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Bimarkers are alternative to biosimilarsWhat should be obtained?

Cancer patients



Do what is needed at the right time

Laboratory 
Data

Imaging

Clinical 
Information

Lifestyle 
Factors



Diagnosis

Out-come

SurvivalRecurrence

Threatment

Surgery / RT
Type of 

Chemo-therapy

Predictive

Prognostic

Biomarkers may be used for



Vision for our

Pathology Department is:

"Best possible pathology answer 

for the benefit of the patient“

Meaning that evidence-based 

results for current and future 

disease classifications (WHO) 
should be performed. 



Laboratory analyses should support 
patient progress:

1. Diagnosis (Guideline - evidens) –
selected biomarkers analyses:

Standard treatment/Trials
Predictive/Prognostic

2. Experimental treatment –
global biomarker analyses:

No evidens based treatment



Work at the pathology department

… Personalized medicine

Surgery

Tissue

Pathology Dept. 
Microscopy

Histopathology
(Light microscopy)

Protein expression
Immunohistochemistry

Genetic variations
Sequencing, array, 

fragments analyses….      

Diagnostic
Prognostic

Therapeutic
(Precision medicine)

One combined Pathology answer

Diagnoses, coding, patobank, 
Databases,                                

Danish CancerBiobank other
biobanks



Tissue slide Stained needle biopsy – H&E stained

Future: Biobank material, crude tissue verified by pathologists –
high quality DNA/RNA

Today: Material for molecular analyses at Pathology

1 mm



Sequencing reactions in pathology for molecular 
carachterization

Samples with:

Colorectal cancer - KRAS, NRAS, BRAF, PIK3Ca 
(Cetuximab/ Panitumumab)

Gastrointestinal sarcoma tumors - c-KIT, PDGFa, KRAS, NRAS, BRAF, PIK3Ca 
(Imatinib)

Malignant melanoma – BRAF (Dabrafenib + Trametinib (MEK-inhibitor)

Lung cancer – EGFR (Erlotinib)

Ovarian cancer – BRCA1/2 (Olaparib)

More to come

for possible standardized evidence-based treatment



Library Preparation

1. Purification of DNA
2. Construction of library
3. Amplification of all sequences
4. Isolation of positively charged particles
5. Sequencing reaction

Barcode



Chemical change (H+) are

translated into a digital signal

154 million wells

NGS 

Our throughput and the request for fast answers enhanced and we

therefore perform NGS (panels and exome) twice a week on larger chips 



Results



Molecular biologists are doing all lab work and datamining

Results

Future:Automatization



Oncomine™  knowledgebase reports are made 
as basis for results evaluation in Pathology 



Also included are

version of panel, 

software version etc.

Molecular results are included in the final report



Solid tumors:
Colorectal cancer approx. 750 samples 

GIST approx. 100 samples

Malignant melanoma approx. 50 samples

Ovarian

Breast 100 patients

Prostate

Haematology (blood):
MDS/AML approx. 200 samples

STAT3 approx. 10 samples 

TP53 approx. 100 samples 

c-KIT approx. 30 samples

Samples tested



DNA based:

7 genes (7 genes, hot spot - panel)

11 genes (7 gener +extra, all coding areas) – the panel we initially used

22 genes (hot spot – literature based)

Oncomine focus assay (52 genes – routine – literature/experience)

11 genes GIST (all coding areas) combined with Sanger Sequencing

BRCA1/2 (germline) alternatively oncomine comprehensive v3 (somatic)

AML, MDS_MPN custom design/ commercial

cKIT custom designed

STAT3 custom designed

TP53 custom designed

RNA based:

Oncomine™  Focus Assay (fusions – NTRK, FGFR2)

Panels in use



Colorectal cancer:

Oncomine™  Focus Assay (DNA) +MSI

to consider: MSI high+BRAF WT then Oncomine Focus or Archer (RNA): fusion - NTRK

GIST: 

