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Pre-test

APlease go to www.menti.com _and enter the code

Alf you get 100% then you may want to listen to
presentation or relax in the Dead sea.


http://www.menti.com/

Incidence

A SEER 20092013 Paediatric cancers 194.7/1,000,000

A Leukaemia 49.4
A Lymphoma 24.5
A Neuroblastoma 8.2
A Rhabdomyosarcoma 5.8

AWorking in mixed adult/ paediatric laboratory
A Quite uncommon
A HK 17 year period ( 7 million population)
A 292 cases
A 18/year
A 232 NHL 60 HL
ANK/T 7
A Low grade 22(mainly FL and MALT)




Other regions

AAustralia (Australia childhood cancer registry)
A 25 million
A0-14 year 30 children HL

A 40 children NHL (2.8/million/year)
ARural less likely

ANHL Incidence rate stable between 1983 and 2014

AHL Increased 6.4% between 1983 and 1992. Then stable




Table 1. Lymphoid leukemia and lymphoma cases diagnosed among children
and adolescents in Manitoba: 1984  32013.

Classification | Owerall | Male  Female  M/FRatic  Median age (years) at diagnosis
Total | s11 | 287 | 224 _
Lymiphoid lukamia | 296 | 171 | 128 14| 4
Hodgkin lymphoma 113 53 B0 0.9 17
Mon-Hodgkin lymphoma (overall) 100 | 63 37 17 | 12
Man-Hodgkin lymphoma (except Burkitt ymphomas) | 77 | 4t | =0 16 | 14
Precursor col lymphomas - T 12
Mature B-coll lymphomas (except Burkill lymphamas) 30 17 13 1.3 17
Matune T-call and KK-call hyrmphomas . 13 . B . 5 . 1.6 . 13
Mon-Hadgkin lymphomas, NOS T 5 27 | 12
Burkitt lymphomalleukemia 23 18 7 23 | g
Unspecified hhmphomas . 5 | o 5 8.5

HOSE, nol atherwisa specilied; 5, suppressaed for any values under §,

hittps:/ichod o1 0,137 fourral pone 01 75701 1001

Ye X, Torabi M, Lix LM, Mahmud SM (2017) Time and spatial trends in lymphoid leukemia and lymphoma
incidence and survival among children and adolescents in Manitoba, Canada: 1984-2013. PLOS ONE 12(4):
e0175701. https://doi.org/10.1371/journal.pone.0175701

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0175701 -@ PLOS ‘ ONE



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0175701
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abnoemmeilisg
Introduction
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Distribution In paediatric and adole:

Burkitt's
(A) Follicular DLBCL 21%
Burkitt's 1% 20% (B) Other
38% 6%

ALCL S,

10% ‘ ,
Lympho.blastic
Other | \ "
2% Lymp;\:;lashc t:g(.:‘L

Fig 1. Incidence of non-Hodgkin lymphoma (NHL) subtypes in (A)
(0—14 years age group, (B) 15-19 years age group, and (C) =20 years

age group. ALCL, anaplastic large cell lymphoma; DLBCL, diffuse
large B cell lymphoma. Used with permission from Wiley: Hochberg,
J., Waxman, I.M., Kelly, K.M., Morrns, E. & Cairo, M.S. (2009) Ado-
lescent NHL and Hodgkin lymphoma: state of the science. Br | Hae-
matol, 144, 24-40., © (2008).



Lymphoblastic lymphoma/

ASame disease

ALymphoblastic lymphoma:

AExtramedullary mass and <25% bone
marrow blasts

ALymphoblastic leukaemia :
A>25% bone marrow blasts

ANo difference in clinical management,
prognosis or therapy

leukae

Comparison of Leukemias by Survival Rate,
Age of Onset & Incidence

Leukemia




Presentation of B -ALL and T-ALI

B-ALL T-ALL
Symptoms: Anaemia Typically anterior mediastinal
TTP
. Neutropenia
Basically due to bone marrow infiltration Thinko f t h eThynoniad, seratoma

Thyroid carcinoma, T -ALL,Thomas H




Immunohistochemistry (a la Potter)l.

