Radioprotectors
Tumor hypoxia and radiosensitizer

Chemotherapy agents

Discovery of radioprotector
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Radioprotectors

Structural features of radioprotectors

e A free group at one end

* A strong basic group at the other end
(amine or guanidine)

» A straight chain of two or three carbon
atoms to connect two ends

Development of “more effective” compounds

Table 11-2.
Three Protectors in Practical Use

COMPOUND STRUCTURE USE
WR-G38 NH,CH,CH,SPO,HNa Camed n field pack by Russian
armmy (Cystaphos)
WR-ZTZ1 NH{CH_LNHCH,CH.SPOH, Protector in raciotherapy anc
i i camied by US astronauts on lunar
amifostine wips tinsy

WR.1807 CH,{CH)NHCH,CH SSOH Markoted s fal poison (d-CON)
Comparison of Hamat and Dose F jon Factors in
Mice for the Three Compounds Listed Above

DRUG DOSE DRF DRF
COMPOLIND (mo/kg) (7 DAYE) (30 DAYS)
WR-E38 500 16 21
WH-2721 900 18 27

WH. 1807 10 - 21
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Amifostine as aradioprotector in RT
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Table 11-3.
Summary of Normal Tissue Responsiveness

1 Protection by WR-2721 Phase | toxicity data

TISSUES NOT
TISSUES PROTECTED" PROTECTED
Dose-limiting toxicity— hypotension
Bone marrow (2 4-3) ; Brain
Immune system (1.8-3.4) | Spinal cord
Skin (2-2.4) \
Small intestine {1.8-2) P

Colon (1.8)

Lung (12-18)
Esophagus (1.4)
Kidney {1.5)

Liver (27)

Salivary gland (2.0)
Oral mucosa (=>1)

Other toxicities include
— Nauseal/vomiting

— Sneezing
—Somnolence

Testes (2.1)

—Allergic reaction
Numbers in are the dase lactors or bclor
NCTeases W resistance associated with WR-ZF21 imaction. (From
Vihas M, Spaiman JM, Culs F- in Brady L [ed] Fadiston
Senmitirers, pp S03-308 New Yok, Masson. 19600

First ever phase Ill randomized trial
with amifostine

Radioprotector and chemotherapy

100 patients with unresectable or recurrent
adenomacarcinoma of rectum

RT *+ amifostine

Amifostine 15 minutes before RT 4 days a
weeks for 5 weeks

Protection of skin, mucous membrane,
bladder and pelvix structures

» Protection against nephrotoxicity, ototoxicity
and neurotoxicity from CDDP

» Protection against hematologic toxicity from
cyclophosphamide




Amifostine in the treatment of
head and neck cancer

Fractionation: RTOG 90-03

Grade 5Fx HF=x Abx-split Af-CB
OrganiTissue P268) | Q263 N-274) (N-268)
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IMRT vs Standard RT

Standard RT

1ficld lateral heams with Multiple beam angles
enfry and axit

¢ Luc to multiplec beam angles, mucosits may arise
in unexpected locations
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R Tonsn Cancer T1IN1MO 66Gy/30fx Phase Il Trial of RT Toxicity
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Phase Il Trial of RT Toxicity Phase Il Study of Head and Neck Cancer
Amifostine Amelioration: Results Prophylaxis of Radiochemotherapy-Induced Morbidity

Arm 1T in=
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{42 evaluamie)

TZNOMO

head and neck
SANOST frm 2 {n = 23|

Control
[ amifostines)

Grade 22 Grade =2
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Phase Il Study of Head and Neck Cancer

Reduction of Xerostomia and Mucositis
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Amifostine in the treatment of
lung cancer
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Randomized FPhasa Ill Trial
Radiation +/~ Amifostine for NSCLC

T3 patients:

R
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Randomized Phase Il Trial
Chemotherapy +/- Amifostine in Stage lIA/B NSCLC

36 patients:
amilustine 300
=7 mpim® betore
Halignils chemotherapy
stage lla't [ \ and RT

NSCLC
32 pati=nts: f
control group
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Randomized Phase Il Trial
Radiation +/- Amifostine for NSCLC
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m RT alone m Amifestine group

NROLD = ran-amll o] . L
BT — imllalim Bemmy

Palsaton D otal i ittt Goood BofFws. DT M-

Randomized Phase [l Trial
Amilustine With Concurrent Chemotherapy and

Hyperfractionated Radfation Therapy for Inoperable NSCLC

Pationts (%)

