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Ensuring Better Health Care for
the Nation

The use of radiation and radioisotopes alleviates suffering of millions

of patients. Radioisotopes and radiation are used for diagnostic

purposes, either in vivo or in vitro, as well as for therapeutic

applications. Radiation therapy is now a common treatment for a

variety of cancers. The intense radiation energy destroys the genetic

material of  cancerous cells and stops them from dividing.  Cancer

cells divide more frequently than normal surrounding cells and are

therefore more sensitive to radiation. Nuclear medicine studies, in

vivo, use small amounts of radioisotopes to gain information regarding

functioning of specific organs. A large number of organs such as

thyroid, heart, liver and brain can be imaged for accurate diagnosis

in a short time. On the other hand, in vitro radio-biochemical analysis

is a great asset to clinicians for quick and reliable measurement of

important biological molecules in the body.

The use of radioisotopes in medicine has grown over the years  as a

result of development of new radiopharmaceuticals, improved

reliability of both radiation sources and detectors, greater

computational ability to model  metabolic fate of radiopharmaceuticals

in complex biological system to extract the desired information and

finally  better safety measures while handling energetic radiation.

During the last fifty years, DAE has pursued an integrated programme

to acquire expertise in all these areas. Today, institutes like  the Tata

Memorial Hospital and Radiation Medicine Centre are among the

best in the world. Most of the radiation sources and radiopharma-

ceuticals are produced indigenously to ensure cost effective

treatment.

Radioisotopes
and Radiation
in Health Sector

Chapter-2
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‘Bhabhatron’ : Cobalt Therapy Machine developed at BARC
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Historical Perspective
Even though power generation was the main goal of the

Indian atomic energy programme, Dr. Homi Bhabha had not

overlooked the other peaceful applications of nuclear

energy. Soon after the establishment of the Atomic Energy

Commission in 1948, attention was given to developing

medical  applications of radiation and radioisotopes. He did

not have to look far for a suitable place to initiate this activity.

The small but well equipped eighty bed  Tata Memorial Hospital,

in Parel, was already engaged in treating cancer patients with

two deep X-ray therapy machines  The hospital was set up in

1941 by the Sir Dorab Tata Trust to provide quality medical

care to cancer patients with some outstanding cancer

specialists  in the country in attendance. It was but natural that

medical research related to radioisotopes was initially entrusted

the to this hospital. Another research institute,  the  Indian

Cancer Research Centre, later called the Cancer Research

Institute (CRI), was  established in 1952 as a pioneer research

institute for basic research in cancer.  Administrative controls

of the Tata Memorial Hospital and the Cancer Research Institute

were transferred to the Department of Atomic Energy in 1962.

The TMH and CRI merged as the two arms of the Tata Memorial

Centre (TMC) in 1966. This represented a classic example of

private philanthropy augmented by Government support, with

a mandate for service, education and research in cancer. Today,

in India, the name of Tata Memorial Centre inspires hope in

millions of patients fighting the dreadful disease of cancer.

Radiation therapy has been one of the important treatment

modalities at the Tata Memorial Centre, since its inception  in

1941. Developments in radiation oncology at the TMH over

the past six decades have kept pace with emerging advances

in the field. The primary aim in radiation therapy is to deliver

maximum dose to the area of disease while minimizing the

dose to surrounding normal tissues.  TMH has emerged as a

pioneer institute in the country where annually about 4500-

5000 patients undergo radiotherapy of cancer. The

infrastructure available for external beam therapy includes three

Linear Accelerators with 6 to 15 MV photon energy and multiple

electron energies from 6 to 20 MeV (Clinac-2100C and Clinac

2100C/D, Clinac 6EX with millennium MLC). Five Telecobalt

units (Theratron-780, Theratron-780C, Alcyon, Elite 80 and

Bhabhatron) with one conventional Simulator (Ximatron) & a

CT Simulator (Somatom-Emotion) with Virtual Simulation

(Coherence Dosimetrist) and a fully equipped mould room.

The use of radiation for therapeutic purpose started soon

after the discovery of radium by Marie Curie. However the use

of radiolabeled compounds to obtain information on the shape,

size, functioning and location of specific organs or tissues grew

into a special field in 1950’s after their utility as tracers was

demonstrated. This branch of medicine was christened “Nuclear

medicine”.  As sealed radiation sources were already in use

for treatment of cancers either by ‘Teletherapy’ or

‘Brachytherapy’, they remained as a separate discpline

handled by radiation oncologists. The ‘Nuclear medicine’ grew

as a distinct specialty dealing with radiolabelled molecules,

nomenclatured as ‘radiopharmaceuticals’.

‘Nuclear Medicine” as a branch was crystallizing only around

1958 in the world, and Dr.Bhabha,  the visionary,  made provi-

sions for this field in DAE activities in 1960. His desire to take

India to the forefront of this emerging area led him to interact

with pioneers in India and other countries connected with

research in nuclear medicine.  Towards the end of 1962, in a

small room in the Richardson and Cruddas building at Byculla,

Mumbai, a laboratory was set up for such studies. At this point,

some enthusiastic young doctors and scientists joined the

programme. Dr.Bhabha  managed to obtain a grant of US$

120,000 from the US government towards setting up of nuclear

medicine  facilities. After a couple of years spent in getting an

understanding of the field at the clinic at Richardson and

Cruddas, the small facility was christened as the Radiation

Medicine Centre (RMC) and placed in TMH in September 1963.

The equipment for this facility soon arrived and unfortunately,

there were no experts to commission them.  The young doc-

tors and scientists worked hard and performed the challenging

task enthusiastically.

The major objectives of RMC were to take up R&D activi-

ties in the newly emerging area of nuclear medicine, deploy

these in the clinical applications and provide guidance to medi-

RADIOISOTOPES AND RADIATION IN HEALTH SECTOR
Ensuring Better Healthcare for the Nation
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Radiation Medicine Centre at Mumbai : the Centre of Excellence
conceived by Dr. Bhabha

Several distinguished foreign experts in nuclear medicine

helped to shape the interests and the future course of nuclear

medicine in India. They visited and stayed at the RMC in the

early years of its existence. The celebrated Nobel laureate,

Dr Ernest Lawrence, who being Dr Bhabha’s friend and well

wisher, visited and offered a full set of instruments. Several

luminaries from abroad visited and helped in the growth of

RMC. These included Sir Edward Pochin from London,

Dr. Monte Blan from Rosewell Park Memorial, Buffalo, USA

(1967), Dr. James Quinn, Chicago, USA (1969), Dr. Solomon

Berson (1970), Dr. Walton Shreeve, Brookhaveh National

Laboratory, USA, Dr. Joseph Matvinovic (1973), Dr. Joseph

Attie, and Dr. Rosalyn Yalow (1977). These visitors directly

aided the growth of the RMC. In London, Sir Pochin had initiated

studies on liver disorders, where 131I was administered orally

and radioactivity in the liver was measured by profile counting.

At RMC, the results were perused further by the young bright

scientists to correlate them with protein bound iodine (PBI).

