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General Problems of 
chemoradiation

General Problems of 
chemoradiation

TwoTwo mostmost challengingchallenging therapeutictherapeutic agentsagents
inin allall ofof medicinemedicine
TheThe oncologistoncologist mustmust considerconsiderTheThe oncologistoncologist mustmust considerconsider

�� RiskRisk ofof seriousserious toxicitiestoxicities
�� NarrowNarrow efficacyefficacy profilesprofiles
�� AdjustmentAdjustment onon aa routineroutine basisbasis
�� HeterogeneousHeterogeneous patientpatient populationspopulations



Pharmaclogy of Drugs used in 
chemoradiation

Pharmaclogy of Drugs used in 
chemoradiation

Clinical pharmacology is defined as the Clinical pharmacology is defined as the 
study of drugs in humansstudy of drugs in humans

subdivided into two major disciplines:subdivided into two major disciplines:subdivided into two major disciplines:subdivided into two major disciplines:
�� PharmacokineticsPharmacokinetics
�� PharmacodynamicsPharmacodynamics



PharmacokineticsPharmacokinetics

�� “What the body does to the drug.” “What the body does to the drug.” 

�� absorption, distribution, metabolism, absorption, distribution, metabolism, �� absorption, distribution, metabolism, absorption, distribution, metabolism, 
and excretionand excretion



PharmacodynamicsPharmacodynamics

�� “What the drug does to the body.”“What the drug does to the body.”

clinical drug effectsclinical drug effectsclinical drug effectsclinical drug effects
efficacyefficacy
toxicitytoxicity



Chemotherapy*Chemotherapy*

Paul Ehrlich coined the term chemotherapyPaul Ehrlich coined the term chemotherapy

1865       The anticancer effect of   1865       The anticancer effect of   1865       The anticancer effect of   1865       The anticancer effect of   
Potassium Potassium ArseniteArsenite

1950’s      1950’s      MethotrexateMethotrexate and other agentsand other agents

1990         1990         CarboplatinCarboplatin

1990 +      1990 +      PaclitaxelPaclitaxel DocetaxelDocetaxel etcetc



�� TheThe discoverydiscovery thatthat certaincertain toxictoxic chemicalschemicals cancan curecure
certaincertain cancerscancers isis oneone ofof thethe greatestgreatest inin modernmodern
medicinemedicine..

�� TheThe earlyearly revolutionrevolution inin cancercancer therapytherapy waswas largelylargely
American,American, poweredpowered byby AmericanAmerican Government,Government, whichwhich
fundedfunded thethe NCINCI withwith thethe samesame "big"big--idea"idea" philosophyphilosophy
asas thethe ApolloApollo ProgramProgram..

�� InIn fact,fact, itit waswas onlyonly laterlater thatthat thethe pharmaceuticalpharmaceutical
industryindustry becamebecame heavilyheavily involvedinvolved..



The cell cycleThe cell cycle



Cell Cycle and ChemotherapyCell Cycle and Chemotherapy

Cell Cycle 
Specific Agents

Cell Cycle

Non-Specific Agents



Cell Cycle Specificity of Anticancer DrugsCell Cycle Specificity of Anticancer Drugs



Rationale of Concomitant 
chemoradiotherapy

Rationale of Concomitant 
chemoradiotherapy

�� Increased locoIncreased loco--regional controlregional control
�� Organ preservationOrgan preservation
�� Decreased distant metastasisDecreased distant metastasis�� Decreased distant metastasisDecreased distant metastasis
�� Better survivalBetter survival



Rationale of Concomitant 
chemoradiotherapy

Rationale of Concomitant 
chemoradiotherapy

�� Drugs and radiation may act against Drugs and radiation may act against 
differing subsets of tumor cellsdiffering subsets of tumor cells

�� Increased recruitment of cells into Increased recruitment of cells into �� Increased recruitment of cells into Increased recruitment of cells into 
radiation responsive phase of cell cycleradiation responsive phase of cell cycle

�� Chemotherapy may inhibit repair of Chemotherapy may inhibit repair of 
sublethalsublethal radiation damageradiation damage



Cisplatin and Radiation 
Synergism

Cisplatin and Radiation 
Synergism



Why chemoradiation?Why chemoradiation?

First, concomitant First, concomitant chemoradiotherapychemoradiotherapy can be used with can be used with 
organorgan--preserving intent, resulting in improved preserving intent, resulting in improved cosmesiscosmesis
and function compared with surgical resectionand function compared with surgical resection

Second, chemotherapy can act as a radio sensitizer, Second, chemotherapy can act as a radio sensitizer, Second, chemotherapy can act as a radio sensitizer, Second, chemotherapy can act as a radio sensitizer, 
improving the probability of local control and survival, by improving the probability of local control and survival, by 
aiding the destruction of aiding the destruction of radioresistantradioresistant clones clones 

Third, chemotherapy given as part of concurrent chemo Third, chemotherapy given as part of concurrent chemo 
radiation may act systemically and potentially eradicate radiation may act systemically and potentially eradicate 
distant micro metastases. distant micro metastases. 





How chemotherapy prevents 
radioresistance

How chemotherapy prevents 
radioresistance



Chemoradiation principle in 
Sigmoid curve of radiation
Chemoradiation principle in 
Sigmoid curve of radiation



Pharmacology of Commonly 
used drugs for Chemoradiation

Pharmacology of Commonly 
used drugs for Chemoradiation



Cisplatin
Cis-diamminedichloroplatinum, CDDP 

Cisplatin
Cis-diamminedichloroplatinum, CDDP 

Mechanism of ActionMechanism of Action
�� Cell cycleCell cycle––nonspecific agentnonspecific agent. . 

Reacts with two different sites on DNA to produce crossReacts with two different sites on DNA to produce cross--links links 
(Covalently binds to DNA (Covalently binds to DNA with preferential binding to the Nwith preferential binding to the N--7 7 (Covalently binds to DNA (Covalently binds to DNA with preferential binding to the Nwith preferential binding to the N--7 7 
position position of guanine and adenine)of guanine and adenine)

�� Inhibition of DNA synthesis and transcription.Inhibition of DNA synthesis and transcription.
Binding to nuclear and Binding to nuclear and cytoplasmiccytoplasmic proteins may result in proteins may result in 
cytotoxiccytotoxic effects.effects.



CisplatinCisplatin

AbsorptionAbsorption
�� Not absorbed orally. Not absorbed orally. 
�� Systemic absorption is rapid and complete after Systemic absorption is rapid and complete after intraperitonealintraperitoneal

(IP) administration.(IP) administration.
DistributionDistributionDistributionDistribution
�� Widely distributed Widely distributed 
�� 1 hour after infusion < 10% remains1 hour after infusion < 10% remains

MetabolismMetabolism
�� Plasma concentrations decay rapidlyPlasma concentrations decay rapidly

(half(half--life  20life  20––30 minutes on bolus administration). 30 minutes on bolus administration). 
�� ↓After the first 2 hours→ clearance delays ↓After the first 2 hours→ clearance delays 

(covalent binding with serum proteins)(covalent binding with serum proteins)
�� 10%10%––40% of  given dose excreted in the urine in 24 hours.40% of  given dose excreted in the urine in 24 hours.



CisplatinCisplatin

Indications of concomitant chemoradiation
� Esophageal ca
� Head and neck ca
� NSCLC Lung
� Cervix ca
Doses 
No No AluminiumAluminium needles, protect from lightneedles, protect from light
� Head and neck ca-100mg/m

2 
3 wkly, 40mg/m

2 
wkly

� Cervix ca-100mg/m
2 
3 wkly, 40mg/m

2 
wkly

� NSCLC-100mg/m
2
100mg/m

2 
3 wkly, 

� Esophageal ca- 75mg/m
2

Pignon et al: Meta-analysis of chemotherapy in head and neck cancer (MACH-NC). An update on 93 
randomised trials and 17,346 patients, Radiother Oncol 92:4-14, 2009.



