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Definition

Tumoreinzelzellen und kleine
Tumorzellgruppen an der invasiven Front
des kolorektalen Karzinoms (peritumorale

Buds, PTB)
Jass et al, JCP 2003

Auch im Zentrum des Tumors (intratumorale

Buds, ITB)
Zlobec et al, Br J Cancer 2014

Erstmals in den 1950ern beschrieben
(‘Sprouting’)
Imai, Fukuoka lgaku Zasshi 1954

Assoziiert mit L, V, Pn, G, pN, pM und
schlechterem Uberleben




Staging des kolorektalen Karzinoms
TNM und Prognose

DEFINITION OF TNM STAGE GROUPINGS i e
= MALIGNANT
TUMOURS

T

Tumor invades submucosa
T1 NO MO
T2 NO MO

AJCC

T2
Tumor invades muscularis propria

NO
No regional lymph node metastasis

(ancer Staging
\anual

T3
Tumor invades through the muscularis

propria into pericolorectal tissues T3 NO MO
T [Stage 15
Tumor directly invades other organs or Stage IIB
structures, and/or perforates visceral T4a NO MO

peritoneum

- .
T4 N Mo 5 Year Observed Survival Adenocarcinoma of

NO
No regional lymph node metastasis

*not shown
" the Colon
Ta Stage IlIA
Tumor penetrates to the surface of the
visceral peritoneum** T1-T2 N1-N1c MO I 740

T1 N2a MO
Nia
Metastasis in 1 regional lymph node

Stage IlIB A 66.5%

T3-T4a N1 Nic MO
58.6%

Nib
Metastasis in 2-3 regional lymph nodes
Nic
Tumor deposit(s) in the subserosa,
mesentery, or nonperitonealized pericolic
or perirectal tissues without regional nodal
metastasis

A/B
Tab
Tumor directly invades or is adherent to

*T2T3 N2a Mo
*T1T2 N2b MO 1B

*not shown

Stage llIC

other organs or structures **, T4a N2a ” IA
N2 T3 -T4a N2b
Metastasis in four or more regional lymph T4b N1-N2

46.3%

N2a
Metastasis in 4-6 regional lymph nodes

N2b
Metastasis in seven or more regional "IC
lymph nodes

lIc v
" Siage v ]
Distant metastasis Stago IVA T T T

AnyT Any N Mia
Metastasis confined to one organ or site 0 20 40 60 80
(e.g., liver, lung, ovary, nonregional node) Stage IVB
Mib
Metastases in mors than one organsite or Any T Any N Mib Survival Rate (%)
the peritoneum
1\

Rubin & Hansen, TNM Staging Atlas 2012; AJCC Cancer Staging Manual, 8te Aufl. 2017; UICC, TNM 8te Aufl. 2017



Entwicklung neuer Biomarker
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Etablierung AJCC
neute.r i (Edge et al, 8. Aufl. 2017) Prognostische
prognostiscner UICC
Faktoren (Brierley et al, 8. Aufl. Su bg ruppen
2017)
REMARK (Zu) viele
Auswahl Guidelines Biomarker-
(McSh t al, i
BMC Mzndezeon) Studien
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PLOS mepicine

Guidelines and Guidance

Reporting Recommendations for Tumor Marker
Prognostic Studies (REMARK): Explanation and

Elaboration

Douglas G. Altman'#, Lisa M. McShane?, Wi

Sauerbrei3, Sheila E. Taube®

Table 1. The REMARK checklist [1-7].

INTRODUCTION

1
MATERIALS AND METHODS
Patients

2

3

Specimen characteristics
4

Assay methods
5

Study design

7
8
9
Statistical analysis methods

10

n
RESULTS

Analysis and presentation
14
15

DISCUSSION
19

20

State the marker examined, the study cbjectives, and any pre-specified hypotheses.

Describe the characteristics (for example, disease stage or co-morbidities) of the study patients, including their source and
inclusion and exclusion criteria.

Describe treatments received and how chosen (for example, randomized or rule-based).

Describe type of biological material used (including control samples) and methods of preservation and storage.

Specify the assay method used and provide (or reference) a detailed protocol, including specific reagents or kits used, quality
control procedures, reproducibility assessments, quantitation methods, and scoring and reporting protocols. Specify whether and
how assays were performed blinded to the study endpoint.