This happened at a time when Radioimmunoassays for

thyroid hormones were not available. Sir Pochin was highly

impressed by this, as were his colleagues, as seen by the

letter he later wrote from London, at the Silver Jubilee Celebra-

tions of RMC in 1989.

cal professionals by conducting training programmes. It all

began with the thyroid uptake studies using the radioisotope
131I-Sodium iodide during the initial days at the Richardson &

Cruddas clinic. During the period between 1962-63, when

RMC’s laboratories were being set up at TMH, the group of

young enthusiasts used to carry out patient studies using the

thyroid uptake probe in the mornings at the Richardson &

Cruddas Clinic and work at TMH premises in the evenings.

Many of the instruments  arrived from USA in 1963 at the new

centre and had to be installed by them without any assistance

from engineers or company representatives. It indeed was a

back-breaking exercise for all those involved, yet immensely

satisfying to see the equipment working. Often, to study the

patients’ uptake profile as well as to test the various instru-

ments  installed, the patients were transported from J. J. Hos-

pitals, Byculla to TMH, Parel. The scans were taken using the

rectilinear scanner and then the patients were sent back.  The

problems encountered in the early days in establishing each

study and in installing each instrument, were enormous, as

there was no helping agencies and very little experience.  The

efforts started from scratch - but the challenges were still met

due to the dedication of the scientists.

Dr K N Jeejebhoy led RMC for four years. The accompa-

nying signature is that of Jeejebhoy; it is a savoured relic

for RMC personnel today.   Dr Bhabha had wished to model

the RMC on the lines of Mayo Clinic and gave Dr Jeejebhoy

a free hand to train his staff abroad at good centres for a

year or more. Dr. Bhabha also facilitated the luxury of hav-

ing pioneers and experts from abroad to be in residence at

RMC through the WHO and the IAEA, so that RMC could

become a world class organization.
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Radiation medicine centred around detection and imaging

of a radioisotope selectively absorbed by an organ in the body.

The first gamma camera on the country was installed at RMC

in the late nineteen sixties. Detection and imaging, in the early

years, were performed with rectilinear scanners that used a

small detector, which was moved over the organ in multiple

passes and an image consisting of dots of varying brightness

was created. The brightness of the dot was directly dependent

on the concentration of radioisotope present at that particular

location enabling the physician to assess the state of function-

ing tissue in the organ. Advances in electronics, computation

and crystal growth techniques enabled development of better

imaging device such as gamma camera. Emergence of gamma

camera that used a larger detector system and provided a com-

plete image of the organ in one go simplified the imaging tech-

nique and marked the advent of new tools in nuclear medicine.

Futher, the availability of high performance computing tech-

niques, revolutionized  nuclear medicine the world over.  This

necessitated establishment of a group at RMC dedicated to

the use of computer software and also a need for  develop-

ment of new programmes for clinical nuclear medicine, which

could be utilized in-house.  From this small beginning, this group

Dr.Pochin said, “…I was naturally delighted and my
colleagues impressed when I heard that this easy measure-
ment of the liver counts was already being used in the
Centre as a much quicker and simpler diagnostic index of
thyroid overactivity than the longer and much more difficult
estimation of plasma PBI...” He went on to conclude, “This
versatility of approach and early practical application of
available techniques 26 years ago, is a good small indica-
tion of the Centre of Excellence that I have always consid-
ered BARC to be...”

has gone on to play an important role in  quantitative evalua-

tion of scintigraphic studies and in the quality control

programmes for  gamma cameras at the time of installation as

well as subsequently, to ensure their optimum performance.

Dr. James Quinn of Chicago came with his Indium-113m

generator in 1969 to train the personnel at RMC in the use of

higher energy isotopes for organ scanning with the gamma

camera that had been designed for 99mTc energy isotopes.

Dr. William Bierwaltes, the internationally  renowned thyroid

cancer specialist, arrived from Ann Arbor, Michigan. He had

set up widely respected protocols for the post-surgical treat-

ment of thyroid cancer. He was instrumental in setting up the

Thyroid Clinic and today, justifiably, the RMC is renowned for

its expertise in the management of  Thyroid and its diseases. It

has the largest patient population in its registry anywhere in

the world for one single institution for thyroid cancer.

In 1970, Dr. Solomon Berson, the man who established RIA

in the world, worked from morning till night, and strode up and

down the corridors of RMC with test tube and pipette in hand,

tirelessly working and instructing RMC staff on Radioimmu-

noassay (RIA) techniques for insulin, thyroid stimulating

hormone (TSH) and growth hormone. His lectures on endocri-

nology are now part of the legend that has gone into shaping

of  laboratory nuclear medicine at RMC. It is a matter of lasting

regret that he did not live to receive the Nobel Prize he so

richly deserved for his work on RIA. The 1977 Nobel Prize for

Medicine was awarded to his co-worker Dr. Rosalyn Yalow for

Radioimmunoassay who visited RMC in 1977. Two years after

his visit, he succumbed to a massive myocardial infarction. His

legacy lives on and today RIA forms a vital component of

nuclear medicine services that RMC offers its patient popula-

tion.

Dr. Walton Shreeve, of the Brookhaven National Laborato-

ries, first convinced himself that the hosts were intelligent

enough to ‘make it worth his while’ to come to RMC. Appar-

ently he went back more than satisfied that his erudition and

his teaching were appreciated, understood, accepted and put

into practice by his trainees at RMC. Radiorespirometry was

established, thanks to his efforts. The ability to detect meta-

bolic and biochemical abnormalities merely by analyzing the

breath following a carbon-14 labeled substrate of interest

became a fascinating learning point. The one who made a great
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A celebrity visitor in 1977
had been Rosalyn Yalow
soon after she
received the Nobel Prize
for her work with
Solomon Berson on the
development of RIA as a
technique to measure
substances that existed
in small amounts in the
human body. Their work
had been on RIA of
insulin. She recorded her

memories of her stay with the RMC in her message at the
time of the Silver Jubilee of the Center.    “ I remember with
great pleasure the all-too-short time that I spent in India
immediately after receiving the Nobel Prize in 1977 so that
I might help its physicians and scientists to develop their
skills so as to participate fully in exploiting radioimmunoas-
say methodology in their own laboratories and research
centres so as to maximize its potential for applicability to
Indian medicine”

The person who served as Head of RMC the longest,
from 1967 till 1984 and gave the shape, direction and
momentum it finally attained, was Dr. R. D. Ganatra.
Dr. Ganatra served Radiation Medicine Centre with great
distinction. Enormously well read, and with a hunger for
continued learning that was the envy of his lesser peers,
he possessed  a keen and incisive mind. He enriched RMC
and the Indian Nuclear Medicine community with his con-
tributions. Crippled by motor neuron disease and unable to
walk but with his brain still razor sharp, he replied when
requested for a message on the occasion of the Silver
Jubilee of the RMC in 1989, with the disarming candor that
was so characteristic of him.

“…A small brick in one of the walls of the Taj Mahal can-
not send a message to the Taj expressing wonder that it
has been standing magnificently all these years. The little
brick just feels proud and fortunate that it has a small role
in making Taj as glorious as it is. I still consider myself a
part of RMC. Whatever I am in Nuclear Medicine today is
largely due to RMC. On the other hand, what RMC is today
is in a small measure due to my efforts. I cannot think of
myself as separate and remote from RMC to send it a mes-
sage. Although I am unable to be there physically during
the Silver Jubilee functions, I shall be there in many ways,
if one looks for me”.

deal of difference to the early post-operative deaths in thyroid

cancer was Dr. Joseph Attie, a thyroid surgeon. He demon-

strated that it was vascular embarrassment of the parathyroids

that led to their subsequent destruction and chronic hypopar-

athyroidism and tetany.  With careful dissection and exquisite

surgical technique in the operation theatre, he showed how to

preserve the blood supply of the parathyroids. The number of

patients who benefited as a consequence, is large.