Cisplatin for concurrent 
chemoradiation

Cisplatin for concurrent 
chemoradiation

Results Results 

�� Esophageal Esophageal caca -- 5yr 5yr OS OS –– 26% 26% vsvs 0% 0% 11

�� Head and neck Head and neck caca -- OS OS -- 78% 78% vsvs 47% 47% 
22

�� NSCLCNSCLC -- 5yr 5yr OS 16% OS 16% vsvs 10% 10% 
44

�� Cervix Cervix caca -- 5yr 5yr OS OS –– 69% 69% vsvs 55% 55% 33

1   Cooper et al: 1   Cooper et al: ChemoradiotherapyChemoradiotherapy of locally advanced esophageal cancer. Longof locally advanced esophageal cancer. Long--term followterm follow--
up of a prospective randomized trial (RTOG 85up of a prospective randomized trial (RTOG 85--01). Radiation Therapy Oncology Group, 01). Radiation Therapy Oncology Group, 
JAMA JAMA 281:1623281:1623--1627, 1999.1627, 1999.

2.  2.  PignonPignon, et al: Meta, et al: Meta--analysis of chemotherapy in head and neck cancer (MACHanalysis of chemotherapy in head and neck cancer (MACH--NC). An NC). An 
update on 93 update on 93 randomisedrandomised trials and 17,346 patients, trials and 17,346 patients, RadiotherRadiother OncolOncol 92:492:4--14, 2009.14, 2009.

3.   3.   LukkaLukka et al Concurrent et al Concurrent cisplatincisplatin--based chemotherapy plus radiotherapy for cervical cancer: based chemotherapy plus radiotherapy for cervical cancer: 
a metaa meta--analysis. analysis. ClinClin OncolOncol (R (R CollColl RadiolRadiol) (2002) 14(3):203) (2002) 14(3):203––212212

44.   J .   J NatlNatl CancerCancer InstInst.. 2011 Oct 5;103(19):14522011 Oct 5;103(19):1452--60. Sequential vs.60. Sequential vs. concurrentconcurrent chemoradiationchemoradiation
for stage III nonfor stage III non--small cellsmall cell lung cancer: randomized phase III trial RTOG 9410. lung cancer: randomized phase III trial RTOG 9410. 



CarboplatinCarboplatin

Mechanism of Action
� Cell cycle–nonspecific agent. 
� Reacts with two different sites on DNA to produce cross-links 

(Covalently binds to DNA with preferential binding to the N-7 (Covalently binds to DNA with preferential binding to the N-7 
position of guanine and adenine)

� Inhibition of DNA synthesis and transcription.
� Binding to nuclear and cytoplasmic proteins may result in 

cytotoxic effects.
Absorption
� Not absorbed by the oral route.
�



CarboplatinCarboplatin

DistributionDistribution
�� Widely distributed in body tissues. Widely distributed in body tissues. 
�� Crosses the bloodCrosses the blood--brain barrier and enters the CSF. brain barrier and enters the CSF. 

MetabolismMetabolismMetabolismMetabolism
�� Extensively cleared by the kidneys( 60%Extensively cleared by the kidneys( 60%––70% of drug excreted 70% of drug excreted 

in urine /24 hours.)in urine /24 hours.)
�� HalfHalf--life : 2life : 2––6 hours.6 hours.
Adverse Effects  Adverse Effects  

MyelosuppressionMyelosuppression, , nephrotoxicitynephrotoxicity
�� EmetogenicEmetogenic, alopecia, alopecia



CarboplatinCarboplatin

Indications:Indications:
�� Head and neck caHead and neck ca
�� Cervix caCervix ca

Dose:Dose:Dose:Dose:
�� 300mg/m2300mg/m2

Result Result 
�� Head and neck ca    OS Head and neck ca    OS –– 22% 22% vsvs 16% 16% 
�� Cervix ca No OS benefit Cervix ca No OS benefit 

�� 1. 1. PignonPignon JP: MetaJP: Meta--analysis of chemotherapy in head and neck  cancer (MACHanalysis of chemotherapy in head and neck cancer (M ACH--NC). NC). 
An update on 93 An update on 93 randomisedrandomised trials and 17,346 patients, trials and 17,346 patients, RadiotherRadiother OncolOncol 92:492:4--14, 14, 
2009.2009.

�� 2. J Med Imaging 2. J Med Imaging RadiatRadiat OncolOncol.. 2013 Feb;57(1):972013 Feb;57(1):97--104.  Radiation with104.  Radiation with cisplatincisplatin or or 
carboplatin for locally advancedcarboplatin for locally advanced cervixcervix cancer: the experience of a tertiary cancer cancer: the experience of a tertiary cancer 
centre. centre. 



CetuximabCetuximab

Trade Name: Erbitux

Mechanism of ActionMechanism of Action
� Recombinant chimeric IgG1 monoclonal antibody directed 

against the epidermal growth factor receptor (EGFR). against the epidermal growth factor receptor (EGFR). 
MetabolismMetabolism
� Half-life : 5–7 days.



CetuximabCetuximab

� Binds with nearly 10-fold higher affinity to EGFR than normal 
ligands EGF and TGF-α

Inhibition of EGFR.
� Prevents both homodimerization and heterodimerization of 

EGFR

Inhibition of autophosphorylation and  EGFR signaling.

� Inhibition of critical mitogenic and anti-apoptotic signals 
involved in proliferation, growth, invasion/metastasis, 

angiogenesis.



Concomitant Cetuximab in 
Head and Neck Cancer

Concomitant Cetuximab in 
Head and Neck Cancer

Indications:Indications:
�� Head and neck ca concomitant with RTHead and neck ca concomitant with RT

DoseDose::
�� 400mg/m400mg/m

22
wk before RT f/b 250mg/mwk before RT f/b 250mg/m

22
wklywkly�� 400mg/m400mg/m

22
wk before RT f/b 250mg/mwk before RT f/b 250mg/m

22
wklywkly

ResultsResults::
�� 5yr OS 5yr OS –– 45% 45% vsvs 36% 36% 

11

1 Bonner JA,  et al: Radiotherapy plus cetuximab for squamous-cell carcinoma of the head and neck,
2 N Engl J Med 354:567-578,2006.



5-Fluorouracil5-Fluorouracil

Classification
�� AntimetaboliteAntimetabolite

Mechanism of ActionMechanism of Action
� Fluoropyrimidine analog.
� Cell cycle–specific with activity in the S-phase.
� Activation to cytotoxic metabolite forms. 
� Inhibition of the target enzyme thymidylate synthase by the 5-FU

metabolite, FdUMP which then gets misincorporated into DNA 
in the form of dUTP → inhibition of DNA synthesis and function.

� Incorporation of the  FUTP (5-FU metabolite ) into RNA→
alterations in RNA processing and/or translation.



5-Fluorouracil5-Fluorouracil

AbsorptionAbsorption
�� Oral absorption is variable: 40% to 70%.Oral absorption is variable: 40% to 70%.

DistributionDistribution
�� After IV administration, it is widely distributed to tissues .After IV administration, it is widely distributed to tissues .
�� Penetrates into thirdPenetrates into third--space fluid collections such as space fluid collections such as ascitesascites and and 

pleural effusions. pleural effusions. 
�� Crosses the bloodCrosses the blood--brain barrier and distributes into CSF and brain barrier and distributes into CSF and 

brain tissue. brain tissue. 



5-Fluorouracil5-Fluorouracil

Metabolism

� Extensive enzymatic metabolism intracellularly to cytotoxic 
metabolites. 

