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clinical relevance

IEI & oncogenes

icebergs

perspectives

From immune surveillance to immune therapy of malignancies

Cytokine Therapy Therapeutic Vaccines
IL-2, IFN Dendritic cell vaccines
IL-7, IL-15, IL-21 DNA, RNA, Engineered tumor cells

N\

anti-CLTA4  Tumor-specific T cell

Anti-CD3 antibody Anti-CD19 antibo

g Blinatumomab %E .
(anti-CD19 Bii@b_)/ Hoint blockade \

Effector: normal T cell Target: B-precursor ALL cell
omembrane CD3g) n (©&membrane CD19)

Chemotherapy

anti-PDL

> Antibody-drug conjugates
anti-PD1 Gentuzumab ozogamicin

T cell clones

Renatd BasEmmBiood 2012;120: 5095095 urnet

CART cells

Marcela V. Maus et al. Blood 2014;123:2625-2635
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Primary immunodeficiency = Inborn errors of immunity (IEl)
— infections, autoimmunity, autoinflammation, cancer

clinical relevance

& infections o autoimmunity
= . : : : B-/T-cell deficiency ~ [2MtiPiotics
& ability to fight infections (danger) S vs.immunoy  breakdown of
8 innate Im_n?une suppression B-/T-CE” tolerance
S versus deficiency HSCT?
3 tolerance of self (no danger)
= antibiotics vs.

, antiinflammatory
&0 _
% o A ) malignancy
k) lymphoproliferation

S el . cancer

" autoinflammation
'02-’ e.g. granuloma,
4‘3 (ecurrent fever modif. from: C. Schuetz et al. Autoimmunity Revs. 2010
% = Y
. )
o
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Inborn errors of immunity and cancer — relevance?

clinical relevance

e 4-25% of patients with |E|-2 * Example: survival in CVID?
1.4-fold risk3
(%) 1
v * Second most common cause of death of
& atients with IEI - :
o P 8 without cancer
— . . 1
S  >70% of malignancies are - 2
. : : : 3 -
o3 lymphoproliferative disorders (10-fold risk!) £.6 7
* Greatest risk in DNA repair disorders £ 1
3.4 7
. . . O o —
o « Outcome of malignancies in IEl . 1
no . . . -
& is worse than in general population 2
0 ' with cancer
O
0 - 3
1 L | v 1 L 1 Ll 1 v 1 L] 1 L 1 v 1 v 1
4 1. Mueller BU, Pizzo PA. J Pediatr 1996;126:1-10 6o 5 10 15 20 25 30 35 40 45
E 2. Salavoura et al., Anticancer Res 2008;28:1263-9 Tima
] 3. Mayor et al., JACI 2018; 141(3): 1028-1035 5. Quintil. et al., BLOOD 2012;120:1953-1954.
% 4. Hauck et al. JACI 2018; 141(1):59-68. 6. Pulvirenti et al., Front Inmunol. 2018;
Q 9:2546. doi: 10.3389/fimmu.2018.02546
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Cancer Incidence in
Jonkman-Berk et al., NL-(ESID)

clinical relevance
[ )

cancer

e typically lymphoma and skin
tumors in patients with
hypogamma/CVID and AT at
younger age than ,normal”

IEI & oncogenes

 Mayor et al., USIDNET,

141(3): 1028-1035

icebergs

. =171 in 3658 patients (4,

cancer

e vast majority lymphoma and
,lymphoid“ cancers, skin,
hematologic, (thyroid in CVID)

perspectives

Research Unit Pediatric Hematology & Immunology

[EI

Clin Immunol 2015, 156:154-162
. =70 in 745 patients (10%)

J Allergy Clin Immunology 2018;

7%)