RMC has been fortunate to have been able to draw upon

such diverse talent and expertise in its onward march to its

present position of excellence and repute. These visits and train-

ing of the experts overseas, though important, were only

minor in comparison with the steady concerted efforts of the

bright, dedicated staff in strengthening the young RMC.

After Dr. Ganatra, RMC has been led by dedicated doctors

and scientists.

Rosalyn S. Yalow

R. D. Ganatra
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Dr. M.R. Srinivasan in the hybridoma laboratory. Accompaning him
are  Dr. S.M. Sharma, Dr. P.K. Iyengar, and Dr. Notani while

Dr. D.H. Shah explains the work

Development of nuclear medicine in the country was also

dependent on availability of locally produced radiopharma-

ceuticals as well as expertise required for developing modern

detection instrumentation. Developments in the field of

radiopharmaceuticals started with the commissioning of

APSARA which was inaugurated in 1957. With the demands

placed on the isotope programme, several activities such

as production of radiochemicals, preparation of

radiopharmaceuticals, their quality control and supply to the

consumers were started.

 The mandate of isotope programme was to develop

processes and set up facilities for the production and purifica-

tion of phosphorous-32, chromium-51 and iodine-131, radio-

isotopes of immediate interest to the medical community.

Specially, iodine-131 (131I) had by then started finding applica-

tion in medical practice both for diagnosis and treatment. Initial

consignments of medical isotopes were tested and tried out in

cooperation with pharmacology department of the KEM

Hospital.  By about 1960, the Isotope Division of BARC moved

to South Site Trombay, where production facilities were estab-

lished for more important medical isotopes, which were, then

in demand in the country.

The decade 1960-1970 witnessed a big growth in nuclear

medicine centres throughout the country and a wide use of

radiopharmaceuticals. This period saw the advent of

radiopharmaceuticals  like iodine-131 labeled molecules which

Dr. Iya explaining the isotope production facilities to some foreign
visitors in the early years

99mTc generator :
workhorse of
nuclear medicine in
the country

could concentrate in specific organs. 99mTc-radiopharma-

ceuticals were introduced in the early seventies. This began

with the production of 99Mo in the CIRUS reactor and develop-

ment of a solvent extraction generator for producing 99mTc.

Cold kits containing reagents to be used with
99mTc-pertechnetate were also developed alongside to enable

physicians to make 99mTc-radiopharmaceuticals for imaging

different organs. The production of 99mTc generators enabled

the use of shortlived radiopharmaceuticals at nuclear medi-

cine centres far removed from the reactor sites. This became

possible due to the development of the speciality of hospital

radiopharmacy.  The 99Mo produced in the reactor was fixed on
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ISOPHARM, a dedicated facility for production of radiopharmaceuticals  set up in Navi Mumbai in 1986

a generator which was dispatched alongwith the chemicals

needed for extraction of 99mTc. At the hospital, 99mTc as

pertechnatate was extracted and using the cold kit supplied by

BARC, it was formulated into organ specific compound just

before use.

The next decade witnessed a flurry of activity in this area

and as a natural outcome, several 99mTc based radiopharma-

ceuticals were introduced in the market by BARC. Nearly all

the vital organs could be imaged using the indigenous

products.

The Isotope programme, particulary the Radiopharma-

ceuticals programme in particular, is one of the glowing

examples of peaceful uses of atomic energy where the ben-

efits to the humankind are immediate and visible. By 1980,

nearly 12 radiopharmaceutical products based on 99mTc and
131I  were being supplied to more than 60 nuclear medicine

centres. Development in this field, as in other nuclear sciences,

faced a challenging time after 1974 when crucial imports were

denied to India. However, this led to a lot of indigenisation, and

with unstinted efforts, India emerged as one of the first devel-

oping countries in the area of isotope production and applica-

tions in the eighties.

Alongwith the use of radioisotopes in nuclear medicine, RIA

was fast emerging as an important in-vitro diagnostic tool as it

provided quantitative assay of trace levels of proteins and hor-

mones. BARC started development work on RIA in 1970s,

initially at the RMC  and later at the Isotope Group. Within a

few years, several important RIA kits, such as those for mea-

surement of thyroid hormones, reproductive hormones, growth

hormone and angiotensin-1 were produced and supplied  to

users all over the country.

With regular production, processing and supply of

radiochemicals, radiopharmaceuticals and radiometric kits, a

separate laboratory, ISOPHARM, dedicated to the production

of radiopharmaceuticals and  new generation of diagnostics

where good manufacturing practices could be fully imple-

mented, was set up in Navi Mumbai by 1985-1986.

A programme for development of several labeled nucleotides

and biomolecules had been undertaken since the mid seven-

ties to keep pace with advances in biotechnology. The one-

to-one complimentarity of base pairs in the opposing strands

of DNA or in portions of DNA with RNA and the binding affinity

that these complimentary strands have for each other (which

increases with chain length) has a parallel in the antibody-
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BRIT’s JONAKI Laboratory at CCMB Campus, Hyderabad

antigen relationship in RIA, though of enhanced specificity. Thus

preparation of radiolabeled  probes of very high specific activ-

ity for the detection of minute amounts of DNA became a

distinct possibility. It also was a necessity in view of growing

demands in genetic engineering, molecular diagnostics and

forensic sciences. This, in turn, led to the demand for high

specific activity labeled biomolecules (radionucleotides). Lead-

ing international companies had started supplying these prod-

ucts and were able to meet a part of the local demand. By the

early eighties, mounting pressure from leading  bioscientists

within the country necessitated development of such products

indigenously. The Isotope Group at BARC was entrusted with

the job of developing safe reliable enzymatic procedures for

production and supply of high specific activity, specifically

labeled radionucleotides starting with γ-32P ATP (adenosine

triphosphate). For production of these materials, the Council

of Scientific and Industrial Research (CSIR) was to provide

the necessary infrastructure at the site of the proposed Centre

for Cellular and Molecular Biology (CCMB)  at Hyderabad while

BARC was to provide funds, technology and manpower to set

up a new laboratory. After the initial hiccups of having to work

in a less familiar terrain and problems of 32P specific activity

and purity (polyphosphate contamination was a major prob-

lem), the first labeled biomolecule γ-32P ATP was synthesized

in March-April 1984. After ascertaining views on the suitability

of this product from some of the potential users, commercial

supply commenced in August 1984. The radionuclide

α-32P CTP (cytidine tri phosphate) was introduced in 1985.

Construction of the labeled biomolecules laboratory at

Hyderabad commenced in August 1986. It was inaugurated in

November 1987 by the then Prime Minister, Late Rajiv Gandhi

and was dedicated to the nation. This laboratory, was named

‘JONAKI’, which means firefly in Bengali.

Production of the two labeled nucleotides was started in

the same month at JONAKI. The fire fly insect utilizes the chemi-

cal energy of ATP very efficiently (with less than 3% shed off

as heat) in the production of light by the enzyme-catalyzed

oxidation of luciferin. This reaction is used in the assay of

γ-32 P ATP, the first labeled biomolecule  produced at JONAKI.
The self-luminous firefly, rising at sunset has thrilled children

and adults, inspired poets, filmmakers, limerick and song writ-

ers. During the annual open day celebrations at CCMB, school

children queue up at JONAKI to watch chemiluminescence on

display. This facility became a part of BRIT after its formation.