State the method of case selection, including whether prospective or retrospective and whether stratification or matching (for
example, by stage of disease or age) was used. Specify the time period from which cases were taken, the end of the follow-up
period, and the median follow-up time.

Precisely define all clinical endpoints examined.
List all candidate variables initially examined or considered for inclusion in models.

Give rationale for sample size; if the study was designed to detect a specified effect size, give the target power and effect size.

Specify all statistical methods, including details of any variable selection procedures and other model-building issues, how model
assumptions were verified, and how missing data were handled.

Clarify how marker values were handled in the analyses; if relevant, describe methods used for cutpoint determination.

Describe the flow of patients through the study, including the number of patients included in each stage of the analysis (a diagram
may be helpful) and reasons for dropout. Specifically, both overall and for each subgroup extensively examined report the number
of patients and the number of events.

Report distributions of basic demographic characteristics (at least age and sex), standard (disease-specific) prognostic variables,
and tumor marker, including numbers of missing values.

Show the relation of the marker to standard prognostic variables.

Present univariable analyses showing the relation between the marker and outcome, with the estimated effect (for example,
hazard ratio and survival probability). Preferably provide similar analyses for all other variables being analyzed. For the effect of a
tumor marker on a time-to-event outcome, a Kaplan-Meier plot is recommended.

For key multivariable analyses, report estimated effects (for example, hazard ratio) with confidence intervals for the marker and, at
least for the final model, all other variables in the model.

Among reported results, provide estimated effects with confidence intervals from an analysis in which the marker and standard
prognostic variables are included, regardless of their statistical significance.

If done, report results of further investigations, such as checking assumptions, sensitivity analyses, and intemal validation.

Interpret the results in the context of the pre-specified hypotheses and other relevant studies; include a discussion of limitations of
the study.

Discuss implications for future research and clinical value.

Douglas et al, PLOS Med 2012
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Voraussetzungen fur
Tumormarker

Qualitatssicherung der Studien
Prognostisch/Pradiktiv
Reproduzierbar

Kosteneffektiv

Tumor Budding beim

kolorektalen Karzinom:

Ein morphologischer

Biomarker fur die Praxis?
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Basement  Epithehal Primary epithelial
membrane cell cancer cells

Normal epithelium Carcinoma in situ EMT Cancer cell Cancer cell
iMravasation extravasation

Sind Tumor Buds
das morphologische
Korrelat?

Kalluri und Weinberg, J Clin Invest 2009
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MMP-7

MT1-MMP

Laminin-5

¥

Migration

Jass et al, J Clin Pathol 2003



Tumor Buds

Proteinexpression
CX():(LIRZ TrkB EGFR
e Scr/GrbZPv!" P!s'écr/(srbz\

RaL‘s

TWIST

Réf.l — Akt : \

TWIST —-Snail ~ZEB1

EMT

Dawson & Lugli, Front Med 2015

E-Cadherin (m)
PIP3 >

Cell survival

Caspase 3

Cell differentiation
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CMS1 CMS2 CMS3 CMS4
MSI Immune Canonical Metabolic Mesenchymal

14% 37%
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Guinney et al, Nat Rev 2015; De Smedt et al, Br J Cancer 2017
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Als Marker der Tumorprogression

. _ Auserwahlte Referenzen:
Assoziationen:

Okuyama et al, J Surg Oncol 2003

Lymph- und Blutgefassinvasion
(L und V Stadium)

Ueno et al, Gastroenterology 2004

Nakamura et al, Dis Colon Rectum 2008

Lymphknotenmetastasen (N Stadium) Wang et al, Am J Surg Pathol 2009

Karamitopoulou et al, Mod Pathol 2013

Fernmetastasen (M Stadium) Hase et al, Dis Colon Rectum 1993

Tateishi et al, Mod Pathol 2010

Unabhéangiger ungtinstiger
Prognosefaktor Choi et al, Int J Colorect Dis 2007

Graham et al, Am J Surg Path 2015
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Klinisch relevante Szenarien

Endoskopisch resezierte pT1-Karzinome
Riskofaktor flr Lymphknotenmetastasen

- Resektion

Stage Il CRC
Indikator flr aggressive Tumorbiologie

- Adjuvante Therapie

Pra-operative Biopsien

Marker der Tumorprogression und pradiktiver Wert fir Ansprechen auf neoadjuvante
Therapie