Fanphagiis Poramnnitr Com plete
reSponEs

EAmifostine group B Control group
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Outcomes
Esophagitis and Pneumonitis

Overall response rates

— Amifostine +
RCT =B9%

- RCT alona=31%

P— A%E

'RCT = reicahwaalirragy
Adonmdos, ul 5. Arac A Soe Cln Onesiogy MUG_ TSR0

RTOG 98-01: Schema

Control Arm:

Loncyrrent chemorgdietherapy
# Pacilitaxe! 50 ma/m*and
carboplain ALUC 2 weskly,
starting on day 43
# RT 1.2 Gy bid 10 63 € Gy for
weehs

Inducticn Chemotherapy
Dayz 1 and 22;

+ Faclitaxel 225 mgfms* {off cord boost field on Midays)
% Carboplabn AU &

Experinenlal Aain:
A5 ahave nlls amitmahng
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Amifostine Dose and Schedule Late Esophagitis

#Dose: 500 mg [V over 5 min

#Timing:
— "3.60 min before RT on “RT only” days

3 Grade 3 in the amifostine arm
— 5180 min before RT on "chemo_-RT® daﬂ

[treatment arder: amifoatine-chema R

# Schedule: Monday-Thursday, before ru
fraction of RT (first 15 patients received - -
amifostine before am RT fraction) 2 Grade 3 in the control am (P = 0.6)

V=i
T — s e L ey

Average Area Under the Curve:

Physician vs Patient Assessment Sl

# Amifostine did not reduce severe esophapitis
in patients with lung cancer receiving
concurrent chemotherapy and
hyperfractionated RT in the dose and
schedule given.

Amifostine Np Amifostine

LTC grade 1.06 11
{at least 3 physician o-27) {0-2.4)
S33CBIMENLE)

n=102; 98

Swallowing acore 2.38

(at lcast 15 patient gyt
asacsamenta) 1-1.5
n - 9% 96

# However, based on patient swallowing diaries,
area under the curve of esophagitis was
significantly lower with amifostine.

=1 = ity ardany

Oxygen diffusion from a capillary

Tumor hypoxia and
radiosensitizer




Overcoming hypoxia

Increase oxygen supply

— Hyperbaric oxygene, carbogen

— Blood transfusion

— Stop smoking

High-LET radiations, neutrons, heavy ions
Chemical radiosensitizers

Nitroimidazoles

CH,CH(OH)CHg + OCH3 CHZCONH CHp CH » 0%

ﬂ/N N nNo, £ \TNOE

I
| [
- N - - N

Misonidazole Etanidazole

Nimorazole

Etanidazole & Nimorazole

Etanidazole is less toxic than misonidazole
Higher dose could be given
No benefit in clinical trials

Nimorazole is much less toxic, and less effective

Very high dose can be given

In a Danish trial it produced a significant
improvement in local control and survival
compared with RT alone in patients with
supraglottic and pharyngeal cancer, but no
further studies have been done since
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Hypoxic cell radiosensitizers

Selectively sensitize hypoxic cells
Chemically stable

Highly soluble and able to diffuse some
distance (200 um)

Be effective at therapeutic RT dose range

Misonidazole

* Produced

appreciable §i
sensitization
with cells in
culture
Also had a
dramatic
effectin
animal
studies
Enhancement

ratio of 1.8 R
was obtained B —
In clinical [ N
trials, no
benefit

% Miso; Hb = 14.5g%

41% Placebo; Hb 2 14.50% |

=————0 28% Miso; Hb < 14.5g%

-2 14% Placebo; Hb < 14.5g%

observed v 1 2 3 4

Hypoxic cytoxins

selectively kill hypoxic cells

Tirapazamine showed highly selective toxicity toward hypoxic

cells both in vitro and in vivo, but again, no significant benefit
was seen in human clinical trials.

Medion tumar volume (mm¥)

= i o o 10 2 0 29
Dosa of SA4ZII (umal) Days after firs! treaiment
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Classes of chemotherapy agents

* Alkylating agents
Chemotherapy agents Ariee

Antimetabolite

Nucleoside analogues

Vinca Alkaloids

Others not belong to the above
Topoisomerase inhibitors
Targeted agents

Alkylating agents Antibiotics

« Highly reactive, substitute alkyl groups for + Directly bind to DNA, inhibit DNA and RNA
hydrogen atoms of DNA synthe3|s_ _
— Nitrogen mustard derivatives = DOXOFUbIC'In'
— Ethylenimine derivatives = Daur_morublu.n
— Alkyl sulfonates — Dactinomycin
— Triazine derivatives = Bl.eomyc'in
— nitrosoureas — Mitomycin

