et al., (2016).
Malay males had the higher rate than Chinese and Indian
ethnicities. The same report showed that the lymphoma
incidence in 2007-2011 was increasing in trend.

The clinical presentations of TNKcNHLs’ are
variable, and associated with poor clinical outcomes (Xu
et al., 2012). There are prognostic clinical markers that
determine the disease outcome. The commonly used is
the International Prognostic Index (IPI) for NHL, which
include the age, Ann Harbor staging, Eastern Cooperative
Oncology Group (ECOG) performance status and serum
LDH (Ramadas et al., 2017). Clinical presentation of B
symptoms that carry an adverse outcome, are incorporated
as part of Ann Harbor staging.

The ¢-MYC gene comprised of three exons located
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on chromosome 8q24 in humans (Huppi et al., 2012).
The major product of the c-MYC gene is c-Myc protein,
which comprise over 430 amino acids with 150 amino-
terminal residues (Dang et al., 2005). Physiologically,
c-Myc protein is expressed during embryogenesis and
tissues that are highly proliferating like skin epidermis and
gastrointestinal mucosa. c-MYC is identified as a regulator
of more than 15% of genes that control cell growth, cell
cycle, survival and metabolism (Ott et al., 2013).

Elevated or deregulated expression of c-MYC have
been found in many human cancers, and associated with
aggressive and poorly differentiated tumours (Beroukhim
etal.,2010; Dang, 2012). Activated oncogenic c-MYC is
important in the development of Burkitt lymphoma (BL),
caused by a translocation between chromosome 8 and one
of the three chromosomes that has antibody-encoding
genes (Molyneux et al., 2012). Other studies reported the
translocation of the MYC gene, contributed to a poorer
prognosis in DLBCL (Green etal., 2012; Ottetal., 2013).
A recent study on c-myc protein expression and high ki-67
in diffuse large B cell lymphoma (DLBCL) showed the
likelihood of disease relapsed (El Hussien et al., 2021)

Many studies on ¢c-MYC focused on aggressive B
cell lymphoma such as BL, DLBCL and high-grade
B-cell lymphoma, and linked them to poor outcome
and survival (Green et al., 2012), and only a few on
TNKcNHLs. Chisholm et al., (2015) reported c-Myc
protein expression was more than 90% in TNKcNHLs,
and correlated with poor survival. However, there is still
insu-cient information regarding c-Myc protein expression
in TNKcNHLs. This prompted us to conduct a study to
examine c-Myc protein expression in association with
clinicopathological features of TNKcNHLs diagnosed
in our centre, Hospital Universiti Sains Malaysia. We
used THC technique as it was reported to have a high
sensitivity (89%-91%) and specificity (88% to 89.4%) in
predicting the MY C rearrangement by fluorescent in situ
hybridisation (FISH) (Lynnhtun et al., (2014); Nwanze
et al., (2017). Furthermore, it is cheaper and less time
consuming compared to FISH method.

Materials and Methods

A cross sectional study was conducted in the
Department of Pathology, Hospital USM from 2001
until 2018. The histopathological reports were obtained
from the laboratory’s databases. 55 cases were reported
as TNKcNHLs, and only 32 were selected as they have
adequate tissue. The epidemiological data including IPT and
information on treatment were retrieved from the patients’
records. Selected FFPE tissue blocks were sectioned at
3um thickness, then deparaffinized and epitope retrieval
using a pH6 Tris-based solution. The slides were incubated
overnight with anti-c-MYC primary antibody (clone Y69,
ab32072; ABCAM) at dilution 1:500. Localization of the
antigen-antibody complex was achieved using the DAKO
3,3 diaminobenzidine tetrahydrochloride (DAB), then
visualized with horseradish peroxide (HRP) substrate
and DAB chromogen. The positive control tissue used
was colorectal carcinoma tissue with adjacent normal
colonic mucosa cells for internal negative controls.
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Microscopic assessment by counting 100 tumour cells in
ten representative high-power fields (HPF) (x400), and
5% as a cut-off value (Huang et al., 2014). This was done
by two pathologists blinded to the clinicopathological
parameters. Nuclear staining for c-Myc was considered
positive, and cytoplasmic staining was negative.
Data was analysed using software IBM SPSS version
24. Descriptive analysis for the clinicopathological
parameters, and Fisher’s exact test to analyse the
association of clinicopathological characteristics with
c-Myc expression Level of significance in this study was
set as p value < 0.05.

