Epidemioldgia/epidemiology

(gorog, .epi” = kozott és .demos"” = nép/Greek “epi” = upon and "demos”= the people)

is the study of
a) factors that influence health and disease occurrence in populations,
b) the distribution and determinants of health-related states or events
(including disease).

It is the scientific foundation of public health preventive medicine and
of the control of diseases and other health problems.

Methods can be used to carry out epidemiological investigations:
- surveillance and descriptive studies to study distribution;
- analytical studies to study determinants.

http://www.who.int/topics/epidemiology/en/

1913: established by 10 medical doctors and 5 citizens,
in New York City

Cancer American Society for the Control of Cancer
? Society® ’
(]

American

http://www.cancer.org/index



Epidemioldgia

(gorog, .epi” = kozott és ., demos” = nép/Greek "epi” = upon and "demos”= the people)

Definicio:

- a betegségek eléforduldsat, elterjedését,

- a betegségek dltal okozott haldlozdst,

- az egészséget veszélyezteté /betegségek kialakuldsdt befolydsolo
kockdzati tényezdéket

- betegségek megel6zésének lehetéségeit vizsgdlja.

Kovetkeztetéseit egyedi megfigyelések sokasdgdra alapozza, de csak
kozosségekre vonatkoztat ja.

1913: 10 orvos és 5 polgdr, New York City
American American Society for the Control of Cancer

Cancer
"Z Society®
&

http://www.cancer.org/index



Rosszindulatd daganatok okozta haldlozdsok szdzalékos megoszldsa
Distribution of cancer caused mortality
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Historical background

Three important observations launched the field of cancer epidemiology :

1620, Thomas Venner, London : " Via Recta” tobacco dangers “immoderate use of
tobacco hurts the brain and the eye and induces trembling of the limbs and the
heart.”

1713, Bernardino Ramazzini, an Italian doctor, reported the virtual absence of
cervical cancer and relatively high incidence of breast cancer in nuns :
in some way related to their celibate lifestyle.
- identification and understanding the importance of hormones
(changes that come with pregnancy)
- sexually-transmitted infections and cancer risk.

1761, John Hill, London: “Cautions Against the Immoderate Use of Snuff."
linking tobacco and cancer led to epidemiologic research

1775, Percival Pott, Saint Bartholomew's Hospital, London
an occupational cancer in chimney sweeps, cancer of the scrotum, which was caused
by soot collecting in the skin folds of the scrotum. - Carcinogenic exposures.



El6zmények

1620, Thomas Venner, London : " Via Recta” a dohdnyzads dartalmairdl
“immoderate use of tobacco hurts the brain and the eye and induces trembling of the
limbs and the heart.”

1713, Bernardino Ramazzini, olasz orvos : a méhnyak tumor (cervical cancer) és az
eml6rdk magas emlérdk magas el6forduldsi ardnya osszefiigghet az apdcak
életmédjaval :

- A hormonok szerepe (pl. terhesség)

- Szexudlisan terjedd fertézések

1761, John Hill , London: "cCautions Against the Immoderate Use of Snuff."
- Dohadnyzds és tumor

1775, Percival Pott, Saint Bartholomew's Hospital , London :
kéményseprék munkdja korom (soot) és a hererdk (scrotum)/bér elvdltozds.
- Foglalkozds és karciniogenezis



El6zmények/History: XX. szdzad/century

1950s/early 1960s: smoking causes lung cancer
1952: American Cancer Society annually publishes: ,Cancer Facts & Figures”

1964: Smoking and Health, US Surgeon General's 1964 report Smoking and Health.

Global Cancer . C e
Facts & Figures [EigeN=e/ite)s F6 kutatdsi irdnyok/Main directions:

Okok - dohdnyzas (smoking),
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Fogalmak /Definitions

Morbiditds (morbidity): (incidencia, gyakorisdg) egy adott
népességben, idéegység (pl. egy év) diagnosztizalt 4j daganatos
megbetegedések /100.000 f6. (New cases/year.)

Mortalitds (mortality): a daganatos betegség okozta Aaldlesetek
szdma idéegység (pl. egy év) /100.000 fé. (Death/year.)