Cell cyclic non-specific Sl GEe mer-Eresii

Antimetabolites

Nucleoside analogues

» Analogues of normal metabolites
— Methotrexate ; .
— 5-Flurouracil » Cytarabine — analogue of deoxycytidine

« Action mechanisms — Competitive inhibitor of DNA polymerase
— Substituting for a metabolite » 5-Azacytidine — analogue of cytidine

— Competing with normal metabolite to either — Inhibit process of large molecular weight RNA
occupy catalytic site of a key enzyme or at an
enzyme regulatory site
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Vinca Alkloids Taxanes

e From plants Microtubule-stablizing agents

 Bind to cellular microtubular proteins Block or prolong the transit time of cells in
inhibiting microtubule polymerization the G2/M phase of cell cycle

« Vincristine Paclitaxel is the prototype
Docetaxel is largely synthetic

Others Targeted agents

* Procarbazine e Cetuximab
— Precise action mechanism not clear .
- Hydroxyurea e bevacizumab

— Inhibitor of ribonucleotide reductase

— Specifically toxic to cells in S-phase

— Cause piling up at a block at G1/S interface
¢ Cis-platinum

— Causing both inter and intrastrand crosslinking

— Inhibit DNA synthesis

— Cell cycle non-specific

— May be more toxic to hypoxic cells

Dose-response relationship

« Sublethal damage repair
— Survival increases if a dose is
divided into two or more small
doses separated in time

» Potentially lethal damage repair
— Increase in survival if cells held in
non-proliferative state for some
time after treatment
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Resistance to chemotherapy and hypoxic cytoxins

The oxygen effect
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FIGURE 27.9 [llustrating why the microenvironment in a tumor may lead to resistance to chemotherapy
agents. A: Oxygen diffuses from a capillary, but the concentration falls with distance because of respiration in the
mass of tumor cells. This leads to a region of hypoxia and a region of anoxia. Chematherapeutic agents mu: %
diffuse through a tumor from capillaries. The effect of the agent decreases with distance from the capillary bes
the drug concentration falls because of metabolism, proliferation decreases with distance from a capillary because
of lack of oxygen, and cells that arc not dividing arc resistant to many chemotherapeutic agents. B: The fraction
of cells surviving a treatment with radiation or most chemotherapeutic agents rises with distance from a capillas

because both are less effective in hypoxic nondividing cells. (Adapted in part from Brown JM, Siim BG. Hypoxia
| specific cytotoxins in cancer therapy. Semin Radiat Oncol. 1996:6:22-36, with permission.)

JRE 27.8  Molecular cxygen can be either a sensitizer or a pros
vl cus [

Drug resistance

Drug resistance

FIGURE 27,10 Change in survival response to
1 Weeks doxorubicin {Adriamycin) of Chinese hamster cells " . .
@ Nore (v7o-122)| |  grown in cuture and exposed continuotssly to & low Resistance to chemotherapy agents is acquired
concentration of the drug (0.05 ug/mi) for prolonged A A q A
i [ | periods, namely, 1, 17, 46, e Ve o quickly, uniformly and inevitably
circles sh h rvival wse for the pa t cell .
p o ||| i Tisairetimdiin i g s by Gene mutation, stem cells and ANC transporter
A 17 weeks; that is, prolonged exposure at a low concen: )
c tration renders the cells resistant to subsequent high Use a battery of different drugs to overcome
= s concentrations. (Adapted from Belli JA. Radiation re- .
E 001 - . sponse and Adriamycin resistance in mammalian cells I’ESIStance
= - . in culture. Front Radiat Ther Oncol. 1979;13:9-20, with ) ) )
s s Pleiotropic resistance
i )\ — The development of resistance to o rug results in
\ cross-resistance to other drugs, even those with
' different mechanisms of action
0.0001 | ]

Resiatnce to chemotherapy does not mean
‘ resistance to radiation.

L i T S— - L L
0 2 4 6 B8 10 12 14 16
Adriamycin, pg/ml, 60'

Combination of chemotherapy and radiation therapy
Combination of chemotherapy and radiation t

Fiadictharacy

* Induction chemotherapy
« Concurrent chemotherapy
« Adjuvant chemotherapy

~» Cramathaeagy

A
FIGURE 27.15

adiation added to

10
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Cytoxic drugs can also induce
Assays for sensitivity of individual tumors second malignancies

* Biopsy specimens
e Invitro * The greatest relative risk is leukemia
e Xenografts in animals « The greatest in number is solid tumors
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