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* |t is the second most common cause of death in the developed nations

» One in three people will be diagnosed with cancer during their lifetime

* There are approximately 200 types of cancer, each with different causes, symptoms
and treatments

SRS ,,,—i
 The terms cancer, malignant neoplasm and malignant tumour are ynonymous
—————————————— ,\/\M/w e e e —

« cancerous cell is uncontrollably growing and has the potential for invading local

tissue and spreading to other parts of the body, a process called
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. Males Females

Qs lel, \,S.n* Prostate 174,650 20% Breast 268,600 30%
= | L 171 13%

1 f ung & bronchus 116,920 13% Lung & bronchus 1710
k«;l o i Colon & rectum 78,500 9% Colon & rectum 67,100 8%
B ¢ Urinary bladder 61,700 7% Uterine corpus 61,880 %
L 22D juinomaofthesiin 57,220 % Melanoma of the skin 39,260 %
Z:la D o Yoy & remi peis 44,120 5% Thyroid 37,810 4%

i _i Non-Hedgkin lymphoma 41,090 5% Non-Hodgkin lymphoma 33.110 3%

2 Oral cavity & pharynx 38,140 4% Kidney & renal pelvis 29,700 3%
lole rectal Leukemia 35,920 4% Pancreas 26,830 %
Cance Leukemia 25,860 3%
All sites 891,480  100%

Pancreas 29,940 3%
All sites 870,970 100%

Estimated 2019 cancer incidences in the United States an

females.
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Lormaal cells M e ez I
* Cancer cells manifest, to varying degrees, four characteristics that
distinguish them from normal cells:

1) Uncontrolled proliferation Ccell dlivisis )

2) Dedifferentiation & loss of function _ il
3) Invasiveness (Swtyd) r&‘_}-_uy \?‘—".J[{ L) Lo L5 =

4) Metastasis yaxay (_ﬁ:ajd.'gzer"em—iqh‘on‘-‘—%"_}ge‘j DUage Pluzil
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Leading Edge

L ‘36_))_‘%,%_1_950\_!:_“:\”@(&5!‘5&* Review

Hallmarks of Cancer: The Next Generation

Douglas Hanahan'2* and Robert A. Weinberg™*

*The Swiss instituta for Expert Cancer (SREC), School of Life Sci EPFL L CH-1015, Swita
*The Dep: 1t of Biochemistry & Biophysics, UCSF, San Francisco, CA 84158, USA K

Py dinatinta for Blomedical P b, LudwigMIT C i
MA 02142, USA ' ""'“’“" Oncology. and MIT Dep of Biology, C:
*Comrespondenca: dn@epfl.ch (D.H.), weinberg@wimit sdu (RAW)

DOI 10.1016/.¢8ll.2011.02.013

The halimarks of cancer comprise six biological capabilities acquired during the multistep develop-
ment of human tumors. The hallmarks constitute an organizing principle for rationalizing the
complexities of neoplastic disease. They include sustaining proliferative signaling, evading growth
suppressors, resisting cell death, enabling replicative immortality, inducing angicgenesis, and acti-
vating invasion and metastasis. Underlying these hallmarks are genome instability, which generates
the genetic diversity that expedites their acquisition, and inflammation, which fosters muitiple hall-
mark functions. Conceptual progress in the last decade has added two emerging halimarks of
potential generality to this list—reprogramming of energy metabolism and evading immune
destruction. In addition to cancer cells, tumors exhibit another dimension of complexity: they
contain a repertoire of recruited, ostensibly normal celis that contribute to the acquisition of hall-
mark traits by creating the "tumor microenvironment.” Recognition of the widespread applicability
of these concepts will increasingly affect the development of new means to treat human cancer.
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Functional capabilities acquired by cancer cells

Sustaining profiferative
signaling

-~ Resisting .
" celideath

Activating invasion

inducing
and metastasis

angiogenesis
off orler HssSues
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Enabling replicative

immortality
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normal cell turns into a cancer cell because of one mor
DNA ich can be inherited or acquired through exposure to viruses or

Ws (e.g. tobacco products, asbestos) ! v
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; < 2 main categories of cancer genes:
o € Oncogenes (Genes which normally function to PROMOTE cell growth/division in

S oM
CwpJ' 5 controlled manner)

Tumour suppressor genes (These genes normally function to

growth/division)
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* Screening programs are designed to detect cancers in asymptomatic

people who are at risk of a specific cancer.

