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Questions are welcome at any time




How to Treat Cancer ....
With minimal side-effects

* Holy grail of oncology

* Identify characteristics
that distinguish tumor
cells from normal cells

* Design a Monotherapy
that selectively ablates

tumor cells
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Let's start with Biology ...
What is a biopsy?

Pathology

Proteomic profile

T o000 000
Patient’ s tissue
sample or blood sample Genomic profile
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What does a pathologist look for in biopsy tissue?

Q O ﬁ?ﬁt}f"@:’g Large number of irregularly
ofetofo Lt +* # o] shaped dividing cells

Large, variably shaped nuclei

Small cytoplasmic volume
relative to nuclei

Variation in cell size and shape

Loss of normal specialized
cell features

/1 Disorganized arrangement
of cells

4 Poorly defined tumor boundary
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Some more Biology...

How does Cancer look like under the microscope?

CA) @
QI RICESS
= ISR
(@) (@) (=) (=) (@) (@
OJOJOIOIoIO
OIO10IO1O10
Normal Hyperplasia Mild Carcinomaiin
dysplasia situ (severe
dysplasia) Cancer

(invasive)
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Presenter Notes
Presentation Notes
Instead of finding a benign or malignant tumor, microscopic examination of a biopsy specimen will sometimes detect a condition called “hyperplasia.” Hyperplasia refers to tissue growth based on an excessive rate of cell division, leading to a larger than usual number of cells. Nonetheless, cell structure and the orderly arrangement of cells within the tissue remain normal, and the process of hyperplasia is potentially reversible. Hyperplasia can be a normal tissue response to an irritating stimulus. An example of hyperplasia is a callus that may form on your hand when you first learn to swing a tennis racket or a golf club.

In addition to hyperplasia, microscopic examination of a biopsy specimen can detect another type of noncancerous condition called “dysplasia.” Dysplasia is an abnormal type of excessive cell proliferation characterized by loss of normal tissue arrangement and cell structure. Often such cells revert back to normal behavior, but occasionally they gradually become malignant. Because of their potential for becoming malignant, areas of dysplasia should be closely monitored by a health professional. Sometimes they need treatment.
The most severe cases of dysplasia are sometimes referred to as “carcinoma in situ.” In Latin, the term “in situ” means “in place,” so carcinoma in situ refers to an uncontrolled growth of cells that remains in the original location. However, carcinoma in situ may develop into an invasive, metastatic malignancy and, therefore, is usually removed surgically, if possible.



“What is Cancer ?

 is uncontrolled cell proliferation and cell rampant growth
« cancer may spread to other parts of the body

» over 100 different types, individual

Cancer cell of a lung tumor

healthy ce"s VS. cancer Ce"S during cell proliferation

Normal cell division Cell division in cancer

(2]

Theory of cancer formation:
/ N\ Q/ \ (random) mutation levers out i.a.

Q programmed cell death
/ VN - cells need to be removed / killed

Q ./ \. q/\h “manually” for treatment
l

(1
Programmed cell death Uninhibited growth, paired with increasingly

dangerous mutations
[1] Garak76, Suhadi Jorhaa'ir (https://commons.wikimedia.org/wiki/File:Zellteilung_normal_im_Gegensatz_zu_Krebs.svg), ,Zellteilung normal im Gegensatz zu Krebs*
[2] fineartamerica - Lung Cancer Cell Division. - Accessed from https://fineartamerica.com/featured/lung-cancer-cell-division-sem-steve-gschmeissner.html?product=metal-print on 12.02.2021. Lettering was adapted.

dikfz.
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Presenter Notes
Presentation Notes
Gleichgewicht zwischen der Vermehrung von Zellen (Zellproliferation) und dem Zelltod.  Der Hauptanteil des Absterbens von Zellen erfolgt dabei durch Apoptose, bei der die Zellen „Selbstmord“ begehen. Bei Krebs ist dieses Gleichgewicht zu Gunsten des Zellwachstums verändert. Die Krebszellen wachsen dabei ungehindert, da hemmende Signale nicht erkannt oder nicht ausgeführt werden. Der Grund liegt in Defekten des benötigten genetischen Codes, die durch Mutationen im Genom entstanden sind.


