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ØEvolution	of	prostate	cancer:	Tumor,	Node,	Metastasis Classification

Clinically inapparent	
tumor

T1 T2

Tumor confined
within prostate
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Tumor	extends	
through	the	

prostatic	capsule
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Tumor	fixed	or	invades	
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other	than	seminal	

vesicles

Liver
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metastasis
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metastasis



ØPrognosis factor:	Gleason score

G =	3+3

G =	1	+	1

G =	5	+	5
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ØPrognosis factor for	survival



𝜏"#$ > 15	months

9 < 	𝜏"#$ < 15	months
3 < 	𝜏"#$ < 		9	months

	𝜏"#$	< 		3	months

ØThe	doubling duration	𝝉𝐏𝐒𝐀 of	PSA	level is also a	prognosis factor

Year after PSA	recurrence
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4	 ≤ 𝐺	 ≤ 6
𝐺 = 7
8	 ≤ 𝐺	 ≤ 10

Ø As	the	Gleasone	score	𝑮



ØBiology of	cancer	in	2	min…	

Host	tissue

Efficient immune	system
and/or	competitive host	tissue

=	strong barriers against tumor growth

Inefficient
immune	system

and/or	noncompetitive host	tissue
=	weak barriers against tumor growth



ØBiology of	cancer	in	2	min…

Ø Weakly competitive host	tissue

Ø Chemical	castration

Proliferation
depends on	the	
androgen level



Patient	global	status

Androgen level

Hormone-dependent

Hormone-hypersensitive

Anti-androgen drugLHRH	analogs

ü Evolution	of	prostate	cancer

v Hormone-dependent tumor cells Ø LHRH	analogs

v Hormone-hypersensitive tumor cells Ø Anti-androgen drug

v Hormone-independent tumor cells Ø Chemotherapy

Hormone
evasion

ü A	model	for	prostate	cancer

Ø Reduce the	level of	androgens Ø Prevent the	effects of	androgens



ü Recovery rate	rp of	patient’s global	status

Ø characterizes the ability of the body to
react against any aggression

ü Parameter identification	performed using a	genetic algorithm

Correctional
officer

Ø decreases with age



Ø The	strength of	barriers against tumor progression	decreases with the	age

Ø Correlated to	the	increase in	cancer	incidence	with the	age

ü Decrease rate	adp in	the	PSA	level due	to	the	environment



Er = 15%

ü An	easy case 75	years old
Gleason score	=	6

No	particular medical history

Ø Model	parameter values

No	hormone-hypersensitive tumor cells

Ø Strong environment

Ø Aggressive cancer	strongly
dependent on	androgens

Balanced by	a	

LHRH	analogs



Treatment duration	(month)
Set	S13 6 9 12 15 18 21 240
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Ø LHRH	analogs are very efficient	but	must	be initiated quickly (first	year)

Ø Recommended intermittent	treatment
1	injection	per	2	year should be sufficient

Survival
Expectancy

(year)



Er = 11%

ü Another easy case 75	years old
Gleason score	=	6

Alcohol disorders &	arterial hypertension

Ø Model	parameter values

No	hormone-hypersensitive tumor cells

Ø Weak environment

Ø Weak cancer

LHRH	analogs

(Small	rd	and ra)



Set	S1
Treatment duration	(month)

3 6 9 12 15 18 21 240
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Ø LHRH	analogs are very efficient	but	must	be initiated quickly (first	year)

Ø Recommended intermittent	treatment
1	injection	per	18	months should be sufficient



Er = 18%

ü An	evolutive case 77	years old
Gleason score	=	6

No	particular medical history

Ø Model	parameter values

Hormone	evasion initiated

Ø Slightly weak environment

Ø ‘’Normal’’	cancer

LHRH	analogs



Set	S2

Treatment duration	(month)
3 6 9 12 15 18 21 240
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Initial	injection	
after 4	years

Treatment duration	(month)
3 6 9 12 15 18 21 240

Initial	injection	
after 2 years

Ø Recommended intermittent	treatment
1	injection	per	14	month

Ø Optimal	intermittent	treatment
1	injection	per	year

Set	S4

11	
years

6	years

Ø Larger ra



Ø LHRH	analogs are efficient!	
Survival

Expectancy
(year)

4

6

8

10

12

14

16

18

20

Pa
us
e	
du

ra
tio

n	
(m

on
th
)

4

6

10

12

14

18

20

2

0

8

16

Treatment duration	(month)
3 6 9 12 15 18 21 240

13	years

Ø Recommended intermittent	treatment
1	injection	per	year

Set	S5

Ø Smaller ra



Anti-androgen

ü A	complicated case

Ø Radiotherapy is not	
described by	the	model

66	years old
Gleason score	=	7

Smoker

Bone
Metastatsis

LHRH	analogs
LHRH	analogs



Ø LHRH	analogs are no	longer	efficient!	
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(year)Ø Another treatment (chemotherapy)	should be proposed!	
Ø Prolonged anti-androgen drugs are already provided!	



Conclusion

ØBiologically motivated mathematical models for better
understanding the dynamics underlying tumor growth

v Clinically

ØGleason score	and	doubling duration	are	prognosis factors

ü For	metastasis free	survival

ü For	survival

§ But	do	not	allow to	optimize treatment

ØNumerical simulations could allow to optimize intermittent
treatment

Ø Individualized modelling could become a	predictive factor





Ø Weekly	self-reported symptoms
Ø Phase III (randomized) clinical trial: survival curve

Ø Cancer relapses are treated earlier (5 weeks), leading to a more efficient
treatment and a better quality of life (less stress, less pain, …)

Ø More than 20% at 18 month

MoovCare

20%



Ø How	can cancer	risk depend on	normal	cells?
Ø The probability to detect a tumor depends on the growth rate of host

cells, that is, on how competitive are the normal cells

Host	cell growth rate	rH
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Hypothesis: the probability to present tumor cells depends on the number
of cell divisions during life

Ø Cancer	incidence	versus	age

Corollary: The longer the life, the larger the cancer risk

In the United-Kingdom
(all types of cancer included)

40 years
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Ø The	probability does not	increase linearly with age…

40	years



ØBiology of	cancer	in	2	min…
Ø Weakly competitive host	tissue

Ø Strongly competitive host	tissue

BUT…

Ø Chemical	castration