Cancer Incidence
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Cancer in Ataxia teleangiectasia

e Suarezetal., JCO 2015; 33:202-208

clinical relevance

: . A
e 70 malignancies in 69 of 279 pts (25%) 1.0 No cancer
— ncer
0.8 -
o * NHL, HD, Ca, ALL, T-PLL, AML
m —
3 L
c 0.6 E
@) All cancers A 04-
i 054 — o
= — NHL 0.2 -
044 =—PL
g Carc. P<.001
m -Q 1 1 1 1
%" < 0.3 0 10 20 30 40
S nE_ Time (years)
L 0-24 No. at risk
0: No cancer 210 153 54 15 3
0.1 1 1: Cancer 69 42 18 9 2
(%]
'02) ! T T T T
*8’ 0 10 20 30 40
& Time (years)
()
o
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Cancer in Nijmegen Breakage Syndrome

clinical relevance

100
i 5 patients
) WO!Ska-KusnlerZ et al’ '—‘-“?LH without malignancies

J Clin Immunol 2015, 35:538-549 30 b \-.‘ -
o e 80 malignancies in 60 of 149 patients (42%) Z el \
c =
o Z
0 ) .
:  mostly B-NHL, T-NHL, HD, T-ALL... £ ul e,
o 5;- patients with historv '":‘
od = of malisnancies Leeeennes 1
L < 2 F n=63 ’

45 -
g)o 40 Oh 2 2 M 2
o g 35 0 5 10 15 20 25 30 35
g % 30 - 2 Age (years)
O £
- £ 25 - 9 Ofemale
; 20 - H male

s 'g 10-/ : 3
2 .
Q. 0-5 5-10 10-15 15-20 20-25 25-30 S AT
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Cancer in CTLA4 Haploinsufficiency

Incidences for selected malignancies

clinical relevance

Hodgkin lymphoma Non-Hodgkin lymphoma Gastric cancer
156.86
150 - ORIGINAL RESEARCH
n published: 10 September 2018
GCJ - 130.72 doi: 10.3389/fimmu.2018.02012
©
Q )]
w0 | 5 wy
Q =
2| ¢ 104.58 ‘ frontiers
(@) » 100- .
3 N Immunology
03 Q
o
—_— S
UJ O - - - -
= | g Increased Risk for Malignancies in
2 131 Affected CTLA4 Mutation
) 8 -
oo | < so- Carriers
v g
Q0 g David Egg’, Charlotte Schwab’, Annemarie Gabrysch', Peter D. Arkwright?,
8 2. Edmund Cheesman?, Lisa Giulino-Roth?3, Olaf Neth*, Scott Snapper®, Satoshi Okada®,
o— - 14.92 Michel Moutschen’, Philippe Delvenne’”, Ann-Christin Pecher?®, Daniel Wolff®,
. Yae-Jean Kim'°, Suranjith Seneviratne "', Kyoung-Mee Kim'?, Ji-Man Kang ",
263 - 7.53 Samar Ojaimi', Catriona McLean ", Klaus Warnatz', Maximilian Seidl’ and
n 0- —— _ Bodo Grimbacher™
()
>
e
O
8 Legend . Reference cohort CTLA-4 cohort
(%]
o
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Cancer in CVID

clinical relevance
>

Females Males
50+ 50 pr—
= T
o 40] - 40- CVID
8 3 ’ *k ‘ }ﬂ*
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n A S8 204
Q 5] )
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S S & |8° S* In Immunology
\0&
06 9 ORIGINAL RESEARCH ARTICLE
E Front. Immunol., 05 November 2018 | https://doi.org/10.3389/fimmu.2018.02546
Gastric Cancer Is the Leading Cause of Death in
o | B Females Males Italian Adult Patients With Common Variable
g 501 Immunodeficiency
8 40+ Federica Pulvirentit, Antonio Pecoraro?, Francesco Cinetto3, . Cinzia Milito!, Michele Valente?,
= 2 > 2 qh, 4 Enrico Santangeli’, Ludovica Crescenzi?, Francesca Rizzo?, Stefano Tabolli®, Giuseppe Spadaroz,ﬂ
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Which mechanisms cause malignancies in IEI?
- example DNA repair: it’s not always lack of immunosurveillance

clinical relevance

1. Tumorigenesis “in series” to IEl
0 Immune - cell extrinsic tumor predisposition;
S
S
Impaired Loss of
03 PID «—— V(DN recombination, 3':: ;'epall' caretaker/gatekeeper ——> Cancer
T CSR and SHM envy functions
2 instability . o
Y 2. Tumorigenesis “in parallel” to IEI
- cell intrinsic tumor predisposition
[7p]
g De Miranda, Bjérkman, and Pan-Hammarstrém Hauck et al. 2018
S Ann. N.Y. Acad. Sci. 1246 (2011) 50-63
(o
o
o Sep 2019
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" p.d.
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Hauck, Voss, Urban, Seidel ®JACI 2018; 141(1):59-68