The isotope utilization programme of BARC in the initial

years had predominantly used radionuclides produced in

nuclear reactors – APSARA, CIRUS and DHRUVA  as well as

power reactors. However, the use of particle accelerators such

as cyclotrons also play an important role in producing useful

radionuclides and this was well recognized while planning the

Variable Energy Cyclotron Centre at Kolkata. This facility was

used to gain experience in production of gallium-67. The

actual utilization of cyclotron produced radioisotope in

medicine has  begun with the commissioning and operation of

a medical cyclotron at the basement of Tata Memorial

Fully programmable chemistry modules for synthesis of
PET radiopharmaceuticals, at the Medical Cyclotron Facility
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Hospital, Parel, in October 2002. The cyclotron has been

functioning satisfactorily and over 1200 patients have benefited

from the modern technology of “Positron Emission Tomogra-

phy” (PET) using 18F labeled 2-fluorodeoxy glucose, which is

most often used to delineate sites of metastases in cancer

patients. Hon’ble Prime Minister Atal Behari Vajpayee inaugu-

rated the Medical Cyclotron and PET on October 31, 2002.

This completed the chain of hospitals and laboratories nec-

essary to provide the full basic infrastructure for the whole range

of activities in radioisotopes for medical applications, enabling

this Isotope Group in BARC to serve as a national facility. Pres-

ently, BRIT is responsible for  production, quality control, and

supply of radiopharmaceuticals in India. BRIT is routinely manu-

facturing about 25 radiopharmaceuticals and catering to the

requirements of about 70 nuclear medicine centres in India, in

addition to exporting  radiopharmaceuticals to a few neighbor-

ing countries. About 300,000 diagnostic studies and 15,000-

20,000 therapy cases for treatment are estimated to be carried

out annually in nuclear medicine procedures using

radiopharmaceuticals provided by BRIT. Medical products of

BRIT not only earned revenue, but also sustained the practice

of nuclear medicine in several government and trust hospitals

by supplying  radiopharmaceuticals at low cost. In this com-

petitive market, radiopharmaceuticals at an afford-

able cost are available in India mainly due to  availability of

indigenous products from BRIT.

Introduction
With changing lifestyle and increasing longevity, cancer is

fast  emerging as a major health problem in India.  It is the

fourth leading cause of death in adult Indian population. Every

year approximately 8 lakh new cases are diagnosed in the

country. Radiation therapy involves using ionizing radiation for

treatment of diseases. The specialized field of using ionizing

radiation for  treatment of cancers is known as Radiation

Oncology. Approximately two-thirds of all cancer patients

require radiation therapy as the sole treatment modality or in

combination with surgery or anticancer drugs (chemotherapy).

Radiotherapy plays a very important role in curing early stage

cancer, in relieving symptoms and prolonging life for patients

with advanced cancers. Two main methods by which radiation

therapy can be delivered are teletherapy and brachytherapy.

Teletherapy

As the name suggests, “Teletherapy or External Beam
Radiation Therapy” involves delivery of therapeutic radiation

from a source that is placed away from the body. The thera-

peutic use of radiation for  treatment of cancer dates back to

the discovery of X-rays by Roentgen in 1895. In the early days,

kilo-voltage (low energy) machines were used for teletherapy.

This was associated with a significantly high dose of radiation

Radiotherapy

Linear Accelerator: Mevatron-12 at TMC
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to skin, subcutaneous tissues and bone, leading to unwanted

complications like skin necrosis, severe subcutaneous fibro-

sis and osteoradionecrosis. Teletherapy at the Tata Memorial

Hospital started in 1941 with two “200 kV Deep X-ray
machines”. This was followed by the first Cobalt-60 teletherapy

machine “Theratron Junior” , which was commissioned in 1959.

The early 1960’s saw resurgence in teletherapy with develop-

ment of high energy teletherapy machines, treatment planning

computers and dosimetric devices.

With the commissioning of the linear accelerator

“Mevatron-12” at the TMH in 1978, the era of advanced treat-

ment planning and  began in our country.

In 1981, the first treatment-planning computer “TPS TP-11”
was inducted into the department. During the same year a

“Mould Room” which forms an important component of radio-

therapy treatment planning and delivery, was established. The

first radiotherapy treatment simulator “Therasim 750” was com-

missioned in 1982. During the last two decades, the depart-

ment has developed into a state-of-the-art facility comparable

to any advanced center worldwide. The cobalt-60 sources used

in the teletherapy machines have been produced in the nuclear

reactors at BARC.

Facilities currently available are used to carry out sophisti-

cated, state-of-the-art treatments like intensity modulated

radiotherapy and radiosurgery (IMRT & IMRS), 3-D conformal

radiotherapy (3-D CRT), Stereotactic radiotherapy/ radiosur-

gery apart from conventional radiotherapy. Intra-cranial Ster-

eotactic Radiotherapy and Radiosurgery are delivered using

the “Brain Lab” system comprising micro-multileaf collimator

(mMLC) and a dedicated planning system. Extra-cranial Ster-

eotactic Radiotherapy and Radiosurgery are done using the

Stereotactic Body Frame. The “Helios” planning software is used

for IMRT planning. CADPLAN, Helax radiotherapy treatment

planning systems are used for external radiotherapy planning

and the PLATO planning system is used for both High Dose

Rate (HDR) and Low Dose Rate (LDR) Brachytherapy plan-

ning. A vigorous quality assurance programme and features

like the “Online Portal Imaging” ensure efficient and accurate

radiotherapy treatment. Recently, the indigenously produced

Bhabhatron teletherapy unit has been installed at ACTREC.

“Mould Room” for radiation therapy

Conformal Radiotherapy (3D-CRT)
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Pattern of Development of Radiotherapy Facilities at Tata Memorial Hospital

Year Teletherapy Brachytherapy

1941 Deep X-Ray Therapy 200 kV (2)* Radon Seeds*
1943 Deep X-Ray Therapy 200 kV (3)*
1953 Deep X-Ray Therapy 250 kV (2)*
1959 Telecobalt Theratron Junior*
1960 Preloaded Caesium/Cobalt-60 Capsules*
1962 Gold-192 Grains*
1963 Deep X-Ray Therapy 300 kV*
1965 Telecobalt Theratron-60*
1972 Telecobalt Janus*

Caesium-137 Gammatron Manual Afterloading : Cobalt-60*
1976 Caesium-137 tubes (BARC)
1978 Linear Accelerator Mevatron-12* Caesium-137 tubes/needles (Amersham)
1979 Telecobalt Gammarex-R*
1981 TPS TP-11 computer*

Mould room facility Selectron-LDR/MDR:Caesium-137
Manual Interstitial: Iridium-192 wires

1982 Simulator (Therasim 750)
Linear Accelerator Clinac-6*

1984 TPS Somados computer*
1985 Telecobalt Alcyon

Telecobalt Theratron-780
1987 Telecobalt Theratron-780C MicroSelectron-LDR/MDR*
1990 Simulator C-arm*
1994 Dual energy L.A Clinac-2100C MicroSelectron-HDR

TPS - PLATO
1997 TMS - HELAX Planning Computer
1998 Simulator (Ximatron)
1999 Linear Accelerator Clinac-2100CD

