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What happens after an infection?
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About 25% excess energy is
required to change body

temperature 2°C during a fever
(Guyton & Hall 2006)
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(Adapted from Dinarello et al 2004)
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Inflammation response

Inflammation:
Flamma = fire (Latin)
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COX2-inhibitor

 NSAID (nonsteroidal anti-inflammatory drug)
« Targets COX-2 (cyclooxygenase-2)

* Thereby reducing inflammation, pain and fever

COX-2

A4

Prostaglandines (Inflammatory effects)

%
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Pain Fever Inflamation w
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Fever: To treat or not to treat?

A.Treat: Fever is noxious. Suppression of fever will reduce its noxious effect.

B.Don’t treat: Fever is a natural response with important biological responses.




After bacterial infection: increased host survival (Ectotherms)
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By monitoring the thermoregulatory behavior of the desert lizard after bacterial

iInfection (A. hydrophila) animals that raised their core temperature by 4°C over
normal had better survival than those who did not.

U"
(Kluger et al. Science, 1975) Amsterdam UMC



After bacterial infection: increased host survival (Endotherms)
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Increasing core body temperature from 37°C to 39.5°C.:

Increase in host defense

Improved survival

Altered cytokine production/expression
Reduced bacterial load

(Jiang et al. Infection and Immunity, 2000)
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William Coley — “The Father of Immunotherapy”

Investigating the death of a patient
Coley’s research: evidence of the relationship between
infection and cancer regression

Coley’s therapy (utilized in his initial studies for patients with
inoperable sarcoma) consists of the injection of by-products
of two common bacteria: Streptococcus pyogenes and
Serratia marcescens

Later analysis showed that the sickest, judged by those who
got the highest fevers, did the best and often had
“spontaneous remissions” of the tumor

w
(Wiemann and Starnes, Pharmacology & Therapeutics, 1994) Amsterdam UMC
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Fever: Good or bad?

“..whether to treat an elevated temperature that
occurs with an infectious disease is the subject of an
ongoing debate.

Experimental evidence suggests that host defense
mechanisms are enhanced by elevated temperature;
thus, fever is potentially beneficial and should not be
routinely suppressed.”

(Merck Manual, 2009)
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Fever at critically ill patients ICU: To treat or not to treat?

Patients in the ICU who have probable infection are
treated with Acetaminophen.




Fever at critically ill patients ICU: To treat or not to treat?

A.Treat: These patients are critically ill, they need all their energy to recover.

B.Don’t treat: Fever helps is a natural response with important biological
responses.




Fever at critically ill patients ICU:

700 ICU patients with fever of known or
suspected infectious etiology

Randomly assigned: 1 g i.v. acetaminophen or
placebo, every 6 hours until discharge,
resolution of fever, cessation of antimicrobial
therapy or death.

Treated patients had a -0.28°C lower temp
(P<0.001)

To treat or not to treat?

Probability of Survival

0.8+

0.6+

0.4+

0.2+

0.0

1.0“N<:ciminophen

Placebo —t —————

Hazard ratio for death in the acetaminophen group,
0.95 (95% Cl, 0.66-1.38)
P=0.80 by log-rank test

0

ICU free days to day 28: 23 vs 22 days e e
Deaths by day 90: 15.9% vs 16.6% Placebo 343

(Young et al. NEJM, 2015)
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Fever at critically ill patients ICU: To treat or not to treat?

Acetaminophen Placebo
Outcome (N=346) (N=344) Absolute Difference’ P Value
days (95% Cl)
Primary outcome: ICU-free days — 23 (13-25) 22 (12-25) 0(0-1)x 0.07
median (IQR)
Key secondary outcomes
Hospital-free days — median (IQR) 12 (0-19) 10 (0-18) 0 (0-0) 0.27
Days free from mechanical ventila- 27 (19-28) 26 (17-28) 0 (0-0) 0.14
tion — median (IQR)
Days free from inotropes or vaso- 27 (25-28) 27 (24-28) 0 (0-0) 0.36
pressors — median (IQR)
Days free from renal-replacement 28 (28-28) 28 (28-28) 0 (0-0) 0.53
therapy — median (IQR)
Days free from ICU support — 26 (16-27) 25 (15-27) 0 (0-1) 0.14
median (IQR)
Relative Risk (95% Cl) P Value
Unadjusted Adjusted§ Unadjusted  Adjusted(
Death by day 28 — no. (%) 48 (13.9) 47 (13.7) 1.02 (0.68-1.52) 1.00 (0.67-1.50)  0.94 0.99
Death by day 90 — no. (%) 55 (15.9) 57(16.6)  0.96 (0.66-1.39) 0.94 (0.65-1.35)  0.84 0.73

0

(Young et al. NEJM, 2015) Amsterdam UMC



Fever

Fever is the body’s host defense mechanism.




