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Introduction

Non-Hodgkin lymphomas (NHLs) are a heterogeneous group
of malignant lymphoproliferative conditions of B, T, and NK
cells with differing patterns of behaviors and responses to
treatment. According to GLOBOCAN (Global Cancer Obser-
vatory) data, the incidence of NHL globally was 5 per 100,000
population (2.8% of all new cancer cases), with a mortality
rate of 2.5 per 100,000.1 In India, the incidence has been
reported to be 2.9 per 100,000 in males and 1.5 per 100,000
in females.2

There have been changes in the nomenclature of NHLs in
the recent World Health Organization classification of hem-
atolymphoid neoplasm 2017.3 Based on the revised nomen-
clature, high-grade NHL includes (1) Burkitt’s lymphomas,
(2) diffuse large B cell lymphoma (DLBCL), and (3) high-grade
B cell lymphoma (HGBL).

The rearrangements of MYC, BCL2, and BCL6 genes are
diagnosed by fluorescence in situ hybridization (FISH) and
their protein expression by immunohistochemistry (IHC).
The incidence of double-expressor lymphomas (DELs) varies
from 13 to 46%.4,5 The incidence of double-hit lymphomas
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Abstract Introduction Double-expressor and double-hit lymphomas (DHL) are known to be
more aggressive and have poor outcomes with standard chemotherapy regimens.
Objectives To assess the incidence of DHL and triple-hit lymphomas (THL) and
correlate them with clinicopathologic parameters.
Materials and Methods Patients who were diagnosed with high-grade lymphomas
from April 2021 to September 2022 were prospectively followed up, and details
comprising clinical and pathological parameters, including the immunohistochemistry
expression status and gene rearrangements of MYC, BCL2, and BCL6, were recorded.
Results The incidence of DHL and THL in our study was 16.43%. The separate
incidence of the DHL-BCL2, DHL-BCL6, and THL groups was 16.43, 13.69, and 2.73%,
respectively. The germinal center B cell subtype of histology was predominantly seen in
DHLs. MYC, BCL2, and BCL6 expressions do not correlate well with translocations of
these genes.
Conclusion Double protein expression cannot be used for screening to decide which
patients should undergo fluorescence in situ hybridization, as this would result in
missing 4.5% of DHLs.

DOI https://doi.org/
10.1055/s-0044-1785220.
ISSN 0971-5851.

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution License, permitting unrestricted use,

distribution, and reproduction so long as the original work is properly cited.

(https://creativecommons.org/licenses/by/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

THIEME

Original Article

Article published online: 2024-04-10

https://orcid.org/0000-0003-1129-6444
mailto:drnikseban@gmail.com
mailto:drnikhiloncology@yahoo.com
https://doi.org/10.1055/s-0044-1785220
https://doi.org/10.1055/s-0044-1785220


(DHLs) varies from 1.6% in Asian studies to 7.9% in Western
literature.6–12

DHL may most commonly have a blastoid morphology
(around 50%) or may be seen in DLBCL or Burkitt’s lympho-
ma. The cell of origin (COO) of DLBCL may be determined by
the Hans algorithm13 or by gene expression profiling such as
Lymph2Cx.14 Based on COO, DLBCLs are divided into germi-
nal center B cell (GCB) type or non-GCB (activated B cell or
ABC) type. DELs are more commonly seen in the ABC type,
whereas DHL is more commonly seen in the GCB type. DHL
with MYC and BCL2 is exclusively seen in GCB type and is
seen in 1.7% of ABC type DLBCL. Due to the above-mentioned
reasons, the morphology, IHC, or COO cannot be used to
screen patients as to who should undergo FISH for detection
of DHL. This would result in the unacceptable missed diag-
nosis of a few DHLs in the screened-out group. One option
would be to screen patients by performing FISH for MYC
translocation alone, and then to further test FISH for BCL2
and BCL6 only for those who are MYC altered.

DEL andDHL are known to have a poor prognosis and poor
responses to standard chemotherapy regimens. There is a
lack of data in the Indian scenario regarding the molecular
profiling of lymphomas. This study aimed to detail the
molecular profiling of high-grade lymphomas and their
clinicopathological correlation.

