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PRINCIPLES OF CHEMOTHERAPY

Cell cycle - 000133

Phases of cell eycle:
L €0 phase:
* Restiog phase.
* Non-chemosensitive.
* Terminal differentiated cells stoy in this phase or re-enter ofter qui-
escence.
i &l prose : Protein synthesis, RNA Synthesis and DNA repair.
iiL Spi'nse=uewor~l‘-\$5n&mis.
iv. 63 phase :
* Premitotic.
* There is twice the DNA content.
* Prepare for division.
V. M phase : Mitosis + chromsomal division.
Note : Growth fraction (6F) : The $raction of cells that are in the dividing phase.

Methotresate
Gemcitatne
6-Fluotowract

Agents are organized according 10 the cell cycle stage in which they are most effective for tumor control

Cell cacle and chemor&serapeut'\c asen’(s



Classification based on cell cycle 00:06:46

Classified as :
* Cell eycle non specific.
* Cell cycle specific.
* Combinined (aners‘\sm) : enhances cell Kill,
Cell cycle specific :
Acting on &l phase Acting on S phase
Hormonal agents : Antimetabolites
* Tamoxifen. * methotrexate.
= mages’cm\ ocetote, * gemcitabine.
Antitumnor antibiotics * S-Fluorouracil.
» Dac’dr\omijcir\

*  Doxorubicin \iposome.

Acting on &a phase : Acting on M phase :
Topoisomerase inhibitors Toxanes :
* gtoposide (Topoisomerase & inhibitor).  * Paclitaxel.
* Topotecan (Topoisomerase | inhibitor).  * DOcetaxel
* Antitumor antibiotics : vinca. alkaloids.
leomycin.

cgcle non-specific :

nhﬁglaﬁng agents : Plofinum agents :
. %doﬁosp\mmide. * Carboplatin.
* fosfomide. * Cisplatin

Features of tumors :
* 1§ there is a tumour, more cells are in the active phase ie, &1 > &0
* Hence the cells are more chemosensitive.
’ DOubl'\nS time
* Time taken For tumor o double in size.
* Depends on actively dividing cells (&rowth fraction.
* The more number of active cells in growth phase the greater is the
growth froction,
* Tumor with high aF hove o h'gh chemotherapy cure. &g ¢ &TN, ovarian germ
cell fumors,



* Tumor Vol is reduced by Sx or CTX and the remaining cells move Srom €0 o
a phase. '
* Log cell Kill : Constant fraction of cells are Kiled,
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During early stages of tumor expansion, growth is exponential, but with enlargement, |
tumor growth slows. Consequently, most tumors have completed their
exponential growth phase at the time of clinical detection.

The &rowth curve of tumor cells.

Uses of chemotherapy 00:23:52

* used in advanced malignancy § when there is no alternative RX.
3. djuvont chemotherapy,
* To destroy microscopic cells ofter primary tumor removed by Sx.
3. Neoodjuvont chemo’chempg.
* used in advonced Co.
* Given prior 4o the surgery,
4, mointenance (Consolidakion) chemotherapy,
* given after treadment, to maintain prolonged duration of remission,
S. Salvage (Pallioive) chemotherapy,
. Qeﬁac'wrg 0 RX,

* Polliote and stabilise with maintain'mg QOL.



Therapeutic window :
* Chemotherapeutic agents have a. narrow therapeutic window.
* The efectiveness starts from the minimum efSective dose upto the mini-
mum toxic dose.

* Therapeutic index = Median lethal dose - median efective dose.

Minimum Minimum
effective dose toxic dose

Combination chemoherapy :
* more effective in attacking heterogenous population
* Different MOA decreases drug resistance
* Hos o synergistic efect.
* Optimal dose § schedule to be used,
* There will be different toxicities which are ot manageable level.
e Sequencingw'rthother modalities like Sx or RTx,
* more commonly used combinadion is carboplatin + paclitaxel.

Dos'ns :

* @5A based | Dosing in mg/m?