« Diagnosis and staging informs the treatment goals and helps select

the most opriate anticancer therapy. )
‘ > esiahy o] 6 sublal 214

» The treatment goal : cure, control, alliation.
n:fhéﬁg I g b gal EQQ_Q}L;@_&?_’L;,Q Control of ;5‘1“5"1‘“ < ende

SHmProwms

J*jf* The neoplastic cell burden is initially reduced either by surgery and/or
(_é'j‘-
665_5—&"
& SHaged!

by radiation, by chemotherapy, immunotherapy, therapy using
biological modifiers, or a combination of these treatment modalities
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 Tumor susceptibility and the growth cycle

* The fraction of tumor cells that are in the replicative cycle
(“growth fraction”) influences their susceptibility to most
cancer chemotherapeutic agents.

» Rapidly dividing cells are generally more sensitive to
chemotherapy, whereas slowly proliferating cells are less

sensitive to chemotherapy. Al
|
-3 _/' (ahcer‘vweAiCRHo*\J‘ W#— ‘G ;
* Agents falling into these two major classes: Lo
T 2o grom acton
molignancies i

Treatment strategies

ﬂ The cell cycle a Cell-c i ;Ngs
spe

Synthasis of coflutar
ts

: G Cell-cycle non- i
| specific drugs

(alCell-cycle specific drugs: are effective only against replicating

C

ells (that is, those cells that arecycling). _y (¢ » 5 o su0* Zise

hidhl Sl e — 5P Lds d.o_uu._a_/\alb,.mx,
fepicaring celly Wlalosio s cellcycle JU sann Stage S.phase J L
@Cell-c cle non-specific drugs: used for replicating and non-

eplicating cells
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~ ) The log cell kill hypothesis

2° G““Q‘-OJ yd-u Lo ché-cer_ﬂun number— S/_,qmum—ycausmnr Profarrion Uy
‘6230« cytotoxic drugs act with first-order kinetics: a given dose killing a constant
proportion of cells, not a constant number of cells.

« Cell kill is, therefore, proportional, regardless of tumor burd

* A drug with 3 log killing of cancer cells would reduces the tumour burden
from 10%° to 107 cells. The same dose used at a tumor burden of 105 cells
reduces the tumor mass to 102 cells

SE0
xLasle & Killesd Porunir vime o

s lo k(':au%'f datges \0"° 9, dl Ganeccells Jl s ic GS g ¥
GonStaune PloPorion o cells KIIQJLJ“NJ%P 0¥ oo Seod ycle Jbse \a& Umew
Aol 300 i =i

Per univ-

Scanned with CamScanner



~¢ Firsr andl zef> order kinetics)| ¥ 1

— Gnsranr  gmoun, o—Qo‘-ﬁ:ﬁ matallized Pof Fime 15
Cor Ze order Kiverics (constany Prackion, C.-jed)

Cosr order kineres oS l—a‘t erverabolism ! Lels” Ll’-"‘t“ i
3520 bigh doses JU s ey § luo S BLET YT ca goﬁl
V(GG Lo merabolism I SJIEJL JoaS)g cwpmn Tl 5§ 2efe of el

olose L/ a5l
FFore—torre—af—rer o

> The fare %0 lefo ofder Kiwnerics Aoes ner
depend

on the Gt of reacranss |

* The are 0 e e« o He Cont. o0 ane
(eocranr .

Scanned with CamScanner



O] r&QA_)LQJ das C,_-j(_[es j—b—il—j dnricanlels Jl ¥
todecrease Hie Chance of resisrance agamesr
Fhe ancicancer sand o enhance Hhe e isSion. <P +Hhe
hotfnal cellg and Hreir func Fiaks.
Gnal celid | UL Do
oLwlw\i_Qa )%34%“ \Su\”’_}’t“' e B 5 LS
0( J!jéﬁ“‘““u
I.J Q!;L(_)‘__Dg (\.\pefp—ﬂ.“ gSthA-P_Cjé ‘qn-l«e,q o( & Ce‘ :
[/\ ‘,\ Wi S\J\—E
_,fg-d-o_lub L)\._.—Hlﬂ _}a_o_Aanaef\-ﬂj"" e e j@d@
cells _y "33 ohai o)
520 pepil votin
b o)

Scanned with CamScanner



Scanned with CamScanner



Va)
based oner Fhe Choice. oF
aam.-esg:‘ -k Prmcnples of cancer chemotherapy

7F|¢ ,%”—,cy\k CphleOV\ ®
Chemo be based on bady weight, bQQL,U%Le_a@_@S,/-\)- BSA is
commonly used as an estimate of cardiac output and subsequent distribution to
)

<LA the liver and kidneys, the primary determinants of drug elimination.