What does that army look like?

Immune System

( Mucous - Innate response - several cell types
g\"embra"e"; - Adaptive (specific) response - lymphocytes
Lymphatic
Vessels

g J

- Primary: where lymphocytes develop/mature

- Secondary where mature lymphocytes get
activated

(Thymus

(blood)

[ Bone (lymph)
Marrow
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Blood cells
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Blood cells
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Blood cells

“FIRST RESPONDERS”
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Granulocytes

Neutrophil Eosinophil Basophil

* Characterized by granules in their cytoplasm
* Polymorphnuclear leukocytes
* Produced in the bone marrow

* Front line of attack during immune response

* Once neutrophils receive appropriate signals: approx. 30 min to leave the
blood and reach the site of an infection

\/
i
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Neutrophils

* Most abundant: neutrophils (50-70% of WBC)

L

Neutrophil

* One of the main effector cells in the innate immune system

e Released from bone marrow, circulate 7-10 hrs, enter tissues,

live only a few days

-1 4 Sk O
Lo Wi
AJ}U,;

Eosinopnil

* Numbers & recruitment increases during infections “leukocytosis”

diagnostic

* Shown to kill microorganisms by phagocytosis 100 years ago

* Main cellular component of pus

8

Basophil
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Neutrophil chasing bacteria




Neutrophil chasing bacteria

https://youtu.be/l xh-bkiv ¢

(Just in case, if the link does not work)
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https://youtu.be/I_xh-bkiv_c

Eosinophil

 Bilobed nuclei (2'4 IOb@S) Neutrophil Eosinophil Basophil

* Motile, phagocytic
* Crucial part in killing of parasites, worms

* Their granules contain unique and toxic protein receptors that bind to
lgG and IgA

* They are antigen-presenting cells: regulate other immune cell functions
(e.g. CD4+ T cells, DCs, B cells, mast cells, neutrophils, basophils)

\/
i
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Basophil
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* One of the least abundant of all leukocytes (<1%)  Neutrophii  Eosinophil | Basophil
* Bilobed

* Non-phagocytic

* Important in some allergic responses

* Critical to response to parasites

* Have receptors that can bind IgE, 1gG, complement and histamine

* Bind circulating Abs and release histamine-increasing permeability of
blood vessels

\/
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Blood cells

Monocyte Lymphocyte Neutrophil Eosinophil Basophil
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Myeloid antigen presenting cells

* Phagocytic % | @ 2

* Ingest, digest into peptides, present on cell surface monocyte  Macrophage  pendritic cell
* Bridge between innate and adaptive immune responses

* Make contact with antigens in periphery and then
interact with lymphocytes in lymph node

» Secrete proteins that attract and activate other immune
cells

\/
i
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Monocyte

* Largest type of leukocyte (15-22 um) Q ' @ ?
* Mononuclear, bean-shaped or kidney-shaped Monocyte | Macrophage  Dendritic Cell

e Circulate in blood for approx. 8 hrs

* Enter tissues and become fully mature macrophages and Dendritic cells
* Enlarge
* Become phagocytic




Macrophages

* Engulf and digest pathogens, such as cancer cells, % | @ q
microbes, cellular debris, foreign substances -

Monocyte Macrophage  |Dendritic Cell

* Phagocyte

 Play an critical role in nonspecific defense (innate immunity),
and help to initiate specific defense mechanisms (adaptive immunity)
by recruiting other immune cells, such as lymphocytes

\/
i
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Macrophage engulfs foreign cells

mmmmmmmmmmmm



Macrophages

https://youtu.be/w0-0Bgoge2E

(Just in case, if the link does not work)
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https://youtu.be/w0-0Bqoge2E

Dendritic cells

* Main function: to process antigen material % | @ 2
and present it to the cell surface to the T-cells -