Tulélés (survival): a diagndzis feldllitdsa és a beteg elhaldlozdsa
kozott eltelt id6 (év); a kezelés eredményességének mérése.
(Time between diagnosis and death.)

Prevalencia (prevalence): egy adott népességben a ,tulélok" szdma; a

diagnhosztizdlt rdkbetegek szdma, akik kezelést kaptak és egy adott idében
még életben vannak (kovetést, utékezelést, gondozast igényelnek).

Dobréssy L.: A daganatos betegségek epidemioldgidja, jegyzet. Semmelweis Egyetem és D. L.: A daganatok
epidemioldgidja. A daganatos betegségek helyzete és vdarhato alakuldsa.
In: Kopper L, Jeney A: Onkoldgia. A géntél a betegdgyig. pp. 115-137. Medicina. Budapest (2002) alapjdn
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Risk of lung (a,b) and of esophagus (c)

(a) Radioactivity and smoking

Non-smoker
Smoker

(b) Asbestos/hydrocarbons and smoking

(c) Alcohol and smoking

Control
Hydrocarbons
Asbestos

CH + Asbestos

0-9
10-19
20

Radon level in a flat

50 Bqg/m3 50 Bq/m3
10 2,8
6,8 17,3

Cigarette/day

0-9 10-19

10 4,0
1,3 7,0
2,8 6.8
2,8 345

Consumption of alcohol

(g/day)
0-40 41-80
10 7.3
3,4 8,4
5,1 12,3

20

6,3

9.9
12,4

16,4

80

18,0
19,9
44 4



Estimated US Cancer Deaths*

Men

Lung & bronchus 30% 292,540
Prostate 9%
Colon & rectum 9%
Pancreas 6%
Leukemia 4%
Liver & intfrahepatic 4%

bile duct
Esophagus 4%
Urinary bladder 3%
Non-Hodgkin 3%

lymphoma

Kidney & renal pelvis 3%
All other sites 25%

ONS=Other nervous system.
Source: American Cancer Society, 2009.

Women
269,800

*26%
‘15%
*9%
* 6%
- 5%
« 4%

-« 3%
*3%
« 2%

« 2%
*25%

Lung & bronchus
Breast

Colon & rectum
Pancreas

Ovary

Non-Hodgkin
lymphoma

Leukemia
Uterine corpus

Liver & intrahepatic
bile duct

Brain/ONS
All other sites



Estimated US Cancer Cases™

Prostate 25%
Lung & bronchus 15%
Colon & rectum 10%
Urinary bladder 7%
Melanoma of skin 5%
Non-Hodgkin 5%
lymphoma
Kidney & renal pelvis 5%
Leukemia 3%
Oral cavity 3%
Pancreas 3%
All Other Sites 19%

Men
766,130

Women
713,220

27 %
14%
*10%
6%

* 4°/o

« 4%
« 4%
* 3%
* 3%
* 3%
*22%

Breast

Lung & bronchus
Colon & rectum
Uterine corpus

Non-Hodgkin
lymphoma

Melanoma of skin
Thyroid

Kidney & renal pelvis

Ovary

Pancreas

All Other Sites

*Excludes basal and squamous cell skin cancers and in situ carcinomas except urinary bladder.
Source: American Cancer Society, 2009.



Tumorok keletkezésének okai/Origins

— .

Genetikai (6rokletes) Virus

Kornyezefti
(Genetics) (Viral)

(Environment)

(10-20 %) (80-90 %)
F.P. Rous (1879 - 1970)

amerikai patoldgus,
In chicken: virus induced sarcoma,
Epstein - Barr 1911 [Nobel dij 1966 (Ch.B. Huggi
_'B cell limféma /[ obel dij 1966 ( & - Huggins)]
- garat/gége Human papilloma

Hepatitis B
Hepatoma
(2,5 -10 x 10° / year)

HTLV -1
- T cell leukemia (1 %)
- AIDS/Kaposi sarcoma

Kémiai (Chemicals) Ultraibolya sugdrzds (irradiation) Tonizdlé sugdrzds (irradiation)