Materials and Methods

Study Design
This is an observational cohort study conducted at Apollo
Cancer Centre, Chennai (Tamil Nadu, India) during the period
from April 2021 to September 2022.

Sample Size
The previously reported percentage incidence of DHLs was
10%.8 For 95% confidence and an error of 5%, the calculated
sample size was 73.

Primary and Secondary Outcomes
The primary outcomewas to assess the incidence of DHLs by
molecular profiling of high-grade B cell NHLs. The secondary
outcome was a correlation of the DHL status with clinico-
pathological and molecular findings.

Inclusion and Exclusion Criteria
Patients diagnosed with aggressive B cell NHLs (Burkitt’s
lymphoma,DLBCL, andHGBL)with an ageolder than 18years
were included in the study. Those patients with an age
younger than 18 years, and all lymphomas other than
aggressive NHLs, such as indolent B NHLs (low-grade follicu-
lar lymphoma, low-grade mantle cell and marginal zone
lymphomas), and T cell NHLs were excluded.

Methods
The study patients underwent FISH of MYC, BCL2, and BCL6
(aggressive lymphoma panel) on the formalin-fixed paraffin-
embedded specimen, preferably obtained from an excision
biopsy of the lymph node. Data including demographic

details, clinical symptoms, laboratory values, Eastern Coop-
erative Oncology Group (ECOG) performance status (PS),
number of nodal stations involved, extranodal disease, bulky
disease, central nervous system (CNS) disease, clinical stage,
prognostic scoring, histology (DLBCL/HGBL/Burkitt’s lym-
phoma), and IHC results were recorded. The patients were
considered into four groups: (1) DHL-BCL2 (DHL with rear-
rangement of MYC and BCL2), (2) DHL-BCL6 (DHL with
rearrangement of MYC and BCL6), (3) triple-hit lymphoma
(THL with rearrangement of MYC, BCL2, and BCL6), and (4)
the standard group (“nonhit” lymphomas). The association
between each variable and positivity for the aggressive
lymphoma panel was analyzed. A correlation between IHC
positivity (expressor lymphomas) and FISH positivity (hit
lymphomas) was also performed.

Statistical Analysis
All categorical variables were expressed as percentages.
Continuous variables, such as age, were expressed as their
mean� standard deviation if they were normally distribut-
ed. Nonnormally distributed continuous variables were
represented by their median interquartile range. Compari-
son of categorical variableswas donebyeither the chi-square
test or Fisher’s exact test. Data entry was done in Epidata
Entry version 3.1. Data analysis was performed using SPSS
version 26. All p-values<0.05 were considered statistically
significant.

Results

Results of the Total Cohort

Demographics
There were a total of 73 patients in this study. The mean age
of the patients was 52.67�15.62 years, ranging from 20 to
85 years.

Clinical Parameters
Fifty-five patients (75%) of them had an ECOG PS of 1. Only
two of them were asymptomatic with an ECOG PS of 0.
Fourteen (19.2%) of them had an ECOG PS of 2, and one each
had an ECOG PS of 3 and 4. Eighteen (24.7%) of the patients
had anyone of the B symptoms. Ten (13.7%) of themhad fever
as one of the presenting complaints. Thirteen (17.8%) of them
had aweight loss of more than 10% of their body weight over
the past 6 months. None of them had night sweats.

Laboratory Parameters
Themean hemoglobinwas 11.73�2.28 g/dL. Thirty-seven of
them had hemoglobin less than 12 g/dL. The mean total
count was 10,596.58�23,807 cells/mm3, ranging from
1,600 to 208,900 cells/mm3. The platelet count varied from
80,000 729,000 /mm3, with a mean of 273,300/mm3. The
mean neutrophil percentage was 69.30�15.11%, and the
mean lymphocyte count was 18.42�10.15%. The mean
absolute neutrophil count was 5,702.26�3,251.86. Only
two patients had neutropenia at diagnosis, one with mild
and another with moderate neutropenia.
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The mean lactate dehydrogenase (LDH) value was
777.24�2,608.24 units/L, ranging from 130 to 22,020
units/L. LDH was more than the upper limit of normal in
50 (72.2%) patients.