- Neoadjuvante Therapie
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Tumor budding
Klassifikationsysteme und Richtlinien

WHO Classification of Tumours of the Digestive System 2010

Bosman, Carneiro, Hruban, Theise

Tumor budding und tumor border configuration nicht integriert in TNM Staging des
kolorektalen Karzinoms

UICC Prognostic Factors in Cancer 2006
Gospodarowicz, O’Sullivan, Sobin
Tumor budding: Zusatzlicher Prognosefaktor

AJCC Cancer Staging Manual 2010
Tumor budding: Nicht erwahnt

CAP Protocol for the Examination of Specimens From Patients With Primary

Carcinoma of the Colon and Rectum 2016
Tumor budding: Nicht erwahnt

Royal College of Pathologists 2014 Problem: Keine standardisierte

Tumor budding: Erwéahnt, aber nicht empfohlen
Auswertungsmethode
JCSSR (Japan)

Tumor budding obligat beim pT1 CRC
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Offene Fragen

- Was ist ein Tumor Bud?

- Wann ist Tumor Budding klinisch relevant? Datenlage?

- Wird Tumor Budding am HE oder mittels IHC ausgewertet?
- Wo im Tumor wird das Budding gezahlt?

- Welche Grosse und Anzahl der Gesichtsfelder?

- Wie wird Tumor Budding rapportiert? Kategorie (cut-off) oder
Zahl (kontinuierlich)?
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GRADE Richtlinien

Journal of
Clinical
Epidemiology

K

ELSEVIER Journal of Clinical Epidemiology 64 (2011) 383394

GRADE guidelines: 1. Introduction—GRADE evidence profiles
and summary of findings tables

Gordon Guyatt™™*, Andrew D. Oxman®, Elie A. AKI™, Regina Kunz®, Gunn Vist®, Jan Brozek®,
Susan Norris®, Yngve Falck—Yllerf._Paul Glasziou®, Hans deBeer", Roman Jaeschke,
David Rind’, Joerg MeerpohP, Philipp Dahm!, Holger J. Schiinemann®®

“Department of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, Ontario L8N 325, Canada
h.Delr)ﬂr'nnem af Medicine, McMaster University, Hamilton, Ontario LSN 375, Canada
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YU cademy of Swiss Insurance Medicine, University Hospital Basel, Basel, Switzerland
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"Harvard Medical Scheol, UploDate, Baston, MA, USA
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"Department of Medicine, State University of New York at Buffale, Buffaloe, NY, USA
Accepted 8 April 2010
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Was ist ein Tumor Bud?
Tumor Bud Poorly Differentiated Cluster
Tumoreinzelzelle - <5 Tumorzellen >5 Tumorzellen
(Ueno H, et al: Histopathology 2002) (Ueno H, et al: Am J Surg Pathol 2012)

/ 5

RN ee ) a7

Hideki Ueno, Japan
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Session 1
Was ist ein Tumor Bud?

Single institutional study (NDMC) Stage II, Il N=500 cases (2000-05)
Recurrence-free survival

10 | 10 | G1
Gl
G2
|
G2
)
s
& G3
> G3
£ 05 | 05 -
€ Tumor buds PDCs
(@]
|-
[a
5-year 5-year
survival HR [95%ClI] P-Value survival HR [95%Cl] P-Value
Gl 91.7% 1 Gl 95.9% 1
G2 86.0% 1.8 [0.9-3.6] P=.1024 G2 84.6% 4.3 [1.8-10.4] P=.0010
G3 67.9% 4.6 [2.5-8.6] P<.0001 G3 59.3% 13.4 [5.8-31.2] P<.0001
0.0 A 0.0 A
0 2 4 6 8 0 2 4 6 8

Years after surgery Years after surgery

Hideki Ueno, Japan; Ueno et al, Am J Surg Pathol 2012



Session 2: Klinische Szenarien?