Molecular Biology International

ACD1a, CD2,CD5,CD7,co -
expression CD4/CD8

ATdT

ACell surface CD3
uncommon, mostly
cytoplasmic

ACD10 15-40% o

ACytogenetics: juxtaposition
of oncogene with
regulatory region of TCR

Review Article

Role of B Cell Development Marker CD10 in
Cancer Progression and Prognosis



CD10
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Prognostication in ALL

AWBC at diagnosis: > 30,000 B-ALL, >100,000 FA
ABCR-ABL +
At(4:11)
AResidual disease
AT-ALL:  LOH 6q.
NOTCH1 Use as risk stratification



NOTCH and T-ALL

A19143Not ch in wings of frui-t
AHas a whole host of functions

ARelationship with T -ALL discovered in 1991 with balanced (7,9)
translocation between NOTCH1 on Chr 9 and TCR-a on Chr 7

AFusi on of 386 TCRa iN@T &ptdssion of aberrant
NOTCH1 transcripts

A60% TFALL have NOTCH1 gain of function mutation

AMissense, in frame deletion, or insertion into heterodimeric
region

A40% TFALL have mutation in heterodimeric region

| y é




Notch1 T-ALL cell
Receptor

Aster etal. Page 18

Biosynthesis
Cell Cycle Progression
Growth

Glucose Metabolism Increased Survival

“=—=_./GFIRmRNA 1
—~—— Proliferation 1

Cell

P RE S S




Physiological Notch Signaling

Ligand-
Independent

Notch Activation
(T-ALL)

' NRR/JME
i Mutations

RAM

S3 i E
ANK Y - secretase E

s2 i
NRR ¥% ADAM10 s3

PEST

Proteosomal
Degradation \ ;

4

Gain of Function Mutations in Lymphoid Neoplasms

Ligand-
Dependent
Notch Activation
(Mature Lymphoid Neoplasms)

PEST Truncations

k4

Fbxw7
Mutations

JME-Juxtamembrane
Extracellular

NRRNegative
Regulatory Region

PEST

Proline (P), Glutamic
Acid (E), Serine (S),
And Threonine (T)

FBox and WD Repeat
Containing Protein 7

Fig. 1 Oncogenic Notch signaling in lymphoid malignancies. (left) Physiological Notch
signaling. (right) Liganddependent cleavage triggered by NRR NOTCH1 mutations in
T-ALL and ligandependent cleavage of NOTCH1/2 in mature lymphoid neoplasms.
Activation can be enhanced by PEST/FBXW7 mutations which increabfe ludlf

intracellular Notch (ICN)1/2



Is NOTCH a useful biomarker In T'

ApEFS84% vs 66% p = 0.021

ANOTCH1 FI SH one of the
pay for 1to.

APrognosis seems to be better in young kids than adults.



Burkitt lymphoma (BL)

AMost common NHL in children
Aln HK 67/232 NHL

AEndemic BL most common malignancy in sub S
Africa

ASporadic 40% lymphomas in kids, 20% adolescents




Burkitt lymphoma (BL) _Presentatit

AGI tract ( ileocaecal region)
AKidneys
AOvaries

ALike other B -cell neoplasms aggressive clinical
presentation and progresses quickly

APresents in advanced stage l1/1V
ANOT common for mediastinum (10%)



Burkitt lymphoma (BL) - Immunohistoche

APotter 8 mature B -cell: CD19,CD20,CD22,CD10. Su

AlnterB-NHL Rituximab: anti -B(CD20). If negative, the '
CD19,PAX5,CD79a.

AOther stains for exclusion/confusion & CD3, Ki67, TdT, Bcl:
Bcl-6, MUM-1, CD10

A+/- EBER ISH

9
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Burkitt lymphoma (BL) - cytogenetics

ABL characterized by presence of
reciprocal translocation of ¢ -myc
and one of the Ig genes:

At(8;14)(q24,932) & classical heavy chain
Ig on Chr 14 (80%)

At(8:22) (5%) 1(2:8) (15%) & light chain
AOther :

A13q gain or loss & do worse

A11q gain or loss & myc negative. No
effect on prognosis




Burkitt lymphoma (BL) - MYC

AProto -oncolgene encoding a transcription
factor enabling cell growth and
proliferation