The mean ki67 value was 81.52�15.87%. The ki67 was
80% or higher in 50 patients. Only four patients had a ki67 of
less than 50%.

There was no nodal involvement in four patients. The
nodal involvement was limited to one to three nodal groups
in 33 patients (45.1%). Seven or more nodal stations were
involved in 15 patients.

Extranodal involvement was present in 59 (80%)
patients; 26 of them had only involvement in a single
extranodal site. Two, three, and � four extranodal sites
were involved in 16 (21.9%), 11 (15.1%), and 6 (8.3%) of
them, respectively. Bone marrow involvement was seen in
six (8.2%) patients. Bulky disease was present in four (5.5%)
patients. CNS involvement was seen in five (6.8%) patients.
Most of the patients had advanced disease, with 42 (57.5%)
of them in stage IV and 11 (15.1%) of them in stage III.
Fourteen (19.2%) and 6 (8.2%) of themwere in stages II and I,
respectively. The international prognostic index (IPI) was �
3 in 39 (53.4%) patients and � 4 in 18 (24.6%) patients. The
CNS IPI score was � 4 in 26 (35.6%) patients. The most
common histology was the DLBCL–GCB type seen in 37
(50.7%) patients, followed by the DLBCL–non-GCB type in
23 (31.5%) patients. HGBL was seen in eight patients and in
three Burkitt’s lymphomas.

MYC, BCL2, and BCL6 Expression in the Total Cohort
MYC expression was seen in 30 out of 66 evaluable patients
(45.5%). BCL2 was expressed in 39 of the 66 patients (59.1%).
BCL6 protein expression was found in 46 of all 64 patients
(79.1%) (►Fig. 1).

MYC, BCL2, and BCL6 Gene Rearrangements in the Total
Cohort
MYC translocation was seen in 18 out of 73 patients (24.7%).
BCL2 translocationwas found in 15 out of 58 patients (20.5%).
BCL6 translocations were seen in 25 out of 73 patients
(34.2%).

Out of the 18 MYC translocations, the partner was Immu-
noglobulin heavy locus (IgH) in 10 of the cases. Out of the 15
BCL2 translocations detected, the partner was IgH in 10 of
the cases. In the remaining cases, the partner was unknown.

Results of Patients with Double-Expressor Lymphoma
Of the 73 patients, IHC for MYC data was available for 66
patients. They were divided into the triple-expressor lym-
phoma (TEL) group, the DEL-BCL2 group, the DEL-BCL6
group, and the nonexpressor lymphoma group.

MYC, BCL2, and BCL6 Expression in Expressor Lymphomas
MYC expression was positive in all DEL/TEL patients, as was
expected, and none in the nonexpressor groups. BCL2 ex-
pression was seen in 17 out of 36 (47.2%) standard group
patients and 22 of the 30 (73.3%) expressor lymphoma

Fig. 1 Percentage positivity of selected immunohistochemistry (IHC) markers, double protein expression (DPE), and germinal center B cell
(GCB) histology in the total cohort including all the patients.
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patients. Similarly, BCL6 expression was seen in 19 out of 35
standard group patients and in 27 of the 29 patients in the
expressor lymphoma groups (►Table 1).

Results of Patients with Double-Hit Lymphomas
For analysis purposes, 73 patients were divided into a THL
group, a DHL-BCL2 group, a DHL-BCL6 group, and a nonhit
lymphoma group.

IHC Markers in Hit Lymphomas
CD10 positivity was 75% in DHL as compared with 45% in
nonhit lymphomas, and this difference was statistically
significant (p<0.022). MUM1 was negative in 83% of DHL
and 31% of nonhit lymphomas, and it was statistically
significant (p<0.002). These findings can be attributed to
the predominance of GCB type in DHL. There was no differ-
ence in the positivity of other IHC markers between the DHL
and nonhit lymphoma groups.