Monocyte Macrophage | Dendritic Cell

* They act as messengers between the innate and the adaptive immune
system

* Are present in tissue that are in cntact with the external environment
such as skin (there a specialized DC is called Langerhans cells), inner
lining of the nose, lungs, stomach and intestines

* Once activated, they migrated to the lymph nodes

* Interact with T cells and B cells and shape the adaptive immune
response

\/
i
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DC Activation

Pathogen

Cytokines

*Y
Cytokines, PAMPs
>
Altered self

DC

‘Yytokines
Cytokines, Conserved

Altered self, Cell contact i o
PAMPs Antigens ¥
Cytokines, ™

Cell contact

NK cell NKT cell
Yo T cell v T cell

Reise e Sousa, Current Opionions in Immunology (2004)
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Blood cells
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Initiating blood clot
* No nucleus

Dendritic Cell Macrophage Erythrocyte Platelets

* Fragments of cytoplasm
of megakaryocyte
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Blood cells
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Blood cells

Adaptive Immune Response
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Lymphocytes

PN
e 20-40% of WBC (3/
* Large nucleus with dense heterochromatin Lymphocyte

* Thin rim of cytoplasm

* Recognize specific antigenic determinants. Thus are responsible for
specificity and memory of adaptive immune response

Amsterdam UMC



Lymphocytes
Three types: cannot be distinguished morphologically

* helper CD4+ recognize Ag in context of MHCII
* cytotoxic CD8+ recognize Ag in MHCI

* become antibody producing plasma cells

e part of the innate immune response

@

Lymphocyte
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T-cells can kill tumor cells!

Tom: Hicen 201




T-cells can kill tumor cells!

https://youtube.com/shorts/IDvUBz zQsc?feature=share

(Just in case, if the link does not work)
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https://youtube.com/shorts/IDvUBz_zQsc?feature=share

Lymphatic system

Primary lymphoid organ:

* Bone marrow
- production of T-cells and B-cells
- maturation of B-cells

* Thymus
- maturation of T-cells 1
[ | ) l "ll?f Ii W
WYY ]0:\\- Bone marrow
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Adult thymus

* Rate of T-cell production peaks prior to puberty
* Greatly reduced but continuous through adulthood
* Thymus undergoes Involution

 Fatty infiltration
* Lymphocyte depletion @ B @ @

G

£ 50y l

‘g 40 |-

2 30/\

; 20

> 10( =

* 0 | | | | | |

S Birth 10 20 30 40 50 60

2 Age (in years) ."
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Lymphatic system

Secondary lymphoid organ:
* Lymph nodes (adults ~450 LN)
* Tonsils

* Peyer’s patches WALT
* Mucosa associated lymphoid tissue Pever’

yer’s

( MA LT) patches

\/
\f
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Our immune response is very powerful

e 8
™
’l?%ﬁ:&c

Virus
Carinogenic [ Bacteria
Allergy Parasites

stimuli

Germs



Virus-related cancer

< — ~—

Rectum and anal cancer. o o

A 0
U
HPV
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Human Papillomavirus causes cervical cancer

b . - P
> weeks =
a ﬁ

o 3

) N EE 5
Healthy cells get )
infected with ~90% eliminates -0.8% develops
\ HPV the virus cancer
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Why do some people develop cancer while others don’t?

TIL

CcD8 CD4
MDSC
PMN

DC

NK/ILC1

(Adapted from Salemme et al, Front Oncol, 2021)
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HPV integrates to the human DNA

Infection with Human
Papillomavirus

¥* %
a7 ow
* Viral

integration

NN
Chronic infection
(transformation)
= e

+ Genome instability
* Supression of p53

(1

o)
DNA

repair
Healt_hy Affected Pre-cancer
cervix cell :
cell v
>

PO Cervical
'.* cancer
.. ?

sopesis  BUT! More copies of the viral

DNA can get integrated
g g 1
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HPV in cell lines
Cervical cancer is mainly caused by HPV16 and HPV18

SiHa cells 1 copy of viral DNA/cell
1 copy gets transcribed

Caski cells 500 copies of viral DNA/cell
499 copies are silenced

mmmmmmmmmmmm



What do you think...?

§ Go to www.menti.com and use the code 4872 2756

s the viral load correlated to treatment response?