* Dose h'censi’cg :
Inereasing the dose without increasing the frequency,
Risk of foxicity,

* Dose density :
Inerease the frequency and reduce the dose accordingly,

* Routes : Oral/iv/se/im/ip.



Toxicities - - . 00:39:37

extravasation :
One of the effect of toxicities is the extravasation injury,
Tgpes of extravasation :
* Vesicants : Agents capable of caiusing skin uleeration and tissue necrsosis on
extrovasotion.
* edfoliant : Agents capable of cawsing skin extoliation on extravasadion.
* writant: Agents capable of cousing sKin irritation on extravasation.
* inflammant : Agents capable of causing skin inflammadion on extravasation.
Management
* Stop infusion — elevote affected arm — Ice packs.
i¥ severe — Plastic Sx.
May require analgesics/antiemetics/antibiotics.

Chemotherapeutic agents and their association
with extravasation injury

Vesicants Exfoliants Irritants Inflammants | Neutral
Dactinomycin Cisplatin Carboplatin Methotrexate Bleomycin g
Doxorubicin Docetaxel Etoposide Cyclophosphamide
Paciitaxel’ Liposomal doxorubicin Gemcitabine
Topotecan lfosfamide
Vesicant - Agent ble of g skin uk and tissue is on ext
Exdoliant - Agent capable of causing skin exfoliation on extravasation
Irritant - Agent capable of Q skin irri Yon ation
fl - Agent ble of ing skin infl yon

Hapersensi’ci\fn’cg reoctions :
One of the common ogent causing hgpersensvc‘wﬂ is paclitaxel.
mamaemervt :

Management of Hypersensitivity Reactions

1 Stop the chemotherapy infusion

2. Assess the patient's airway, breathing, and circulation
3 Adminuster intravenous normal saline if hypotensive
4

Administer oxygen if dyspneic or hypoxic

Administer intravenous antihistamine (e.g., 50 mg intravenous diphenhydramine or 25-50 mg intravenous promethazine)
Administer 6 mg of nebulized salbutamol if the patient has bronchospasm

NS>

Administer intravenous corticosteroids (e.g., 100 mg of hydrocortisone), this may have no effect on the initial reaction, but
may prevent rebound or prolonged allergic manitestations

If the patient does not promptly improve or has symptoms of persistent or severe hypolension or persistent
bronchospasm or laryngeal edema, administer adrenaling or epingphring (0.1-0.26 mg intravenous); further acuta
resusciation measures may be required

Reassure the patient that the problem is a recognized and reatable one



Note :
methotrexate interacts with warfarin, Hence the dose of warfarin must be de-
creased given along with methotrexate.

Drug resistance and response 00:45:10

Resistance :

Drug resistance can be :
* Intrinsic.
* Acquired,

Causes :
* Increased drug eflux.
* Inactivation of the drugs.
* Torget is inactivated/changed,
* Activodion of DNA repolr.
* Reversion of mutations.

mponse :
Response is based on response evoluation eriteria. in solid tumors (ReC)ST) crite-

rio. Clinical end points in evaluating
response to chemotherapy

"End Point Definition
Complete response (CR) Disappearance of all measurable ‘target" lesions
Partial response (PR) A decrease of = 30% in the sum of diameters of all target lesions

Progressive disease (PD) An increase of = 20% in the sum of diameters of target lesions or the identification of one
or more new lesions

Stable disease (SD) Neither sufficient shrinkage to qualify for PR, nor sutficient increase to quality for PO
Chemotherapeutic agents 00:52:41
Antimetobolites :

* Analogues of no&uml\3 oCCUrTing components of metabolic pathways.

* $phase sPec'u?\c
¢ effective in rapidlg growing tumor with short doubling time and large &F.



methotrexote :
* Indicakion : TN

. 6‘ OGKS DHFQ ‘ll.hydmh*‘,duum

Dibydrofolate

Methotrevate

v ROU&e : udl/ II'T\/N/ R‘. \ T f'"M:"‘ olate Folinic scid

Thymidylate synthetase™_

* 8dayregme. o a{ii'.’.f"“z" ~

* Given ondays| 3,S, 7. Dose : SO mS/ma Thymdine o
Leueovorin
* Given on dags 3, 4,0, 8. methotrexote action.