What is the relationship between
tumor grade and patient survival?

General Relationship Between
Tumor Grade and Prognosis

100%
Low grade
lorll
Patient
Survival
Rate High grade
ll or IV

1 2 3 4 5 Years




Cancer - incidence

]
o
e ©

Ranking of cancer, 30-69 years old
1st (55)
2nd (79)
3rd - 4th (45)
5th - 6th (4)

I Nodata [ ] Notapplicable

[1] Stewart, B. W. K. P., and Christopher P. Wild. "World cancer report 2014." (2014). [3] RKI, Report on cancer in Germany for 2013/2014, cancer registry data
[2] Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries [4] RKI, Report on cancer in Germany for 2015/2016, cancer registry data

06/03/2021 Page 9 j.seco@dkfz.de dikfz.



2017 New Cancer Sites

Estimated New Cases

19%
14%

Prostate 161,360

116,990

Breast 252,710 30%

Lung & branchus 105,510 12%

Lunag & branchus

Calon & rectum 71420 9% Calon & rectum 64,010 8%

Urinary bladder 60,490 T% Uterine corpus 61,350 T%

Melanoma of the skin 52.170 6% Thyroid 42,470 5%
Kidney & renal pelvis 40,610 5% Melanoma of the skin 34,940 4%
Man-Haodgkin lymphoma 40,080 5% Nan-Haodgkin lymphoma 32,160 4%
Leukemia 36,290 4% Leukemia 25,840 3%

Oral cavity & pharynx 35,720 4% Pancreas 25700 3%

Liver & intrahepatic bile duct 29,200 3% Kidney & renal pelvis 23,380 3%
All Sites 836,150 100% All Sites 852,630 100%
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2017 Cancer Deaths

Estimated New Cases

Males Females

Prostate 161,360 19% Breast 252,710 30%

Lung & bronchus 116,990 14% Lung & branchus 105,510 12%

Calon & rectum 71420 9% Calon & rectum 64,010 8%

Urinary bladder 60,490 T% Uterine corpus 61,380 7%

Melanoma of the skin 52.170 6% Thyroid 42,470 5%

Kidney & renal pelvis 40,610 5% Melanoma of the skin 34,940 4%

Man-Hadgkin lymphoma 40,080 2% MNan-Hadgkin lymphama 32,160 4%

Leukemia 36,290 4% Leukemia 25,840 3%

Oral cavity & pharynx 35,720 4% Pancreas 25700 3%

Liver & intrahepatic bile duct 29,200 3% Kidney & renal pelvis 23,380 3%
Estimated Deaths

Lung & bronchus 84,590 27% Lung & bronchus

olan & recium 27 150 ; Breast

Prostate 26,730 8% Calon & rectum 23,10 2%

Pancreas 22,300 7% Pancreas 20,790 %

Liver & intrahepatic bile duct 149,610 6% Qwary 14,080 5%
Laukemia 14,300 4% Utering corpus 10,920 4%,

Esophagus 12,720 4% Leukemia 10,200 4%

Urinary bladder 12,240 4% Liver & intrahepatic bile duct 9,310 3%
Maon-Hodgkin lymphoma 11,450 4% Man-Hodgkin lymphoma 8 690 3%
Brain & other nervous syster 9,620 3% Brain & other nervous system 7,080 %
All Sites E420 100% All Sites 282,500 100%
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Hallmark of Cancer
“Warburg Effect”



Presenter Notes
Presentation Notes
Instead of finding a benign or malignant tumor, microscopic examination of a biopsy specimen will sometimes detect a condition called “hyperplasia.” Hyperplasia refers to tissue growth based on an excessive rate of cell division, leading to a larger than usual number of cells. Nonetheless, cell structure and the orderly arrangement of cells within the tissue remain normal, and the process of hyperplasia is potentially reversible. Hyperplasia can be a normal tissue response to an irritating stimulus. An example of hyperplasia is a callus that may form on your hand when you first learn to swing a tennis racket or a golf club.