� Dihydropyrimidine dehydrogenase is the main enzyme responsible for 
5-F catabolism, and it is highly expressed in liver and extrahepatic 5-F catabolism, and it is highly expressed in liver and extrahepatic 
tissues such as GI mucosa, WBCs, and kidney. 

� > 90% of drug is cleared in urine and lungs.

� Half-life is10 to 20 min.



5-Fluorouracil for concurrent 
chemoradiation

5-Fluorouracil for concurrent 
chemoradiation

IndicationsIndications
�� Anal Anal caca
�� Esophageal Esophageal caca
�� Gastric Gastric caca�� Gastric Gastric caca
�� Rectal Rectal caca
�� Head and neck Head and neck caca
�� Cervix Cervix caca



5-Fluorouracil for concomitant 
chemordiation

5-Fluorouracil for concomitant 
chemordiation

DosesDoses
�� Anal Anal caca--1000mg/m21000mg/m2
�� Esophageal Esophageal caca--600mg/m2600mg/m2
�� Gastric Gastric caca--600mg/m2600mg/m2
�� Rectal Rectal caca--325mg/m2325mg/m2
�� Head and neck Head and neck caca--1200mg/m21200mg/m2
�� Cervix Cervix caca--1000mg/m21000mg/m2

1.UKCCCR Anal Canal Cancer Trial Working Party. 1.UKCCCR Anal Canal Cancer Trial Working Party. EpidermoidEpidermoid
anal cancer: results from the UKCCCR randomized trial of          anal cancer: results from the UKCCCR randomized trial of          
radiotherapy alone versus radiotherapy, 5radiotherapy alone versus radiotherapy, 5--fluorouracil and fluorouracil and 
mitomycinmitomycin C. Lancet     1996;348:1049C. Lancet     1996;348:1049--10541054



5-Fluorouracil5-Fluorouracil

ResultsResults

�� Anal Anal caca --3 3 yryr OS OS –– 65%vs 58% 65%vs 58% 11

�� Esophageal Esophageal caca --5yr 5yr OS OS –– 26% 26% vsvs 0% 0% 22

�� Gastric Gastric caca --3yr OS 3yr OS –– 50% 50% vsvs 41% 41% 33

�� Rectal Rectal caca-- OSOS--63%, DFS63%, DFS--53% 53% 66�� Rectal Rectal caca-- OSOS--63%, DFS63%, DFS--53% 53% 66

�� Head and neck Head and neck caca --OS OS –– 63% 63% vsvs 50% 50% 44

�� Cervix Cervix caca --5yr OS 5yr OS –– 69% 69% vsvs 55% 55% 55

1UKCCCR Anal Canal Cancer Trial Working Party Lancet 1996;348:1049-1054.
2. Cooper et al: Chemoradiotherapy of locally advanced esophageal cancer. Long-term follow-up of a prospective 
randomized trial (RTOG 85-01). Radiation Therapy Oncology Group, JAMA 281:1623-1627, 1999.
3. Macdonald  et al: Chemoradiotherapy after surgery compared with surgery alone for adenocarcinoma of the stomach or 
gastroesophageal junction, N Engl J Med 345:725-730, 2001.
4. Pignon: Meta-analysis of chemotherapy in head and neck cancer (MACH-NC). An update on 93 randomised trials and 
17,346 patients, Radiother Oncol 92:4-14, 2009.
5. Lukka H et al (2002) Concurrent cisplatin-based chemotherapy plus radiotherapy for cervical cancer: a meta-analysis. 
Clin Oncol (R Coll Radiol) 14(3):203–212
6. Radiol Med.2013 Jan 28. Neoadjuvant oxaliplatin and 5-fluorouracil with concurrent radiotherapy in patients with 
locally advanced rectal cancer: a singleinstitution experience. 



PaclitaxelPaclitaxel

Classification :Classification :TaxaneTaxane, anti, anti--microtubule agentmicrotubule agent

Mechanism of ActionMechanism of Action
�� Isolated from the bark of the Pacific yew tree, Isolated from the bark of the Pacific yew tree, TaxusTaxus brevifoliabrevifolia ..
�� Cell cycleCell cycle––specific ( mitosis (M) phase ).specific ( mitosis (M) phase ).
�� HighHigh--affinity binding to microtubules enhances affinity binding to microtubules enhances tubulintubulin

polymerization.polymerization.
�� Dynamic process of microtubule is inhibited → inhibition of Dynamic process of microtubule is inhibited → inhibition of 

mitosis and cell division.mitosis and cell division.



PaclitaxelPaclitaxel

Distribution

� Distributes widely to all body tissues, including third-space fluid 
collections such as ascites. 

� Extensive binding (90%) to plasma and cellular proteins.

Metabolism

� Metabolized extensively by the hepatic P450 microsomal system.

� 70%–80%  excreted via fecal elimination.

� Half-life ranges :9 to 50 hours .



PaclitaxelPaclitaxel

IndicationIndication

�� Cervix Cervix caca

�� Head and neck Head and neck caca

DosesDoses

�� 50mg/m50mg/m22

ResultsResults

�� No survival advantage over No survival advantage over cisplatincisplatin11

1. Radiat Oncol.2010 Sep 23;5:84. A phase II randomized trial comparing radiotherapy with concurrent weekly cisplatin or weekly paclitaxel in patients with advanced cervical cancer. Geara FB,
Shamseddine A, Khalil A, Abboud M, Charafeddine M, Seoud M.

2. J Clin Oncol.2010 May 1;28(13):2213-9. Phase I/II trial of preoperative oxaliplatin, docetaxel, and capecitabine with concurrent radiation therapy in localized carcinoma of the esophagus or 
gastroesophageal junction. Spigel DR, Greco FA, Meluch AA, Lane CM, Farley C, Gray JR, Clark BL, Burris HA , Hainsworth JD



TemozolomideTemozolomide

Mechanism of ActionMechanism of Action
NonclassicNonclassic alkylatingalkylating agentagent

�� Cell cycleCell cycle––nonspecific agent.nonspecific agent.
�� Metabolic activation to the reactive compound MTIC is required Metabolic activation to the reactive compound MTIC is required �� Metabolic activation to the reactive compound MTIC is required Metabolic activation to the reactive compound MTIC is required 

for antitumor activity.for antitumor activity.
�� MethylatesMethylates guanine residues in DNA and inhibits DNA, RNA, guanine residues in DNA and inhibits DNA, RNA, 

and protein synthesis.and protein synthesis.



TemozolomideTemozolomide

AbsorptionAbsorption
�� Widely distributed in body tissues. Widely distributed in body tissues. 
�� Oral bioavailability :100%. Oral bioavailability :100%. 
�� Maximum plasma concentrations are reached within 1 hour after Maximum plasma concentrations are reached within 1 hour after 

administration. administration. 
�� Food reduces the rate and extent of drug absorption.Food reduces the rate and extent of drug absorption.



TemozolomideTemozolomide

Distribution

� Is lipophilic and crosses the blood-brain barrier.

� Levels in brain and CSF are 30%–40% of those achieved in plasma.

Metabolism

� Metabolized primarily by non-enzymatic hydrolysis at physiologic pH.

� Undergoes conversion to the metabolite MTIC, which is further 
hydrolyzed to AIC, a known intermediate in purine de novo synthesis, 
and methylhydrazine, the presumed active alkylatingspecies. 

� The half-life :is 2 hours. 

� 40%–50%  is excreted in urine within 6 hours of administration.