Histology of Hit Lymphomas
One out of two (50%), four out of eight (50%), and two out of
two (100%) cases were of the GCB phenotype in the THL,
DHL-BCL2, and DHL-BCL6 groups, respectively. Thirty out of
61 (49.2%) were GCBs in the standard group. There was no
statistically significant difference in histology between the
groups.

Cell of Origin/Phenotypic Distribution of Hit Lymphomas
There were 18 patients (24.7%) with MYC translocation
among the 73 patients studied. Eight (11%) patients had
DHL with BCL2 translocation, and two (2.7%) patients had
BCL6 translocation. Therewere two (2.7%) patientswith THL.
Among the 18 MYC translocated patients, 9 of them had a
GCB subtype and 1 had a non-GCB subtype. Among the DHL-
BCL2 group, of the eight patients, four had the GCB subtype
and one had the non-GCB subtype. In the DHL-BCL6 group,
both patients had GCB subtypes (►Fig. 2).

MYC, BCL2, and BCL6 Translocations in Hit Lymphomas
Eighteen patients tested positive for MYC by FISH. Six out of
61 patients in the standard hit group had MYC positivity. Of
the remaining 12 cases, 2 were in THL, 8 were in DHL-BCL2,
and 2 were in DHL-BCL6 groups. Fifteen patients were
positive for BCL2 by FISH. Five out of 61 patients in the
standard hit group had BCL2 positivity. Of the remaining 10
cases, 2were inTHL and 8were inDHL-BCL2 groups. Twenty-
five patients were positive for BCL6 by FISH. Twenty-one of
the 61 patients in the standard hit groupwere positive, while
of the remaining 4 patients, 2 were in the THL group and the
other 2 in the DHL-BCL6 group.

Correlation of MYC, BCL2, and BCL6 Expression and
Gene Abnormalities

MYC-IHC Positivity in Hit Lymphomas
All two of the patientswith THL (100%)were positive forMYC
expression. Six out of 8 (75%) in the DHL-BCL2 group, 1 of the
2 (50%) patients with DHL-BCL6, and 21 of the 61 (3.2%) Ta
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patients in the nonhit lymphoma groups were found to have
MYC IHC positive.

BCL2 IHC Positivity in Hit Lymphomas
All patients in THL (two patients), DHL-BCL2 (eight patients),
and DHL-BCL6 (two patients) had BCL2-IHC positive, while
this was 34 out of 61 (55%) in the standard group.

BCL6 IHC Positivity in Hit Lymphomas
Two out of 2 (100%) patients were each in the THL and
DHL-BCL6 groups, while 6 of the 8 patients in the DHL-BCL2
group had BCL6-IHC positivity; 40 out of 61 patients (65%)
have BCL6-IHC positivity (►Table 1).

MYC Gene Rearrangements in Expressor Lymphomas
MYC gene rearrangements were seen in 2 of the 8 (25%) DEL
with BCL2, 2 of the 3 (66.7%) DEL with BCL6, and 10 of the 19
(52.63%) TELs. Only 7 of the 36 (19.4%) nonhit lymphoma
patients had MYC gene rearrangements.

BCL2 Gene Rearrangements in Expressor Lymphomas
One out of 3 (33%) and 7 out of 19 (36%) patients had BCL2
gene rearrangements in the TEL and DEL-BCL6 groups,
respectively, while the DEL-BCL2 groups had 0 out of
8 patients (0%). Seven of the 36 (19.4%) patients in the
nonexpressor group had BCL2 gene rearrangements.

BCL6 Gene Rearrangements in Expressor Lymphomas
one out of the 8 (12.5%), 1 out of 3 (33.3%), and 7 out of 19
(36.8%) patients in the DEL-BCL2, DEL-BCL6, and TEL groups

had BCL6 gene rearrangements, whereas this was 12 out of
36 (33.33%) in the nonexpressor group (►Table 2).

From the above observations, it is clear that the DHL or
THL had a high incidence of protein expression of MYC, BCL2,
and BCL6. But the DEL or TELs did not reciprocate the same
high proportion of gene rearrangements in them.