A. Definitely! More viral DNA will cause more viral proteins, thus
more suppression of your immune system

B. No, of course not: a person is just positive or not for HPV,
the amount of virus doesn’t matter



No sign. Correlation of HPV load and PFS

1.0 47—
l-d_L b ._ -
.g D_B_ e e
c
= Viral load
H 0.6 1 — High =100 RLU
= ---- Low <100 RLU
8 + High-censored
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= Viralload N Recurrence  Median survival  pyalue
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o Loy 18 3 378 0.7756
High 16 2 32.5
D'ﬂ I | T T 1
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Kim et al, J Gynecol Oncol (2008)
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High HPV copy number is associated with longer PFS

Progression-free survival (%)

100

75 -
50 -
95 - = High HPV copy number (n=127)

p=0.011 —— Low HPV copy number (n=145)

'ﬂ L L] L 1
0 6 12 18 24
Time (months)

U
Maud et al, BJC (2020)
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High HPV load is correlated with poor survival

H 1.n- : T - : ﬂ )
0.8+ 5
B R B
2 — ' RT+CT+TT 2 Low HPV load
E ] (PR E i
= ﬂ.E = U.E
b B 1 «@
g 04 RISt g 04
g N RT+TT E ] -
RT High HPV load
0.29 | — RT == RT censored 0.2+
= RT + CT ¢ RT + CT censored - Low == Low censored
--RT+TT 0 RT + TT censored -== High ¢ High censored
0.04 | RT+CT+TT 0 RT+CT+ TT censored 0.0+
0 50 100 150 200 0 50 100 150 200
Time (mo) Time (mo)

w
Cao et al, Am J Clin Pathol (2020)
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Increased HPV viral load is associated with Immunosuppr.
TME and predicts worse long-term survival

Overall Survival of the Patients Under Various Treatment

Approaches
Survival. No./
Group Total No. (%)) %" Value P Value
RT /15 (33.3) 2.950 399
RT + CT 7/14 (50.0)
RT +TT 717 (41.2)
BT+ CT+TT 10/16 (62.5)
Total 29/62 (46.8)

CT, chemotherapy: RT, radiotherapy; TT, thermotherapy.

H 1.0+

0.8+
g
=
E 0.4+
5
o ]
o2 — Low
== High
= Low censored
0.0 ¢ High censored
0 50 100 150 200
Time (mao)

i

0.8+
H
=
3 04-
E Low CD8+
LE]
0.2 — Low
= High
=+ Low censored
0.0+ ¢ High censored
0 50 100 150 200
Time (mao)

_os Low FOXP3+
g 064 i :
i \High FOXP3+
- 0.2 —an =
-=- High
== Low censored
0.0 ¢ High censored
0 50 100 150 200

Time (mao)

Cao et al, Am J Clin Pathol (2020)
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Some think they know the answer

27?9
P L1

Looking at all the data:
we actually don’t have an answer yet



The Immune contexture

Fridman/Galon Nat Rev Cancer (2012)

Many types of
immune cells
can be found in
the TME

0
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TIL correlate with survival in ovarian cancer patients

z s P<0.00] = P<0001
.g 754 \ é 75
1IN z ‘-
,g 504 a 504 Intratumoral T cells
} ; \Mn::al T colls =
0020 )
2 ooxs-} § : 254 | S g 254
£ F ‘ .z 1 No intratumoral T cells
3 oomj " o e | o g No intratumoral T cells
:zs} ﬁ 17“ 10 100 100 10f B R e et ¥ 0 T u T T T T T 1 0 ——r—r——r—r—r—r—r
lntt:té:lv’t:tul Nolr.:_lrcael;:\oml CD3 (fluorescein isothiocyanate) CD3 (fluorescein isothiocyanate) 0 ‘2 2‘ ,6 48 w ’2 8‘ 96 o 12 2‘ ’6 ‘8 w ’2 8‘ 96 108 lzo l’z

Month Month

0

Zhang et al, NEJM, 2003
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Patients: TIL correlated with 5y outcome

IHC

Image
analysis

Disease-Free Survival (%)

CD45RO ¢/ P < .0001

HiHi
All patients
Het

Lolo

0

T T T T T T T T T
25 50 75 100 125 150 175 200 225
Time (months)

Disease-Free Survival (%)