* Dose: 0l ms/Ks.

* Toxixcity : myelo suppression/renal ’coxic‘rtg/cerebral dystunction,

gemceitabine :

* Indications : Recurrent ovariancarcinome/uterine sarcoma.

° $5n’(he’nc nucleoside analosue.

* 20 min infusion. Dose : 1350 ms/ma once weekly fors wks with one week ofs.

Chemotherapy antimetabolites used for gynecologic cancer

Generic Brand Indications Routes Common
name name dosagoes
Methotrexate Trexal, GTN ! PO, IMIV, IM: 1 mg/kg on days 1, 3, 8, 7 of 8-day cycle
Rheumatrex intrathecal NMWV\’M
IV: 100 mg/m? during 30 min, then 200 mg/m?
during 12 be
Gemartabne Gemzar Recument ovanan v 600-1250 mg/m?/wk over
CA, uterine sarcoma 30 min x 2-3 wk
5-Fhmmomal Adruci Cervical CA, v 800-1000 mg/m2/d dhuring
vulvar CA 96 hr
VAN Vaginal cream 3 mLOOD x 1 wk, then weekly up to 10 wk
BMD Bone mamow depression NN/D Nausea, vomiting, and diarthea
CA PPE Paimar-plantar enythrodysesthesia
CNS - Central nervous system PO
GTN G P Qo0 Every other day
M - Intramusoular VAN Vaginal intraeprthelial neoplasia
v Intravenous
. ol s o pe .
Antitumour antibioties :
F\c’ﬂnomgcinb’
* Indicotion : TN,

* Single ogent or combination EMACO).
* Pulse dose: 1,35 myg IV push every other week.
* Toxcities : 6MD, olopecid, vesicant.

6leom3<>'n=

’ usedm&&PreSm‘}oracT.

* Role in G phase, palliative Yor pleurol effusion by pleurodesis.



* Pxﬂmor\oxrij {oxic'\kg :
seen in 10% with 1% death prevalence.
1§ DLCO is decreased by 15-30% —> Impending pulmonary toxicity —
Orug must be stopped.

Dose 2400 U is not recommended,

Doxorubicin :
* Indication : Ovarian carcinoma/uterine sarcomo.
* Intercalote with DNA, inhibit topoisonerare Il and produces $ree radicals.
* Dose: b0 mg/nnal 3 weeKly,
. TOxic’cB :
Cardio toxicity (F cummulative dose 7SS0).
. Pesglated liposomal doxorubicin decreases cardio’coxic'rtg, but increases

palmo plantar ergﬂ\odgsesthesia.
. a
Dose : 40 mg/m every 4 weeKly,
Chemotherapeutic antibiolics used Tor gynecologic cancer
Canari: Beand ndcatizm foue | Dasizan Teaicily
natra [
Msamen D Casmepr G'N ] LAY gy IVt weery ctbner wk oo BAD NYD,
dactnoemytr 0.4 my oo dags T8 svery 20wk sopana st
Beomgn Elonyse Ga ool or EC5T owprin CA 1M S5, Y 20 Uin? praaimum cose of 334U FLdnonary tw ey,
GTN rrase Getfy Dk Featy, Shn a1
Deanriteen Adnarrytn Lesrive sarrnams, 1 AS40 m"r’ wonry Yak ENO cantar ety
weamwet acetehal oganan CA plopeca et
OaOmy Dosd Facuneet eptel ol ovaran CA W ADG0 Mo o FPE symanz,
Aos DOr 30 1o, tnery & wh WSO eyt
Plant alkaloids :
Toxones *

* Poclitaxel/docetaxel

* Cell eycle specific.

* fAets on m phase,

* Derived from yew tree.

* Prevent depolymerization of spindle.

