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Cancer Genome Medicine

However, not all patients show 
drug response 
 Only 3/9 responsive on our first genome 

medicine project (Tanabe et al, 2016, Mol. Cancer)

The Mainichi 
(毎日新聞) 

Dec. 15, 2018
• Calling program of DNA alterations –

cisCall (Kato et al, 2018, Genome Medicine)

Technology transfer

First Medical Device 
approved by the Japanese 

government in cancer 
genome medicine



tugHall (tumor gene-Hallmark) 
simulator

Trial probability Cancer hallmark Gene mutations

Cell’s next states
are determined by 
the probabilities

interference with the 
trial probabilities

determine degree
of hallmark 
interference

(Nagornov and Kato, 
2020, Bioinformatics)



The algorithm

(Nagornov and Kato, 2020, Bioinformatics)

State transition



Trials and hallmarksTrials Condition Probability Event 
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• Apoptosis hallmark

• Oncogene/suppressor and 
angiogenesis hallmarks



Hallmark variable and mutations
• Linear combination simply for 

interpretability • Only 7
• + hallmark weights
cf. 20-30 parameters in 
Standard Model of 
particle physics

# of parameters?

Information on 
gene mutations 



The first trial toward simulation-based personalized medicine (1)
1. Pick out colorectal cancer and focus on 4

classical genes (APC, KRAS, TP53, PIK3CA)

3. Limit search space of the weight 
parameters by COSMIC knowledge-
based hallmark genes

2. This time, set other parameters than the weight 
parameters based on literature-based values
 Can be estimated in the future

Markowitz and Bertagnolli, 2009, N Engl J Med



5. Weight parameter estimation by ABC
 ABC: Approximate Bayesian Computation
 Latest method to estimate parameters used in complex simulation 

models
 Often used in population genetics
 We used it before in a -coalescent model (Kato et al, 2017, Royal 

Society Open Science)

The first trial toward simulation-based personalized medicine (2)

TCGA-COAD
73-year-old
Male

Patient:

tugHall

Priors for weights

Posteriors for weights

Summary statistics

VA
F

APC KRAS TP53 PIK3CA

Simulation model

APC, 
KRAS, 
TP53, 
PIK3CA

4. Select a colorectal cancer patient from 
TCGA arbitrarily
 With APC VAF of ~50% to circumvent the 

tumor purity issue 

Uniform distribution



Posterior and MAP estimation for the weight parameters of this patient

...

Apoptosis 
hallmark

Angiogenesis 
hallmark

Invasion/metastasis 
hallmark

APC

PIK3CATP53

KRAS

: MAP estimate

APC

PIK3CATP53

KRAS APC

PIK3CATP53

KRAS

(Growth/anti-
growth and
Immortalization
hallmarks)



Artificially blocking each gene in our simulator
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(Nagornov and Kato, 2020, Bioinformatics)

Primary tumor cells Metastatic tumor cells

Effective 
gene to 
be 
blocked

MAP estimates Blocking each gene for MAP MAP estimates Blocking each gene for MAP



Possible mechanism on this blocking

TCGA-COAD
73-year-old
Male

APC, 
KRAS, 
TP53, 
PIK3CA

Patient:

Preliminary analysis of mechanisms revealed in our simulator
• Efficient and dead-end orders of gene dysfunctions for cell proliferation?
• Blocking TP53 seems to inhibit efficient paths for cell proliferation in this patient

Image



Simulation-based 
personalized medicine

12(Gerstung et al, 2017, Nat Genet)

Patient:

13%

Treatment 1

Treatment 2

Statistics-based (incl. AI) 
personalized medicine

(Nagornov and Kato, 2020, Bioinformatics)

TCGA-COAD
73-year-old
Male

APC, 
KRAS, 
TP53, 
PIK3CA
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Complementary



Summary and acknowledgments
• tugHall: cancer-cell evolution simulator involving gene information 
• Applied tugHall to a colorectal-cancer patient in TCGA

• Estimated parameters by the ABC method

• Blocking TP53, not other genes, is predicted to inhibit metastasis for 
this patient

• A possibility of simulation-based personalized medicine

National Cancer Center Japan
• Division of Bioinformatics
Iurii Nagornov
Joe Nishino
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