Immune contexture

* Location

* Density

* Functional
orientation

CD8 ¢y P <.0001

All patients

Center vrs. invasive margin

0

T T T T T T T T T
25 50 75 100 125 150 175 200 225
Time (months) 59

U"
Pager/Galon, J Clin Oncol (2009)
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Cancer classification using the “Immunoscore”:

a worldwide task force
Currently histopathological stage scoring is based on TNM
(Tumor, Node, Metastasis) - characteristics of the tumor
Little value in predicting response to therapy

Proposed “Immunoscore”- first immune based classification

Galon et al, J Trans Med (2012)



Using our immune system to fight cancer

\/
i
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Mild hyperthermia has many effects on the immune system

$

)
A

Migration of immune effector cells to target site
Regulation of effecte molecules and release of soluble factors
Proliferation of effector cells
olls \/
Killing of target cells w

Amsterdam UMC



Fever-range hyperthermia alters leukocyte distribution

BLOOD

# of cells/uL

SPLEEN

# of cells x 10°

i T T T
7, 7,
o %o,

Hours

Hyperthermia treatment alone can alter lymphocyte, monocyte, and granulocyte numbers in mice.

0

Ostberg and Repasky, IJH (2000) Amsterdam UMC



Fever-range HT increases neutrophil accumulation

Lung After Infection < FElevating murine body temperature to 39°C after
| i.t. injection of K. pneumoniae or LPS leads to:

* enhanced PMN infiltration into the lung

* decreased bacterial burden due to host related
immunity

* decreased survival due to extensive lung damage
caused by the heightened immune response

* Increasing core body temperature to 39. 7°C after
i.p. injection of K. pneumoniae or LPS lead to:

* enhanced PMN numbers in the peritoneum
e decreased bacterial burden
* increased survival (from 0%-50%)

\/
Rice et al, Journal of Immunology (2005) w
Jiang et al, Infection and Immunity (2000) Amsterdam UMC



Fever-range HT recruits NK cells into tumor tissue

SCID mice with patient breast cancer xenografts

W

Riird et al  1n0i1irnal of Celliilar Phv<ioloayv (100R) Amsterdam UMC



Moderate HT increases Mo-derived DC migration toward
chemokine signaling

moDCs placed in 37°C 41.5°C
upper chamber

N
o
]

-
IU'I

through membrane

\ l ' J Migratory cells pass

and cling to the
bl bottom side

Migratory cells are
detached and
counted

1 Serum-free media

W LPS & MIP-33 media
& Membrane

= Cell detachment buffer

4
]

Migrated cells (x 10%)/ 10 fields
o
\ \\ i

o

0

Amsterdam UMC

Hatzfeld-Charbonnier, Journal of Leukocyte Biology, 2007; 81(5): 1179--87



Fever-range HT promotes lymphocyte trafficking into
Lymph nodes

TRITC-PNAdJ (60)

12
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Chen et al., Nature Immunology (2006) Amsterdam UMC



Fever-range HT enhances NKG2D-mediated NK cell

cytotoxi

1

o x
L—\KQ’C
37°Cc 0

20:1 10:1 5:1
Human NK: Colo205

% Lysis

888838

city

37°C

100
80

% Clustered NKG2D

39.5°C a-NKG2D

80
40
20

=

*

C

HT Ab IL2 NKL

Hyperthermia’s enhancement of NK cell cytotoxicity is also associated with an
increase of the NKG2D ligand, MICA, on the target cell surface.

Ostberg et al., Journal of Leukocyte Biology (2005)
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Treatment for cervical cancer

Standard-of-care = chemoradiation
In case of contra-indications

Thermoradiation



Target of ionizing radiation

\ Direct
N\,
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Different types of cell death

9,

———

Cell cycle checkpoint

Abberant mitosis

» MOMP

RIPK1/3 activation
v

Plasma
membrane
disintegration

e

Mitotic
catastrophy

o®
-

Necroptosis

Plasma
membrane
disintegration

MNecrosis

Caspase 3 activation

Apoptosis

Permanent cell
cycle arrest

Senescence

Adapted from Lauber et al, Front. Oncol. 2012



Different types of cell death

Quiet cell death

Apoptosis

* No danger signal

* Phagocytosis by macrophage

* Antigen presented without
co-stimulation

* Immunosuppressive cytokines

* T-cell death

Danger-signalling cell death
<@

Mecroptosis MNecrosis

Release of danger signals

Antigens taken up by dendritic cells

DC mature and migrate to lymph nodes
Antigen presented + co-stimulation
Proinflammatory response