Légszennyezés/Air 10-15%
Cigaretta /Smoking 40 %

Etkezés /Food 25-30%
Foglalkozds /Occupation 10 %

UV A (A = 330 - 400 nm)

a, B (particle)
UV B (A= 250 - 330 nm)

v, rontgen (X-ray)



The stomach bacterium Helicobacter pylori
changes the activity of genes in gastric cells

P. Hawtin, University of Southampton/
Science Photo Library

Oncology in Practice p.22, 3/1994

© MPT f. Infection Biology
https://www.mpg.de/9264796/helicobacter-pylori-fingerprint-gastric-cancer
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Viral entry into cells

A. Receptor-mediated endocytosis
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S. Boulant, M. Stanifer and P.-Y. Lozach

: Viruses 2015, 7(6), 2794-2815




Electromagnetic radiation spectrum

Radiowaves
(shortwaves)
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uv

VISIBLE LIGHT
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1 [
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Wave UV

200-280nm | 280-315nm UV-A
315-400nm
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blue, then it's
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Ultraviolet Light
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Malignus melanoma

10 year survival rate 93% 71%

Clark's Levels 1 2 3

Kiyisolbghl éyBr&dtveal. oF. Médbine,
Department of Surgery,
Science Photo Library

10 year survival rate

2001 lmage by Med-Art ~ hitp://www.ned-ars.it



A fény behatoldsi mélysége a bérbe
In depth penetration of light into the skin
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A fény behatoldsi mélysége a szemben
In depth penetration of light into the eyeball
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Direct photochemical reaction

Cycloaddi’rion - e.g. formation of pyrimidine dimers in the DNA

@) @)
UVB - UVC | H3CH3C

Af IA LK

z X
o )\o 'S
Thymh Thymine photodimer

Isomerization - e.g. urocanic acid #rans (from L-His) to cis

COOH o

{7 > UVB - UVC H)_<COOH
. O

trans - urocanic acid ¢/s - urocanic acid




LEUKEMIA ! ' L NG TR
ALL MALIGNANT NEOPLASMS EXCEPT LEUKEMIA | -e
ESOPHAGUS e B
STOMACH s
COLON .
RECTUM .
PANCREAS -
OTHER DIGESTIVE SYSTEM e
LUNG g
BREAST e
UTERUS 3
URINARY TRACT 2
MAL IGNANT LYMPHOMA -
MULTIPLE MYELOMA .
OTHER SITE S
0.1 0.s 1 2 345 10 20

RELATIVE RISK

FIGURE 3. Relative nsk and 90% confidence intervals for specific cancer sites, 1950 to 1978, 200
+ rads vs. 0 rad. (From Kato, H. and Schull, W. J., Radiar. Res., 90, 395, 1982. With permission.)



CANCERS ASSOCIATED WITH IRRADIATION OF PARTICULAR

POPULATIONS
Atom
bomb Medical Occupational
radiation Medical X-ray radionuclides radiation
2 "
; wl
1z 0 .En f—: E: ‘c: g <) § E g
25 T BF 4« 2 8 ® 2 £ ES5 L= > & gg E
EZ 3 Y § 3yt £ t & B 2% &% § =2 2: £¢
Typeol . Sfunod § €3 & 28 § 5 3494 -F o5 T E& g8
cancer 43 S €8 5 68 S € = £ 82 F£ B2 £ £i 5%
Leukemia a a b a a ¢ c a
Thyroid a b a
Breast a a a £
Lung a a
Bone a a
Liver a
Skin b a
Lymphoma b b
Esophagus b b
Stomach b b
Bladder b
Colon b C

L
*  Strong association, confirmed in multiple studies, with evidence that risk increases with dose.

® Meaningful association, but less striking.
¢ Suggestive association, usually unconfirmed.