NGS11G (all coding sequence) + Sanger: 

c-KIT, PDGFRA, NF1, BRAF, KRAS, NRAS, PIK3CA, PTEN, SDHB, SDHC, SDHD

If WT in c-KIT, PDGFRA then Oncomine™  Focus Assay (RNA): fusion - NTRK

Malignant melanoma:

Oncomine™  Focus Asay (BRAF)

Ovarian: 

BRCA1/2 (all coding sequence) + Oncomine™  Comprehensive + HRR*

to consider HRD (HRR+ WGA)

Breast:

BRCA1/2 (all coding sequence) + Oncomine™  Comprehensive

to consider HRD (HRR+ WGA)

Prostate:

BRCA1/2 (all coding sequence) + Oncomine™  Comprehensive

Present analysis flow 

*HRR: ATM, BRAD1, BRIP1, CDK12, CHEK1, CHEK2, FANCL, PALB2, RAD51B, RAD51C, RAD51D og RAD54L



Clonality, hyper mutation:

IGHV-PGM – demand high quality DNA. No commercial software 

Lymphome:

Costumer designed panel

Breast cancer: 

PIK3Ca (SOLE study)  

Cholangio carcinoma: 

HER2 and BRCA1/2

Oncomine™  Focus Assay (RNA) or Archer: fusion – FGFR2 – validation trial

Pancreatic cancer:

HER2, MSI and BRCA ½ +HRR (POLE study)

Up-comming analysis flow

SOLE:

About 40% of samples with HR+ breast cancer 

have PIK3CA mutations, activating the PI3 

kinase pathway leading to cancer progression 

and resistance to endocrine therapy. Alpelisib

(BYL719) is an oral PI3K inhibitor that is alpha 

specific. “The alpha isoform of PI3-kinase is the 

one that is mutated in breast cancer.



Earlier studies of ovarian cancer have shown that germline and somatic BRCA 
mutations have benefit of treatment with inhibitor of the enzyme poly (ADP-
ribose) polymerase (PARP), an repair enzyme of DNA single strenght DNA 
damage. 

The PARP-inhibitor Olaparib (Lynparza) was in 2014 aproved due to a 
randomized phase II trial. This study showed that treatment with Lynparza
(400 mg x 2 dgl) after response of platin-based chemotherapy treatment
significantly prolong the progression-free survival of patients with BRCA 
mutations 
(median PFS 11,2 vs. 4,3 mths, P < .0001), [Ledermann et al, Lancet oncol. 
2014]

At ASCO 2019 the POLO study presented their results indicating a prolonged
survival of 3 mths for patients with pancreatic cancer habouring a germline
BRCA1/2 mutation (median PFS 7.4  vs. 3.8 mths).

History



History

Article POLO:
In conclusion, the POLO trial showed that
maintenance olaparib provided a significant progression-free survival benefit to patients 
with a germline BRCA mutation and metastatic pancreatic cancer that had not 
progressed during platinum-based chemotherapy.



Experimental treatment Clinical Phase I unit

INTET KAN LØFTES ALENE

Weekly multidisplinary board meetings is established with  
the participation of all specialists

When there are no more standard treatments



Experimental treatment Clinical Phase I unit

INTET KAN LØFTES ALENE

Weekly multidisplinary board meetings is established with  
the participation of all specialists

When there are no more standard treatments

From 2015 a total of approx. 4500 samples 
have been tested in the unit



Total number of samples being discussed based on sequencing
(N=483)

Prostate
N=55

Skin
N=2

Cholangio
N=23

Lung
N=15

Colorectal
N=92

Ovary
N=40

Pancreatic
N=36

Mammae
N=82

Melanoma
N=22

Bladder
N=10

Lever
N=10

Kidney
N=7

Cervix
N=5

Head Neck
N=7

Uterus
N=4

GIST
N=3

Sarcoma
N=9

Other
N=61
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Targeted individualised cancer therapy –
What is it?

Targeted therapy: Molecules that interfere with a cancer cell growth

In the last two decades there has been two main fields of cancer research - and 

targeted therapy focus on these cellular changes:

1. Genetic driver mutations

2. Tumor immunity

Both fields have resulted in a number of targeted therapies for a multiple of 

different cancer forms.