Datenlage Tumor Budding beim pT1 CRC

Relevanz: Lymphknotenmetastasen = Segmentresektion

- 40 retrospektive Kohortenstudien (zusammen >8000 Patienten)

- 3 grosse multizentrische Studien (800+ Patienten, alle JPN)
- Signifikante Assoziation LN+ 38/40 Studien, unabhéangig in
25/33 Studien

- 4 Meta-Analysen (2013-2015)

- OR flr LN+ 4.59-7.74
- Effect size (Beaton et al, Endoscopy 2013): Vergleichbar mit
Invasionstiefe und L1

GRADE-Evidenz: Hoch

Richard Kirsch, Kanada



Session 2: Klinische Szenarien? u

Datenlage Tumor Budding beim Stadium || CRC

Relevanz: Prognostischer (und pradiktiver?) Faktor - CTX
- 9 retrospektive Kohortenstudien (zusammen > 1200 Patienten)

- Assoziation zwischen Tumor Budding und Uberleben (OS,
CSS, DFS): Signifikant in 8/9, unabhangig in 7/9 Studien

- 1 Meta-Analyse (Petrelli 2015)
- HG Budding assoziiert mit schlechterem 5-JUL (OR 6.25,

95%CI 4.04-9.67); p<0.0001)

GRADE-Evidenz: Hoch

- Pradiktiv: keine publizierten Studien (QUASAR)

Richard Kirsch, Kanada
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Session 3
HE oder IHC?

Tumour budding Mo tumour budding

Odds ratio

Odds ratio

Study or subgroup Events Total Ewvents Total Weight M-H,Random,25% Cl M-H.Random,85% Cl
Akishima-fukasawa et al (2011) 25 £ 10 55 3.4 3.00[1.84, 0.5 —
Hase ef al (1903) 121 170 125 493 7M. 727 [4.93,10.73) =
Homma ef al {(2010) 5 15 1 50 0.0% 24.50 [258 23206 _—
Huh et al (2014) 36 95 72 448 6.5%  3.19[1.96 5.18) T
Kajiwara gm(gmn:. 32 109 22 135 54%  213[1.15,3.95) ——
Komori et &l (2010) 8 14 ] o7 2.3% 13.04 [3.69, 46.02)

Lugli et af (2009 B 80 77 183 &.2% 297 [1.35, 3.80) ———

Macias-Garcia (2015) 3 14 11 &3 1.0% 1.79[0.43, 7.43] I

Miyachi (2018) 33 185 27 458 6.0%  3.55[206 6.00] —

Makadoi st al (2012) 15 53 26 446 4.7%  6.38[3.11, 13.06] e

Mishida et al (2014) 23 104 8 161 4.0% 5.43[2.32, 12.66)

Ogawa st &l (2009) 10 45 1 38 1.0% 10.57[1.29, 86.93]

Okuyama at af (2) {2003) 53 85 29 111 55%  4.68[255 8.62) —_—

Ckuyama at af (2003) 30 45 [ 35 3.0%  B.06[2.80, 23.15]

Ryu et al (2014) 12 34 5 145 279% 1527 [4.90, 47.56)

Sert bektss ef al (2012) 3 40 10 33 30% 7.02[277, 2289

Tateishi ot al (2010} 28 106 18 216 5%  305[207, 7.55] ——

Tristanta (2015) 12 23 1 35 2% 233080, 7.05]

Ueno at al (2002) o2 115 132 322 63%  576[346 057 =

Uano at af (2004) 241 |/ 219 755 B2%  5.00[3.81, 6.55) ——

Wada at al (2012) 3 ] ] 12 1%  6.6T[1.41,3351)

Wang ot al (2005) 1 24 5 135 25% 2200662, 73.12)

Yamauchi my&mﬁ} g 24 7 140 28% 11.40[3.71, 35.04)

‘Yasuda et al (2007) 17 40 4 46 2.5%  7.76[2332582)

Tiobec et al (2012) 48 96 ] 30 8% 233 [0.97.5.61]

Total (85% CI) 1952 4772 100.0%  4.94 [3966.17] »

Total events 455 853

Heterogeneity: ™= 0.14; 1= 50.94, of =24 (P = 0.001); = 53% t

Test for overall effect: Z=14.11 [P <0.00001) om 0.1 1 by 100
Decreased LM positivity Increased LM positivity

Figure 3. The association of tumour budding with lymph node metastasis in resected colorectal cancer.

