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Optimal treatment target – predictive biomarker

➢Targeted approach

➢Predicts a favorable or unfavorable effect from the 

exposure

➢ Important for enrichment strategies in the design 

and conduct of clinical trials 

➢Requires rigorous assessment (ideally RCT) 

➢By enrolling patients due to a predictive biomarker 

> clearer signal that treatment is likely to work



The treatment concept in advanced ovarian cancers
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The treatment concept in advanced ovarian cancers –
including a predictive biomarker in early treatment line ?

Slide courtesy Prof. Jonathan Ledermann
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A predictive biomarker in early treatment line ? Only PARPi
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Events, n (%) 118 (45) 100 (76)

Median PFS, months 56.0 13.8

Δ Median PFS, 
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HR (95% CI) 0.33 (0.25, 0.43)
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rucaparib
(n = 91)

Placebo + 
(n = 24)

NR 14.7

N/A

0.40 (0.21, 0.75)

Bradley W, et al. SGO 2021. Abstract 10520; González-Martín A, et al. N Engl J Med. 2019;381:2391-2402; Gonzalez-Martin A, et al. 

ESMO 2019. Presentation 4627; Ray-Coquard I, et al. N Engl J Med. 2019;381:2416-2428.; Monk et al J Clin Oncol 2022

Front-line PARP Inhibitor maintenance in BRCAmut ovarian cancer - PFS



SOLO1: Maintenance Olaparib in BRCAm OC

▪ 17% Stage IV

▪ 23% RD after primary surgery

▪ 18% RD after IDS

▪ 82% CR at end of treatment

▪ 18% PR at end of treatment

Moore. NEJM 2018



SOLO1 PFS of maintenance olaparib in HGSOC and BRCAm
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7 yr descriptive OS analysis of SOLO1- BRCA m OC

Olaparib
(N=260)

Placebo
(N=131)

Events, n (%) 84 (32.3) 65 (49.6)
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P=0.0004*
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*P<0.0001 required to declare statistical significance

44.3% of patients in the placebo 

group received subsequent 

PARP inhibitor therapy, 

compared with 14.6% of 

patients in the olaparib group

DiSilvestro ESMO 2022; J Clin Oncol 2022



Other predictive biomarkers ?
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Estrogen Receptors

ER alpha 

➢ activation by sex hormone estrogen 

➢ encoding gene ESR1 (chromosome 

6q25.1)

ER beta 

➢ activation by sex hormone estrogen 

➢ encoding gene ESR2 (chromosome 

14q23.2)

ER gamma 

➢ No physiological activating ligand known 

➢ encoding gene ESRRG (Estrogen 

Related Receptor Gamma) 

➢ Inverse agonists: 4-hydroxytamoxifen and 

diethylstilbestrol

Biason-Lauber Mol Cell Endocrinol 2022; 554: 111710



ESR1 gene

viola.heinzelmann@usb.chHeinzelmann-Schwarz Gynecol Oncol 2018; 149: 

79-85

TCGA PANCAN 

Dataset

n=527

n=4071 HGSOC 

Heinzelmann-Schwarz Gynecol Oncol 2018; 149: 79-85



Estrogen Receptor expression (protein level)

Sieh Lancet Oncol 2013

Consortium IHC Study

Epithelial Ovarian Cancers

n=2933

viola.heinzelmann@usb.ch

Biason-Lauber Mol Cell Endocrinol 2022; 554: 111710



Estrogen Receptor expression (protein level)

viola.heinzelmann@usb.ch

n=208 HGSOC

Schüler-Toprak JCRCO 2021;147: 2555-2567

Schüler-Toprak JCRCO 2021;147: 2555-2567



Endocrine therapy in recurrent low grade serous 
ovarian cancers

Retrospective cohort data

n=203 patients 

ER 96%, PR 58%

All groups showed PFS advantage compared to observation 

only 

Independent of RD; no overall OS benefit

Gershenson JCO 2017

viola.heinzelmann@usb.ch



Recruiting trial in LGOC in the adjuvant situation

viola.heinzelmann@usb.ch

Newly diagnosed low 
grade epithelial 
ovarian/fallopian tube and 
peritoneal cancer FIGO II-
IV

Cytoreductio
n

R 1:1

6 cycles iv Carboplatin and Paclitaxel 
followed by Letrozole maintenance

Letrozole
monotherapy/maintenance

Trial started: 08/2019
Estimated primary completion 2027
Required number of patients 450

NRG GY019

ClinicalTrials.gov. N.R.G. Oncology, NCT04095364; Internat. PI A. Fader



ENGOT-ov54 /Swiss-GO-2/MATAO (LOGOS) 
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Recruiting trial in LG and HGOC in the 
adjuvant situation

Trial started: 01/2021
LPI 07/2024
Required number of patients 
540

ENGOT-ov54/Swiss-GO-2/AGO-OVAR 26/AGO 65/MATAO (LOGOS); International PI V. Heinzelmann-Schwarz 



New targets coming but still in later treatment lines

▪ HER2 

▪ Folate Receptor alpha 



Drug options available at present

Chemotherapy
Targeted Therapy
VEGF, HER2, CDK4-6, TKI

Immunotherapy

PD-1, PD-L1
PARP inhibitor

Endocrine 
Therapy



BUT: how to select the right one for this 
individual patient

Chemotherapy
Targeted Therapy
VEGF, HER2, CDK4-6, TKI

Immunotherapy

PD-1, PD-L1
PARP inhibitor

Endocrine 
Therapy



Hanahan Cell 2011

Six biological capabilities acquired during the 
multistep development of human tumors



But: at which molecular level is the biology best 
reflected?
Which molecular methods should be used?

