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AGENDA

08:15 – 08:30 Recap [Somatic cancer genomics]

08:30 – 09:00 Group work

09:00 – 09:15 Break

09:15 – 09:45 Lecture 1 [Rare and common germline variants]

09:45 – 10:15 Exercise 1 

10:15 – 10:30 Break

10:30 – 10:45 Lecture 2 [Combining common and rare germline variants and cancer risk prediction]

10:45 – 11:55 Exercise 2 - 6

11:55 – 12:00 Evaluation at Moodle
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Last time

Common features of all cancers:

Caused by uncontrolled growth of abnormal cells

Multifactorial, influenced by both environmental and 

polygenic factors

How cancers differ:

Varying environmental factors

Different high-penetrance genetic variants

Differences in heritability
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Cancer is a genetic 

disease

A group of diseases caused by uncontrolled growth of abnormal 

cells.

The DNA in a human cell undergoes thousands to a million harmful 

events per day.

Normal Cell Division

• In case of cellular damage, the cell undergoes repair or apoptosis.

Cancer Cell Division 

1. Initiation: Cellular damage → somatic mutation in a cell.

2. Promotion: Stimulated increased cell division → large number of clones.

3. Progression: Gradual transformation from a benign tumor to a malignant 

tumor.

4. Angiogenesis: Tumors form blood vessels by releasing chemical signals.

5. Invasion: Cancer cells invade nearby tissue.

6. Metastasis: Spread of cancer cells through the circulatory system or the 

lymphatic system.
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What cause cancer?

Mutations caused by: 

Environmental factors 

Inherited 

Random mistakes 

Cancer form when mutations occure in cancer-causing genes 

regulating growth and differentiation
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Three major classes of cancer-causing

genes 

Oncogenes:

The bad guys, turn on unregulated

growth (gas pedal)

Tumor suppressor genes: 

The good guys, control cell division  

(brake pedal)

DNA repair genes: 

More good guys- repair genes 
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Clonal evolution drives tumor heterogeneity

Clones: Cells that are genetically identical.

Founder clone: A healthy cell that acquires a 

driver mutation.

Subclone: A clone that originates from 

another clone but has acquired additional 

mutation(s).

Dominant clone: The clonal population that 

occurs with the highest frequency in the 

tumor.

Branched model
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Driver mutations

Driver mutations: induce cell proliferation and tumour growth 

advantage - provide a selective advantage to the clone 

Cancer genomes contained 4–5 driver mutations.

In around 5% of cases no drivers are identified.

Passenger mutations: have no direct effect on cell proliferation 

and tumour growth

The number of passenger mutations far exceeds the number 

of driver mutations.



P A G E  1 0

Cancer-causing genes in personalized

medicine

HER2 oncogene (growth

factor receptor) 

Treatment = anti-HER2
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GROUP WORK
T H E  H E R I TA B I L I T Y  O F  H U M A N  D I S E A S E

PART 1
1) Make 4 groups & prepare a 5-7 min presentation

❑ Feasibility and early clinical impact of precision 
medicine for late-stage cancer patients in a 
regional public academic hospital 

❑ Longer survival with precision medicine in late-
stage cancer patients

PART 2 – next time (7/6)
❑ Group 1 present to group 2 and vise versa
❑ Group 3 present to group 4 and vise verse

1 3

42

1 3

42
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GROUP WORK
T H E  H E R I TA B I L I T Y  O F  H U M A N  D I S E A S E

All should include:
• Brief description of the study
• Limitations 
• Conclusion 

Feasibility and early clinical impact of precision 
medicine for late-stage cancer patients in a regional 
public academic hospital: 
• The flow of patients from inclusion to treatment recommendation 

and NMTB recommendations  (figure 1)
• Treatment duration and response for targeted treatments (figure 3)

Longer survival with precision medicine in late-stage 
cancer patients
• Describe the 196 molecularly profiled patients (table 1)
• Overall survival of the patients (figure 4)

1 3

42

1 3

42
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What did you learn?

Longer survival with precision medicine in late-stage 
cancer patients

Feasibility and early clinical impact of precision 
medicine for late-stage cancer patients in a regional 
public academic hospital
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BREAK
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AGENDA

08:15 – 08:30 Recap [Somatic cancer genomics]

08:30 – 09:00 Group work

09:00 – 09:15 Break

09:15 – 09:45 Lecture 1 [Rare and common germline variants]

09:45 – 10:15 Exercise 1 

10:15 – 10:30 Break

10:30 – 10:45 Lecture 2 [Combining common and rare germline variants and cancer risk prediction]

10:45 – 11:55 Exercise 2 - 6

11:55 – 12:00 Evaluation at Moodle
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Rare germline cancer-causing variants
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Driver mutations – facts 

Cancer genes show:

~10% germline and somatic mutations

~80% only somatic mutations

~10% only germline mutations

Classic examples of inherited driver mutations 

BRCA1 and BRCA2 mutations in familial breast and ovarian cancer 

APC mutations in familial adenomatous polyposis.

Driver mutations in the germline demonstrates that somatic driver mutations can be acquired decades before the 

cells become cancerous. 

This is possible because a cell requires multiple mutations to become cancerous -  acquired gradually over time. 
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Rare variants with high penetrance

Nearly 10% of all cancers are inherited.

The majority are inherited in an autosomal 

dominant manner with incomplete 

penetrance.

How does inherited cancer present?

• Early age of onset

• Occurrence of the disorder often in all 

generations (vertical transmission)

• Cancer occurring in a gender in which it does 

not commonly occur

• Bilaterally affected organs
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Breast cancer

The lifetime prevalence of breast cancer in women

is 1 in 8.

1-3% of cases are due to inherited mutations in 

BRCA1 and BRCA2.