Temozolomide for concurrent 
chemoradiation in High Grade gliomas

Temozolomide for concurrent 
chemoradiation in High Grade gliomas

Dose Dose 

�� 75mg/m275mg/m2

ResultsResultsResultsResults

�� 2 2 yryr OS OS –– 27% 27% vsvs 10% 10% 33

StuppStupp R et al Radiotherapy plus concomitant and adjuvant R et al Radiotherapy plus concomitant and adjuvant temozolomidetemozolomide for for 
glioblastomaglioblastoma. N . N EnglEngl J Med 2005 352(10):987J Med 2005 352(10):987––996996



VinorelbineVinorelbine

Mechanism of Action

Vinca alkaloid, anti-microtubule agent

� Semisynthetic alkaloid derived from vinblastine.

� Cell cycle–specific with activity in mitosis (M) phase.

� Inhibits tubulin polymerization, disrupting formation of microtubule     
assembly during mitosis → arrest in cell division → leading to cell 
death.

� Relatively high specificity for mitotic microtubules with lower affinity 
for axonal microtubules.



VinorelbineVinorelbine

Distribution

� Widely and rapidly distributed into most body tissues with a large 
apparent volume of distribution (.30 L/kg). 

� Extensive binding to plasma proteins (about 80%).

Metabolism

� Metabolized in the liver by the cytochrome P450 microsomal system.

� Small quantities of at least one metabolite, desacetyl vinorelbine, have 
antitumor activity similar to that of parent drug. 

� Mainly excreted in feces.

� Half-life :27–43 hours .



Vinorelbine for concomitant chemoradiation
in Head and Neck Carcinoma

Vinorelbine for concomitant chemoradiation
in Head and Neck Carcinoma

DoseDose
�� 10mg/m2 wkly10mg/m2 wkly

ResultResultResultResult

�� SupraSupra--additive effect on HNSCC additive effect on HNSCC 

CancerCancer Res Res ClinClin OncolOncol.. 20072007. . ConcurrentConcurrent use ofuse of vinorelbinevinorelbine and and gefitinibgefitinib
induces suprainduces supra--additive effect inadditive effect in headhead andand neckneck squamoussquamous cell carcinoma cell carcinoma 
cell lines. cell lines. 



Mitomycin-CMitomycin-C

Mechanism of Action

Antitumor antibiotic

� Isolated from the broth of Streptomyces caespitosus species.

� Alkylating agent to cross-link DNA → inhibition of DNA synthesis � Alkylating agent to cross-link DNA → inhibition of DNA synthesis 
and function.

� Bioreductive activation by NADPH cytochrome P450 reductase,

and DT-diaphorase to oxygen  free radical forms → inhibit DNA 
synthesis and function.

� Preferential activation in hypoxic tumor cells.

AbsorptionAbsorption

�� Administered mainly by the IVAdministered mainly by the IV



Mitomycin-CMitomycin-C

DistributionDistribution

�� Rapidly cleared from plasma after IV administration .Rapidly cleared from plasma after IV administration .

�� Widely distributed to tissues. Widely distributed to tissues. 

MetabolismMetabolism

�� Metabolism in the liver (Metabolism in the liver (cytochromecytochrome P450 system and DTP450 system and DT--diaphorasediaphorase) ) 
with formation of both active and inactive metabolites.with formation of both active and inactive metabolites.

�� Excreted mainly through the Excreted mainly through the hepatobiliaryhepatobiliary system into feces. system into feces. 

�� HalfHalf--life : 50 minutes.life : 50 minutes.



Mitomycin-C for concomitant 
chemoradiation

Mitomycin-C for concomitant 
chemoradiation

IndicationsIndications

�� Anal cancerAnal cancer

�� Head and neck Head and neck caca

DosesDoses

�� Anal Anal cancer cancer -- 12mg/m12mg/m22

�� Head and neck Head and neck ca ca -- 8mg/m8mg/m22

Pignon JP, le Maitre A, Maillard E, et al: Meta-analysis of chemotherapy in head and neck cancer (MACH-NC). 
An update on 93 randomised trials and 17,346 patients, Radiother Oncol 92:4-14, 2009.



Mitomycin-C for concomitant 
chemoradiation

Mitomycin-C for concomitant 
chemoradiation

ResultsResults

�� Anal Anal cancer cancer -- 3 3 year year OS 65% OS 65% vsvs 58% 58% 11

�� Head and neck ca Head and neck ca -- MS MS –– 16.5 16.5 mthmth vsvs 13mth 13mth 

UKCCCR Anal Canal Cancer Trial Working Party. Epidermoid anal cancer:
results from the UKCCCR randomized trial of radiotherapy alone versus radiotherapy,
5-fluorouracil and mitomycin C. Lancet 1996;

348:1049-1054.



EtoposideEtoposide

Mechanism of ActionMechanism of Action

EpipodophyllotoxinEpipodophyllotoxin, , topoisomerasetopoisomerase II inhibitorII inhibitor

�� Cell cycleCell cycle--specific agent with activity in specific agent with activity in late Slate S-- and G2and G2--phasesphases..
�� ProdrugProdrug form must first be form must first be dephosphorylateddephosphorylated for for etoposideetoposide to be to be 

active.active.
�� Stabilizes the Stabilizes the topoisomerasetopoisomerase IIII--DNA complex and prevents the DNA complex and prevents the 

unwinding of DNA.unwinding of DNA.



Etoposide phosphateEtoposide phosphate

Distribution

� Rapidly distributed into all body fluids and tissues.

� Large fraction of drug (90%–95%) is protein-bound, mainly to 
albumin. Therefore, decreased albumin levels result in a higher 
incidence of host toxicity.incidence of host toxicity.

Metabolism

� Etoposide phosphate is converted to etoposide in plasma, which is then 
metabolized primarily by the liver to hydroxyacid metabolites. These 
metabolites are less active than the parent compound.

� 15%–20% of the drug is excreted in urine

� Elimination half-life : 3 to 10 hours.



Etoposide for concomitant 
chemoradiation in lung cancer

Etoposide for concomitant 
chemoradiation in lung cancer

IndicationIndication
�� NSCLCNSCLC

DoseDose
50 mg PO50 mg PO�� 50 mg PO50 mg PO

ResultResult
�� 5yr OS 5yr OS –– 13% 13% vsvs 10% 10% 

J J NatlNatl CancerCancer Inst.Inst. 2011 Oct 5;103(19):14522011 Oct 5;103(19):1452--60. 60. Sequential Sequential 
vs.vs. concurrentconcurrent chemoradiationchemoradiation for stage III nonfor stage III non--small small 
cellcell lung cancer: randomized phase III trial RTOG 94 10. lung cancer: randomized phase III trial RTOG 9410. 



GefitinibGefitinib

Trade Names

� Iressa, ZD1839

Classification

� Signal transduction inhibitor

Mechanism of Action

� Potent and selective small molecule inhibitor of the EGFR tyrosine 
kinase → inhibition of EGF autophosphorylation and  EGFR signaling.

� Inhibition of critical mitogenic and anti-apoptotic signals involved in 
proliferation, growth, metastasis, angiogenesis, and response to 
chemotherapy and/or radiation therapy.



GefitinibGefitinib

Distribution

� Extensive binding (90%) to plasma proteins, including albumin and

α1-acid glycoprotein, and extensive tissue distribution. 

Metabolism

� Metabolism in the liver primarily by CYP3A4 microsomal enzymes.

� Elimination is mainly hepatic with excretion in the feces.

� Terminal half-life : 48 hours.



Gefitinib for concurrent 
chemoradiation

Gefitinib for concurrent 
chemoradiation

IndicationIndication
�� Head and neck Head and neck caca

DoseDose
�� 250mg PO250mg PO

ResultResult
�� SupraSupra--additive effect on HNSCC cell additive effect on HNSCC cell 

CancerCancer Res Res ClinClin OncolOncol.. 2007. 2007. ConcurrentConcurrent use ofuse of vinorelbinevinorelbine and and gefitinibgefitinib
induces suprainduces supra--additive effect inadditive effect in headhead andand neckneck squamoussquamous cell carcinoma cell carcinoma 
cell linescell lines . . 