Tumour budding  No tumour budding

Odds ratio

Odds ratio

Study or subgroup Events  Total Events Total Weight M-H,Random,85% ClI M-H,Random,85% CI
Barresi (2016) 23 31 16 51 8.0% 6.2212.32.1 7.0
Gilardoni (2015) 4 38 7 158 6.1% 254[0.70,9.1 -
Hase et al (1993) 121 170 99 493 132%  9.83[6.60, 14.64] ———
Huh et a/ (2014) Bl a5 29 448 09.8% 1.51[0.69, 3.31] g
Kanazawa et al (2008) 16 34 26 99 95% 250(1.11,5.60] [
Lai ef af (2014) 15 36 1 99 8.7% 5.71[2.30, 14.23] e
Nakamura et a/ (2008) 28 69 13 131 10.1% 6.20 [2.94, 13.09] ————
Nishida &t af (2014) 3 104 1 161 27%  4.75[0.49, 46.32] ~—
Okuyama et al (2) (2003) 43 85 9 111 96% 11.60[5.20, 25.91] T
Okuyama ef al (2003) 28 48 4 35  67% 10.85[3.30, 35.63] —_—
Prall st al (2005) 16 58 5 124 75%  0.07[3.13,26.28] ———
Reggiani et al (2011) 16 34 9 61 B82%  514[1.03 1364]
Total (95% CI) 802 1971 100.0% 5.50 [3.64, 8.29) <
Total events 322 229
P s o XS = Ly . ¢ + + 4
Heterogeneity: °= 0.29; y* = 28.25, df =11 (P = 0.003); #=61% oo =5 ; 3 il

Test for overall effecta: Z = 8.12 (P < 0.00001)

D

Figure 4. The association of tumour budding with local or distal recurrence in resected colorectal cancer.

Kieran Sheahan, Irland; Rogers et al,

Br J Cancer 2016
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Rezidiv: OR 5.73

11/12 HE
1/12 IHC

5-JUL: OR 4.51

8/9 HE
1/9 IHC
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Pathology @ B (CQmparison of pan-CK 1 Hotspot across all centers (r=0.83)}
Center2 Center3 Centerd Center5 Center6
Pathology International 2016 doi:10.1111/pin. 12374 % ‘ : g
°l & K b 2 & & i
Original Article -1 B e . = T ¢
Cytokeratin immunohistochemistry improves interobserver 8| o ‘ 3
e - h . . A Fa i A
variability between unskilled pathologists in the evaluation of = = = = == =
tumor budding in T1 colorectal cancer : : . H
3| . 2 § . r
EE}U‘;;':.;Eﬁiﬂl:L‘.:L‘n“;;‘u'":‘:.}:f:.:%?:'::n::';'L*:::;LI:".";:*&".:::&‘."‘"‘ e ke Voot j - | C C H E - O , 5 8 :
L?:gsmegg; }:f:;%?ﬁ ‘.gs‘igaa L{::;ae;sny Hospital and *“Departments of Pathology & Microbiology, Faculty of = . 4 ' &
Virchows Arch (2015) 466:485-493 PR = - ; -
DOI 10.1007/500428-015-1740-9 ~ ~ " S :

Center 1 Center2 Center3 Center4 Centers

ORIGINAL ARTICLE

EComparison of pan-CK 10 HPFs across all centers (r=0.85)|

Tumor budding in colorectal cancer revisited: results

of a multicenter interobserver study

Viktor H. Koelzer « Inti Zlobec «- Martin D. Berger «
Gieri Cathomas « Heather Dawson « Klaus Dirschmid -
Marion Hiidrich « Daniel Inderbitzin « Felix Offner «
Giacomo Puppa « Walter Seelentag + Beat Schniiriger «
Luigi Tornillo « Alessandro Lugli

Die meisten Daten basieren auf HE
IHC kdnnte zu besserer IOV fuhren
3-4x mehr Buds werden mit IHC gesehen

Kieran Sheahan, Irland
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Intratumorales Budding in Biopsien
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Relevanz: Entscheidungshilfe neoadjuvante Therapie
- 6 retrospektive Kohortenstudien (zusammen 743 Patienten),

- Heterogen bezuglich Endpunkte
- 1 Studie mit neoadjuvanter Therapie
- RR fur Lymphknotenmetastasen 3.0 (95% CI 2.0-4.5)

- Probleme: Fragmente mit invasivem Karzinom, Artefakte usw.