* Toicity : myelosuppression, hypersensitivity reaction, peripheral neuropathy.



0theral

Qeneric Brand Indications
name name
Paciitaxel Taxol Recurment apithelial ovarian CA,
endometrial CA, cervical CA, GTN
Docetaxel Taxotere Recurment epithalial ovarian CA,
utenne sarcoma
Vincrstine Oncovin GTN
Eroponide VP-16 Germ cell or
SCST ovarian
CA: recurrent epithelial ovanan
CA
Topotecan Hycamtin Recurrent epithelial ovanan CA,
cervical CA
Platinum compunds :

Carboplatin :
* Produce DNA adducts and inhibit DNA synthesis.
* Toxicty : myelosuppression (Thrombocytopenio).
* Dose caleulation : Based on area 0% the curve (AUCWhich is based on &FR.

* Calvert Sormula. : Carboplotin totol dose (mg) = AUC x (GFR + 8S). GFR = Cre-
afine clearance.
* CockeroM-Gault equation : Cr. dlearance = (40 — age ) X wt/0.78 x . Cx.

(‘Asplod:in :

seutic plant alkaloids used for gyne«

N IP

N, PO

ologic ¢

Dosages

IV 135-175 mg/m? avery 3 wk,
or 80 mg/m?/wk for 3 weeks

IP: 60 mg/m? on day 8 following a
day-1 IV dose

75-100 mg/m? every 3 weeks, of
35 m/m?/week for 3 weeks

0.8-1.0 mg/m? every other week

IV: 100 mg/m? days 1 & 2, every 2 wk,
or 75-100 mg/m?, days 1-5, every
3wk

PO: 50 mg/m?/day for 3 wk

1.5 mg/m?/d, days 1-5, every

3 wk, or

lwmktor:iwk.or

0.75 mg/m2d, days 1-3, every 3 wk

ancery

Toxleity

HSR, peripharal neurstoxicity,
BMO, alopacia, bradycardia, and
arrhythmia

BMD, peripheral edema,

HSR, alopecia

Neurotoxicity, abdominal pain,
alopecia

BMD, alopecia,
sacondary cancers

BMD, N, alopecia,
fever, malaise

o Tomi'cg : Mephro’coxictg, nwotoxic&ﬂ and o’co’coxic‘\kg. mgelowppression is

less common.



PRINCIPLES OF RADIOTHERAPY : I

Introdg_ction o 00:00:32

Features :
* Radiation therapy is a. eritical component in the mu}ﬁdisc'\plinarg manoge-
ment of mojority of adult female cancers.
* Primary therapeutic modality in advanced cenvix, vulvar, and vaginal con-
cers (s m/e histology is squamous cell CA/SCO).
* Adenocarcinomas originating uterine cancers : Radiation is often indicoted
as adjuvont ’cherapg, post-resection.

Role of radiotherapy :
Intent. cite. L il
Curative. Cervix, vulvo, vogina, uterus.
Adjunctive to surgery, Cervix, vulvo, vogina, uterus.
Sl Metastasis causing symptoms :
Bleeding, pain, obstruction.
Pr'nc‘ple of radiother 0{15 : M i bl
* lonising rodiafion is used. 0 v 3 f_,,f
* ftom is converted, into ion. ":'l}/o y} :‘ 9‘_,,::"'9   .
* @oth direct and indirect DNA damage. NP L
* Incident photon energises the inner shell elec- R EEE EEE
tron — energised electron moves out —> Void of © e )
electron —> glectron from the outer shell comes (e :‘ PORR)
to inner shell — An amount of energy is re- N AN
leased in the form of photon.

* Compton effect : Incident photon does not give v
the entire energy — glectron itself gets dis- =1 ? g |
ploced and another photon is separated, ‘ e

* Poir production * Incident photon will cause the |
release of an electron and positron —> Releases a
large amount of energy in the form of photon.




