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The scales of technological 
transitions were always different 
but there are some new issues
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Emerging Economies: The Balancing Act

Transition phase of socio-economic development & Demography 
Double Trouble of Infectious & Lifestyle Diseases..

Challenge of Optimizing limited resources for maximum benefit of the society       
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Direct costs of cancer in USA  : American Cancer Society 2003

$ 1.2 billion$ 1.2 billion

$ 3.8 billion$ 3.8 billion

$ 18.1 billion$ 18.1 billion

$ 60.9 billion$ 60.9 billion

1963 1972 1985 2002

The rising costs of cancer
Obsession with  technology & New Molecules.

‘Breakthroughs’ often integrated into routine care 
without sufficient evidence of major clinical benefit

‘Managed’ Evidence Based Medicine
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Prioritizing 

Resource Allocation

Integrating New 

Technology

o

Lancet Oncology 2003
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Datta & Rajasekara, Lancet Oncol 2004

20202000
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BHABHATRON: The Indigenous Indian Telecobalt BHABHATRON: The Indigenous Indian Telecobalt 

Developed in a Govt. R & D Centre (Bhabha Atomic Research Centre)

Manufactured & marketed by Pvt. Enterprise (Panacea Tech. Ltd. Bangalore)

Dosimetric / clinical  evaluation at ACTREC, Tata Memorial– Further Refinements

Penetrating Indian Market, Integrated in National Cancer Control Programme

Money
matters

<< cost effective >>

Our New Bunker adjacent to Indigenous Telecobalt (Bhabhatron) State-of-the-art technology (TOMOTHERAPY) in a room adjacent to Indigenous Telecobalt 

How do we justify spending this Taxpayers money
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Halperin, IJROBP,2006

Evidence Based Assessment & Integration of 
Technology in Radiation Oncology

Societal 
Costs

Technical Capabilities 
&  

Precision

Clinical Benefit

Research (Clinical and Health Economic Evaluation) in Emerging Technology 
becomes a necessity in Emerging economies to provide a solid foundation  
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Emerging Technology Promises

• Lower toxicity  
• Improved Patient and Personnel Safety
• Better documentation and validation 
• Improved cure rates

May be Higher Throughput & Cost effectiveness

Emerging Technology Generally Entails

• Higher initial and maintenance Cost
• Uncertainty of clinical benefits
• Uncertainty of sturdy performance
• Human resource implications
• Skepticism of the critics & health economists

May prove to be expensive experimental tool in emerging economies



10

How can we tame the beast of New Technology?

WHEREVER POSSIBLE

• Demonstrate clinically meaningful benefits of Technology (if 
any) in the shortest possible time before it is pushed through  
and becomes the ‘standard of care’

• Use technology solutions to Increase throughput
– Robust performance with less downtime
– Exploit better conformal delivery for accelerated schedules

• Use it for Reducing wastage of resources
– Better case selection - newer biological/radiological tools (e.g. PET)

• Decrease the Cost of new or existing technology
– Indigenous equipment 
– Resource sharing (Tele – Radiotherapy planning)

Integrating Technology to Increase Throughput
Effect of MLC and automatic field sequencing on mean fraction duration

Comparison of 1996 and 2003 productivity data (Delaney, Clinical Oncology,2005).

31% increase in number of fields treated per hour

11% increase in number of patients treated per hour

Mean fraction duration decreased by 13% for routine treatments  & 27% for complex fields
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Integrating Technology to Reduce Costs

Initial Capital Investments in technology are high.

LINAC (Varian with and without MLC difference of 376,923 Australian Dollars)

Reduced Costs over a prolonged period due to increased Throughput

Annual Savings of A$ 680,000 due to increase in throughput…

much more than the incremental cost of technology  Foroudi,IJROBP,2000

Cost Comparison Conventional vs. Conformal Irradiation
Saving on the Cost of managing fewer recurrences offsets the 

initial higher cost (e.g. Prostate Cancer)

Follow up Year             Conventional (US $)             Conformal (US $)

1                                     9800                      17259

2                                     14917                     17720

3                                     17693                     21553

4                                     13577                     18845

5                                     20000                     23732

6                                     25000                     24250

Horwitz et al,1999
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Evidence Based Clinico-Radiobiological Fractionation Pyramid
Sarin R, Lancet Oncol. June 2006 (7); 445-47 

α/β ratio of tumour

(7-10Gy) much higher than late responding 

normal tissues (2-4Gy); e.g. Squamous Ca 

H&N, Lung, Cervix

α/β ratio of Tumour 
(1.5 - 2Gy) is lower 

than late responding 
Nm tissue (2-4Gy);
e.g. Prostate  Ca

Improve tumour control without in
creasing late 

toxicity (possibly more acute toxicity) w
ith  greater 

number of smaller sized fra
ctions (Hyperfra

ctn ) and / 

or re
ducing total tim

e (acceleration)  
Better utilis

ation of health resources by 

giving fewer and larger sized fra
ctions 

for tu
mour control and late toxicity 

comparable to conventional 

fractionation

α/β ratio of Tumour (3 – 5Gy) similar or 

slightly higher than late 

responding normal tissue (2-4Gy);

e.g. Breast Cancer

Improve tumour 

control w
ith 

similar or re
duced 

late & acute 

toxicity by using 

fewer &
 larger 

sized fra
ctions  

Use of fewer fractions, if 
safe would be to great 
advantage for patients 

and ‘professionals’ alike

Integrating Technology to Increase Throughput
Hypofractionated or Abbreviated RT = Conventional Fractionation