MLC 52 leaves
TPS – CadPlan
Stereotactic Body Frame MicroSelectron-HDR upgradation
PLATO upgradation

2000 Micro-multileaf system SRS/SRT - BrainLab
IMRT (Helios)
Varis Networking

2001 Telecobalt (Elite 80)
2003 CT Simulator (Emotion)

Virtual Simulation (Coherence dosimetrist)
Simulator accessory (Ximavision)
Linear Accelerator (Clinac 6EX)
Millenium MLC
BrainLab Upgradation
C-Arm Simulator in Operating Room
RFA – Blue Phantom MicroSelectron-HDR control console upgradation
* Phased out in different colour

2005 Bhabhatron



33

C
ya

nM
ag

en
ta

Ye
llo

w
Bl

ac
k

Vo
lu

m
e 

03
 #

15
0 

D
t.:

07
/1

1/
20

05

CyanMagentaYellowBlack

Beam Shaping using intensity modulated radiotherapy

Brachytherapy
Brachytherapy involves delivery of therapeutic radiation from

a radioactive source that is placed in close proximity to the

area to be treated. Brachytherapy can be of various forms

depending upon the site of placement of the radioactive source.

The radioactive source can be either placed on the surface

(Surface Mould), within a body cavity i.e. Intracavitary

Brachytherapy (Cervix, Vagina), Intraliuminal Brachytherapy

(Oesophagus, Anal Canal), Endovascular Brachytherapy (within

Blood Vessels), or into an organ or tissue i.e Interstitial

Brachytherapy (Breast, Soft Tissue Sarcoma).

The history of Brachytherapy dates back to 1896, soon

after the discovery of X-rays by Rontgen. Modern

brachytherapy was initiated by Marie Sklodowska Curie and

her husband Pierre Curie with the discovery of a new sub-

stance in their laboratory on Sainte-Genivieve hill in 1898 by

isolating “une nouvelle substance radioactive contenue dans

la pechblende”, named radium. Dr. Danlos, a dermatologist at

Saint-Louis hospital in Paris, treated the first patient in 1901.

He treated cases of lupus with radium loaned to him by Pierre

Curie, consisting of “small bags of rubber, a few millimeters

thick, containing  radium and barium chloride, which were kept

on the skin for 24-48 hours”. The radium caused a blister from

6th day to 20th day onwards, followed by an ulceration that healed

in 6 weeks to 3 months. After the initial excitement with

brachytherapy, there was a temporary stagnation in its further

development during the 1950’s. This was primarily due to rapid

developments in radiotherapy in the form of high-energy tele-

therapy machines, computers and advances in treatment plan-

ning and dosimetry methods as well as with the increasing

awareness about radiation hazards associated with preloaded

brachytherapy and the need for radiation protection.

Brachytherapy at the Tata Memorial Hospital dates back to

1941 with the introduction of “Radon Seeds”. These Radon

Seeds used to be manufactured in our own Radon Plant in the

hospital. An Indian physicist, Dr. Ramaiah Naidu, who had

worked as a post-doctoral student under Madam Curie during

the late 1930’s was responsible for setting up the Radon plant

at the Tata Memorial Hospital soon after setting up a similar

plant at the Memorial Sloan Kettering Cancer Centre (MSKCC),

USA. With the discovery of newer radioactive isotopes, the

hospital acquired pre-loaded cobalt-60 and caesium-137 cap-

sules in 1960. Manual afterloading techniques were introduced

at the Tata Memorial Hospital in 1972 using cobalt-60 sources.

In 1976, caesium-137 tubes were acquired from  BARC  for

intracavitary and interstitial brachytherapy. Manual afterloading

caesium-137 sources for gynecological applications were

started in 1981.

Radiation Field  Analyser (Blue Phantom)
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 The first manual afterloading iridium-192 interstitial

brachytherapy was introducted for the first time in the country,

at the Tata Memorial Hospital in 1981 with the active interest

and support from BARC. The iridium-192 sources used for the

manual afterloading interstitial brachytherapy procedures are

produced in BRIT. The low dose rate (LDR) remote afterloading

units using caesium-137 and iridium-192 were acquired sub-

sequently. A further advancement in the brachytherapy facility

came with the induction of the high dose rate (HDR)-

Microselectron unit using an iridium-192 source in 1994.

Endovascular radiation therapy was also started in 1997. From

the early beginnings in the 40’s, the TMH has traveled a long

way in the field of brachytherapy to the current status where it

is considered one of the best centres for brachytherapy in this

part of the world.
On similar lines, at the Radiopharmaceuticals Laboratory,

BARC, research and development efforts to develop radioac-

tive surface moulds for treatment of superficial cancers were

pursued actively. These radioactive patches are found to be

very effective in tumor regression in a few types of cancers in

animal models.

Efforts to develop endovascular radionuclide therapy agents

for prevention of restenosis in cardiac vessels were also

undertaken.  32P coated stents were prepared and tested in a

few patients at the Nanavati Hospital, Mumbai around the year

2000. However, since medicated stents were also undergoing

clinical trials around the same time in the world, stents coated

Manual After Loading Applicator & Isodose Distribution

Interstitial
Brachytherapy at

Tata Memorial
Hospital

Interstitial
Brachytherapy for

Soft Tissue
Sarcoma
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with radioactivity took a back seat. Keeping pace with the rest

of the world, research work on suitable radiopharmaceuticals

that can be used in radioactive liquid filled balloons for

endovascular radionuclide therapy to prevent restenosis in

cardiac patients was carried out. Several radioisotopes that

could be prepared easily in our reactors in high specific activ-

ity and suitable for liquid filled balloons (excretion through kid-

neys in case of accidental rupture of the balloon) were made.

Exploring New Horizons in Radiotherapy
The current activities of the Tata Memorial Hospital and the

level of eminence reached in its various spheres of expertise

are worth recording. Over 35,000 patients visit the clinics

annually not only from all over India but also from neighbouring

countries. Nearly 60% of these cancer patients receive

primary care at the Hospital of which over 70% are treated

free of charge. Over 1000 patients attend the OPD daily for

medical advice, comprehensive care or for follow-up treatment.

The Hospital has expanded from 80 bed  to 570-beds area

and is now spread over two building complexes. Much progress

has been made resulting in tremendous improvements in the

overall survival of the patients.

Currently studies are being conducted in collaboration with

National Cancer Institute (NCI), USA for

treatment of childhood acute lymphoblas-

tic leukemia and non-Hodgkin’s lymphoma;

a collaboration with International Agency

for Cancer Research (IACR), France on an

epidemiological study for neoplasms of the

lung and lymphatic and haemopoetic sys-

tem and a large cohort study to detect early

cancers in women supported by the Na-

tional Institute of Health (NIH), Washing-

ton.

The DAE has also established a new

research centre in Navi Mumbai called the

Advanced Centre for Treatment, Research and Education in

Cancer (ACTREC). To focus on specific mission oriented R&D

activities in the area of cancer research ACTREC has been

conceived and planned as a state-of-the-art research center

for cancers relevant to India and South East Asia, and a deemed

University for education in cancer prevention, research and

treatment.

