
• 63 year old female presented with 2 month history of gastric pain

• EGD was performed and a large, partly ulcerated mass was biopsied
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• FISH studies were performed 

• IGH::MYC was identified

• Reflex testing showed additional evidence of IGH::BCL2

• Diagnosis: High grade B cell lymphoma with MYC and BCL2 
rearrangements (double hit lymphoma)
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I apologize…

• I’ve become “that guy”

• I will be showing a lot of Kaplan-Meier survival curves

• I used to hate this in “pathology” lectures
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Aggressive B cell lymphomas:

• What this lecture includes:
• High grade B cell lymphoma, with BCL2 and/or BCL6 with MYC

• High grade B cell lymphoma, NOS

• What this does not include (but there is some comparison and 
discussion):
• DLBCL, NOS



Practice Guidelines in Oncology*
National Comprehensive Cancer Network®

• ESSENTIAL
• Adequate immunophenotyping to establish diagnosis and GCB versus non-GCB origin

• IHC Panel: CD20, CD3, CD5, CD10, CD45 (!?!), BCL2, BCL6, Ki67, MUM1, MYC

• With or without flow cytometry: kappa/lambda, CD45, CD3, CD5, CD19, CD10, CD20

• FISH for MYC; if positive FISH for BCL2, BCL6 rearrangements

• USEFUL UNDER CERTAIN CIRCUMSTANCES
• Additional IHC studies to establish subtype: cyclin D1, kappa/lambda, CD30, CD138, ALK, 

HHV8, SOX11, EBER

*v.2.2022

NB: It used to say “expert hematopathology review”!



When to test for MYC translocation?

The WHO 2017 guidance is not all that clear:

• “Because (DHL) cannot be distinguished from DLBCL, double hit status 
should be investigated in all DLBCL using cytogenetic or molecular 
cytogenetics studies”

• “Some pathologists prefer to look for DHL status only after IHC or 
other pre-selection”

• “MYC protein expression cannot be used for the selection of cases 
that should have cytogenetic or molecular/cytogenetic evaluation”

* Emphasis added by me



FISH DLBCL 
(or equivalent)

FISH PANEL

IgH/BCL2 +
BCL6 b.a. -
IgH/MYC -

IgH/BCL2 -
BCL6 b.a. +
IgH/MYC +

IgH/BCL2 -
BCL6 b.a. -
IgH/MYC +

IgH/BCL2 +
BCL6 b.a. +
IgH/MYC -

IgH/BCL2 +
BCL6 b.a. +
IgH/MYC +

IgH/BCL2 +
BCL6 b.a. -
IgH/MYC +

IgH/BCL2 -
BCL6 b.a. +
IgH/MYC -

VERY BAD

BAD NOT ESPECIALLY BAD NOT SO BAD
Double Hit

Triple Hit

MYC translocation 

positive

IgH/BCL2 -
BCL6 b.a. -
IgH/MYC -

IgH/BCL2 -
BCL6 b.a. –

MYC amplification



t(8;14) AND t(14;18), with some other abnormalities

“DOUBLE HIT” LYMPHOMA KARYOTYPE



H&E MYC IHC

DLBCL with tMYC



MYC immunohistochemistry

• In DLBCL and related entities MYC is “always” expressed

• There is no “positive” or “negative” cut off

• As percentage increases the likelihood of translocation increases
• In study I performed no translocations below 40%

• There is a null immunophenotype
• Expression is zero (not normal)

• There is a mutation that changes the epitope so it is not detectable by IHC



MYC versus P53

MYC TP53
Tumor suppressor



P53 expression patterns

• P53 wt

• P53 increased

• P53 null (mut) – usually frameshift or nonsense

• P53 mut (missense)

• P53 cytoplasmic (mut) – usually frameshift or nonsense

MUST SEE LECTURE: https://isimm.org/education/isimm-webinars/pan-cancer-applications-of-p53-
immunohistochemistry/

https://protect-us.mimecast.com/s/1kNOCZ60L9IP1qApfzATNz?domain=isimm.org/


DLBCL

P53 – “usual” amount P53 – mutant missense



WHO 2022 vs. ICC

• Here’s what I know (subject to change)
• WHO

• Double hit/HGBCL will be limited to MYC with BCL2

• MYC with BCL6 will be removed from double hit (reclassified or demoted?)

• I think it is unlikely that TP53 mutation will be addressed in a significant way

• ICC
• Who knows?