Breast Cancer
Owen et al, Lancet Oncol, 2006 

Prostate Cancer
Yeoh et al, IJROBP, 2003 



13

Technology Permits a new Treatment Approach:- APBI

Interstitial Implant Mammosite TARGIT

Intra op electrons [ELIOT] 3DCRT  / IMRT

TMH

TMH
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Growth of RT infrastructure in India over the years

1962-1986 -- 76 Telecobalt units (> 20 years old)

1987-1991 -- 35 Telecobalt units (> 15 years old)

Pre 1991 LA -- 12 units (>15 years old)
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11th Five yr Plan for Indian National Cancer Control Programme 
(NCCP)

Prevent and downstage cancer 
Reduce morbidity and mortality from cancer and its therapy

Adopt & Implement 3-tier network

Ensure existence of 1 primary referral RT centre in 4 adjacent districts 

Ensure existence of 1 secondary referral RT centre in every 2nd Govt. Med College

Ensure existence of 1 tertiary referral RT centre in each state

Support & sustain indigenous technology 

Support installation of indigenous Telecobalt & low energy LA

Accelerate the process of indigenization of other RT equipment (Simulator, HDR, 

Dual Energy LA)

Train, recruit & retain human resource

Increase seats for training (Radiation Oncologists, Med Physicists, RTT) 

Improve work conditions and remuneration 

Indigenous Linear Accelerators & other equipment
Department of Atomic Energy, Information Technology, CSIO, SAMEER, MOH 

• Indigenous TPS is US FDA approved and is being used in 
many Indian centres

• Indigenous low energy LINAC was developed in 1990s and 
used in 2 centres with variable success and little enthusiasm

• Programme renewed & the 1st upgraded Low Energy LINAC 
installed at Wardha in 2006. Early performance satisfactory

• Many more indigenous LINACS proposed in the next 5 yr

• Programme for development of Indigenous Simulator and          
HDR machines 
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Indigenous Imported

Proposed year wise increase in supporting indigenous teletherapy
equipment which is more cost effective and would permit  

increasing annual installations from the NCCP funds 

Figures in US Million Dollars:150 Million US$ over 5 yrs for Equipment

Add 160 Telecobalts; 70 Linacs, 60 Simulators, 50 TPS, 24 HDR from the NCCP. 

Additional machines from other government funds and private / charity funds
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34

TMH RCT of SCRT  vs Conventional RT in in Children / young adults with 
Benign / Low Grade Brain Tumours
TMHTMH RCT of RCT of SCRT  SCRT  vsvs Conventional RT in in Children / young adults with Conventional RT in in Children / young adults with 
Benign / Low Grade Brain TumoursBenign / Low Grade Brain Tumours

Age: 3Age: 3--25 years25 years

Benign / low grade Benign / low grade 
tumourstumours

Informed consentInformed consent

Detailed neurological, Detailed neurological, 

endocrine and neuroendocrine and neuro--

psychological evaluationpsychological evaluation

Planned accrual = 200 (96 accrued till date) Planned accrual = 200 (96 accrued till date) Planned accrual = 200 (96 accrued till date) 

SCRTSCRT

54 Gy/30#54 Gy/30#

Very detailed endocrine, cognitive, Very detailed endocrine, cognitive, 
neurological, growth and QOL neurological, growth and QOL 

assessment in follow upassessment in follow up

Conventional RTConventional RT

54 Gy/30#54 Gy/30#
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Hypothesis: SCRT can reduce late sequelae of RT as compared to cHypothesis: SCRT can reduce late sequelae of RT as compared to conventional RTonventional RT
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3D-CRT vs IMRT in H & N Ca

TMH and ACTREC RCTs

HNSCC, T1-T3, N0-N2b,M0
Oropharynx, Hypopharynx & larynx

3D-CRT 
+ Concurrent Chemotherapy

IMRT  
+ Concurrent Chemotherapy

Sample size (60) to demonstrate large benefit of Reduction in Acute 
salivary toxicity by 35%

Status: Ongoing (Accrual 50% of the Intended Target)

Randomise

Intended Accrual: 100 in each arm

Reduction in Acute and Late RT toxicity’s by:15-25%

Power of detection: 80% (alpha error: 0.05)

Accrual Till Date: 25% of the intended target.

ONGOING

TMH RCT of Conventional RT vs IMRT for 

Cervical Cancer Stage IIB
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How do we integrate new technology in 
routine clinical practice

• Overwhelming superiority in the clinical 

outcome with new technology OR

• Modest but definite clinical benefit 

• Results are generally reproducible

• Possible (or make it possible) to integrate  

new technology in the health care system 

A developing nation and an emerging economy

Creating a fair society where everyone shares the fruits (& pains) of economic development