3 tany PID, SCN, GATA2, SDS, CHH
C o [ ] > I - [] o
s Dist nancie or§ ofdnmunity
1 1. Stem cell and
o e (1.1-3) myeloid
E Surveillance \1,6 development defects .
k= E.3 - AX\O
= Carcinoma g (MDS)*, AML { et
\S

pro°
o N D) ® |, .
c ~ @ (LPD/HLH)%, lymphoma, leukemia
< @ 1.1
o) e /
g jc tissY i (S)CID, CVID, ...
o2 (1.1-3 +E.1) Malignancy
w \ J
- Carcinoma G E.25
n + any PID,IBD
Eo ? ? ‘
3, defects of innate % (1.1-2)
@ immunity - » v .3
= E.14
0 S)1CID. EV ICF, DKC,
2 e e (S)CID?, AT,
é NBS, Bloom,...
% (LPD/HLH)%, lymphoma, leukemia, Lymphoma, leukemia,
o carcinoma, SMT, sarcoma carcinoma, sarcoma
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m . [ ] [ J
8 Examples NHL and ALL: linked to which IE| ?
©
2 NHL =2 160 patients with genetic
Qv Table 1. Four categories of pre-existing conditions in 213 patients with non-Hodgkin lymphoma. + 53 chromos./other conditions
© Condition (mode of transmission, incidence per live birth) EICNHL, i-BFM
= All patients 213 Attarbaschi ef al.,
O Haematologica 2016
Cancer predisposition syndrome 124
" (n>1 patient) Ataxia telangiectasia (AR, 1:4000) 39 (26%) ALL 2 4.45%
@ Nijmegen breakage syndrome (AR, 1:100,000) 26 (21%) AIEOP-BFM2000+9
(7] Constitutional mismatch repair disease (AR and AD*, n.a.) 21 (17%) Schiitte et al.,
8,” X-linked lymphoproliferative syndrome (recessive, 1:1,000,000) 11 (9%) EIMG 2016
o Wiskott-Aldrich svndrome (X-linked recessive. 1:100.000-250.000) 7 (6%)
o Type of condition Condition n (N = 242) Frequency (BFM 2000)
0_5 Cancer predisposition syndromes 29 21/4939 (0.43%)
— Neurofibromatosis type | 8 6/4939 (0.12%)
Ataxia telangiectasia 8 7/4939 (0.14%)
Nijmegen breakage syndrome 6 4/4939 (0.08%)
wn Noonan syndrome 2 2/4939 (0.04%)
o0 Fanconi anemia 1 0/4939
Q .. Li Fraumeni syndrome 1 0/4939
% Immunodeficienc Lynch syndrome 1 0/4939
O LEOPARD syndrome 1 1/4939
Rothmund Thomson syndrome 1 1/4939
s Genetic conditions with no known cancer predisposition 44 44/4939 (0.89%)
8 Genetic (.hsease Gilbert's disease 13 13/4939 (0.26%)
> (n>] patlent) Thalassemia minor 7 7/4939 (0.14%)
43 Cystic fibrosis 4 4/4939 (0.08%)
Q Glucose-6-P-DH deficiency 4 414920 (0 N]RYL
i alpha-1-AT deficiency 2
GLJ Primary ciliary dyskinesia 2
o Pi Georgg syndrome 1