1. J



VinblastineVinblastine

Mechanism of Action: 

Vinca alkaloid, anti-microtubule agent

� Plant alkaloid extracted from periwinkle plant Catharanthus roseus. 

Inhibition of tubulin polymerization

↓↓

Disrupts assembly of microtubules

(important part of the cytoskeleton and 
the mitotic spindle).

↓

mitotic arrest in metaphase

↓

cell division stops

↓

cell death.



VinblastineVinblastine

Distribution

� Widely and rapidly distributed into most body tissues

� Poor penetration into the CSF.

Metabolism:

� By the liver P450 system

� Majority of the drug excreted in feces via biliary system. 

� Dose modification required in liver dysfunction.

� Plasma terminal half-life of about 25 hours



Vinblastine for concomitant 
chemoradiation in Lung Cancer

Vinblastine for concomitant 
chemoradiation in Lung Cancer

IndicationIndication
�� NSCLCNSCLC

DoseDose
�� 6mg/m26mg/m2

ResultResult
�� 5yr OS 16% 5yr OS 16% vsvs 10% 10% 

J J NatlNatl CancerCancer Inst.Inst. 2011 Oct 5;103(19):14522011 Oct 5;103(19):1452--60. 60. Sequential Sequential 
vs.vs. concurrentconcurrent chemoradiationchemoradiation for stage III nonfor stage III non--small small 
cellcell lung cancer: randomized phase III trial RTOG 94 10. lung cancer: randomized phase III trial RTOG 9410. 

..



MethotrexateMethotrexate

Mechanism of Action

Antimetabolite

� Cell cycle–specific antifolate analog ( S-phase) .� Cell cycle–specific antifolate analog ( S-phase) .

� Enters cells through specific transport systems mediated by the

reduced folate carrier and the folate receptor protein.

� Requires polyglutamation by the enzyme folylpolyglutamate synthase

(FPGS) for its cytotoxic activity.

� Inhibition of dihydrofolate reductase (DHFR) resulting in depletion

of critical reduced folates.

� Inhibition of de novo thymidylate synthesis and purine synthesis.



MethotrexateMethotrexate

Absorption

� Oral bioavailability is erratic.

� Completely absorbed from parenteral routes of administration, and 
peak serum concentrations are reached in 30–60 minutes after IM 
injection.



MethotrexateMethotrexate

Distribution

� Widely distributed throughout the body. 

� High-dose  yields therapeutic concentrations in the CSF.

� 50%   bound to plasma proteins.

Metabolism

� In liver and in cells by FPGS to higher polyglutamate forms.

� Renal excretion is the main route of elimination.

� Terminal half-life of 8–10 hours.



Methotrexate for concomitant 
chemoradiation in Head and neck cancer

Methotrexate for concomitant 
chemoradiation in Head and neck cancer

IndicationIndication
�� Head and neck Head and neck caca

DoseDose
�� 30mg/m230mg/m2

ResultResult
�� OS OS –– 47% 47% vsvs 37% 37% 

Anticancer Res.Anticancer Res. 2012 Feb;32(2):6812012 Feb;32(2):681--6. 6. Comparison Comparison 
ofof concurrentconcurrent chemoradiotherapychemoradiotherapy versus induction versus induction 
chemotherapy followed by radiation in patients with  chemotherapy followed by radiation in patients with  
nasopharyngeal cancernasopharyngeal cancer

��



OxaliplatinOxaliplatin

Mechanism of Action

� Diaminocyclohexane platinum, Third-generation platinum 
compound.

� Cell cycle–nonspecific agent. 

� Reacts with two different sites on DNA to produce cross-links 
(Covalently binds to DNA with preferential binding to the N-7 
position of guanine and adenine)

↓

� Inhibition of DNA synthesis and transcription.

� Binding to nuclear and cytoplasmic proteins may result in cytotoxic
effects.



OxaliplatinOxaliplatin

DistributionDistribution

�� Widely distributed to all tissues with a 50Widely distributed to all tissues with a 50--fold higher volume of fold higher volume of 
distribution than cisplatin. distribution than cisplatin. 

�� Extensively binds to plasma proteins (98%)Extensively binds to plasma proteins (98%)

MetabolismMetabolism

�� As observed with cisplatin, As observed with cisplatin, oxaliplatinoxaliplatin undergoes undergoes aquationaquation reaction in reaction in 
the presence of low concentrations of chloride.the presence of low concentrations of chloride.

�� The major species are The major species are monochloromonochloro--DACH, DACH, dichlorodichloro--DACH, and DACH, and 
monomono--diaquodiaquo--DACH platinum. DACH platinum. 

�� Mainly renal excretion Mainly renal excretion 

�� HalfHalf--life : 240 hours.life : 240 hours.



OxaliplatinOxaliplatin

IndicationIndication
�� Rectal Rectal caca

DoseDose
�� 80mg/m280mg/m2�� 80mg/m280mg/m2

ResultResult
�� OSOS--63%, DFS63%, DFS--53% 53% 
..

Radiation Med 2013 Jan 28. Radiation Med 2013 Jan 28. NeoadjuvantNeoadjuvant oxaliplatinoxaliplatin and 5and 5--
fluorouracilfluorouracil withwith concurrentconcurrent radiotherapy in patients with locally radiotherapy in patients with locally 
advancedadvanced rectal cancer: a single institution experie nce. rectal cancer: a single institution experience. 



DocetaxelDocetaxel

Mechanism of actionMechanism of action
TaxaneTaxane, anti, anti--microtubule agentmicrotubule agent

SemisyntheticSemisynthetic taxanetaxane derived from European yew treederived from European yew tree

�� Cell cycleCell cycle––specific agent (mitotic (M) phase)specific agent (mitotic (M) phase)
highhigh--affinity binding to microtubulesaffinity binding to microtubules

↓↓

enhancement of enhancement of tubulintubulin polymerizationpolymerization
↓↓

Mitotic spindle poisonMitotic spindle poison
↓↓

Inhibits mitosisInhibits mitosis



DocetaxelDocetaxel

Distribution
� Distributes widely to all body tissues. 

� Extensive binding (>90%) to plasma and cellular proteins.

Metabolism

� By the hepatic P450 microsomal system. 

� 75% of drug is excreted via fecal elimination. 

� Terminal half-life : 11 hour



Docetaxel for concurrent 
chemoradiation

Docetaxel for concurrent 
chemoradiation

IndicationIndication

�� Esophagus caEsophagus ca

DoseDose
�� 20mg/m220mg/m2

ResultResult
�� 2yr OS 2yr OS –– 52% 152% 1

1. J 1. J ClinClin OncolOncol.. 2010 May 1;28(13):22132010 May 1;28(13):2213--9. 9. Phase I/II trial of preoperative Phase I/II trial of preoperative 
oxaliplatinoxaliplatin, , docetaxeldocetaxel, and, and capecitabinecapecitabine withwith concurrentconcurrent radiationradiation therapy therapy 
in localized carcinoma of the esophagus   or in localized carcinoma of the esophagus   or gastro esophagealgastroesophageal junction. junction. 



Capecitabine (Xeloda) Capecitabine (Xeloda) 

Mechanism of Action

Antimetabolite

Fluoropyrimidine carbamate prodrug form of 5-fluorouracil (5-FU).

Capecitabine itself is inactive.

Activation  involves 3 successive enzymatic steps. 