T-cell activation



Factors influencing local tumor control: 5 R’s

l J | |
Withers (1975) Steel et al (1989)

Repopulation

Radiosensitivity

i




Factors influencing local tumor control: 6 R’s

Re-activation

Repair Redistribution Repopulation Reoxygenation Radiosensitivity
Immune response
.
i &
*f" ”11-!. . P, iy
l -.!}r}. __— E
L]

Withers (1975) Steel et al (1989) Boustani et al (2019)



Cisplatin-based chemotherapy

65% 25% 3-5%

Intrastrand adduct Interstrand crosslink



Reducing side effects

Hearing loss

Renal dysfunction



Radiosensitizer: Hyperthermia

Cervical cancer patients, in case of contraindication for cisplatin: Thermoradiation

Surviving fraction
> o ¢
[\

]
Surviving fraction

Amsterdam UMC



Hyperthermia

Addition of mild hyperthermia

Tumor microenvironment Tumor cell

it
*
LI m
L
L
L
. —— o S—

:‘l -«r *:
Perfusion & T Immune
reoxygenation response
Radiotherapy induces SIUIBance o :
DNA damage tumor microenvironment T C':I:rzgle T Apoptosis
39°C 43°C

0

Figure in Internationl Radiobiology book; Chapter 6 — Radiosensitizers — Figure by A.L. Oei Amsterdam UMC



Figure in Int

Clinical trials prove: hyperthermia is effective

ernationl Radiobiology book; Chapter 6 — Radiosensitizers — Figure by A.L. Oei



The abscopal effect

Go to www.menti.com and use the code 4872 2756

Do you know what the abscopal effect is?

A. YES B. NO

mmmmmmmmmmmm



The abscopal effect is immune mediated

RH Mole, British journal of Radiology, 1953
‘Very rare antitumor immune response’

Observed in:

- Malignant melanoma (2014, 2015)

- Lymphoma (2017)

- Renal cell carcinoma (2012)

- Hepatocellular carcinoma (2008, 1998)
- Lung cancer (2017, 2013)

- Uterine cervical carcinoma (2007)

\/
i

Azami et al, Spandidos, 2018 Amsterdam UMC



The abscopal effect

64y old woman, breast cancer
Breast mass + pain in hip:
breast cancer + mets in bone,
lung and lymp nodes

Local radiotherapy to breast
tumor + some bone metastases
ER+/HER2-

No chemotherapy

At 10 months after radiotherapy:
Spontaneaous regression

Azami et al, Spandidos, 2018

W

Amsterdam UMC



The abscopal effect is immune mediated

Radiotherapy _ (Neo-)antigens '\ \ Lymph node
./
_ Primary tumor | Metastatis laesie o Naive cytotoxic T cell

;;%‘% Tumor cell death * Dendritische cellen @ Activated cytotoxic T cell

w
Ansems & Verheij, NtvO, 2022

Amsterdam UMC



Principles of the radiation-induced immune response

Changes to T Cell Priming
immunogenicity of Ag uptake & DC
tumor cells maturation
Immune cell

Immune cell

infiltration into tissue/
cytokines & changes
to suppressive cells

infiltration into tissue

Walle et al, Ther Adv in Med Oncol, 2018



Cancer immunotherapy in the news

Immunotherapy Medicines are ~ THE WALL STREET JOURNAL
Producing Cancer Super-Survivors

ARTICLE CONMENTS (2}

~ Arming the Inmune System Against Cance:
. oA ) \‘J i -
QI CLICE

Brvae ™ vagh of the Tew

Cancer
immunotherapy
T colls on the sttach '

|L,l)c \cw 1lorl\ Times

59 CANCER

THE EMPEROR OF ALL MALADIE

\/
i
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Original 6 “Hallmarks of Cancer”

Resisting
cell death

Inducing
angiogenesis

Sustaining proliferative
signaling

Enabling replicative
immortality

Hanahan & Weinberg Cell (2000)

Evading growth
suppressors

Activating invasion
and metastasis

0

Amsterdam UMC



Hallmarks of Cancer — The next generation
A decade later

Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability = Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Hanahan & Weinberg Cell (2011) Amsterdam UMC



Immune status of mice determines susceptibility to
carcinogens = role for immune cells

Immunodeficient

/&}Carcinogen

=== |mmunodeficient

- mice
200 100 |
days mem IMmmunocompetent

mice

o
o
I

ALY

LALLANR LA

(o))
o
]

g

Percentage of mice with tumors

Immunocompetent

K ..