Results

Clinicopathological characteristics

55 cases of primary TNKcNHLs from 634 lymphoma
cases diagnosed in Department of Pathology ,Hospital
USM from 2001 to 2018. Only 32 were selected and had
c-Myc IHC staining done. There were 21 (65.6%) males
and 11 (34.4%) females. The median age was 38 years
old (8 to 81). The ethnicities were Malay (29,90.6%),
Chinese (2, 6.3%) and Indian (1, 3.1%). FFPE tissues
were from 10 (31.3%) lymph nodes and 22 (68.8%) extra-
nodal biopsies. The site of involved organs, the subtypes
of TNKcNHLs and clinicopathological data are listed in
Table 1. Only 17 (53.2%) patients received chemotherapy.
10 (31.3%) were treated with CHOP (cyclophosphamide,
doxorubicin, vincristin, and prednisone) as the first line
treatment. Alternative regimens were used, for example
RICE (rituximab, ifosfamide, carboplatin and etoposide),
ICE, romidepsin and SMILE (etoposide, ifosfomide,
methotrexate and dexamethasone), the latter was given
to all extra nodal TNKcNHLs patients. Fifteen patients
(46.9%) did not received chemotherapy treatment, because
of poor performance status, multiorgan insufficiencies and
patients’ refusal.

c-Myc Immnunohistochemistry Assessment

Microscopic assessment of the c-Myc stain on the
tumour cell nucleus are done on the selected 32 cases.
Stained nucleus more than 5% were considered as
positive (Huang et al., 2014). Figure 1 shows positive
nuclear staining of the tumour cells. The study observed
that c-Myc immunoreactivity was seen in 78.1% of the
cases. Table 2 shows c-Myc expressions according to
the clinicopathology parameters and histopathology
subtypes. However in this study, we found no statistical
significant association between c-Myc expressions and
clinicopathological factors or with the subtypes (p>0.05).
There were 11 (34.4%) patients who succumbed to death
and among them, c-Myc expressions were seen in eight
cases. The main cause of demise were complications of
infection. Three patients are still alive, whereas the rest of
the cases in 18/32 (56%) remain unknown of their status.
Two out of three survivors exhibited c-Myc expression
and, have been disease-free for more than ten years.
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Table 1. Continued
Variables n (%)

Table 1. Distribution of Clinicopathological Features,
Sites of the Lesion, and Subtypes of T and NK Cell
Lymphoma Patients (n = 32).

Variablos Mean (SD) (%) T lymphoblastic lymphoma 6 (18.8)
Age 382 (22.7) T-cell lymphoma (not being subtyped) 8(25.0)
ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma

Age group kinase; AITL, angioimmunoblastic T cell lymphoma; ENTKL,
Less than 60 24 (75.0) extranodal T and NK cell lymphoma; PTCL, peripheral T cell
More than 60 8 (25.0) lymphoma; NOS, not otherwise specified.

Race . .

Malay 29 (90.6) Discussion

Chinese 2(6.3) Mature TNKcNHLSs comprise approximately 10-15%
Indian 1(3.1) of all NHLs (De Leval and Jaffe, 2020). In contrast to B
Gender cell NHL, most TNKcNHLs are lack defining genetic
alterations, and their classification relies on a combination

Male 21 (65.6) thewre ( :
Fomal 11 (34.4 of morphological, immunophenotyping and genetic
. emate (344) characteristics (Quintanilla-Martinez, 2017). Within

Site 17 years, only 55 (8.6%) TNKcNHLs cases from 634
Nodal 10 (31.3) lymphoma were diagnosed in our centre. This is similar
Extra nodal 22 (68.8) to the low incidence of TNKcNHLs during the ten year

Extra nodal period recorded in the United States (US) Surveillance,

Epidemiology and End Result (SEER) stating only 6%

Less than 1 25 (78.1 L.
ess Hiatt (78.1) incidence, compared to B-NHLs (Ward et al., 2019). Our
More than 1 7(21.9) study exhibited uneven ethnic distributions as reflected by

Ann-Arbor staging the local population of Kelantan (Department of Statistic
-1 16 (50.0) Malaysia, 2015), which showed predominantly Malay
-1V 16 (50.0) (95.7%), Chinese (3.4%) and Indian (0.3%) populations.

LDH value However, the epidemiological data in this study did

| 144 not portray the true TNKcNHLs incidence in Kelantan
Norma (43.8) population, because lymphoma cases are also diagnose
Elevated 18(56.3) and manage in another hospital in this state.