Being a premier cancer care center of the country with state-

of-the-art equipment and qualified and experienced oncologists,

special emphasis is laid on research relevant and applicable

to Indian scenario. The ongoing research areas include clinical

research, basic/ translational research, and indigenous devel-

opment of radiotherapy equipment and accessories. Apart from

a number of intramural/ institutional research projects, the

department also collaborates with international agencies like

the International Atomic Energy Agency (IAEA), World Health

Organization (WHO), International Agency for Cancer Research

(IARC), and the International Network for Cancer Training &

Research (INCTR) in conducting trials/ projects of mutual rel-

evance. In the current global cancer research scenario where

emphasis is on further understanding the molecular/ genetic

pathways of carcinogenesis with a possible impact on preven-

tion and tailored cancer therapy, efforts at TMH too are directed

at conducting basic research that could have direct implication

on cancer management and outcome.  Another important area

of current research involves  indigenous development and

evaluation of radiotherapy equipment and accessories. Some

of these will be done in collaboration with the BARC, BRIT,

Centre for Advanced Technology, (CAT, Indore), and SAMEER

and ACTREC.

Advanced Centre for Treatment, Research and Education in Cancer (ACTREC) at
Kharghar, Navi Mumbai
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Radiopharmaceuticals
When APSARA, the first nuclear reactor, became opera-

tional in 1957, simple radiochemicals of medical interest, such

as 131I for diagnosis as well as treatment of thyroid disorders

and 32P for treatment of a type of cancer – polycythemia vera,

were made in this reactor and supplied to a few user hospitals.

Soon after, radiolabelled compounds such as iodine-131

labeled Hippuran, iodine-131 labeled Rose Bengal were

prepared and supplied. During the sixties, there was  rapid

growth in nuclear medicine centres throughout the country.

Radiopharmaceuticals

As the name suggests, “radiopharmaceuticals” are prepa-

rations containing radioisotopes used in medicine either for

diagnosis or treatment. However, radiopharmaceuticals dif-

fer from the regular pharmaceuticals in many aspects and

this branch has grown into a specialty. Radiopharmaceuticals

are most often prepared by radiolabeling a molecule with a

radionuclide of choice, though in few cases, the inorganic

ions themselves act as the radiopharmaceuticals such as

radio-iodine and 99mTc-pertechnatate. The molecule decides

the fate of the radiopharmaceutical inside the body on injec-

tion and hence needs to be selected based on the particu-

lar application. Diagnostic radiopharmaceuticals are used

for getting information for diagnostic purposes. This could

be by the way of static imaging where the radiopharmaceu-

tical is injected in the body (in-vivo), allowed to localize in

the part of interest and then imaged to obtain data on the

size, shape, location of tissues of interest. Some examples

are imaging of organs such as liver, thyroid to find the oc-

currence and extent of damage, tumours to find out their

exact location and size. Dynamic imaging is carried out in a

similar way, but with an added dimension of time to obtain

information about the functioning of organs such as heart,

liver and    kidneys. Therapeutic radiopharmaceuticals are

employed in a similar way, but with an aim to achieve thera-

peutic  effect. Hyperthyroidism, thyroid cancer, polycythemia

vera are a few disorders treated with radiopharmaceuticals.

Depending on the usage, the radionuclide needs to be se-

lected to give diagnostic information or therapeutic effect.

Essentially, compounds such as, iodine-131-Rose Bengal,

iodine-131-Hippuran, iodine-131-serum albumin (RISA), mer-

cury-203-Neohydrin, cobalt-57-vitamin-B12, colloidal gold-198

and a few other isotopes like chromium-51, sodium-24 were in

demand. Establishment of protocols for use of these

radiopharmaceuticals through animal studies and clinical tri-

als were conducted by RMC. A large of number of consign-

ments was supplied during this decade and India’s prestige in

this field was enhanced by exports of several isotopes to many

countries including France and Australia. France regularly

imported vitamin-B12 labeled with cobalt-58 from India, while

Australia imported RISA.

The magic of Technetium-99m

99mTc, an isotope with half life of 6 h, emits gamma rays of

140 keV and is not associated with any particulate radia-

tions. 99mTc, is the daughter of 99Mo (half life of 66h) which

can be obtained from irradiation of molybdenum in a nuclear

reactor. The pair of 99Mo and 99mTc is ideally suited for “Gen-

erator” system where the daughter 99mTc can be obtained

from the parent 99Mo at regular intervals (every day-due to

their half-lives). Such “generators” or “Cows” could be placed

in hospitals and used daily to milk 99mTc. Though this isotope

was discovered in 1937 by Pierre and Segrè, its merits were

fully exploited when it was introduced as a diagnostic radio-

nuclide in nuclear medicine in the sixties. The half life, the

gamma ray energy are both very well suited for diagnostic

purposes and  99mTc is considered the ideal gamma emitting

radionuclide for diagnostic purposes. Hence it is named the

“Work horse” of diagnostic nuclear medicine. 99mTc, was a

boon to the nuclear medicine community and the era of 99mTc-

radiopharmaceuticals began in the sixties leading to the

growth of radiopharmaceuticals in leaps and bounds in the

world. The possibility of having the 99Mo-99mTc generator  at

the hospital and preparing 99mTc radiopharmaceuticals as

and when required was advantageous to  user physicians

and enabled hospitals in remote locations far removed from

the reactors to use the short lived 99mTc. This led to the need

for good hospital radiopharmacy, practices and technicians.
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Some important established pharmaceuticals
developed and their uses

Product                        Use
99mTc-Sulphur Colliod Liver- Reticuloendothilial system

imaging
99mTc- DTPA Renal function studies
99mTc-GHA Renal scintigraphy
99mTc-Phytate Liver scintigraphy
99mTc-MDP Bone scintigraphy
99mTc(V)-DMSA tumour scintigraphy
99mTc(III)-DMSA Renal function studies
99mTc-Sn-pyrophosphate In-vivo RBC labeling
99mTc-mebrofenin Hepatobiliary tract scintigraphy
99mTc- ECD Brain perfusion imaging
99mTc-EC Renal dynamic studies
99mTc- MIBI Myocardial perfusion imaging;

Tumour delineation
131I-capsules, solution Thyroid imaging, treatment of

Thyrotoxicosis  & thyroid cancer
32

P-phosphate Treatment of polycythemia vera

and palliation of bone pair due to

metastasis
18F-FDG Blood perfusion – most often in

delineation of metastasis, tumours,

heart & brain perfusion studies
131I-MIBG Neuroendocrine tumour imaging
153Sm- EDTMP Palliative treatment of metastatic

bone  pain

The Turning Point in Radiopharmaceuticals
Introduction of molybdenum-99-technitium-99m solvent

extraction generator and cold kits for preparation of a variety of

technetium-99m-radiopharmaceuticals in the early seventies

marked an important point in the evolution of

radiopharmaceuticals programme. technetium-99m is an ideal

radionuclide for diagnostic purposes and many of the products

developed in seventies still find extensive use in diagnostic

nuclear medicine.

 Some of the kits produced in the early years were for prepa-

ration of 99mTc-sulfur colloid, 99mTc-phytate, 99mTc-

glucoheptonate and 99mTc-DTPA. In fact, the availability of

99Mo-99mTc generator and cold kits from BARC boosted  growth

of nuclear medicine in the country. The next decade witnessed

a flurry of activity in this area and as a natural outcome,

several 99mTc based radiopharmaceuticals were introduced in

themarket by BARC. Nearly all the vital organs could be

imaged using the indigenous products.