Tumor immunity: Neo-antigens

Schumacher et al, Science 2015



Check point inhibitors are a type of immunotherapy
Work by blocking proteins that stop immune system from 
attacking the cancer cells

PRIMER PHASE

EFFECTOR PHASE



Immunotherapy

1. Check point inhibitors: 

• CTLA-4 inhibitor: 
Ipilimumab

• PD-1 inhibitor: 
Nivolumab

• PD-L1 inhibitor: 
Pembrolizumab, 
Atezolizumab, 
Avelumab

2.   Vaccines

3.   T cell therapy

Ott PA et al, Clin Can Res 2013



Experimentel treatment:
All tumor types – approx. 500 patients

143 genes (Oncomine™ Comprehensive panel) 

409 genes - Ion amplification Immune Repertoire Assay, Plus, 

403 genes - AmpliSeq™ Comprehencive Cancer panel

407 genes – Oncomine™  Tumor mutation load Assay

Exome sequencing

Panels used in Pathology



Tumor Mutational Burden
• Genomic biomarker measurering changes in DNA (no. mutations pr. megabase 

DNA)

• High score (high no of mutations) is used to predict response of treatment with 
checkpoint inhibitors (immunotherapi) 

• High no of mutations is associated with high production of neoantigens, 
recognized by immune system, shown in previous figure

• Cut-off, what is the correct cut-off? Same for all tumor types? Same for blood
and tissue?

We do not know



45 test/samples – all selected from samples being through fase I unit. All 
samples being sequenced by large panel. All samples being sparce.

Comparison study FMI/Thermo

36 results with complete report
(TMB/FMI and TML/Thermo)

Results for all 45 samples using
Thermo

8 excluded for TMB (FMI) as there were
not enough tissue

1 result with in-complete report (TMB/FMI)



Overview of 36 samples for TMB (FMI)/TML (Thermo)

Anal
N=1

Lung
N=5

Cholangio
N=4

Mammae
N=5

Colon
N=10

Prostate
N=15

Cervix
N=2

Lever
N=1

Ovarian
N=2

2 excluded1 excluded 2 excluded3 excluded



Rapport from FMI (MSI, mutations and TMB)



Mutation in FMI and Thermo

• Genepanels in the two assay are not identical

• Concordant genes same results – if looking at 
raw-data

TMB/TML….
• Different algorithms

• Different genes

• Different definitions of what should be filtered
out

Expected to give some differences in number



OM 40 
From FMI report

Why in panel? Alternative transcript?

FMI: Mutation frequence =10%?   Herlev 5%

Cut-off, the right one?

From TML



OM 256 

Not the same genes in the assay, some genes are not covered
but are in raw-data
But how to use the number correct in treatment decision?



Conclusion

• The results are not identical and need to be
examined before use in clinical setting

• Called SNP (and indels) should be re-analysed
• Studies ensuring result to reflect clinical end-

point is needed

To be considered and reflected:
• A close colaboration beween laboratory and 

company is needed to optimize TML/TMB before
results may truely predict response of 
immunotherapy



Herlev and Gentofte Hospital

Department of Oncology

PI:

Rikke Løvendahl Eefsen

Clinical Oncologist, PhD

'CheckPRO trial: Randomised phase 2 
trial with immunotherapy with or 
without stereotactic radiation therapy
of a soft tissue metastasis in metastatic
castration resistant prostate cancer

May help us to understand the right biomarker algorithm for 

TMB/TML and thereby the right cut-off



Herlev and Gentofte Hospital

Bernstein MB et al, Nature 2016

The abscopal effect refers to the ability of localized 

radiation to trigger systemic antitumor effects.



Herlev and Gentofte Hospital

Study objective

• The objective of this trial is to investigate efficacy, safety and 

biomarkers in patients with prostate cancer, who receive radiation 

therapy on soft tissue metastasis in liver, lung or lymph node in 

combination with check point inhibitors (nivolumab 3mg/kg Q2W +  

ipilimumab 1 mg/kg Q6W) versus check point inhibitors alone.