Types ot radiotherapy :
Radiation treatments can be performed in two ditSerent woys *
I &xternal beam radiation therapy €eRT)/teletherapy : Radiotion source is ot
a distance from the target orgon.
a eradwgkherapg '
* Interstitial brachuytheropy : Radiation source is kept directly into the
fumour.
. \nkmcav‘.’ca@ brachg’cherapg * Rodiodion source is kept into the bodg
coM'cB close to the tumour.

EBRT 00:09:38

Types of E8RT :
Conventional :
* Laferal view field and AP-PA view feld is present.
* Maximise the ionising radiodion to the tumour.
* Uses single or opposing beams, with or without ad dose distributions, with
compensators and simple shielding for organs af risk (OAR).
* Less con%rmi’cg.

30CRT (30 Conformal Radiotherapy) :
* 3D images like CT ond MR images are used,
* Target volume delineation of tumour and normal organs aecording o ICRU
principles with 3D dose caleulations using ML to shape beams.
* multi-lea¥ collimadors.

IMRT/\ERT

o \n’censi’(g modulated radio’thempg.

* Intensity ot very single beam can
be moduloted,

* Collimodors and subceollimators coan
be used to modulate the radiation
beosrg,

* Aime : Get as closer/conformal to
the shape of the tumour and reduce toxicity to the nearby organs.

* To shape the Sluence of the beam.

* Dynamic freatments ¢ Image quided radiotherapy (&RT).

11



S R's of mdiobio!o&vj : bt o

il. Repopulation. i el

ii. Reassortment. -(IIM'INW 'mvm-:'_l_’m oxmm

V. Reoxuaenation. 1 |

V. Qad‘\?ss;ensmvﬂ& i ,_Mﬂiﬂ
Colldlnlh

Repair ¢ efect of ionizing radition.

* Dose of 90 &y is required 1o Kill the tumour.

* 8ut asingle dose con affect the nearby tissues : To avoid this froctions /
fractionation of the dose is done.

* Repairing time required for tumour celis will be more as the repair mecha-
nism would be dmnoged in the tumour cells when compared to normal cells.

Repopulotion
* Lote S phase is the most radioresistant phase.
* m phase is the most radiosensitive phase.
* When the radiation is given to the tumour cell, not all the cells will be in gam
phase — Cells in §am phase will get Killed while the other cells are not Killed
— These cells il fry o repopulate — To axoid this Sroctionation/Sractions

of doses are given.

Reossortment : Dose should be calculoted based on normal cells and tumour
cells in the tumouy.

Q.eoxljgenaﬁon :

* Oxygen is o very good radiosensitizer,

* Lodiosensitizer : An element thot is added with radiotherapy which has a
synergjstic effect,

¢ In well oxygenoted tissue, rodiotherapy is rapid as it releases more free
rodicols,

* Wik in less voseular/ O%enaked tissue the radiotherapy is very slow —> In
onemia. radiotheropy is diffieult.

Note : when chem()‘dnerapg is given alon3 with radiotherapy the dose of chemo-
theropy is reduced as radiotherapy has radiosensitising property,

12



Target volume
Regular treatment ahd OAR
admission . delineation
Pre-treatment Treatment plan
machine QA optimization
Treatment Pl:-‘t n‘m‘w' : 3D shift Free patient
application sstip corvection application setup
Algorithm for e8RT.

Standard fractionation :

* Successtul eradication of a. localized cancer requires that the
cancer cells be Killed more ropidy and e¥-‘§'\cien’c\5 than surviving cancer
cells can proliterate and repopulote.

* Delivery of this dose over the shortest feasible elapsed time will maximize
efficacy along with deleterious consequences 6% o high dose per $raction on
normal tissues.

* This can result in delo.aed rodiodion injury expressed months or years after
'cherapfj completion.

* Radiotion delivered with curotive intent is generally administered in daily
treatments (Monday through Friday) of 1.8 &y o 3.0 &y

* Cumulative doses range from 4S -70 &Y.