With the increased use of radiopharmaceuticals for investi-

gations in patients, a regulatory body to ascertain the quality

of products and address any legal matters became necessary.

The “Radiopharmaceuticals Committee” (RPC) comprising

members from various organizations such as Professors of

pharmaceutical sciences, Drug Controller General of India,

Food and Drug Administration (FDA, Maharashtra) along with

leaders in Radiopharmaceuticals Programme of BARC, was

formed in 1970-71. Radiopharmaceuticals, being special

preparations, were exempt from the Drug Control Act and to

this day, RPC regulates the production and supply of

radiopharmaceuticals.

Despite a large number of constraints placed on BARC, both

for commercial and strategic reasons, nearly all aspects of the

radioisotope programme were developed indigenously. As a

consequence, growth of nuclear medicine could flourish in

India . With increased supply of radiopharmaceuticals and

radiometric kits around the country, the need to have BRIT

establishments that could cater to the customer demands was

envisaged. Regional centres for radiopharmaceuticals at

Bangalore, Delhi and Dibrugarh were established in the

eighties. These centres offer services to users by redistribut-

ing BRIT products (Delhi, Bangalore), supplying ready-to-use

radiopharmaceutical preparations (Bangalore) and offering

RIA analysis to patients (Dibrugarh, Bangalore).

Along with the use of radioisotopes in nuclear medicine,

radioimmunoassay (RIA) was fast emerging as a diagonostic

tool as it provided quantitative assay of trace levels of proteins

and hormones.

BARC started development work on radioimmunoassay in

1970s, soon after its introduction in the world in sixties.  Within

a few years, several important RIA kits, such as those for

measurement of thyroid hormones, reproductive hormones,

growth hormone, angiotensin-1 were produced and supplied

to users all over the country. The response to these kits from

the medical fraternity, particularly pathologists and

endocrinologists, was phenomenal, leading to requests for
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Targets in medical cyclotron facility for production of short-lived
radioisotopes installed at RMC in the year 2003

Why do we use PET-Radiopharmaceuticals?

Nuclear Medicine Imaging uses specific radiopharm-

aceuticals  that are functionally trapped by target organs to

give diagnostically useful images.

Radioisotopes of Technetium, Indium and Gallium etc.,

are used successfully  as tracers in radiopharmaceuticals

in Nuclear Medicine, however, these radiopharmaceuticals

are not true metabolites.

‘True metabolites’ are mostly made of Hydrogen, Car-

bon, Oxygen and Nitrogen.

Hence, physicians have felt the need for a ‘true radio-

active metabolite’ to determine physiology at the molecular

level, which cannot be met by 99mTc radiopharmaceuticals.

Suitable radioactive elements of C, F, O and N for

imaging purposes, are positron emitters.

These isotopes are short-lived and can be made using

a medical cyclotron.

endocrinologists, was phenomenal, leading to requests for

training in this technique.

At BARC, RIAs for drugs such as theophyllin, digoxin and

cloridine were developed in collaboration with pharmacy

colleges. Development of radiometric in-vitro procedures for

detection of hormones and important molecules such as

tumour markers is taken up when the demand is recognized.

Some examples are the current development of radiometric

assays for Prostate Specific Antigen, a cancer marker and Afla-

toxin B1, mycotoxin in food.

The Variable Energy Cyclotron Centre (VECC) at Kolkata

was used for production of medical radionuclides such as

Cu-64, In-111 and Pr-148.  During the period from 1982-1992,

several batches of 67Ga-citrate were produced at VECC  using

the internal alpha particle beam and supplied to user hospi-

tals. The product radioisotope was isolated from the irradiated

copper target by radiochemical separation and used in the form

of, 67Ga-citrate.

The experience gained in handling these isotopes has

enabled smooth planning and commissioning of the medical

cyclotron at RMC in Mumbai in 2002. This enabled productionof

short-lived positron emitting isotopes.   Fluorine-18, a positron

emitter with 110 minutes half life is produced in this cyclotron

from which 18F labelled flurodeoxyglucose (18F-FDG) which

behaves like glucose and hence provides information on the

glucose-uptake in the tissues. 18F-FDG is useful in diagnosis

many diseases, but predominantly in delineation of proliferat-

ing tissues, particularly the metastatic lesions which are diffi-

cult to image.
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Why 18FDG is a Wonderful Radiopharmaceutical?

Glucose : C6H12O6  18FDG : C6H11O5F

Glucose is metabolized in every cell to produce

energy.

All cells consume glucose and the more active cells

consume more glucose (e.g., cancer cells).
18FDG is similar to glucose and enters the cell but is

trapped since it inhibits a glycolytic enzyme.

Hence, uptake of 18F is a measure of the cell’s

metabolic activity.

BARC provides support to the radioisotope programme in

the country in several ways. A large variety of radiochemicals

are processed and supplied to  users. Apart from this, service

is also provided to user laboratories by coordinating  irradia-

tion of their samples in the nuclear reactors. On an average

nearly 1000 irradiations are carried out per annum and radio-

isotopes measuring ~ 65 TBq (1.76 kilo Curies) are processed

and supplied. 99Mo and 131I constitute a major fraction of the

activity and several other radionuclides such as 153Sm, 32P,
203Hg, 82Br, 140La, 198Au and 166Ho, are also regularly processed.

A major part of these radiochemicals is supplied to BRIT for

preparation of radiopharmaceuticals and the rest sent directly

to other users.  Developmental work to produce 131I by dry dis-

tillation method, indigenous production of 125I of required qual-

ity, improvement and mechanization of procedures to achieve

better man-power utility and lower man-rem exposure have

been fruitful. A few batches of 125I have been successfully pro-

duced and this will facilitate the large scale use of 125I in future

products.

Development of New Radiopharmaceuticals
 Several  radiopharmaceuticals and radiometric kits are

developed in tune with the domestic demand. Indigenous

efforts to provide important products such as cold kits for

heart perfusion (MIBI), brain perfusion (ECD), kidney function

(EC) have been lauded by  nuclear medicine professionals.

R&D efforts are in progress to make the products more user

friendly and more rugged.

 Research and development are constantly pursued to

identify new radiolabeled molecules with potential for use in

nuclear medicine as well as novel approaches in chemistry for

preparation of such molecules. Studies on the chemistry of
99mTc, the most ideally suited tracer for diagnostic purpose us-

ing SPECT, is being actively pursued.  99mTc-tricarbonyl synthon

[99mTc(H2O)3(CO)3]
+, 99mTc-nitrido core [99mTc ≡ N]+2, 99mTc-

hydrazino nicotinic acid chemistry are the few paths that are

being explored for preparation of novel 99mTc

radiopharmaceuticals. Towards this  end a large number of

suitable ligands and co-ligands are synthesized and several

known biomolecules are derivatized for tagging the radionu-

clide. An example of a promising novel radiopharmaceutical is

[99mTc(H
2
O)

3
(CO)

3
]+-tertiary butyl isonitrile, which has shown

promise as myocardial perfusion agent in animal studies.