ECOG Lymphoid neoplasm incidence increases with age,
Less than 2 15 (46.9) and is found higher in males than females (Wang and
More than 2 17 (53.1) Vose, 2013). 'The median age is. between fifth to seventh

B . decades, but it may vary according to the subtypes (Wang
Symptoms and Vose, 2013). In our retrospective study, the median
Yes 12(37.5) age of patients with TNKcNHLs at diagnosis was 38 years
No 20 (62.5) (8 to 81 years) which is almost two decades younger than

IPI score the previous reports from Western countries (Vose et al.,
0to2 18 (56.3)
3to5 14 (43.8 (Rt T :-ﬂ‘,qﬂ N 1

. _ (43.8) %o N 1,"?-& :
Sites of lesion ra ir ’P; ‘ﬁ}.' ]
& - ;
Nodal ey < gayel Lo ter
Extranodal 22 (68.7) (3 N AN
- P L Ll ot :
Bone 4(12.5) ,t&"! L) ‘;‘;"3‘,
L pr o »
Nasopharynx 6(18.8) .'..g‘ "“:f L% ‘**'t?' é
. - ) A
Skin 304) "2 q{‘.a"_' ey
Soft tissue 3(9.4) “oa ":1‘-'1".;;-;- X
. » s ol =
Tonsils 2(63) SRR . e
. ’ - 5 - -
Trephine 4(12.5) ey ¥ #..’.".: g i L1
% .-‘-3. s. P 3 %‘
Subtypes . a2 . $ U?"-t ? __;‘
.n‘-..',~1 B ‘ . i ,'
ALK-not done, ALCL 13.1) Py C1s: ARV A S, f.,. “?‘.-.
ALK-negative, ALCL 131 Figure 1. Extra Nodal NK/T-Cell Lymphoma, Nasal
ALK-positive, ALCL 6(18.8) Type Tissue Stained for c-MYC Immunohistochemistry.
AITL 13.1) The ¢-MYC staining is mainly nuclear (photographed
at x400 magnification). Inset picture shows positive
ENTKL, nasal type 3094 control with nuclear staining using tissue from colorectal
PTCL, NOS 6 (18.8) carcinoma.
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Table 2. Association between Clinicopathological
Factors with ¢c-MYC Expression in T- and NK- NHL
Patients (n=32).

Variables C-MYC p value®
Negativen  Positive n
(%) (%)
Age
Less than 60 7(29.2) 17 (70.8) 0.15
More than 60 0(0.0) 8 (100.0)
Race
Malay 6(20.7) 23 (79.3) 0.541
Chinese 1 (50.0) 1 (50.0)
Indian 0(0.0) 1 (100.0)
Gender
Male 4 (19.0) 17 (81.0) 0.667
Female 3(27.3) 8(72.7)
Site
Nodal 2 (20.0) 8 (80.0) >0.950
Extra nodal 5(22.7) 17 (77.3)
Extra nodal
Less than 1 5(20.0) 20 (80.0) 0.653
More than 1 2 (28.6) 5(71.4)
Ann-Arbor staging
I-1I 1(6.3) 15 (93.8) 0.083
1I-1v 6(37.5) 10 (62.5)
LDH value
Normal 4 (28.6) 10 (71.4) 0.669
Elevated 3(16.7) 15 (83.3)
ECOG
Less than 2 4(26.7) 11 (73.3) 0.678
More than 2 3(17.6) 14 (82.4)
B symptoms
Yes 2 (16.7) 10 (83.3) 0.683
No 5(25.0) 15 (75.0)
IPI score
0to2 4 (25.0) 14 (77.8) >0.950
3to4 3(18.8) 11 (78.6)
T/NK-cell NHL subtypes
ALCL, ALK not 1 (100.0) 0(0.0) 0.43
done
ALCL, ALK- 0(0.0) 1 (100)
negative
ALCL, ALK-positive 2(33.3) 4 (66.7)
AITL 0(0.0) 1 (100.0)
ENK/T-cell, nasal 0(0.0) 3(100.0)
type
PTCL, NOS 2(33.3) 4 (66.7)
TLL 1(16.7) 5(83.3)
T-cell lymphoma 1(12.5) 7 (87.5)
Mortality
Alive 1(33.3) 2 (66.7) 0.85
Dead 3(27.3) 8(72.7)
Unknown 3(16.7) 15 (83.3)

P values were calculated by Fisher’s exact test (two-sided)a and were
considered to be statistically significant if p < 0.05
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2008). This finding is comparable with three studies from
China identified that the median age were 49 (3 to 82
years) (Lee et al., 2008), 44 years (8 to 77 years) (Huang
et al., 2014) and 48 years (10 to 73 years) ( Wang et al.,
2017). The present study showed male to female ratio
of 1.9:1, and male predilection was reported in previous
studies (Lee et al., 2008; Xu et al., 2012; Huang et al.,
2014).