Experimentdlis karcinogének/Experimental carcinogens

H
jJe A
CGO Joo
NI /(ID\/
CHa

P
7 12-Dimethylbenz[a]anthracene (DMBA) N H[\(CHB
| G NH
H H4C
CH, = CH, _ .
[--CH Diethylstilbestrol (DES) 1,2-Dimethylhydrazine (DMH)
H3 )\/3 H -0
CH\| SN CHs
/ HsC
HC™ - / o 12 >/ CH,
P 19 HaC—” dé
MG N CH0H /
/CH\ H H \
HsC CH; CH, OH

Teleocidin B 12- O-Tetradecanoylphorbol-13-acetate (TPA)



Karcinogének/carcinogens
(kozvetlen hatdas/direct effect)

Alkilez6 veqgytiletek/alkylating compounds

=0
. :
G Br C—
G=c” {
Br H2 H3C(H2C)1o HZC—CHZ
i}zﬁybliea;ogziz}:nﬁgz N-stearoyl ethyleneimine p-Propiolactone
? 0O
| I
CHz-S-O-ChH-CHs CH;-O-S-0-CH
I I
O O
Methanesulfonic acid ethyl ester Dimethyl sulfate

Cl - HC - HoG_ S/CHg - CH, - Cl Cl - HC - H2C\N/CH2 - CH, - Cl

CHs

bis-p-chloroethyl sulfide

_sulfur mustard"” Bis (2-chloroethyl) amine

.N-mustard”



Karcinogének/carcinogens
(kozvetett hatds/indirect effect)

Hydrocarbons Sir Parcival POTT, 1775
(polycyclic arenes) YAMAGIVA et al., 1915

) UG
N
| \/@ I /\)\) CHs
O C .
Benzo[a]pyrene Dibenz[a h]lanthracene R=H, 7-metil-benzf]antracén 3-Methylcholanthren

(animal) R=CHjs,7,12-dimetil-benzk]antracén

Gyenge/nem karcinogén (weak/non-carcinogenic compounds

Qé% : O (-

oC

Benzo[e]pyrene Dibenz[a,clanthracene Benz[a]anthracene Crisen

Forrds/source:
nem teljes oxiddcio (készén, cigaretta, benzin)/incomplete oxidation (coal, cigarette, fuel)






Mutation induced by aroma’ric hydrocarbons

12 1

11 2
10 “ P- 450 HOH/S ‘Oe
N
OOO mono- oxygenase epoxide-hydratase HO
OH

Benzo[a]pyrene Benzo[a]pyrene-7,8-epoxide Benzo[a]pyrene-7,8-dihydro-7,8-diol )l
P-450 ‘
mono- oxygenase
DNA, RNA, i T )
proteins H + ot

OH

— Excretion
Kidney, liver

Benzo[a]pyrene-7,8,9,10-tetrahydro-7,8,9,10-tetraol



Karcinogének/carcinogens
(kozvetett hatas/indirect effect)

Gy(irs éterek/cyclic ethers

O io OUO OH
0 oD Y o LK

O-C Z 0. P
CH,-CH=CH, M O-Chg O-Chg
aflatoxin B1,
5-(Prop-2-en-1-yl)-2 4-1,3-benzodioxole Aspergillus flavus aflatoxin 61 sterigmatoxin
(safrole)

[20 ppb, FDA]

CHs CHs
\ p—
| 0
CHO™ Y
Cl CH3
2, 3-Epoxyaflatoxin Bl griseofulvin

streptozotocin



Karcinogének/carcinogens
(kozvetett hatas/indirect effect)

Egyéb vegyuletek/other compounds

Cl-CH=CHp C|ﬂ@0|
Vinyl chloride C;>_ —

As, Be, Cr, Cd, Ni Polychlorinated biphenyl
salts (PCB)
Asbestos

Co/Cr alloy



Karcinogének/carcinogens
(kozvetett hatas/indirect effect)

e NH
AN 7 2
P o e HeN . . NP

aniline B-naphthylamine 4-aminobiphenyl benzidine
(hélyagrak, (but a-naphthylamine not)
Bladder cancer)
IVaRNEN
/
—N=N \ //—N
CH;
R =CH; 4-dimethylamino-azo-benzol [butter]
R=H 4-methylamino-azo-benzol
Aromatic amides Nitro compounds
NO-
NaNO )
— COCH; (§\ AN T o
Nt HN \ Dand@li
\/ = e P = N
o ON N™">\HcHo |
CA, O 2 O

2-acetylaminofluorene Saccharine (1977)  N-[4-(5-nitro-2-furyl)-2-thiazolil] formamide