1. In liver to 59-deoxy-5- fluorocytidine (59-DFCR) by the 
carboxylesterase enzyme 

2. To 59-deoxy-5-fluorouridine (59-DFUR) by cytidine deaminase
(found in liver and in tumor tissues). 

3. Finally to 5-FU by the enzyme thymidine phosphorylase( higher 
levels in tumor versus normal tissue.)



CapecitabineCapecitabine

� Increased activity of DNA repair enzymes, uracil glycosylase and 
dUTPase.

�� Decreased expression of mismatch repair enzymes (hMLH1,hMSH2).Decreased expression of mismatch repair enzymes (hMLH1,hMSH2).

AbsorptionAbsorption

�� CapecitabineCapecitabine is readily absorbed by the GI tract. is readily absorbed by the GI tract. 

�� Peak 5Peak 5--FU levels are achieved at 2 hours after oral administration. FU levels are achieved at 2 hours after oral administration. 

�� The rate and extent of absorption are reduced by food.The rate and extent of absorption are reduced by food.

DistributionDistribution

�� Plasma protein binding (<60%)Plasma protein binding (<60%)



CapecitabineCapecitabine

Metabolism

� Capecitabine undergoes extensive enzymatic metabolism to 5-FU.

� Catabolism accounts for >85% of drug metabolism. 
Dihydropyrimidine dehydrogenase is the main enzyme responsible for 
the catabolism of 5-FU( liver and extrahepatic tissues such as GI the catabolism of 5-FU( liver and extrahepatic tissues such as GI 
mucosa,WBCs, and the kidneys) 

� Mainly renal excretion. 

� The major metabolite excreted in urine is a-fluoro-b-alanine (FBAL). 

� Half-life:  45 minutes.



CapecitabineCapecitabine

IndicationIndication
Esophagus Esophagus caca

DoseDose
1000mg/m21000mg/m2

ResultResult
2yr OS  2yr OS  -- 52% 152% 1

1. J 1. J ClinClin OncolOncol.. 2010 May 1;28(13):22132010 May 1;28(13):2213--9. 9. Phase I/II trial of Phase I/II trial of 
preoperative preoperative oxaliplatinoxaliplatin, , docetaxeldocetaxel, , 
andand capecitabinecapecitabine withwith concurrentconcurrent radiationradiation therapy in therapy in 
localized carcinoma of the esophagus   or localized carcinoma of the esophagus   or 
gastroesophagealgastroesophageal junction. junction. 



Bevacizumab (Avastin)Bevacizumab (Avastin)

Mechanism of ActionMechanism of Action
�� Recombinant humanized monoclonal antibody directed against Recombinant humanized monoclonal antibody directed against 

the vascular endothelial growth factor (VEGF). the vascular endothelial growth factor (VEGF). 

�� Binds to all Binds to all isoformsisoforms of VEGFof VEGF--αα ( pro( pro--angiogenicangiogenic growth factor growth factor 
that is that is overexpressedoverexpressed in a wide range of solid human cancers, in a wide range of solid human cancers, 
including colorectal cancer.)including colorectal cancer.)

�� Inhibits formation of new blood vessels in primary tumor and Inhibits formation of new blood vessels in primary tumor and 
metastatic tumors.metastatic tumors.



Bevacizumab for concurrent 
chemoradiation in head and neck cancer

Bevacizumab for concurrent 
chemoradiation in head and neck cancer

IndicationIndication

�� Head and neck ca Head and neck ca experimental with experimental with cisplatinumcisplatinum

DoseDose
�� 15mg/kg15mg/kg

ResultResult
�� 2yr OS 2yr OS –– 88%, no increased toxicity 88%, no increased toxicity 

Cancer.Cancer. 2012 Oct 15;118(20):50082012 Oct 15;118(20):5008--14. 14. A phase 2 study ofA phase 2 study of bevacizumabbevacizumab with with 
cisplatincisplatin plus intensityplus intensity--modulatedmodulated radiationradiation therapy for stage III/IVBtherapy for stage III/IVB head head 
andand neckneck squamoussquamous cellcell cancer.cancer.



GemcitabineGemcitabine

Mechanism of Action

� Antimetabolite

� Cell cycle-specific ( S-phase)

� Antitumor activity of  is determined by a balance between intracellular 
activation (deoxycytidine kinase) and degradation and the formation of 
cytotoxic triphosphate (dFdCTP) metabolites.



GemcitabineGemcitabine

IndicationIndication
�� Pancreatic Pancreatic caca
�� NSCLCNSCLC
�� Head and neck Head and neck caca
�� GlioblastomaGlioblastoma
�� Cervical Cervical caca

DosesDoses
�� Pancreatic Pancreatic caca -- 1000mg/m1000mg/m2 2 

�� NSCLC NSCLC -- 300mg/m300mg/m22

�� Head and neck Head and neck caca -- 300mg/m300mg/m22

�� GlioblastomaGlioblastoma -- 300mg/m300mg/m22

�� Cervical Cervical caca -- 300mg/m300mg/m221



Toxicity of Anticancer AgentsToxicity of Anticancer Agents

��Narrow Safety profileNarrow Safety profile

��ToxiictyToxiicty because of two main reasonsbecause of two main reasons��ToxiictyToxiicty because of two main reasonsbecause of two main reasons
Increased killing of normal cells Increased killing of normal cells 

�� e.g. bone marrow suppressione.g. bone marrow suppression

Inherent cell kill by specific drugsInherent cell kill by specific drugs

��Can Involvement any organ in bodyCan Involvement any organ in body



Chemotherapy TreatmentChemotherapy Treatment

�� Chemotherapy is administered on a doseChemotherapy is administered on a dose--response response 
relationship (the more drug given the more cancer relationship (the more drug given the more cancer 
cells killed)cells killed)

�� It has a narrow therapeutic index It has a narrow therapeutic index –– meaning there meaning there �� It has a narrow therapeutic index It has a narrow therapeutic index –– meaning there meaning there 
is a very small difference between the amount of is a very small difference between the amount of 
drug that equals results and the amount of drug drug that equals results and the amount of drug 

that equals harmthat equals harm





MucositisMucositis

Nausea/vomitinNausea/vomitin
gg

Alopecia

Pulmonary fibrosis

Cardiotoxicity

Side effects of chemotherapySide effects of chemotherapy

gg

DiarrheaDiarrhea

CystitisCystitis

SterilitySterility

MyalgiaMyalgia

NeuropathyNeuropathy

Cardiotoxicity

Local reaction

Renal failure

Myelosuppression

Phlebitis



Chemotherapy Drug ToxicityChemotherapy Drug Toxicity

Chemotherapeutic
drugs

Toxicity

Cisplatin Nephrotoxicity, neurotoxicity,
ototoxicity, myelosuppression.ototoxicity, myelosuppression.
Emetogenic

Carboplatin Myelosuppression, nephrotoxicity
Emetogenic, alopecia

Vinblastine Myelosuppression, neurotoxicity,
Hypertension, alopecia, mucositis

Methotrexate Myelosuppression, nephrotoxicity
(ARF), mucositis



Chemotherapy Drug ToxicityChemotherapy Drug Toxicity

Chemotherapeutic drugs Toxicity

5-FU Myelosuppression, Hand-foot 
syndrome, mucositis, neurologic 
toxicity

Etoposide Myelosuppression, mucositis, 
alopecia,

Mitomycin-c Myelosuppression, mucositis, 
hemolytic uremic syndrome

Temozolamide Myelosuppression, nausea & 
vomiting, headache, photosensitivity



Chemotherapy Drug ToxicityChemotherapy Drug Toxicity

Chemotherapeutic drugs Toxicity

Oxaliplatin Neurotoxicity, emetogenic, 
diarrhoea, myelosuppression, 
hepatotoxicity

Vinorelbine Myelosuppression, GI toxicity, Vinorelbine Myelosuppression, GI toxicity, 
nausea & vomiting, 
neurotoxicity,alopecia