In addition to hyperplasia, microscopic examination of a biopsy specimen can detect another type of noncancerous condition called “dysplasia.” Dysplasia is an abnormal type of excessive cell proliferation characterized by loss of normal tissue arrangement and cell structure. Often such cells revert back to normal behavior, but occasionally they gradually become malignant. Because of their potential for becoming malignant, areas of dysplasia should be closely monitored by a health professional. Sometimes they need treatment.
The most severe cases of dysplasia are sometimes referred to as “carcinoma in situ.” In Latin, the term “in situ” means “in place,” so carcinoma in situ refers to an uncontrolled growth of cells that remains in the original location. However, carcinoma in situ may develop into an invasive, metastatic malignancy and, therefore, is usually removed surgically, if possible.



Adequate oxygen As Oxygen Decreases

ATP is generated

by Shift from Anaerobic glycolysis
Oxidative Gltanive

: phosphorylation ~ PASTEUR EFFECT
Phosphoryation to Glycolysis

~ NORMAL CELL CANCER CELL
— . Glucose
/ Glucose
/ I Glycolysis Hunger! lGcholysis ) ATP
Pyruvate " Lactate pyruvate S | pore

Or g

Decreased
pH
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Early 20th Century

Observed that cancer cells had
increased rates of glycolysis

Despite the availability of adequate
oxygen levels

Aerobic glycolysis

Otto Heinrich
Warburg
German Physiologist

WARBURG EFFECT

Why do cancer cells activate glycolysis despite the

e Présence of oxygen?



“Treatment options

surgery chemotherapy radiotherapy G o al .

1. CURE leads survival
2. PALLIATIVE leads better quality of life
Chances of survival:

60% of all cancer patients survive more

than 5 years [1]
« 10-year prognosis <1% pancreatic cancer
* 10-year prognosis ~84% prostate cancer

electromagnetic radiation particle radiation brachytherapy

[1] A joint publication of the Robert Koch Institute and the German Cancer Associations (Gesellschaft der epidemiologischen Krebsregister in Deutschland e. V.), 11t issue, 2017, accessed on 20.11.2018

External radiotherapy Internal radiotherapy
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Presenter Notes
Presentation Notes
Systemische Therapien Chemotherapie, Immuntherapie – Immunsystem soll angeregt werden, Hormontherapie, Linkt zu den aktuellen mRNA Impfstoffen. Problem Krebszelle ist eine menschliche Zelle die schlechter Isoliert werden kann als ‚Externe Virenzellen‘
Anwendung meistens für lokalisierte Tumore�(Ausnahmen möglich, z. B. gesamtes Zentralnervensystem)



History of particle therapy

[ Proposed by R.R. Wilson ] [ MedAustron (Austria) ]

[ 1st patient at Berkeley by Lawrence et al. ]
[ CNAO, Pavia (Italy) ]

1st patient in Europe at Uppsala ]
[ HIT (carbon), Heidelberg (Germany) J

[ ITEP, Moscow, Russia ]

1984 1989 1990 1991 1992 1993 1994 1996-2000 2002

O 0O O © O 0 0 0 0 O O 1 O o0 0 >
1946 1954 1957 1969 | l 2009 2011 2016
E 3
[ PSI, Switzerland ] PIMMS

[ Eye tumors, Clatterbridge, UK ]

[ GSI carbon ion pilot, Germany ] ENLIGHT

[ CPO (Orsay), CAIl (Nice), France ]
[ NIRS, Chiba (carbon ion) Japan ]