1N
o
l

J&}Carcinogen

N
o
I

200
days
—_—

-
o

|
0 80 160
Time after carcinogen treatment (days)

LALL

W

RD Schreiber et al. Science (2011)
Amsterdam UMC



The adaptive immune response increases efficacy of chemo

CT26 tumor

Intratumoral
chemotherapy

=
o

|

O

PBS

— 6

&

24

g Cured

?g 2 n=4

Z ) g
7 0 10 20 30

o M B

0

anti-CD8

10 20 30

Cured
n=0

Obeid et al, Nature Medicine, 2007



The immune system CAN control tumors

Transplant tumor cells
into original
tumor-bearing mouse

s
o2

No tumor growth

chemical carcinogen-

Mouse with
@mduwd tumor

Resect tumor

| lsolate CD8* T cells |

Transplant tumor cells
into syngeneic mouse

T
i

Tumor growth

Adoptively transfer
T cells into recipient
of tumor transplant

ng
£,

Eradication
of tumor

A proof of principle
experiment

0
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The Cancer-Immunity Cycle

Priming and activation
(APCs & T cells) @

Trafficking of
T cells to tumors

@ (CTLs)

blood
vessel

— ) ymph node :__

Cancer antigen
presentation ®

(dendritic cells/ APCs)

- tumor
_J/\_. - [ .-
/-\"ﬂ'r-d_\ikf/"?\j_\_/( Ffj = >
oy Yol o o)
A 4 C )]

Infiltration of T cells
into tumors
(CTLs, endothelial cells)

Recognition of
cancer cells by T cells
(CTLs, cancer cells)

™ o 1, x( L®
~ AN T ST AT
e £ L M =5 s 50 N4
:.J ‘I'-.'_r--' - : L i ] & oy
. ) H ‘E' hl o
=, o~ =
Te . K {l_[_\ .
" L] 1 _\}H
Fan
,c }\{h
.

Release of ®

cancer cell antigens
(cancer cell death)

Killing of cancer cells
(Immune and cancer cells)

Chen and Mellman, Immunity, 2013
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Therapies that might affect the Cancer-Immunity Cycle

Trafficking of
T cells to tumors

Priming and activation

®
: D137 (agonist)

Anti-OX40 (agonist)
Anti-CD27 (agonist)
IL-2

IL-12 @ Infiltration of T cells

into tumors
Anti-VEGF

Cancer antigen

presentation ®
Vaccines

IFN-ot Recognition of
GM-CSF @ cancer cells by T cells
Anti-CD40 (agonist)

TLR agonists CARs

Killing of cancer cells

@ ® Anti-PD-L1
Release of Anti-PD-1
cancer cell antigens IDO inhibitors
Chemotherapy

Radiation therapy

Targeted therapy

0

Chen and Mellman, Immunity, 2013 Amsterdam UMC



Nobel Prizes 2018

James P. Allison and Tasuku Honjo

"for their discovery of cancer therapy by inhibition of negative immune regulation.”

e 1982- discovered CTLA-4 e 1992- discovered PD-1

* 1996- showed that malignant * Showed that malignant tumors could be
tumors could be successfully treated  successfully treated in animals by
in animals by blocking CTLA-4 blocking PD-1/PD-L1 interaction

\/
* Currently MD Anderson e Currently- Kyoto University M

Amsterdam UMC


https://www.nobelprize.org/prizes/medicine/2018/allison/facts/
https://www.nobelprize.org/prizes/medicine/2018/honjo/facts/