Source: pigment industry, food additives 4-nitrokinolin-1-oxide



Mechanism of action of aromatic amino/amido/nitro éompounds
SOH

O
/ H
NO, NH — Nt
aromatic nitro sulfate ester - -
\ / aryl nitrenium lon

dismutase
NH ) P | ]
O 2 O
. | _COCH;
aromatic amine N-hydroxylamine @’1\{0.

f

/COCH3
QNH desacetylase

aromatic acetamido

[/
peroxiaase

N-hydroxylase l

COCH ) aryl-amidonium io_n
/ 3 COCH; y
OH

\
0SO;H
sulfate ester

sulfotransferase



Agents for incorporation of NO function
(studied cc. 300 compounds, 1994 > 90 % carcinogenic)

L CHz - CH; CHp - CHp - OH
//N— N //N— N //N—
O CH; O CH, - CH3 O CH,- CH, - OH
N-nitroso-dimethylamine N-nitroso-diethylamine N-nitroso-dietanolamine
(1956, beer, herbicid) (whisky) (shampoo, hairdresser)
HN
HiC.\ -CO - NF ] | - L)
| SC\ N/C\N/ 2 | [
NO | H NO
N-methyl-N-nitrosourea (MNU) NO
(in the intestine) N-nitroso-pyrrolidine NO
N-methyl N'-nitro N-nitroso- (smoked ham)
guanidin N-nitroso-morpholine

Source: tanning, upholstery, rubber industry



Metabolic activation of dialkyl N-nitrosoamin

Ch,-R CHe- R
d’NﬂN ] cﬂ’N-N‘cH \
CH; 2
Hd < CH:-R
M-nitrosodimethylamine (Ji? >
(DMN) e,
(1956, bier, herbicides) \
ICHE _ / ‘
N=N
+ HCHO
H:/ Hd
CHe-R
N=N* + HO —— |"CH:-R | 4 N,

/N

b
DNA RNA

Proteins



Incorporation of the NO/alkyl group

HSC\N/CO‘ Nl_b ﬁ)
| NaNO; C
H;-O-S-0-C
NO ° I &
O

N-methyl-N-nitrosourea (MNU)
(in the intestine)

*NO

Dimethyl sulfate

Nucleic acid R"(pl. CHs")
Protein
\ H \ NH; \ NHz H
6
Arg,
L e ] S e
N™ >N > NN
/ \ | OH / \ | OH gl;l
S
e Sugar Sugar Sugar

guanosine cytidine adenosine uridine



European code against cancer

Certain cancers may be avoided
- Do not smoke. Smokers, stop as
quickly as possible and do not smoke
in the presence of others.

- Moderate your consumption of
alcoholic drinks — beers, wines, and
spirits.

- Avoid excessive exposure to the
sun.

- Follow health and safety
instructions, especially at work when
producing, handling, or using any
substances that may cause cancer.

- Frequently eat fresh fruit and
vegetables and cereals with high
fibre content

- Avoid becoming overweight, and
limit your intake of fatty food.

More cancers will be cured
if detected early

- See a doctor if you notice a lump, a
change in amole, or abnormal bleeding.
- See a doctor if you have persistent
problems, such as a persistent cough,
persistent hoarseness, a change in bowel
habits, or an unexplained weight loss.

For women

- Have a cervical smear regularly.

- Check your breast regularly, and if
possible undergo mammography at
regular at regular intervals above the
age S0.



Interpretation of carcinogenicity of nicotine

Formation of NO function
HCI H*

Na* "0-N=O0 —— HO-N=0 == H,0'-N=0 = [*N:0<—> N=0"
- NaCl - H,0

Transformation into N-nitroso amine

CH3
_ | 4-(N-methyl-N-nitrosoamino)-4-(3- pyr'ldyl) 1-butanal |
CH; CH3
nicotine &/v\

Reaction of N-nitroso amine with nucleophiles 4-(N-methyl-N-nitrosoamino)-1-(3-pyridyl)-1-butanon 2

n
R\
R + I : Nu N CH
~._CH; H R. _CH 3
ll\]/ 1|\]/ T g} b ' ” v Nu/
tion
N= O - N=* N - OH - carpocarti N\

OH