If MYC Expression and Double Protein Expression
Were Used to Screen for Eligibility to Perform FISH in
Our Study?
Among the 36 patients with MYC IHC negative, 3 of them
had DHL. Hence, 4.5% of hit lymphomas would be missed if
MYC-IHC were used as a screening tool.

Among the 30patientswhohadDEL (double protein expres-
sion [DPE]), 9 had DHL or THL. Among the 12 DHLs, 3 did not
show double expression. Hence, if DPE was used to screen
patients before doing FISH,wewouldmiss 4.5% of DHLpatients.

DPE as a screening test showed a sensitivity of 75% and a
negative predictive value of 91.7% (►Table 3).

Discussion

DHLs have distinct clinical, pathologic, and molecular
characteristics compared with nonexpressor or nonhit lym-
phomas and have a more aggressive clinical course and poor
response to standard treatment.

Histomorphology
The study population includedNHLs other thanDLBCL in two
other studies. Salam et al12 reported on 81 patients with

Table 2 Cross tabulation to show the correlation between gene rearrangements and expression status of MYC, BCL2, and BCL6

Gene abnormality Total

Hit lymphoma Nonhit lymphoma

IHC expression status Expressor lymphomas 9 21 30

Nonexpressor lymphomas 3 33 36

Total 12 54 66

Abbreviation: IHC, immunohistochemistry.

Fig. 2 Distribution of germinal center B cell (GCB) versus non-GCB histologies among patients with MYC translocation, double-hit lymphoma
(DHL) with BCL2, DHL with BCL6, and triple-hit lymphoma, expressed in the number of patients.
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NHL, of whom 57 had DLBCL, 15 had follicular lymphoma, 4
had marginal zone lymphoma, and 1 each had other types of
lymphomas. Landsburg et al’s7 study had DLBCL and BCL-u
with features intermediate between DLBCL and Burkitt’s
lymphoma. Most other studies had patients comprised
entirely of DLBCL.6,8–11,15

The Cell of Origin: GCB versus Non-GCB Subtype in DHL-
BCL2 and THL Lymphomas
The COO findings among hit lymphomas of Zhang et al11

correlated with our study in that the proportion of GCB is
equal to that of non-GCB cases in DHLs.

Ninety-two percent of DHL-BCL2 was of GCB origin in the
study by Landsburg et al.7 In another study by the same
author, the GCB subtype in the DHL-BCL2 group was 90%,
while it was only 58% in non-DH lymphomas.16Mehta et al15

had a significantly high GCB phenotype in DHL patients as
compared with DEL or nonhit DLBCL. Scott et al6 have shown
that BCL2 translocation is a GCB phenomenon because most
of the patients in the DHL-BCL2 group and THL in their study
were of the GCB subtype, and no non-GCB type was noted in
this group. In addition to Hans classification, Scott et al6 have
verified the COO by Lymph2Cx, and both techniques showed
that DHL and THL were predominantly composed of the GCB
type and not the non-GCB type.

Immunohistochemistry
In the study by Scott et al,6 there was a significant difference
in the positivity of IHCs of MYC, BCL2, CD10, DPE, andMUM1
for the DHL-BCL2 and THL groups, but not in the DHL-BCL6
group as compared with the total cohort, which was similar
to our findings.

Expression of MYC, BCL2, and BCL6 in Hit Lymphomas

MYC
The expression of MYC in the total cohort in our study was
45.45%, which was comparable to other studies, which
ranged from 33% in Johnson et al5 to 46% in Huang et al,10

47% in Zhang et al,11 and 48% in Scott et al.6

The MYC expression in the hit lymphomas in our study
was 75%, while this was 80%6 in the largest reported study,
and this is comparable with our results.

Most of the studies, except two,12,16 had DLBCL alone as
the study population, although there were eight patients
with Burkitt’s lymphoma and three with HGBL in our study,
which could explain the relative increase in MYC expression
in our study.