[ Loma Linda (clinical setting) USA Sesion (eemimaral ani] USA
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Radiation
From Small amounts
to
Large Amounts




ENatural radiation

- Gamma-rays — 0.1 A
109
1A ultraviolet
: - 10
|On|Z|ng " X-rays . —400 nm
1007_]
— 10
— 10" ) — nm
Ultraviolet | o wm 0 Spectrum visible
10 Visible to the
................................... 1000 nm i
104 Lpm _co0nm NUManN eye (light)
Infra-red — 10
100
oo Thermal IR |— 100 pm — 700 nm
1000 um jnfrared
1000 MHz— 100
E UHF Microwaves [—1cm
500 MHz - 1000 . . .
: \ .. Electromagnetic radiation - Photons
Mg ol o - Gamma rays
R v o] om « X-rays
50 MHz | 10 e « But also: radio, light, microwaves, etc.
— 1000 m [1]
Long-waves

[1] !Original: PenubagVector: Victor Blacus (https://commons.wikimedia.org/wiki/File:Electromagnetic-Spectrum.svg), ,Electromagnetic-Spectrum®, https://creativecommons.org/licenses/by-sa/3.0/legalcode
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Presenter Notes
Presentation Notes
Röntgen- und Gammaphotonen sind wie sichtbares Licht und Radiowellen Teil des elektromagnetischen Spektrums.  Photonen tragen einen festen frequenzabhängigen Energiebeitrag. 
Photonen sind ladungsfrei und masselos 


ENatural radiation
 Particle radiation

- Alpha radiation — helium nuclei
- Betaradiation — electrons/positrons
« Other nuclei/ions (e.g. cosmic radiation)

Alpha
radiation

Beta -
radiation e

[1] - 2 protons * - P proton
+ —
2 neutrons ("l‘ ‘_//'* o€ electron
n = Ve
[2] neutron electron neutrino

Types of radioactive decay

Type Nuclear equation Representation T l:ttc‘::i?:enl:mbers
DY, DY,
- W =) | A:decrease by 4
Alpha decay | X 4He + 574Y w %Q’ .4.) 7' decrease b))’, 2
29 29,
§( > A: unchanged
Betadecay | §X  fe+24Y %R) e %ﬁ’ z increaseg by 1
£ N
Gamma Ax 0y 4 Ay §; > ) A: unchanged
decay 4 or + 7 }.’ Z: unchanged
VNS Y ’
Excited nuclear state
DY, 20" N
Positron A 0 A ﬁ, N ~ A: unchanged
emission ZX w18 1Y g) o y) Z: decrease by 1
Electron A 0 A —L>—r> A: unchanged
capture ZX 1€ +yiY Z: decrease by 1

X-ray \anns.

& 4

[3]

[1] Inductiveload (https://commons.wikimedia.org/wiki/File:Alpha_Decay.svg), ,Alpha Decay", marked as public domain, more details on Wikimedia Commons: https://commons.wikimedia.org/wiki/Template:PD-self
[2] Inductiveload (https://commons.wikimedia.org/wiki/File:Beta-minus_Decay.svg), ,Beta-minus Decay“, marked as public domain, more details on Wikimedia Commons: https://commons.wikimedia.org/wiki/Template:PD-self
[3] openstax CNX — Radioactive Decay. Accessed from https://cnx.org/contents/IbTLTDQM@1.6:RSq8dk2S@ 1/Radioactive-Decay on 12.02.2021

06/03/2021 Page 19

j.seco@dkfz.de

dikfz.



Presenter Notes
Presentation Notes
Alphastrahlung oder α-Strahlung ist eine ionisierende Strahlung, die beim Alphazerfall, einer Art des radioaktiven Zerfalls von Atomkernen, auftritt.  Große Atomkerne spucken kleine Atomkerne aus.  Radium 226. Die Alpha-Teilchen haben eine ziemlich große Geschwindigkeit: Zwischen 15.000 bis 20.000 Kilometer pro Sekunde! Allerdings besitzt die Strahlung nur eine geringe Reichweite und lässt sich schon durch ein Blatt Papier oder eine dünne Alu-Folie abschirmen.