• Therapy in the experimental arm is proposed to generate an ”ascopal” 

effect, where radiation therapy induces an inflammatory response, which

is expected to be more pronounced by the combination with check point 

inhibitors.



Herlev and Gentofte Hospital

Study Design

mCRPC (n=80) R

Control arm:

Nivolumab 3mg/kg Q2W +

Ipilimumab 1 mg/kg Q6W

Experimental arm:

SBRT on a liver, lung or lymph node metastasis+

Nivolumab 3 mg/kg Q2W + 

Ipilimumab 1 mg/kg Q6W

Primary endpoint: CBR (CR, PR, SD) by RECIST 1.1.

Secondary endpoints: PFS, ORR by RECIST 1.1, DoR,    

irRECIST, OS at 6 months and 1 year, safety, exploratory

biomarker analyses

Planned N=80 patients

Stratification: TMB 



Herlev and Gentofte Hospital

Exploratory biomarker analyses

TRANSLATIONAL:

Tissue: 

Biopsy taken before and after 3 months therapy:

NGS: TML (Thermo), mutations, 

IHC: CD8+, CD4+, CD3+, PD-L1, LAG-3,        

Treg, MDSC, TAM, ADAMs, TILs

Blood (plasma, whole blood and serum): 

TML (Thermo), ctDNA, cytokines, interleukines,             

metabolites



Herlev and Gentofte Hospital

Timeline

• Estimated enrollment time 24 months.

• Analysis of the primary endpoint after the first 19 

patients will be performed. If more than 4 out of the 19 

patients have reached the primary endpoint, the study

will continue.

By this study we will learn:

1. the right TMB cut-off for patients diagnosed with prostate cancer

2. if TMB cut-off is equal or different for tissue and blood

3. the true TMB cut-off for prostate cancer based on clinical end-point



Herlev and Gentofte Hospital

Collaborators
MD, PhD Rikke Løvendahl Eefsen

MD, DMSc Lisa Sengeløv

MD, PhD Inge Marie Svane, professor

MD, DMSc Dorte Nielsen, professor

MD, DMSc Julia Johansen, professor

MD, PhD Henriette Lindberg

MD, PhD Poul Geertsen

MD, PhD Gitte Persson

MD Inna Chen

PhD Claus Behrens, radiation physicist

Department of Oncology

Herlev and Gentofte Hospital

Copenhagen University Hospital

Denmark

Molecular Biologist Tim Svenstrup Poulsen

Department of Pathology

Herlev and Gentofte Hospital

Copenhagen University Hospital

Denmark

MD, DMSc Torben Lorentzen

MD, PhD Christian Nolsoe

Department of Surgery

Herlev and Gentofte Hospital

Copenhagen University Hospital

Denmark

PhD, Marie Kveiborg, group leader and 

associate professor

BRIC: Biotech Research &Innovation Centre 

Copenhagen University

Denmark



M-PARP (PARP_kfe) – genome instability/mutations:

Oncomine comprehensive (DNA +RNA)

BRCA1/2

HRR

MSI – fragment analyses

M-IMMUN (IMMUN kfe):

Oncomine comprehensive (DNA +RNA)

TML (TMB)

MSI – fragment analyses

M-KOMBI (KOMBI kfe):

Oncomine comprehensive (DNA +RNA)

BRCA1/2

HRR

TML (TMB)

MSI – fragment analyses

To consider: U133 Array (PAM50), WGA, Exome, 

Cancer hot spot

Phase I unit – now, combined analyses

Third generation sequencing – Nanopore/BIOPAC… on going





Denmark has 
the unique possibility

CPR Biobanks Clinical databases Other sources



The combination of biological

materials with clinical 

information, knowledge of new 

treatments may together 

contribute to faster 

implementation of 

personal medicine

Biological materials

Optimal handling, 

Storage and 

data registration

researchers

Laboratory analyses

Collaboration



Questions?

Take home message:

Doing now what the patients need next