, R4 7 Sep 2019
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The unbiased approach: “The landscape of genomic
alterations in childhood cancers” — Grébner et al. Nature 2018

clinical relevance

§ ) n=961 (tumor Samples' 2 o fepaif Normalization for Patients with
& not naturally distributed) = Transcription oy predispostion
o - —_
O o 101 L
S * TP53 the most frequent g 7P53 a '
. . o e © ular or 2154
°§ germline predisposition 5 O o c:EnBEA?egzsses i
- . § S 5 | ETranscripti °
across many tumor entities 2 . gg‘:ﬁ%ﬁéf&ﬁ" 8ol I ;
° Epigenetic o) I
) H $) 8 g AN
0 * DNA repair pathways the 0- ol ohe g o @,NMI:;!:QWN,.NDW<
O 0 10 20 30 40 50 &ému‘ IE0ES555S 85523
o = x= <(Q()UJ<(U)U)E>§DEZQ
o largest group Number of samples & 235 =3° 8o @
O
o— 5]
* |El not frequently detected,
(%] o
,02) but leukemia and Iymphoma Grébner et al., Nature 2018; 555(7696):321-327
9 under-represented !
5
o
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clinical relevance

we collected published data:
% e n=2016 (tumor samples,
S not naturally distributed) from
& 4 studies:
§ e 348 germline mutations
o * In47 genes
L plus...
* retrospective or history data from
& 3 studies comprising >10.000
E patients (ALL; NHL)
ks
.. in 12 childhood cancer types
@ (more natural distribution, but still
2 lacking data on HD, and AML)
§_ .. thus, strictly, no meta-analysis
O
o
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The educational approach: The “Iceberg Map” of germline
predisposition to childhood cancer — a kind of metareview

Composition of ‘tumor sample cohort’

Zhang et al., NEIM =
2015

m Leukemias

O Lymphom as " 686

J! 016
o PNStumors =120

m Renal tumors

m Bone sarcomas

m Hepatic tumors

m Carcinomas

o Soft tissue sa rcoma

Ama3 et al,
Haem%loglca 2016

n>5000

Schutte et al,,
European Journal of Medical
Genetics 2016

n>5000

Oliver Kindler, Franz Quehenberger, Martin Benesch, and Markus G Seidel

Curr Opin Pediatr. 2018; 30:855 — 863; PMID: 30124581
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+ :l.'

esea rch

Moriyama et al.,
Lancet Oncology 2015

n>4000
(only ALL for ETV6)



Oliver Kindler, Franz Quehenberger, Martin Benesch, and Markus G Seidel

Q

8 Curr Opin Pediatr. 2018; 30:855 — 863; PMID: 30124581
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Oliver Kindler, Franz Quehenberger, Martin Benesch, and Markus G Seidel
Curr Opin Pediatr. 2018; 30:855 — 863; PMID: 30124581

clinical relevance

9%

IEI & oncogenes

bergs

Ice

perspectives
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Oliver Kindler, Franz Quehenberger, Martin Benesch, and Markus G Seidel

Q
8 Curr Opin Pediatr. 2018; 30:855 — 863; PMID: 30124581
©
>
o
&
©
L2
=
© 9%
mSDHA :
mALK mSTKAW
4 B CHEK2/RADS3 o m Sotos
c W SUFU ﬁ' W CBL or SHOC2
= mPTPN11 TS . ¢
o mRUNX1 WIL2RG
8 M RET ® IL7RA
o W SMARCB1 = Lig4§'
o3 KRAS/NRAS ALPS
-~ TSC1/2 CAPV1
L W VHL PTEN
- W ETV6 (estimate) ® DICER1
mCVID n.fsy W CDH1
B WAS mCLCNS
& mRB1 mLZTR1
a mAPC EWT1
o mXLP1/29% mTJP2b
Q M BRCA1/2 W PALB2
2 mPID nfs I RECQLAN
mNF1/2 e =FA
NBS and other DNA repair Sy.Jk " HIES Y
< = CMMRDY 3% HIGM Yk
> = ATMY \‘ RMRPY
43 mTP53 e\ PTCH1
o % [El-relevant gene
2
(b}
o
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Malignancies in inborn errors of immunity (IEl) — Conclusions

1. There are intrinsic and extrinsic mechanisms of tumorigenesis in IEl

clinical relevance

2. Today we only see the tips of the icebergs (4-13%) considered to be
caused by germline predisposition in pediatric oncology,

The pattern of germline mutations differs between tumor entities and
can give clues about tissue factors and tumor propagating events

IEI & oncogenes
W

4. |El represent a relevant proportion of CPS in leukemia and lymphoma

§° The relative prevalence of tumor types, and the age and sex distribution,
§ differ between IE| patients and the general population

” 6. The outcome of malignancies in PID patients is worse than in the general
(V] .