Betastrahlung oder β-Strahlung ist eine ionisierende Strahlung, die bei einem radioaktiven Zerfall, dem Betazerfall oder Betaübergang, auftritt. Beim Beta-Zerfall werden in der Regel negativ geladene Elektronen aus dem Kern geschleudert. Man spricht dann vom Beta-Minus-Zerfall. (Es gibt auch einen Beta-Plus-Zerfall, doch der ist unter den natürlichen Radionukliden viel seltener.) Die Elektronen, die die Strahlung ausmachen, kommen übrigens nicht aus dem Nichts: Sie entstehen dadurch, dass sich im Atomkern ein Neutron in ein Proton und ein Elektron umwandelt: Cäsium-137 - ein Beta-Minus-Strahler

Atomkerne zerfallen von selbst in andere Kerne. 


CRadiation exposure in everyday life

Generally known: body dose

« given and measured in Sievert

« considers the sensitivity of the respective organ and
radiation type

- cosmic and terrestrial radiation
- medical and technical applications
- diverse loads (e.g. flight travels)

Banana equivalent dose:

0.4 gram potassium consists to
0.01% of the radioactive potassium isotope K-40
1000 bananas in 8 hours = 0.1 mSv

Average dose: 4 mSyv per year

06/03/2021 Page 20 j.seco@dkfz.de

Effective Radiation Dose
{Unit: milligievert = mSv)

10,01}[) -—— 7,000 - 10,000

Dose resulling in death

e
1,000 e 1,000 — 20

Dose thal may cause Singapore’s dosa limit for
symploms of radiation udul ion workears a yoear,

sickness such as nausea veragad oves five yoars
and vomiting

100
5 . ;?
— 68 | J’n‘-ﬁ
= One CT Scan
24 —
Worldwide average dose per year
from natural backaround ambient

rageation

Sources: 1 [y
Space (039

ﬁud-

Ground (0.48)  Radon in air {1 26)

9 ..

tor pulic t'xpnsuﬂ. temclud 1g natural

background ambient radiation)

=

0.6 5
One stomach ﬁ“
¥-ray exam ¥a

-
0.05
One chest X-ray exam r.\
0.0024
0.19 Dose raceived by an average parson in

Sangapone over 24 hours from background
ambient radiatian

Dose received Irom COsmic
radsation by laking a round

trip Hight between New York
and Tokyo

1 &— 0.0001

Eating a banana

Mational
Environment

Wl Agency


Presenter Notes
Presentation Notes
Die Strahlenbelastung auf den Menschen lässt sich nicht nur in Sievert, sondern auch in Bananen ausdrücken. Eine durchschnittliche Banane enthält etwa 0,4 Gramm Kalium, das zu 0,01 Prozent aus dem radioaktiven Kaliumisotop K-40 besteht. Eine Banane gibt deswegen 12 Becquerel radioaktive Beta- und Gammastrahlung ab. Wer eine Banane isst, bekommt also eine effektive Strahlendosis von etwa 0,1 Mikrosievert ab. Jede Strahlenbelastung lässt sich auf diese Weise in Bananen umrechnen. Das ist zwar wissenschaftlich nicht ganz korrekt, aber dass der Verzehr von 1000 Bananen in 8 Stunden den Körper belasten kann, kann man sich eher vorstellen, als 0,1 Millisievert.


Mit der Nahrung werden natürliche Radionuklide aus den radioaktiven Zerfallsreihen des Thoriums und des Urans sowie Kalium-40 und Kohlenstoff-14 aufgenommen; dadurch kommen im Mittel jährlich circa 0,3 Millisievert hinzu.