ADysregulation of myc protein immense
consequence as it regulates 15% of genes
In genome

AConstjtutively activated
tumorigenesis:

A Directly by rearrangement, amplification, point
mutation

A Indirectly by activation of growth factors
leading to increased expression or protein
stabilization

myc leads to
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MYC Immunohistochemistry Predicts
MYC Rearrangements by FISH

|_1 ,] Julum Nwanze ™, Momin T. Siddiqui’, Keith A. Stevens', Debra Saxe’
- "Depariment of Pathoiogy and Laboratory Madicing, Emory Linkersky Hospital Atents, G4, Uinked Stafas,

*Department of Pathoiogy snd Laboraion; Mackcin, Tuians Linkersiy Hospial New Onaans, L4, Untad Siates

AThis publication shows good correlation

Mwanze &t al. MYC IHC Predicts MYC Reamrangements by FISH

TABLE 1 | Summary of results by diagnosis.

Diagnosis Number (%) Myc overexpression by MYC rearrangement
immunochistochemistry (%) by FISH (%)

Burkitt lymphoma (BL) or “consistent with BL" 5 (100) 5 (100) 5 (100)

Diffuse large B-cell lymphoma (DLBCL) 10 (100) 00 1(10)

B-cell lymphoma unclassifiable with features intermediate between DLECL and BL 3 (100) 3 (100 2 (B6.67)

EBV-related B-cell lymphoma 1(100) 0D 00

Composite CLL/SLL -large cell lymphoma 1 (100) 0 (0) 00

B-cell ymphoma, not otherwise specified 5 (100) 2 (40) 1(20)

“High-grade”"“aggressive” B-cell lymphoma 6 (100) 3 (50} 3 (50}

Total 31 (100) 13 (41.9) 12 (38.7)



Myc IHC in other paediatric round cell
tumours

AAlso, normal lymphoid tissue

ANot specific for BL as it can be seenin9 -14% DLBC
and FL

A12-14 controls 1% -25% staining in 86%

AT-ALL:

ANo translocation
A Activating mutation of NOTCH1 activates myc transcription

Alnactivating mutation of FBW7 impairs myc degradation and thus
Increases protein stablilization

@@




Myc IHC in other paediatric round ce

tumours

Original Artide

Immunohistochemical Profile of MYC
Protein in Pediatric Small Round Blue
Cell Tumors

Karen M Chisholm'?, Chandra Krishnan®, Amy Heerema-McKanney".
and Yasodha Natkunam'

S

|

Chisholm et al. 215

Table 1. MYC Protein Expression in Primary Pediatric Small Round Blue Cell Tumors.

Neoplasm N 0% 19%6-25% 26%—50% 51%—75% 76%—100%
Burkitt lymphoma 20 | 5 2 6 6
B-Lymphoblastic lymphoma 4 0 | | 2 0
T-Lymphoblastic lymphoma 9 0 3 3 2 |
Classical Hodgkin lymphoma 108 30 62 15 | 0
Nodular lymphocyte predominant Hodgkin 16 5 10 | 0 0
Rhabdomyosarcoma, all histologic types a3 18 28 I 19 7
Embryonal 4] 9 8 9 11 4
Alveolar 28 6 15 | 4 2
Spindle cell/sclerosing 7 | 3 | 2 0
NOS 7 2 2 0 2 I
Neuroblastoma, all histologic types 36 8 19 4 4 |
Undifferentiated 6 I 3 I 0 I
Poorly differentiated 12 | 7 2 2 0
Differentiating 5 | 2 | | 0
Ganglioneuroblastoma, nodular | 0 | 0 0 0
Ganglioneuroblastoma, intermixed 2 2 0 0 0 0
NOS 10 3 6 0 I 0
Wilms tumor 11 2 8 | 0 0
Ewing sarcoma 9 2 3 | 2 |
Synovial sarcoma | 0 | 0 0 0
Desmoplastic small round cell tumor | 0 | 0 0 0
Soft tissue sarcoma, NOS 4 0 | 2 0 |

NOS: not otherwise specified.