Turnbull  Nat Chem Biol 2007



Example PARP inhibition

….still sensitive also in BRCA1/2 wt

➢ Genetic testing not sufficient to predict drug response 

➢ Undefined potential off-targets 

➢ Is HRD really the only other component?

➢ Epigenetic influence? 

➢ Role of P-glycoprotein?

Hoppe JNCI 2018

Possibilities of 

examination of HRD:



Melanoma (Reinhard Dummer, USZ) and high grade ovarian/tubal/peritoneal 

cancers (primary, recurrent, longitudinal) (Viola Heinzelmann, USB)

Conjoint target patient cohort n=250

5 institutions, > 100 scientists and oncologists

Different omics platforms (10 different methods)

Examination of different molecular levels (DNA, RNA, protein)

Examination of different biological samples (tissue (FFPE), single cells, blood)

Machine learning 

Turn-around time results < 4 weeks

The Swiss Tumor Profiler Trial

Stark Bioinformatics 2020; Irmisch Cancer Cell 2021



The Swiss Tumor Profiler Trial

Stark Bioinformatics 2020; Irmisch Cancer Cell 2021



The Swiss Tumor Profiler Trial

Current 

routine

Stark Bioinformatics 2020; Irmisch Cancer Cell 2021



The Swiss Tumor Profiler Trial

Extended 

current 

routine 

where 

available 

(targeted 

NGS, 

targeting 

340 genes)

Stark Bioinformatics 2020; Irmisch Cancer Cell 2021



The Swiss Tumor Profiler Trial

Future 

innovative 

approach in 

life cells and 

formalin-

fixed 

paraffin 

tissue and 

blood 

involving 

multi-omics

Stark Bioinformatics 2020; Irmisch Cancer Cell 2021



Irmisch et al, submitted

The Swiss Tumor Profiler Trial

➢ Immune environment/biomarker expression

➢ Mutation analysis

➢ Tumor cell type composition in solution

➢ Tumor cell type composition in tissue 

➢ Ex vivo tumor cell drug response

➢ Ex vivo molecular drug pathway characterization

➢ Gene expression and copy number variation

➢ Proteomics 

➢ Standard transcriptomics 

➢ Blood mutation analysis 

Stark Bioinformatics 2020; Irmisch Cancer Cell 2021



The Swiss Tumor Profiler Trial

Step 1: Regular Tumorboard > Decision 

Step 2: NGS Data > Decision necessary to be changed?

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Work Flow Phase II Trial



The Swiss Tumor Profiler Trial

Step 1: Regular Tumorboard > Decision 

Example: 

67yr old patient with high grade serous tubal cancer FIGO IV R0

Extensive upfront debulking



The Swiss Tumor Profiler Trial

Step 1: Regular Tumorboard > Decision 

IHC (diagnostic panel: p53 missense mutation, ARID1A wt, PTEN 

mutation, p16 positive, WT1 positive, Napsin negative)

IHC (immune panel):



The Swiss Tumor Profiler Trial

Step 1: Regular Tumorboard > Decision 

IHC (diagnostic panel: p53 missense mutation, ARID1A wt, PTEN 

mutation, p16 positive, WT1 positive, Napsin negative)

IHC (immune panel):

Decision: Carboplatin/Paclitaxel chemotherapy 6 cycles q3w

Bevacizumab, genetic testing and if positive PARPi



The Swiss Tumor Profiler Trial

Step 1: Regular Tumorboard > Decision 

Decision: Carboplatin/Paclitaxel chemotherapy 6 cycles q3w

Bevacizumab, genetic testing and if positive PARPi



The Swiss Tumor Profiler Trial

Step 2: NGS Data > Decision necessary to be changed?

➢ No change in treatment decision !

Microsatellite stable 

TMB low 

NF1 duplication exons 10-12

TP53 mutation

CTCF mutation

No reportable alterations: BRCA1, BRCA2



The Swiss Tumor Profiler Trial

Step 2: NGS Data > Decision necessary to be changed?

➢ No change in treatment decision !



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Single cell DNA sequencing > Copy number variation in dissociated tumor

tissue

➢ 1 tumor cell cluster and 1 non-tumorous cluster

➢ Equal loss and gain of heterozygosity

➢ MYC amplification

➢ CCND1 amplification

➢ BRCA1 loss of heterozygosity (in contrast to NGS data)



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Single cell RNA sequencing > transcriptome of a single cell 

➢ Various cell types

➢ BRCA not expressed in contrast to NGS > epigenetically downregulated?