“"Checkpoints” constrain the immune response

Cancer cells escape from
Immune system detecting immune system by PD1

T- CELL RECEPTOR 8000 ===

W

HeaIth;LceII

[, #Cancer cell p—

E € <
S

Amsterdam UMC



“"Checkpoints” constrain the immune response

Lymph node  Peripheral tissue

Priming phase

Activation &
expansion

Effector phase

-
\~.
-

TCR

T cell inhibitory
signals blocked

\) e CTLA-4

Naive T cell

Activated T cell

Dendritic cell £

T cell inhibitory
signals blocked

Anti-PD-L1

“ Tumor cell

Anti-PD1

Anti-CTLA4

0

Amsterdam UMC



“Cold” vs. “Hot tumors”

Cold Tumor

Immune W R
desert -

Immune-suppressing cells T cells and other
cancer fighters

0

Amsterdam UMC

Dana Farber



1866
C. Busch hyperthermia for advanced sarcoma

Timeline of anti-cancer treatments

1898
F. Westermark hyperthermia for cervical cancer

3000 B.C. - 1890
Surgical treatments
only therapeutic
option

A. van Leeuwenhoek
build simple microscope
describes cells and bacteria

Cisplatin
approved by FDA

P. Erhlich:
Chemotherapy
\

Targeted therapy
such as TKI

2010

W. Morton: First surgery
using anesthesia

Chemotherapy
for hematological
and solid tumors

1

Checkpoint
inhibitors

Watson & Crick
DNA double helix

|W. Rontgen discovers of X-ray |

1896
|H. Becquerel discovers radioactivity |
1896
First medical use described in Lancet

1898

M. & P. Curie discover Radium

‘ M. & P. Curie started to treat tumor using X-rays \

First hyperthermia
combined with
radiotherapy or
chemotherapy

W
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Timeline of anti-cancer treatments

1866
C. Busch hyperthermia for advanced sarcoma

1898
F. Westermark hyperthermia for cervical cancer Cisplatin
approved by FDA

P. Erhlich:
Chemotherapy
\

3000 B.C. - 1890

Surgical treatments
only therapeutic

Targeted therapy
such as TKI

W. Morton: First surgery
using anesthesia

Chemotherapy
for hematological
and solid tumors

option

1

A. van Leeuwenhoek |W Rontgen discovers of X-ray | Watson & Crick

build simple microscope 1896 DNA double helix
describes cells and bacteria |H. Becquerel discovers radioactivity |
1896
‘ First medical use described in Lancet \

1898

M. & P. Curie discover Radium

‘ M. & P. Curie started to treat tumor using X-rays \

First hyperthermia
combined with
radiotherapy or
chemotherapy

2010
Checkpoint
inhibitors

215t century

Hyperthermia with
new treatment
combinations

——>

(immunotherapy?)

W
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Thank you for your attention
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i
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Some extra slides below



Incidence of Breast Cancer

= 1.7 million new cases/ year
= 12% of all cancers
= 259% of all cancers in women

5-year survival:
= 80-90% at early stage
= 24% at more advanced stage

= 10-20% are TNBC
= 5-year survival 77%



4T1 highly metastatic breast cancer muring model

Injection of tumour cells in
mammary fat pad

n

Days -7




Primary tumor growth after various treatments
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Primary tumor growth after various treatments

Relative Tumour Volume

15 —
Monotherapies ctrl
I
HT
HT
RT <«——
. surg.removal
10 4 Dual treatments
HT +IT
HT, +IT
RT+IT
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Triple treatment
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Abl
Surg. Removal

0
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RT+HT+IT RT+HT, +IT

RT+HT,, RT+HT,y,

RT+IT

RT

IT

Addition of IT =2 T-cell infiltration
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1° tumour treatment

RT
HT,,
HT,,,
Systemic treatment
IT

Local



Reduction in No of liver metastases

Ctrl IT RT RT+IT RT+HT,, RT+HT . RT+HT, +IT  RT+HT  +IT

40x

Controls Monotherapies Dual treatments Triple treatment

Cirl
Surg. Removal

200x

g
:
]
£
¥
=

ENOCONERNEOOCODN

102

Local 1° tumour treatment

400x
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H&E

40x

200x

400x

Minor reduction in No of lung metastases

Ctrl

RT

RT+IT

RT+HT,

RT+HT,,

RT+HT, +IT

RT+HT, +IT

Lung metastases (FI)

Locél 1° tumour treatment

RT
HT,,
HT,,

Systemic treatment

IT

+

+

RT+HT,
RT+HT,,

RT+HT, +I T

RT+HT, +ITH
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