* Risk of deloyed injury is lessened when short courses of radiation are ad-
ministered with palliafive intent, often in dose fractions of &S &Y o0 4.0 &y,

00:39:03
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Dose response curve.
From the obove Sraph froctionodion helps in pre\/en'ting &ox\of\tﬁ to normal cells.
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nger%\chonatm
Increase the number of doses in a da5 bud with constant total dose.

Aocelerated hsperi?mc’dono&ion :
increase the number of doses but decrease the total time.

ijo%acﬁono&ion :

Increase in the dose but decrease in the total treatment time.

o/B ratio:

* s we increase the dose : Initially the effect is proportional to dose but loter
when the dose increased the efSect be-  Dose-response curve for HDR irradiation
comes proportional o square of dose.

* This is called linear effect and quadratic
equodion.

* o is the linear effect while B is the quad-
rofic effect.

* 18 the a/f ratio is higher (0) : Kiling power
is more.

¢ 0/B rotio is lower in normal cells (3).

. Np\n/beto.mﬁo»?esponseo?mnml Coll g by o 8 gty e 0 seraions coused b brasks

curve foc HOR imaciabon 18 lnear

quadratic: mxmum-mufumwummmm

: 1nh ot low doses) or by two different electrons (domnant at doses). For
tissues o rodiodion. LOR i, e A s ot & st s, O
principal machanism of cell kilng & by the singie slectron.

earta—respondmg tissues have a. high alpha/beta. ratio :
* manifest eariy reactions to radiation
* Tissues with high proliferation rates such as bone marrow, reproductive or-
gons ond 3as’<rointesﬁnal fract mucoso.
* Preventodively, by administering multiple small radiakion dose fractions, there
i more sublethol damage repair, and early acute reactions can be de-
creosed,

Lote-responding tissues have low alpha/beta ratio :
* Clinical reagtions only weeks-months after completion of radiotherapy,
* Show %o respond,
* Lung, Kidney, spinol cord and brain are offected
* more time is needed fo repair sublethal damage, and thus high-dose per
roction radiation theropy,

14



LINAC :
* Linear accelerator,
* High speed electron beam activated by electric feld,
* Blectrons are channelised to a heawy metal (Tungsten) : x rays (Photons)
are released,
* Direct electron beam can be directed ok o scattering $oil : electron beam
becomes main source of radiation (Electron beam ﬂwempa) for superficiol

LINAC radiolosg machine.

Block diagram of a linear agcelerator
used to create external beam vadiation

Electron beam Electron beam
l l
Mm—c#: m—mmm
- @ N
e ElCONS
MM—“F =_-=F=-é.-_—_.—=mu

t
W B seomreamoFY ‘

AC d 8. Contormal (CFRY) C.CPRY with intenaity

withou! Inkensity modulation madulation (MAT)



Steps :

Initial consuttadion.

Simulation (imaging, immobilisation, tottooing).

Treatment planning (Target volume delineation, contouring, dosing.
Treatment delivery.

Post-treatment follow up.

Planning technique :

Positioning § Immobilization
Simuladion.

Field desion.

Beam energy.

Dose § Froctionation.

Positioning § Immobilization :
Patients may be positioned in :

Supine pos'rtion
Prone position with be|\5 boord,

Sque position is pre&lerred becouse :

most comtortable.

erroductble posmon.
Stabilizes pe\\fus.
Con be combined with immobilization devices.

Simuladion :

T-based simulafion is the m/c technique for gynecologic malignan-
cies, treatment planning for both external beam radiotherapy €8RT) and
bmd'\g’c'nempg applications.
Podient position : Supine with arms on the chest, knee and lower leg immobi-
lisoion to prevent pelvic rotodion.
Inferior border of fumour is marked with radio-opague material
Bladder protocol is used o maintain a. constant bladder flling ‘comfortably
full,
Or’t‘nosonoj laser beams are aligned with anterior and lateral tattoos
marked with radio-opague moterial,
AP and loderal simulodor fiims are taken

Standard Seld borders are decided using bong anatomical landmarks (X roy
simy.
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