Myc In neuroblastomas

218 Pediatric and Developmental Pathology 20(3)

ACOG exclusivity of MYC and
MY CN amplification

ANB with diffuse myc protein
have lower event free survival

Ne o Bl »

Neuroblastoma, undifferentiated "‘.‘ * &, | Neuroblastoma, undifferentiated -,

Figure 3. MYC Protein Expression in Neuroblastomas. MYC protein expression was variable among the different histologic types of
neuroblastoma. In 2 poorly differentiated neuroblastomas, MYC staining was present in |%—25% (A) and 26%—50% of cells (B). While some
undifferentiated neuroblastomas had 26%—50% MYC staining (C), | case had 76%—100% MYC staining (D).

Table 2. MYCN Status in Relation to MYC Protein Expression in Neuroblastomas.

MYCN status N 0% 196-25% 26%-50% 51%75% 76%—100%
Amplified 4 1 3 0 0 0
Non-amplified 20 3 I 2 3 "

*Included 2 cases of poorly differentiated neuroblastoma and | case of neuroblastoma, not otherwise specified.
®Included | case of undifferentiated neurobhstoma.



Diffuse large B -cell lymphoma (DLBCL

ANumber 1 in adolescents -
ANumber 2 in paediatric /

Aln HK had biopsies from many locations:  Cx lymph node,
tonsil, neck, tongue, para -duodenal, lung, abdomen

Aln adults genomic profiling revealed molecular signature
A3 distinct histological subtypes

AProfiling also now separated out the primary mediastinal B
cell ymphoma (PMBCL)

Aln HK we have a number of cases EBER + ve ?
Immunodeficient




Diffuse large B -cell lymphoma (DLBCL

AGerminal centre B-cell like (GCB)
A Bcl-2 translocation
A REL amplification
A Do better than ABC
AIn kids 75-82% are this type

AActivated B-cell like (ABC)
A Does not have these cytogenetic abnormalities

ADouble hit (chromosomal
change)/expresser ( increased protein but
no molecular abnormality)very rare



Overlap between BL and DLBCL

AThere is clinical overlap in presentation
AKlapper : 31% DLBCL have molecular signature of BL*

ADeffenbacher : 20% pathologically diagnosed BL
reclassified as DLBCIland vice versa

AArray CGH paediatric vs adult DLBCL shows unique
cytogenetic changes



DLBCL- |IHC

APotter: CD19,CD20, CD22, CD79a
ACD10 half of cases
ACD5 not common

AlnterB-NHL more pragmatic
ACD?20, if negative then CD19,PAX5,CD79a
ABcl-2, Bcl-6 (GCB), MUM -1 (ABC),CD10(GCB)
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Overlap between BL and DLBCL in Ki

ADLBCL may have high Ki -67

Alncreased incidence of myc translocation/expressi
10% DLBCL) '

ADecreased incidence of Bcl -2 translocation
AOverlap do worse in adults, not proven (yet) in kids



DLBCL treatment

AAs there is biologic overlap most kids with DLBCL an
treated the same

A4 year event free survival (EFS) 92%
AOngoing trial using rituximab
AYoung adults shown to be safe and effective

AObinutuzumab |, novel anti -CD20 appears to be superior to
rituximab Iin adults



DLBCL outcome

Aln adults GCB to better using IHC separation Hans
algorithm

AKids mainly GCB
ABut é in FAB LMB96 and BFM d
APossible reason: Deffenbacher 20% overlap

ARecognized that adolescents and young adults regarded
as oat risko for | omhkkanaggmento r



Primary mediastinal B -cell ymphoma
(PMBCL)

ADistinct clinical and pathological entity
AArises from asteroid B -cells of thymus

AYoung women, large mediastinal mass that frequently
Invades

A10% DLBCL



Primary mediastinal B -cell ymphoma
(PMBCL) o why different

APathological feature overlap with HL
AYoung adults do worse than DLBCL

A. Refinement in Diagnosis



Primary mediastinal B -cell ymphoma
(PMBCL) o IHC

ASame as for DLBCL

Alf enrolled in InterB-NHL
Aadd CD30
Aadd CD23

ABetter outcome by adding in rituximab
ABcl-6 mutation common



Primary mediastinal B -cell ymphoma
(PMBCL) 0 recent study

Curr Hematol Malig Rep (2015) 10:237-243 239

Table 1  Contemporary initiatives with therapeutic intent for pediatric NHL

Histology Intervention Status Study number or
key references

BL and DLBCL Rituximab randomization Ongoing NCT01595048
PMLBCL DA-EPOCH-R (adult-based infusional regimen) Ongoing NCTO01595048, [10, 11e]
T-LB NHL Stratification based on MDD Ongoing