Gefitinib Elevation in B.P, 
Skin rash, pruritis

Capecitabine Diarrhoea, nausea & vomiting, 
Hand-foot syndrome,↑LFT, 
neurologic toxicity



Chemotherapy Drug ToxicityChemotherapy Drug Toxicity

Chemotherapeutic drugs Toxicity

Cetuximab Infusion related symptoms, skin
rash, pruritis, pulmonary toxicity, 
hypomagnesemia

Paclitaxel Myelosuppression, hypersensitivity 
reaction, neurotoxicity, alopecia, 
transient asymptomatic sinus 
bradycardia, mucositis

Docetaxel Myelosuppression, hypersensitivity 
reaction, fluid retention syndrome, 
skin rash, pruritis, alopecia



Chemotherapy Drug ToxicityChemotherapy Drug Toxicity

Chemotherapeutic drugs Toxicity

Bevacizumab Gastrointestinal perforations and 
wound healing complications.
Bleeding complications, Increased 
risk of arterial thromboembolicrisk of arterial thromboembolic
events, including MI, Hypertension

Gemcitabine Myelosuppression, nausea & 
vomiting, flu like syndrome, transient 
hepatic dysfunction.



Indications Dose and Results of 
chemoradiation

Indications Dose and Results of 
chemoradiation

Drug Indication Dose Remarks 

Cisplatin Esophageal ca
Head and neck ca
NSCLC

75mg/m2  

100mg/m2

100mg/m2

5yr OS – 26% vs 0% 1

OS - 78% vs 47% 2

5yr OS 16% vs 10% 5NSCLC
Cervix ca

100mg/m
75mg/m2

5yr OS 16% vs 10% 
5yr OS – 69% vs 55% 3

Carboplatin Head and neck ca
Cervix ca

300mg/m2 OS – 22% vs 16% 2

No OS benefit 4

Vinblastine NSCLC 6mg/m2 5yr OS 16% vs 10% 5

1. Cooper JS, Guo MD, Herskovic A, et al: Chemoradiotherapyof locally advanced esophageal cancer. Long-term follow-up of a prospective randomized trial (RTOG 85-01). Radiation Therapy Oncology Group, JAMA 281:1623-1627, 1999.
2. Pignon JP, le Maitre A, Maillard E, et al: Meta-analysis of chemotherapy in head and neck cancer (MACH-NC). An update on 93 randomised trials and 17,346 patients, Radiother Oncol 92:4-14, 2009.
3. Lukka H et al (2002) Concurrent cisplatin-based chemotherapy plus radiotherapy for cervical cancer: a meta-analysis. Clin Oncol (R Coll Radiol) 14(3):203–212
4. J Med Imaging Radiat Oncol.2013 Feb;57(1):97-104.  Radiation with cisplatin or carboplatin for locally advanced cervix cancer: the experience of a tertiary cancer centre. Au-Yeung G, Mileshkin L, Bernshaw DM, Kondalsamy-Chennakesavan S, Rischin D, Narayan K
5 J Natl Cancer Inst.2011 Oct 5;103(19):1452-60. Sequential vs. concurrent chemoradiation for stage III non-small cell lung cancer: randomized phase III trial RTOG 9410. Curran WJ Jr, Paulus R, Langer CJ, Komaki R, Lee JS, Hauser S, Movsas B, Wasserman T, Rosenthal 
SA, Gore E, Machtay M, Sause W, Cox JD



Indications Dose and Results of 
chemoradiation

Indications Dose and Results of 
chemoradiation

Drug Indication Dose Remarks 

Methotrexate Head and neck ca 30mg/m2 OS – 47% vs 37% 1

5-FU Anal ca
Esophageal ca

1000mg/m2

600mg/m2
3 yr OS – 65%vs 58% 2

5yr OS – 26% vs 0% 3Esophageal ca
Gastric ca
Rectal ca
Head and neck ca
Cervix ca

600mg/m2

600mg/m2

325mg/m2 

1200mg/m2

1000mg/m2

5yr OS – 26% vs 0% 3

3yr OS – 50% vs 41% 4

OS-63%, DFS-53% 7

OS – 63% vs 50% 5

5yr OS – 69% vs 55% 6

1. Anticancer Res.2012 Feb;32(2):681-6. Comparison of concurrent chemoradiotherapy versus induction chemotherapy followed by radiation in patients with nasopharyngeal carcinoma. Komatsu M, Tsukuda M, Matsuda H, Horiuchi C, Taguch T, Takahashi M, Nishimura G, Mori M, Niho T, Ishitoya J, Sakuma Y, Hirama 
M, Shiono O

2. UKCCCR Anal Canal Cancer Trial Working Party. Epidermoid anal cancer: results from the UKCCCR randomized trial of radiotherapy alone versus radiotherapy, 5-fluorouracil and mitomycin C. Lancet 1996;348:1049-1054.
3. Cooper JS, Guo MD, Herskovic A, et al: Chemoradiotherapy of locally advanced esophageal cancer. Long-term follow-up of a prospective randomized trial (RTOG 85-01). Radiation Therapy Oncology Group, JAMA 281:1623-1627, 1999.
4. Macdonald JS, Smalley SR, Benedetti J, et al: Chemoradiotherapy after surgery compared with surgery alone for adenocarcinoma of the stomach or gastroesophageal junction, N Engl J Med 345:725-730, 2001.
5. Pignon JP, le Maitre A, Maillard E, et al: Meta-analysis of chemotherapy in head and neck cancer (MACH-NC). An update on 93 randomised trials and 17,346 patients, Radiother Oncol 92:4-14, 2009.
6. Lukka H et al (2002) Concurrent cisplatin-based chemotherapy plus radiotherapy for cervical cancer: a meta-analysis. Clin Oncol (R Coll Radiol) 14(3):203–212
7. Radiol Med.2013 Jan 28. Neoadjuvant oxaliplatin and 5-fluorouracil with concurrent radiotherapy in patients with locally advanced rectal cancer: a singleinstitution experience. Greto D, Paiar F, Saieva C, Galardi A, Mangoni M, Livi L , Agresti B, Franceschini D, Bonomo P, Scotti V, Detti B, Tonelli F, Valeri 
A, Messerini L, Biti G



Indications Dose and Results of 
chemoradiation

Indications Dose and Results of 
chemoradiation

Drug Indication Dose Remarks 

Mitomycin-c Anal cancer
Head and neck ca

12mg/m2
8mg/m2

3 yr OS 65% vs 58% 1

MS – 16.5 mth vs 13mth 2

Temozolamide Brain tumor 75mg/m2 2 yr OS – 27% vs 10% 3

Oxaliplatin Rectal ca 80mg/m2 OS-63%, DFS-53% 4

Etoposide NSCLC 50 mg PO 5yr OS – 13% vs 10% 5

1. UKCCCR Anal Canal Cancer Trial Working Party. Epidermoid anal cancer: results from the UKCCCR randomized trial of radiotherapy alone versus radiotherapy, 5-fluorouracil and mitomycin C. Lancet 1996;348:1049-1054.
2. Pignon JP, le Maitre A, Maillard E, et al: Meta-analysis of chemotherapy in head and neck cancer (MACH-NC). An update on 93 randomised trials and 17,346 patients, Radiother Oncol 92:4-14, 2009.
3. EORTC/NCI Canada 2005 , Stupp R et al (2005) Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. N Engl J Med 352(10):987–996
4. Radiol Med.2013 Jan 28. Neoadjuvant oxaliplatin and 5-fluorouracil with concurrent radiotherapy in patients with locally advanced rectal cancer: a singleinstitution experience. Greto D, Paiar F, Saieva C, Galardi A, Mangoni M, Livi L , Agresti B, Franceschini D, Bonomo P, Scotti V, Detti B, Tonelli F, Valeri
A, Messerini L, Biti G
5. 5 J Natl Cancer Inst.2011 Oct 5;103(19):1452-60. Sequential vs. concurrent chemoradiation for stage III non-small cell lung cancer: randomized phase III trial RTOG 9410. Curran WJ Jr, Paulus R, Langer CJ, Komaki R, Lee JS, Hauser S, Movsas B, Wasserman T, Rosenthal SA, Gore E, Machtay M, Sause W, Cox JD