* Individual patient characteristics determine the choice of modalities
—\

* Not all patients can tolerate drugs, and not all drug regimens are appropriate

for a given patient ~ rep Lalle o "Comeer i) @b sic Bl popienes ¥
. atnaa Latrors oo 4 s D, (egiwens

» Renal and hepatic function, bone marrow reserve, and concurrent medical

problems all come into consideration in maki erapeutic plan

éus\/(_,jjj.f“_, o2 la G nolal highly dividing celfs I LSole csja ¥
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_EL‘J! DY d Cause a lethal cytotoxic e\%r—\; Qtagmni__WE
st Generally directed toward DNA or against metabolic sites
essential to cell replication...for example, of purines and

pyrimidines.
* Ideally, these anticancer drugs should interfere only with cellular

processes that are unique to malignant cells.

e Unfortunately, most anticancer drugs do not specifically recognize ;
lasti II, but, rather, affect both normal and abnormalcells. So £\ w \ \eod
neoplastic cells but, 3 i S o
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Certain principle in designing such treatments

*  (Efficacy:)each drug should have some individual therapeutic activity against the
particular tumor being treated

*  (Joxicityz) drugs with different dose-limiting toxicities should be used to_avoid
overlapping toxicities continaus ¢ .G ls i
pp Me:YP¢SL4 ?C’S"' Le % c_j(_les)
. timum_scheduling: ) Intensive intermittent séhedules should allow time for

recovery from the acute toxic effects, primarily bone marrow toxicity
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Treatment protocols

* Combination drug chemotherapy is more successful than single'd“}g
treatment in most of the cancers for which chemotherapy Is e.ffe_Ctl\_/e-?‘

S{-bem@-ﬁ-&a—- e e ek —_’JJJ . .
provide maximal cell killing within the range of tolerated toxicity

@are effective against a broader range of cell lines in the
heterogeneous tumor population.

@ may delay or prevent the development of resistant cell lines.
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<SJLesT 2. Multidrug resistance 2
‘:Hf”f" ((3. Toxicity:JTherapy aimed at killing rapidly dividing cancer cells W‘i J
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Mechanisms of resistance

* Increased DNA repair—An increased rate of DNA repair in
tumor cells can be responsible for resistance particularly
important for alkylating agents and cisplatin.

* Changes in target enzymes—Changes in the drug sensitivity
of a target enzyme, dihydrofolate reductase, is a mechanism
of resistance of tumor cells to methotrexate.

{ : : :
* Decreased activation of prodrugs—Resistance to the purine
antimetabolites and pyrimidine antimetabolites

i

|

i Inactivation of anticancer drugs—Increased activity of
enzymes capable of inactivating anticancer drugs.
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> Bone marrow toxicity: Myelosuppression

* ‘Anemia: decrease red blood
cells

[— Red Blood Cots
(2]

[
-

= Vihite Biced Cells — Eouncphil
Basophid
@ Neurophit

A 3
’gr &) L— Puatelats *Ei:,
B o3

* Neutropenia: decrease in
neutrophils — main defence against
bacterial infection

. openia: decrease

in platelets

. ncytopenia: decrease in red and
white blood cells plus platelets
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Problems with Chemotherapy/ Toxicity
ePivvelial cels are rapidly deidivg cells
Xicity

Nausea and vomiting
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Problems with Chemotherapy/ Toxicity

> Hair toxicities

L] A

D common side effect and the most

visual ()35/_7 uas pall ;L:oui_c;‘f_;w
* Phsycologically distressing—= besd M;“Q;S"‘**Esgjl
* Cytotoxic drugs (particularly doxorubicin and

etoposide, taxanes) target the dividing hair
follicle
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r Problems with Chemotherapy/ Toxicity

< Effect on germ cells}> sterility, teratogenicity and mutagenic

mcell break down = purine-=> uric acid > gout and
renal damage /WVTVV\ furic atd actumilation 15 aASo
* Called  pumur Lysis SRS
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