Stratification based on biology (LOH6q and NOTCH 1 mutations) Planned [36°]
ALCL Incorporation of targeting agents (BV, crizotinib) Ongoing NCT01979536

Stratification based on MDD, MRD, and ALK antibody titer Planned [28ee, 2000]
All histologies Refinement in measurement of response evaluation using more Ongoing [50]

sensitive DI and Path technologies and planned

BL Burkitt lymphoma, DLBCL diffuse large B cell lymphoma, PMLBCL primary mediastinal large B cell lymphoma, DA-EPOCH-R dose-adjusted-
EPOCH-rituximab, 7-LB NHL'T cell lymphoblastic lymphoma, MDD minimal disseminated disease, B} brentuximab vedotin, MRD minimal residual
disease, ALK anaplastic lymphoma kinase, D/ diagnostic imaging, Path, pathology



Mediastinal gray zone lymphoma (MG

ARare & we have only 1 case in 17 years

ARetrospective review of histopathology, IHC and
cytogenetics 0 9% PMBCL reclassified as MGZL

ADo worse than PMBCL

ANeed to see if those lymphomas we called PMBCL in past
are actually gray zone



Hodgkin Lymphoma (HL)

Aln HK lower frequency than other parts of world

A60 cases:
A35 nodular sclerosis
A7 mixed cellularity
A5 nodular lymphocyte predominant
A4 lymphocyte predominant

Arest not -classified



Hodgkin Lymphoma (HL)

ARare under 5 unless immunocompromised
AMore in adolescent and young adults

AMC
AYounger, less well -developed countries, early EBV

ANS
AMore in older, less association with EBV

AHistology:
ARS cell 8 transformed B -cell CD30,CD15. 10 -20% CD20

AProduce cytokines to recruit non  -neoplastic reactive cells,
plasma cells, eosinophils, T -cells




Hodgkin Lymphoma (HL) - treatm

.. ‘: ‘.c: t!‘;‘t:‘,:b“ vi'-

A & Ve

AMust separate nLPHLfrom the rest (CHL)

A Localized early stage disease
A Surgery alone. Long term relapse free 67%

AGray zone lymphoma lacks standard
treatment approach

AProper Dx of MGZL requires confirmation
by expert pathology review.
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Table 6. Immunﬂ)henotyric Markers to Distinguish Nodular Eymphocyte Predominant Hodgkin Lymphoma (NLPHL),
Classic Hodgkin Lymphoma (CHL), and Other Large Cell Lymphomas in the Differential Diagnosis*
Marker NLPHL CHL ALCL T/HRBCL
CD20 + -+ - +
CD79a +f— -+ - +—
Application of Inmunohistochemistry in the Diagnosis e ko + (wealy el mumber tected e
of Non_Hodgkln and Hodgkln I_ymphoma BCL-2 —I+ variable 7%-56% — in ALK* ALCL; + in ALK- ALCL  +/—
BCL-6 + +/— (weaker, fewer cells +) +/— +
Russell A. Higgins, MD; Jennifer E. Blankenship, MD; Marsha C. Kinney, MD Eg;g :f+ (usually <10%) i ;Pr :H_ weak)
....... P Ce e P TSRS S TSP, Clusterin - +/—, membranous +, dotlike cytoplasmic —/+ (usually <10%)
Fascin - +, strong cytoplasmic +, weak cytoplasmic NT
EMA +—= -+ +/— (higher in ALK* ALCL) +/=
ALK-1 - - it -

* ALCL indicates anaplastic large cell lymphoma; T/HRBCL, T-cell/histiocyte rich B-cell lymphoma; +, more than 50%; —/+, 5% to 25%; —,
less than 5%; +/—, more than 25% to 50%; NT, not tested in a large number of cases; and EMA, epithelial membrane antigen.
t More than 90% in pediatric ALCL; less frequent expression in adult series.
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