Macrophages

Cancer 

cells

T cells

Fibroblasts



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

In solution mass cytometry (CyTOF) > Tumor cell type composition in solution  in 

dissociated tumor tissue (protein level)

➢ immune cell composition 

➢ epithelial expression (E-cadherin, K8-18)

➢ DNA damage (pHA2X), cleaved PARP (apoptosis)

➢ Strong CD47 expression (“do not eat me signal for macrophages”) and pmTOR

Bodenmiller Cell 2017, Nat Biotech 2016, Nat Methods 2014, Nat Biothech 2012



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Imaging mass cytometry (CyTOF) > Tumor cell type composition in tissue 

(FFPE) 

➢ Heterogenous expression of HER2, HER3 

➢ Strong expression of E-cadherin, CK8-18, GLUT1, Histone H3

➢ Distinct population of macrophages

➢ Only minimal PD-1 and PD-L1 expression

HER2

SMA

CD3

EGFR

All cores together:

Individual core:

Bodenmiller, Cell 2017, Nat Biotech 2016, Nat Methods 2014, Nat Biothech 2012



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Proteotyping > Proteomics (FFPE) 

➢ Expression of 

MUC16, ATM, ERCC1, CDH1

In contrast to NGS data:

➢ Low NF1 protein level

➢ Low BRCA1 > epigenetically 

downregulated?

(selected) as 

to control

Aebersold Nature 2016



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Fast drug screen ex vivo > Ex vivo tumor cell drug response in dissociated 

tumor tissue

➢ Carboplatin resistance 

➢ All targets only PARP inhibitors 

and 5-FU  



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Deep drug (signalling pathways reacting to drugs) > Ex vivo molecular 

drug pathway characterization in dissociated tumor tissue



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Deep drug (signalling pathways reacting to drugs) > Ex vivo molecular 

drug pathway characterization in dissociated tumor tissue

➢ Wee1 (AZD1775) increases the fraction of apoptotic cells

➢ Olaparib downregulates the various signalling pathways (confirming fast drug)

➢ Carboplatin decreases VEGF and p-MET signals along with an increase of 

apoptotic cells 



The Swiss Tumor Profiler Trial

Step 3: Tumor Profiler Comprehensive Data > Molecular Tumorboard

Summary table



Results: Ovarian Cancer Cohort

Jacob…. Heinzelmann-Schwarz submitted

The Swiss Tumor Profiler Trial



Jacob…. Heinzelmann-Schwarz submitted

The Swiss Tumor Profiler Trial

Results: Ovarian Cancer Cohort
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The Swiss Tumor Profiler Trial

Results: Ovarian Cancer Cohort
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The Swiss Tumor Profiler Trial

Results: Ovarian Cancer Cohort



The Swiss Tumor Profiler Trial

Next steps: 
➢ Trial design implementing these findings
➢ Treatment naïve tumors
➢ Highest area of need where current treatment is not 

adequate



OV Precision

Multiomics based treatment decision in 

ovarian cancer 

Area of biggest need: BRCAwt/HRP

Window of opportunity trial design



OV Precision Study design
Patient with suspected 

Ovarian/Tubal/Peritoneal 

Cancer and advanced FIGO 

stage

1. Ascitic / pleural effusion 

tap (if possible) > HRD 

test

2. Laparoscopy for tissue 

sample (if possible 

omentum) > HRD test



OV Precision is a pilot trial!

The long-term goal of this research project is to demonstrate whether HRDneg patients 

benefit when additional biological tumor information if this is incorporated into the 

molecular tumor board treatment recommendation process 

To investigate the efficacy in terms of patient benefit, however, a very large study with long 

follow up time is required. Before we can perform such an extensive study, the current 

study aims to achieve intermediate goals

→ We emphasized on the exploratory nature of the study 

→ We "reassured“ the ethics committee and could refrain from submitting the study in the 

category Medical device, in vitro diagnostica, Cat C2

→ So far, no CE–labels in tumor profiling methods required



Focal Endpoint: Patient benefit!

For objective 4 to obtain a preliminary estimate of the actual patient benefit, the following 

patient relevant outcomes will be evaluated:

• The difference in proportions of responders between the standard of care and experimental 

arm after interval debulking surgery or biopsy at second specimen collection time point (week 

10):

→ A patient is classified as a responder if at least one of the two conditions is met: 

The chemotherapy response score (CRS) is larger than or equal to 2 or 

The CA125 KELIM score is larger than or equal to 1

• Symptoms measured by MOST- S26 from V1 (baseline at diagnosis) until V9 (EOT), in both 

arms

• QoL: EORTC QLQ-C30, EORTC QLQ-OV28 from V1 (baseline at diagnosis) until V9 (EOT), in 

both arms



Conclusion

▪Omics methods allow the detection of novel targets, 

predictive signatures and per patient biological insight

▪Heterogeneity (patient, cohort, intratumoral) needs to be 

addressed and minimized > start targeted treatments 

when tumors are still treatment-naive

▪Drug trials need to incorporate molecular analyses 

(selection of predictive markers)

▪Off targets need to be considered and uncovered

▪Multi-institutional research collaborations are essential



Thank you for your attention

viola@heinzelmann.ch
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