Folgen von Tschernobyl 0.6%, Kernkraftwerke im Normalbetrieb 0.3 %. Technisch bedingt gelangen beim Betrieb von Kernkraftwerken geringe Mengen radioaktiver Stoffe über den Kamin in die Luft oder werden über das Kühlwasser in die Umgebung abgegeben. Die daraus resultierende effektive Dosis liegt im Mittel unter 10 µSv pro Jahr, also weit unterhalb der natürlichen Strahlenexposition


Why bother with particle therapy?

cancerous region

1.1¢
— photons 6 MeV ’—l_‘
L — protons ‘ ; ‘
0.9 — carbon ions n — pencil beam doses |
0.8} —_d

rel. dose |Gy]
dose [Gy]
w

0.4+ \ 2 |
0.3]
0.2 1 ]

0.1 LB
0020 40 60 30 100 120 I10 160 180 200

[mm]
penetration depth

06/03/2021 Page 21 j.seco@dkfz.de

L

200 250




®
Why bother with particle therapy?
- We always risk damaging healthy tissue “on the way”...

photons protons carbon ions

ial plane z = 240 [mm] axial plane z = 240 [mm]

axial plane z = 240 [mm]

y [mi
N
y [mi
N

y [mi
»

125
=
)
]
1, &
8
z
g
q15
;
I05
0
0

.... but it looks quite good for a particle beam ©
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Presenter Notes
Presentation Notes
hohe Konformalität bei Teilchenstrahlung


Why bother with carbon ions?

photons protons carbon ions

GREATEST
HITS

Radiation can kill
cancer cells by
damaging their DNA.
X-rays can hit or miss.
Protons are slightly
more lethal to cancer
cells than X-rays.
Carbon ions are
around 2-3 times as
damaging as X-rays.

Proton beam Carbon-ion beam [1]

« Energy release is localized to a varying extent. 2C is 12 times heavier than p*
* Heavy ions generate locally more severe damage - more difficult to repair

[1] Marx, V. (2014, April 4). Sharp shooters. 508. Nature, p. 137.
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Summary

-« cancer diseases are characterized by uncontrolled growth of mutated cells

- radiation transfers energy to the tissue in form of elementary physical interactions
—> radiation dose

- energy release ionizes the tissue

- breaks down chemical bounds or forms new ones
- DNA damage
- cell death

- by artificially generating radiation, we can combat cancer cells in a targeted
manner

« not without risk for the healthy tissue

—> but high conformity when applying particle beams
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« Questions?

GO

[1] Gage Skidmore from Peoria, AZ, United States of America (https://commons.wikimedia.org/wiki/File:Captain_Jack_Sparrow_(5763467649).jpg), ,Captain Jack Sparrow (5763467649)",
https://creativecommons.org/licenses/by-sa/2.0/legalcode
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Cancer - incidence

Cancer incidence worldwide

14 million new cases of cancer in 2012 [1] .

8 million deaths due to cancerin 2012 [1]

19 million new cases of cancer in 2020 [2]

® oe

10 million deaths due to cancer in 2020 [2]
2.3 million deaths linked to corona Ranking of cancer, 20.69 years ol
izm(m) .

3rd - 4th (45)
28.4 million new cases of cancer in 2040 [2] oh - ot ¢4} (2]
How many deaths in 20407 B o ceta [ Notappicale

Dark blue: Cancer is the leading cause of premature death
Cancer incidence national
* 500 000 new cases of cancer in Germany every year [3,4], 2.5 times the population of Mainz

* rising tendency due, among other things, to demographic developments

[1] Stewart, B. W. K. P., and Christopher P. Wild. "World cancer report 2014." (2014). [3] RKI, Report on cancer in Germany for 2013/2014, cancer registry data
[2] Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries [4] RKI, Report on cancer in Germany for 2015/2016, cancer registry data
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