GRADE-Evidenz: Gering

Iris Nagtegaal, Niederlande
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Kategorien oder kontinuierliche Werte?
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Vorteil Kategorisierung:
Einfacher fur klinische Entscheidungen
Nachtell Kategorisierung:
Starke Minderung der statistischen Aussagekraft
Inter- und Intra-Observervariabilitat spielt in
Grenzbereichen eine grosse RQ“Q o
#of buds;/«;: - 1;&\& //??fw 20 25 30 35 40 45..%\;\’5%%.

"u,\ /jz’ a /
Probability: 0.49 057 0.64 071 077 082 086 089 092 094 095
Low-grade ’ High-grade (11 buds and 200 buds)

Inti Zlobec, Schweiz
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Recommendations for reporting tumor budding
in colorectal cancer based on the International
Tumor Budding Consensus Conference
(ITBCC) 2016
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Consensus Statements

Ein Tumor Bud ist eine Tumoreinzelzelle oder eine kleine Gruppe von
Tumorzellen (4 oder weniger)

22/22 (100%), Empfehlung: Hoch, Evidenz: Hoch

Tumor Budding wird am HE ausgezahlt.
19/22 (86.4%), Empfehlung: Hoch, Evidenz: Moderat

Tumor Budding wird in einem Hotspot (0.785 mm?2) an der invasiven
Tumorfront ausgezahlt.

22/22 (100%), Empfehlung: Hoch, Evidenz: Moderat

Intratumorales Budding existiert und ist assoziiert mit
Lymphknotenmetastasen.

22/22 (100%), Empfehlung: Hoch, Evidenz: Niedrig

Ein dreistufiges System sollte zusammen mit der Anzahl Buds rapportiert
werden, um die Risikoeinschatzung zu vereinfachen.

23/23 (100%), Empfehlung: Hoch, Evidenz: Moderat

Lugli et al, Mod Pathol 2017
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Consensus Statements

Tumor Budding ist ein unabhangiger Risikofaktor fur Lymphknotenmetastasen
beim pT1 kolorektalen Karzinom.

23/23 (100%), Empfehlung: Hoch, Evidenz: Hoch

Tumor Budding ist ein unabhangiger ungunstiger Prognosefaktor beim
Stadium Il kolorektalen Karzinom.

23/23 (100%), Empfehlung: Hoch, Evidenz: Hoch

Tumor Budding soll mit anderweitigen klinisch-pathologischen Merkmalen an
multidisziplinaren Besprechungen berltcksichtigt werden.

23/23 (100%), Empfehlung: Hoch, Evidenz: Hoch

Tumor Budding und Tumor Grading sind nicht gleich.
23/23 (100%), Empfehlung: Hoch, Evidenz: Hoch

Tumor Budding sollte in Richtlinien und Protokolle fur die Rapportierung
kolorektaler Karzinome einbezogen werden.

23/23 (100%), Empfehlung: Hoch, Evidenz: Hoch

Lugli et al, Mod Pathol 2017



...und so soll’s gehen:
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1) Konversionstabelle beachten
- Was ist mein Normalisationsfaktor?

2) Geeigneten Schnitt auswahlen

3) Buds bei 20x auszahlen und
durch Normalisationsfaktor

teilen > 0.785 mm?2

Lugli et al, Mod Pathol 2017



Tumor Budding

Besondere Situationen

1) Muzindses und siegelringzelliges Karzinom: Datenlage
limitiert/inexistent

= Tumor Budding nur in Arealen glandularer Formationen
—> Falls nicht vorhanden: Tumor Budding ‘nicht anwendbar’

2) Peritumorale Entzindung erschwert Erkennen von Tumor
Buds

- PCK zur Orientierung erlaubt
- Auszahlen am HE

3) Z. n. neoadjuvanter Therapie: Datenlage limitiert
- Tumor Budding ‘nicht anwendbar’

Lugli et al, Mod Pathol 2017



Tumor Budding berichten

Budding 1 (x buds / hotspot, 0.785mm?; low)

Budding 2 (x buds / hotspot, 0.785mm?; intermediate)

Budding 3 (x buds / hotspot, 0.785mm?; high)

Low: 0-4 buds

{ Intermediate: 5-9 buds

Risikofaktor fur pT1

Lugli et al, Mod Pathol 2017
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