Aggressive B cell lymphoma: gene mutations





Comparison of Aggressive B cell Lymphomas

Burkitt Lymphoma DHL DLBCL with MYC 
translocation

Morphology Usually distinctive, 
monomorphic, 

intermediate cells

Usually DLBCL Usually large cells, 
pleomorphic

IHC
CD10/BCL6
BCL2
Ki67

+/+
-

100%

Var/var
+/-

Var (usu >80-90%)

Var/var
+/-

Var (usu >80-90%)

MYC IHC 100% >70% 100%

MYC FISH + + +

IGH-BCL2 FISH or
BCL6 FISH

- + -

Genotype Simple Complex Complex



High grade B cell lymphoma

Ki-67

BCL-2
What does the FISH show?



High-grade B-cell lymphoma, with MYC and BCL2
and/or BCL6

AKA: double hit; triple hit

Histology:  Burkitt, intermediate, or DLBCL

Immunophenotype:

GCB type B cell (usually): CD10+, BCL6+, BCL2+

Ki67 > 95% (usual, but range of 30-100%)

Cytogenetics:

t(14;18) BCL2 rearrangement or 3q27 BCL6

t(8;14) MYC rearrangement (or equivalent)

Prognosis:

Poor response to usual therapy (R-CHOP); survival < 1 year

WHO 2017



HGBCL, with MYC, BCL2 and/or BCL6 rearrangement

• Must have MYC translocation
• Amplification does not qualify

• Must have BCL2 or BCL6 or both translocations
• Double hit: (MYC, BCL2 or BCL6)

• Triple hit: (MYC, BCL2 and BCL6)

• Excluded: FL and B-ALL (with double or triple hit)



Overall survival of no MYC, MYC single hit, 
DHL/THL

Cho YA, Hyeon J, Lee H, Cho J, Kim SJ, Kim WS, Ko YH. MYC 
single-hit large B-cell lymphoma: clinicopathologic difference 
from MYC-negative large B-cell lymphoma and MYC double-
hit/triple-hit lymphoma. Hum Pathol. 2021. PMID: 33771538.



Blue lines show “alternate” double hit
Red lines show usual double hit

Take home message: Copy number variation (CNV) 
matters in these genes



HGBCL, NOS

• Excludes DLBCL morphology (p. 335); blastoid OR 
intermediate between DLBCL and BL (p. 335)

• MYC translocation ALONE does not qualify for this 
diagnosis (e.g. DLBCL, NOS with MYC translocation)

• Double expressor does not qualify for this diagnosis (IHC 
MYC+, BCL2+)

• My understanding is cases “with MYC amplification, and 
another translocation (BCL2, BCL6) and Burkitt-like 
morphology” OR

• MYC translocation, BCL2 amplification and Burkitt-like 
morphology OR

• Blastoid morphology

• This diagnosis should be extraordinarily rare



P53

Xu-Monette et al. Blood. 2012.

Impact on survival is more pronounced on patients with GCB phenotype.
>50% expression by IHC, best predicts survival effect 



Impact of MYC, BCL2 and P53 on 
survival

Clipson et al. J Path: Clin Res. 2015

MYC/P53 is as bad/worse 
than double hit
BUT…..
P53 had no independent 
impact on prognosis (???)





Survival in DLBCL and HGBCL types
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• Cell-of-origin

• MYC, BCL2, BCL6 (DHL, THL)

• GEP (DHITsig) double hit signature without MYC

• Double expressor

GROUPS

• GCB1: TP53 with DHITsig

• GCB2: DHITsig, TP53 
negative

• GCB3: EZH2 mutation 
and/or BCL2 translocation 
positive (AKA EZB)

• GCB4: no DHITsig, lack 
EZH2, lack BCL2, lack TP53



% of cases OS/PFS

GCB1 (DHsig+TP53) 8% 9.2/6.1 Very poor prognosis Clinical trial

GCB2 (Dsig, no TP53) 9% Good prognosis R-CHOP +/- anti-
BCL2 or anti-EZH2

GCB3 32% Intermediate 
prognosis

Clinical trial using R-
CHOP and anti-BCL2 
and/or anti-EZH2

GCB4 21% Good prognosis R-CHOP

“Our cases that were DHITsig positive with TP53 abnormalities had a dismal 
prognosis, 

which confirms that the TP53 abnormality is key to the aggressiveness of 
these lymphomas. 

This is also consistent with recent findings that not all double- or triple-hit 
lymphomas have a poor prognosis”



SUMMARY

• Can’t find what you don’t look for!

• Aggressive B cell lymphoma
• Screen with MYC & BCL2 IHC (double expressor)
• Perform FISH in all candidate cases (MYC, with reflex to BCL2, BCL6)
• Screen for P53 (IHC) (mutant high or null => TP53 mutation status)
• Can have very aggressive behavior and different therapy

• It is unclear if the WHO22 and ICC (ICK!) will address HGBCL in a 
meaningful way, but changes will undoubtedly be coming



Questions?

dennis.omalley@neogenomics.com