2 population

2

Sep 2019
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Malignancies in IEI — Needs and perspectives

For oncologists

clinical relevance

Diagnose malignancy early Biology
— screening / surveillance? Imaging, biomarkers? — Which pathways of tumorigenesis are shared,
— pitfalls? which differ between IEI and “normal” cancers
(%] . .
2 | Treat malignancy better (also for oncologists) — Wwhat are the second hits in IE|
S|~ indivicuatze therapy, based on pathways and " e there Mfferert evolutonary Svens
o expectable toxicities P 8
S — Infection risks, preexisting organ damage Therapy N - .
0_?5 Follow-up — WI|! |mmunothgrapy-work against cancer in IE|
L , _ patients — functional immune system as
— ..transplanted SCID patients, because part of their prerequisite?
|f\tr|n5|c tumor predisposition may persist — higher mutational burden as benefit (more
o | Prevention? neoantigens)?
% — Infectious triggers? In practice
ke, — long-term immunomodulatory treatment? — Patients should be screened for “preexisting
— reduce selection pressure (e.g. GCSF in SCN) conditions” including underlying IEI
0
% Guidelines and prospective studies needed Guidelines and prospective studies needed
8
e
v
Q.
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Malignancies in IEl — Needs and perspectives

clinical relevance

= m—— : —> awareness, screening, guidelines
-~ B
Y
4
/’ - |El-specificity? targets?
/

" K infections S N
= / adapt toxicity,
a H include IEl in HSCT evaluation
§ : (pro/con!),
© ! esidual CPS in DNARD!
= \ 22
= \ /’:” | . .

\ _oZet Hl - Specific second hits,
. Vel — I identify (preventable)
£ N . ',' progression steps?
£ \\|mmun|ty Ji inflammation
ks ~ T

SO - "'. _ . .

7, = Bomken et al., 2018,
g ¢ Front Immunol 9: 2912. doi:
B 10.3389/fimmu.2018.02912
2 ESID EBMT ERN iBFM — P
2 CWP | IEWP || IEWP RITA Host Var. TF
o

Research Unit Pediatric Hematology & Immunology M.G.Seidel



Malignancies in IEl — Ethical concerns and biological opportunities

* AN increasing proportion of IEI

Diagnosis Relapse

clinical relevance

ONAanalysis ONAanalysis patients will be identified through

. - oncology

equence

varian utationa sequence . .. .

R oo Y * Incorporate cancer predisposition in

O Cony i) senatre genetic counseling for IEI
C o )
go S et ——t “tttl * Awareness for (often unsatisfactory)
8 Expression Prediettonely A'in expression Screer“ng OpthhS
o
o2 i . . — Regular ultrasound? Blood tests?

Fusi > fusion &
o %%/ o g — MRl instead of CT (even lung)?

.kg-,;s‘ é{(\*’b e . . . .
ONRT oNRT — Few realistic surveillance options for
» \ leukemia and lymphoma predisposition...
o]0
o | N . * Handle expectable and unexpected
[ o foxiciti
L_) O Drug metabolism 'ﬁ Ancestry %Pathogenicgermlinevariant Q Imaging Bloodwork OXICI Ies
— Develop recommendations

(7] . .
.g Sweet-Cordero and Biegel, Science 2019; 363, 1170-1175. * Diffe rentfpsy(thIOg'C.al_l] a ﬁpro_‘%h to
"g - there are more targets (many not functionally evaluated) than targeted drugs cancer o patients with chronic
= - urgent need for better screening and prevention disease S,
o - limited understanding of the genomics of relapse, metastasis, and of toxicity or poor response to tx
o
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