MYC protein regulates about 15% of human genes
involved in the control of cell cycle, metabolism, protein
biosynthesis, chromatin remodelling, and stem cell
self-renewal (Chisholm et al., 2015). An elevated or
deregulated expression of c-MYC have been detected
in many human cancers and correlated with aggressive,
poorly differentiated tumours (Pelengaris et al., 2002).
Many of previous c-Myc studies were done using
molecular tests such as FISH. However, Mohammed
et al., (2019) showed that, c-Myc and BCL2 THCs
protein over expressions were comparable with R7-PCR
c-Myc and BCL2 genes arrangements in understanding
the DLBCL prognostication. Another study on c-Myc
protein expression in bladder carcinoma showed it could
predict the clinical behaviour of the disease (Elwy et al.,
2019). IHC of c-Myc are now emerging as a favourable
alternative as it is a cheaper and easier technique which
can be used to study the effects of this protein in disease
behaviour.

The role of c-Myc in TNKcNHLs has not been
discussed as intensively as in B NHL, therefore, little
is known about its importance in association with the
prognostic value and survival index (Huang et al.,
2014; Chisholm et al., 2015). In the present study,
we conducted c-Myc THC test on FFPE tissue and
examine its expression in association with patients’
clinicopathological parameters of TNKcNHLs cases
diagnosed in our centre. Our result showed 25 (78.1%)
cases expressed c-Myc protein, with expression of each
subtypes as shown in Table 2. A study by Chisholm et
al., (2015) reported c-Myc protein was expressed in 94%
of TNKcNHLs cases, with predominantly in TLBL and
ENKTL-NT. Also, in a report by Huang et al., (2014)
demonstrated c-Myc expression in 64.2% of 53 ENKTL
cases. Similar findings were also observed in TLBL and
ENKTL-NT cases in our centre. Huang et al,. (2014) and
another two studies by Chen et al., (2017) and Wang et
al., (2017) reported that overexpression of c-Myc protein
in ENKTL cases are related to unfavourable clinical
outcomes. However, in our study, we could not proceed
with survival analysis as complete patients’ data were
not available.

ALK-positive ALCL is usually associated with a
favourable prognosis, but in published case reports
(Moritake et al., 2011; Liang et al., 2013), described
unfavourable clinical outcomes in those with concurrent
ALK and MYC translocations. Liang et al., (2013)
summarized three reported cases of confirmed ALK and
MYC translocations, with, one of the patients was in
complete remission for nearly two years after subjected to
aggressive chemotherapy, radiotherapy and hematopoietic
stem cell transplantation (HSCT). The other two cases
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however, only received aggressive chemotherapy,
resulting in death within six months from the diagnosis.
In present study, there were 4/6 (66.7%) cases of ALK-
positive ALCL that expressed c-Myc, with one case
displayed aggressive clinical course that the patient died
a few months after diagnosis. Haemato-oncologists need
to consider an intensified therapy if c-Myc expression is
identified in such patient. Manso et al., (2016) reported
15/74 (20.3%) AITL and 13/54 (24.1%) PTCL,NOS cases
were positive for c-Myc IHC, with ¢-MYC protein was
significantly (p<0.05) expressed in the AITL. We observed
that 4/5 (80%) PTCL,NOS and 1/1 (100%) AITL cases
expressed c-Myc in our study. The proportion of cases
with c-Myc expression in our study varied according
to TNKcNHLs subtypes, however, no association was
significant (p>0.05).

In this study, there is no significant association between
c-Myc protein expression and the IPI (patient’s age,
gender, Ann Arbor staging, LDH levels, B symptoms,
extra-nodal involvement, and ECOG). In contrast to a
report by Huang et al., (2014), 53 ENKTL patients, the
age and clinical stage were significantly associated with
c-Myc expression. Chen et al., (2017) and Wang et al.,
(2017) also reported no significant association between
c-Myc expression and clinicopathological features,
although they were able to demonstrate low three year OS
rate and poor outcome of survival analysis in their c-Myc
expressed TNKcNHLs.

We concluded, there is a role of c-Myc in TNKcNHLs
that can predict the disease behaviour, as observed by the
protein expression by the tumour cells. However, we were
not able to demonstrate its significant association with
clinicopathological parameters or histological subtypes,
due to the small sample size. Future investigations by
recruiting more samples and including molecular testing
in the study c-Myc in TNKcNHLSs should be explored.
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