Salam et al12 and Landsburg et al16 are two other studies
where histologies other than DLBCL were also included.
However, these two studies have restricted the reporting
of their data to gene rearrangements alone, and protein
expression data are not published.

BCL2
The percentage of BCL2 expression in the total cohort in our
studywas 63%,which correlateswellwith Zhang et al (85%)11

and Huang et al (75%),10 but Scott et al6 had a much lesser
BCL2 expression in their total cohort.

The proportion of patients with hit lymphomas who
expressed BCL2 in our study was 100%, which correlated
well with the proportion of BCL2 expression in the hit
lymphoma cohort of the other two studies.

BCL6
BCL6 expression in the total cohort in our study was 68.5%,
while the same ranged from 55% in Zhang et al11 to 85% in
Scott et al.6 The proportion of patients with BCL6 expression
in the hit lymphomas was similar to ours in both studies
available for comparison.

Double/Triple Expression
In our study, the incidence of DELs was higher (45%) than
reported in other studies. This can, in turn, be explained by
the increasedMYC expression. TheDPEwasmuch lower in all
other studies, ranging from 11.6% (Mehta et al15), 13.3% (Ting
et al9), 34% (Scott et al6), 35% (Zhang et al11), to 39% (Huang
et al10).

Gene Rearrangements in Hit Lymphomas
The total number of patients with MYC, BCL2, and BCL6
translocations in this studywas 18 (24.65%), 15 (20.54%), and
25 (34.24%), respectively.

TheMYCgene rearrangement incidencewas similar to our
study at 23.8% in Zhang et al,11 but it was much lower at 5.3,
7, 5.8, and 10% in Scott et al, Salam et al, Ting et al, and Huang
et al respectively.6,9,10,12

The BCL2 gene rearrangement incidence in our study was
20.5%. This was much higher in Zhang et al11 (42.86%) and
was much lower in other studies such as Salam et al (5.3%),
Ting et al (5.8%), and Huang et al (16.9%).9,10,12

The BCL6 gene rearrangements were generally higher
than MYC and BCL2 in all studies. In our study, BCL6 trans-
locations comprised 34.2% (n¼25). The incidence of BCL6
translocations was comparably lower in Salam et al, Ting
et al, Huang et al, and Zhang et al at 17.5, 14.2, 16.9, and
14.2%, respectively.9–12

Table 3 Sensitivity, specificity, PPV, NPV, and accuracy of
double protein expression when gene rearrangements by
FISH when considered as the gold standard for predicting
double-hit lymphoma status

Parameter Value

Sensitivity 75.0

Specificity 61.1

PPV 30.0

NPV 91.7

Accuracy 63.6

Abbreviations: FISH, fluorescence in situ hybridization; NPV, negative
predictive value; PPV, positive predictive value.
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The comparatively higher incidence of all translocations
in our study may be because of the different patient
populations being studied.

Incidence of Double- and Triple-Hit Lymphomas
The incidence of DHL/THL in Barraclough et al,17 Huang
et al,10 and Scott et al6 was 7.2, 7.7, and 7.9%, respectively,
while it was much lower at 1.6, 4, and 4.8% in Ting et al,9

Mehta et al,15 and Zhang et al,11 respectively. The higher
incidence of DHLs in our study at 16.43% may be due to the
difference in the patient population being studied.

Double Protein Expression Is Not Recommended as a
Screening Tool
If double expression status was used to screen patients
before FISH, 4.55% of hit lymphoma would be missed. This
is similar to that found in Kluk et al18 and Sakr and Cook.19

But Scott et al6 and Horn et al20 predicted that 20 and 30%,
respectively, of the DHL/THL cases would be missed if
MYC-IHC were to be used as a screening tool.

Conclusion

The incidence of DHL or THL among aggressive lymphomas,
including DLBCL, Burkitt’s lymphoma, and HGBL was 16.43%.
The GCB subtype of histology was predominantly seen in
hit lymphomas. MYC, BCL2, and BCL6 expressions do not
correlatewell with translocations of these genes. DPE cannot
be used for screening to decide which patients should
undergo FISH.
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