Women with a positive family history of both

breast and ovarian cancer have inherited a 

BRCA1 or BRCA2 mutation in 60-80% of cases.

Lifetime risk of breast cancer:

BRCA1 mutation: 50%-80%

BRCA2 mutation: 50%



P A G E  2 0

Complete vs. incomplete penetrance

Assuming complete penetrance and 

autosomal dominant inherence. 

What is the risk that this person is 

affected? 
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Complete vs. incomplete penetrance

Assuming 70% penetrance and 

autosomal dominant inherence. 

What is the risk that this person is 

affected?  
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Complete vs. incomplete penetrance

Assuming 70% penetrance and 

autosomal dominant inherence. 

What is the risk that this person is 

affected?  

What indicates this is a BRCA1?
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Rare variants with high penetrance –  

Breast cancer

BRCA1 and BRCA2 follow the "two-hit" 

model for tumor suppressor genes.

If inherited:

Dominant at the individual level

Recessive at the cellular level
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Take one minute each to explain to your neighbor:

- How does the "two-hit" model for tumor suppressor genes differ 

between inherited and sporadic cancer?
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Common germline variants
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Common germline variants in cancer

Driver mutations are typically defined as having a 

large impact on fitness

SNPs do not have a strong enough effect on 

fitness to be considered driver mutations

We can use SNPs to estimate cancer risk
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Rashkin et al. 2020

▪ 64,962 cases and 410,350 controls

▪ Meta-analysis of 18 cancers 

For each cancer:

• SNPs

• Heritability

Pan-cancer:

• Pleiotropy

• Genetic correlation

GERA UK-biobank

Meta-analysis
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How many common 

variants were found? 

Heritability estimates range between 4%-26%

No. of variants associated with the risk of individual cancers 

differs

Colorectal cancer: 205 variants

Breast cancer: 210 variants   

Oral cavity/pharynx: 29 variants

Have we discovered all variants yet?
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Pleiotropic variants

One-directional pleiotropic variants = 85 

84/85 were in regions previously associated with cancer

68/85 were associated with at least one cancer not 

previously reported

Bidirectional pleiotropic associations = 15 

all were in regions that have previously been associated 

with cancer

all were associated with at least one cancer not previously 

reported

1 significant genetic correlation 
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Importance of sample size

Not all cancers are equally 

represented:

Rashkin et al. 2020:  663 (pancreas) – 

17,881 (breast)
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Adjusting for multiple testing

How many cases do you need?

That will depend on:

No. of controls 

MAF 

Effect size

Breast cancer: 

Large GWAS: 210 variants (N = 118,474)

This study: 105 variants (N = 17,881)   
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Exercise 1
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Can we combine common and rare 

germline variants?

BRCA1 and BRCA2 less common in Finns

Two frameshift mutations in tumor suppressor genes have 

high allele frequency in Finns

PALB2

CHEK2 

Mutations in the high penetrante genes account for less

than 25% of the overall inherited predisposition

GWAS have identified:

210 common variants

Heritability of 16%

122,978 women in FinnGen, 8401 with breast cancer 
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Can we combine common and rare 

germline variants?
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PRS modifies the risk in PALB2 and 

CHEK2 mutation carriers

Population level was defined as women with PRS between the 10th and 90th percentiles. The PALB2 analysis was done in 
109,371 women and CHEK2 analysis in 122,978 women. Adjusted survival curves Cox proportional hazards model.
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Is there an interaction?



P A G E  3 9

Are you surprised by the impact of the PRS?
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Cancer r isk predict ion

- Can  we  improve  the  cur ren t  co lo rec ta l  cancer  sc reen ing  

p rogram by  combin ing  gene t ic  da ta  w i th  reg is t ry  da ta?
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Genetic risk and common variants 

99%80%20%0%

PRS

High riskLow risk
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Genetic risk and common variants 

99%80%20%0%

PRS

High riskLow risk
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Why improve the current screening 

program? 

Njor SH, Friis-Hansen L, Andersen B, et al. Three years of colorectal cancer screening in Denmark. Cancer Epidemiol. 2018;57:39-44. doi:10.1016/j.canep.2018.09.003. 

50-74 years

≥100 ng haemoglobin/mL

<100 ng haemoglobin/mL

Colonoscopy

Reinvited for screening after 2 years

Faecal immunoche-

mistry testing (FIT)
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Why improve the current screening 

program? 

Njor SH, Friis-Hansen L, Andersen B, et al. Three years of colorectal cancer screening in Denmark. Cancer Epidemiol. 2018;57:39-44. doi:10.1016/j.canep.2018.09.003. 

50-74 years

≥100 ng haemoglobin/mL

<100 ng haemoglobin/mL

Colonoscopy

Reinvited for screening after 2 years

Faecal immunoche-

mistry testing (FIT)

400-500 

each

year
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Why improve the current screening 

program? 

50-74 år

High risk

Low risk

Colonoscopy

Faecal immunoche-

mistry testing (FIT)

Registry data

PRS

Risk prediction

Moderate risk
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Preliminary results

Københavns 

Hospital Biobank 

N = 102.270

KRC = 8.149

Registerdata

99%80%20%0%
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Why did I not use one of the new fancy LD-

based methods?
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Preliminary results

Copenhagen 

Hospital Biobank

N = 102,270

CRC = 8,149

Registry data

Danish Colorectal

Cancer Screening 

Database 

Participated in 

screening

N = 17.314

N = 17.314

Faecal immunoche-

mistry testing (FIT)

Registry data

PRS

Risk prediction
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Dynamic risk prediction

▪ Using a unique Danish dataset including genetics and comprehensive registry data, we will develop and assess a 

personalized risk-based screening strategy to identify individuals at high risk across age groups
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What is your opinion on personal screening?
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Exercise 2-6
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