Indications Dose and Results of 
chemoradiation

Indications Dose and Results of 
chemoradiation

Drug Indication Dose Remarks 

Biomab
[Bevacizumab]

Head and neck ca 15mg/kg 2yr OS – 88%, no 
increased toxicity 5

Vinorelbine Head and neck ca

NSCLC

10mg/m2

10mg/m2

CR = 90% vs 70% 
[Cis- as CCRT]  8

RR = 80% 7

Gefitinib Head and neck ca 250mg PO Supra-additive effect 
on HNSCC cell 6

5. Cancer.2012 Oct 15;118(20):5008-14. A phase 2 study of bevacizumab with cisplatin plus intensity-modulated radiation therapy for stage III/IVB headand neck squamous cell cancer.
Fury MG, Lee NY, Sherman E, Lisa D, Kelly K, Lipson B, Carlson D, Stambuk H, Haque S, Shen R, Kraus D, Shah J, Pfister DG.
6. J Cancer Res Clin Oncol.2007. Concurrent use of vinorelbine and gefitinib induces supra-additive effect in head and neck squamous cell carcinoma cell lines. Erjala K, Raitanen M, Kulmala J, Grénman R.
7. Cancer Chemother Pharmacol.2006 Sep;58(3):361-7. Epub 2005 Dec 6. The combination of cisplatin and vinorelbine with concurrent thoracic radiation therapy for locally advanced stage IIIA or IIIB non-small-cell lung cancer. Hirose T, Mizutani Y, Ohmori T, Ishida H, Hosaka 
T, Ando K, Shirai T, Okuda K, Ohnishi T, Horichi N, Kubota H, Adachi M.
8. Indian J Med Paediatr Oncol. 2010 Jan-Mar; 31(1): 4–7. Comparison of vinorelbine with cisplatin in concomitant chemoradiotherapy in head and neck carcinoma Devleena, Anup Majumdar, Soumita Poddar, and Anindya Chakraborty



Indications Dose and Results of 
chemoradiation

Indications Dose and Results of 
chemoradiation

Drug Indication Dose Remarks 

Capecitabine Esophagus ca 1000mg/m2 2yr OS  - 52% 1

Cetuximab Head and neck ca 400mg/m2 wk 5yr OS – 45% vsCetuximab Head and neck ca 400mg/m wk 
before RTf/b 
250mg/m2 wkly

5yr OS – 45% vs
36% 2

Gemcitabine Pancreatic ca
NSCLC
Head and neck ca
Glioblastoma
Cervical ca

1000mg/m2 

300mg/m2

300mg/m2

300mg/m2

300mg/m2

Phase I/II trials 3

1. J Clin Oncol.2010 May 1;28(13):2213-9. Phase I/II trial of preoperative oxaliplatin, docetaxel, and capecitabine with concurrent radiation therapy in localized carcinoma of the esophagus or gastroesophageal junction. Spigel DR, Greco FA, Meluch AA, Lane CM, Farley 
C, Gray JR, Clark BL, Burris HA , Hainsworth JD
2. Bonner JA, Harari PM, Giralt J, et al: Radiotherapy plus cetuximab for squamous-cell carcinoma of the head and neck, N Engl J Med 354:567-578,2006.
3. BEA PAUWELS, ANNELIES E.C. KORST, FILIP LARDON, JAN B. VERMORKEN Combined Modality Therapy of Gemcitabine and Radiation. The Oncologist 2005;10:34-51.



Indications Dose and Results of 
chemoradiation

Indications Dose and Results of 
chemoradiation

Drug Indication Dose Remarks 

Paclitaxel Cervix ca
Head and neck ca

50mg/m2 No survival advantage 
over cisplatin 1Head and neck ca over cisplatin

Docetaxel Esophagus ca 20mg/m2 2yr OS – 52% 2

Bleomycin High grade glioma 10mg/m2 OS same as RT alone 3

1. Radiat Oncol.2010 Sep 23;5:84. A phase II randomized trial comparing radiotherapy with concurrent weekly cisplatin or weekly paclitaxel in patients with 
advanced cervical cancer. Geara FB, Shamseddine A, Khalil A, Abboud M, Charafeddine M, Seoud M.
2. J Clin Oncol.2010 May 1;28(13):2213-9. Phase I/II trial of preoperative oxaliplatin, docetaxel, and capecitabine with concurrent radiation therapy in localized 
carcinoma of the esophagus or gastroesophageal junction. Spigel DR, Greco FA, Meluch AA, Lane CM, Farley C, Gray JR, Clark BL, Burris HA , Hainsworth JD
3. Laperriere N (2002) Radiotherapy for newly diagnosed malignant glioma in adults: a systematic review. Radiother Oncol 64(3):259–273. 
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Chemoradiation in Cervix 
cancer

Chemoradiation in Cervix 
cancer

Ademocarcinoma          Squamous cell Carcinoma 
cervix.                                    Cervix

Anticancer ResearchJune 2010 vol. 30 no. 6  2341-2346



Chemoradiation in Cervical cancer 
reduces risk of death by 30-50%
Chemoradiation in Cervical cancer 
reduces risk of death by 30-50%



Chemoradiation in Lung 
Cancer

Chemoradiation in Lung 
Cancer

ONCOLOGY.ONCOLOGY. Vol. 18Vol. 18 No. 8No. 8 5 5 July 1, 2004July 1, 2004



Advantage of Chemoradiation
in Head and Neck Cancer
Advantage of Chemoradiation
in Head and Neck Cancer



How much radiation is the chemotherapy 
worth in advanced head and neck cancer?
How much radiation is the chemotherapy 
worth in advanced head and neck cancer?

Chemotherapy increases BED by Chemotherapy increases BED by 
approximately 10 approximately 10 GyGy (10) in standard (10) in standard 
RT, equivalent to a dose escalation of RT, equivalent to a dose escalation of RT, equivalent to a dose escalation of RT, equivalent to a dose escalation of 
12 12 GyGy in 2 in 2 GyGy/F. Such an escalation /F. Such an escalation 
could not be safely achieved by could not be safely achieved by 
increasing radiation dose alone.increasing radiation dose alone.

IntInt J J RadiatRadiat OncolOncol BiolBiol Phys.Phys. 2007 Aug 1;68(5):14912007 Aug 1;68(5):1491--5.5.



ConclusionConclusion

�� Chemotherapy or targeted agents  can increase the efficacy of Chemotherapy or targeted agents  can increase the efficacy of 
radiationradiation

�� The combined effect can be additive or synergisticThe combined effect can be additive or synergistic
because of multiple mechanisms e.g. because of multiple mechanisms e.g. 

�� Increased radiation damageIncreased radiation damage
�� Inhibition of DNA repairInhibition of DNA repair
�� Cell cycle synchronization Cell cycle synchronization 
�� Increased Increased cytotoxicitycytotoxicity against hypoxic cellsagainst hypoxic cells
�� Inhibition of Inhibition of prosurvivalprosurvival pathwayspathways
�� Abrogation of tumor cell repopulationAbrogation of tumor cell repopulation

�� Concurrent Concurrent chemoradiationchemoradiation has improved cancer care in last has improved cancer care in last 
three decades in many malignanciesthree decades in many malignancies