Radiolabeled biomolecules such as peptides etc. that localize

in tumours or hypoxic sites are some of the thrust areas being

pursued.  Therapeutic radiopharmaceuticals based on radio-

nuclides such as 177Lu, 90Y, 166Ho, 153Sm, 175Yb and 186/188Re  is

yet another major area of research. 90Y (T
1/2

 64h), with the pos-

sibility of isolation of 90Sr from nuclear fuel waste, could be a

good therapeutic radionuclide depending on the availability of

pure 90Sr.  The longer half lives of 177Lu(6.7d) and 175Yb (4.8 d),

moderate beta energies (0.49 MeV and 0.48 MeV) and feasi-

bility for local production make these isotopes attractive. In par-

ticular, the very high neutron capture cross-section for
176Lu makes 177Lu a promising one for future therapeutic appli-

cations and hence is being actively pursued. Palliation of bone

pain due to skeletal metastases is often achieved by

using of an appropriate radiopharmaceutical such

as 89Sr-chloride or 32P-phosphate or 153Sm EDTMP(ethylene

diaminetetramethylene phosphonate) or 188Re-HEDP

(Hydroxyethylene diphosphonate). 89Sr-chloride is very expen-

sive while 32P could cause damage to bone marrow due to

very high energy of its beta rays. 153Sm-EDTMP, though cur-

rently supplied, suffers from short half life of 47 h which poses

problems of logistics. 188Re, having short half life of just 19 h,

also has the disadvantage of being expensive and dependent

on imported generator. Alternate agents such as 177Lu-EDTMP,
177Lu-DOTMP (1,4,8,11 tetraazacyclotetradecane 1,4,8,11

tetramethyl phosphonate) and 175Yb-DOTMP have been pre-

pared and tested for their skeletal uptake. The results with some

of these agents were  excellent.
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Schematic of 18FDG synthesis
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Nuclear Medicine
The Radiation Medicine Centre set up DAE has been

serving  as a  broad based organization with diverse functions

covering many aspects of medicine such as metabolism,

haematology, gastroenterology, thyroid diseases, therapy,

medical biochemistry, renal diseases and immunology. In these

four decades, Radiation Medicine Centre has progressed to

become the role model centre to practice, train, and conduct

research &development related to nuclear medicine in India.

From the use of oral 131I  solution and organ counting tech-

nique that  appear very primitive now, the RMC has passed

through various stages of development, aided by the ever

improving equipment as well as the developments in the

radiopharmaceuticals.

The adoption of the chemical separation technique to obtain

technetium-99m in-house from its parent molybdenum-99,

using methyl ethyl ketone (MEK) by solvent extraction, has set

RMC well ahead on the path of regular nuclear medicine work.

The initial development of technetium-99m based radiopharma-

ceuticals was multidisciplinary with chemists from Isotope

Division of BARC and RMC working together to adapt a solvent

extraction technique for separation of  99m Tc  from the parent
99Mo. RMC also began making its own cold kits for the prepa-

ration of 99m Tc radiopharmaceuticals. These actions ensured

that RMC stayed abreast of nuclear medicine work as practised

elsewhere in the world.

A notable achievement at RMC was the commencement of

in-house preparation of iodine-131 labelled MIBG (meta iodo

benzyl guanidine) both for diagnosis and therapy. Imported

MIBG   is very expensive particularly for therapy (one patient

dose can be as high as Rs. 60,000) and this indigenisation has

led to significant patient benefit. Nuclear medicine practices at

RMC thus have been ably supported by  hospital radiopharmacy

that had provided all the radiopharmaceuticals ready-to-use to

doctors and also delivered the need based materials.

The Centre at present is equipped with a slit-hole

collimated whole body scanner that creates a profile of distri-

bution of administered radiotracer or therapeutic dose of

In the cardiac stress lab. resuscitative equipment is on standby.
Stress is administered with a stationary bicycle. As the patient

exercises, ventricular performance is being evaluated by the prior
injection of labeled red cells

Technetium-99m production in progress at RMC, BARC

Preparing a radiopharmaceutical after solvent extraction of
technitium-99m from molybdenum-99 and then withdrawing the
dose within a lead-protected chamber to inject it into a patient
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iodine-131 within minutes, by moving the patient beneath the

scanner. This is actually a modified ‘shadow shield counter’

that had been indigenously fabricated for the purposes of

detecting radioactive contaminants in the event of a leak in the

reactor environment.

RMC has at present five Gamma Cameras including a dual

head and a single head single photo emission computed

tomography (SPECT) systems. These are used for medical

imaging and in-vivo studies employing radiopharmaceuticals.

RMC has also rectilinear scanners that are used in thyroid

scanning and whole body surveys of iodine uptake in thyroid

cancer.

Pulmonary scintigraphy to visualise perfusion or ventilation

in lungs needed radioactive gases requiring special procedures

for production and handling. To overcome this limitation, a new

radioactive aerosol delivery system was developed  together

with the Health Physics Division, BARC. In patients with

obstructive pulmonary diseases, radio aerosol studies were

Indigenous profile scanner

Thyroid
Probe in
Operation

Indigenous BARC rectilinear scanner

found to be more sensitive than the conventional methods, for

detecting early onset of the disease. This aerosol unit was made

available to over a dozen centres in South East Asia, Japan,

Pakistan and Africa.

An innovative extension of the aerosol unit is its utility in the

study of mucociliary clearance and transport up the trachea,

which is again much easier than the conventional methods. A

new aerosol delivery system was developed for this purpose

to deliver large sized particles of 2-5ì m AMAD (Activity

Median Aerodynamic Diameter) of human serum albumin and

has also been exported to other countries.

At the Thyroid Clinic, a speciality of RMC, entire gamut of

thyroid problems including the complete work up of thyroid
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cancer is being attended to and treated. This is a major

accomplishment of RMC and 6000 new thyroid cases are seen

annually. This centre now has over 5000 registered cases of

thyroid cancer, which makes it the largest institution in the world

to undertake diagnosis and treatment of thyroid diseases. The

enormous experience gained in three decades have resulted

in speciality laboratories for various functions such as cardiac

stress lab, nuclear oncology, paediatric nuclear medicine and

radionuclide therapy. At nuclear oncology, pre-operative imag-

ing in breast cancers and lung cancers is being carried out to

determine sensitivity to chemotherapy and for staging. Evalua-

tion of renal and cardiac toxicity of chemotherapeutic drugs is

another vital contribution of RMC to oncology. In neuroblas-

toma and other neuroendocrine tumours, 131I-mIBG is used

extensively for diagnosis and treatment.

Besides this, patients of thyrotoxicosis and post thyroidec-

tomy thyroid cancer are treated with radioiodine. Decision on

therapy is taken at a joint clinic attended by all the doctors and

often by the surgeons and pathologists of TMH.  Apart from

thyroid disorders, 32P or 153Sm-EDTMP (Ethylene Diamine Tetra

Methylene Phosphonate) are administered for bone pain

palliation in patients with advanced skeletal metastasis.

Administration of  hydroxy apatite (166Ho-HA) for painful arthritis

has been started in the recent past. The patients of thyroid

cancer who need more than 15 mCi of iodine-131 are admitted

The totally indigenous
aerosol generator. The
generator is still in
demand in India and
abroad for lung
scanning

Single head SPECT Gamma Camera

SPECT dual head Gamma Camera

PET scanner at RMC
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to the ward where delay and decay of the effluents is ensured

by collection in underground tanks so as to avoid radiation

exposure to the general public. When the radiation exposure

falls below 2mR, the patient is considered fit for discharge.

Meeting New Challenges
Besides providing service to the patients, RMC has been at

the forefront of clinically relevant research in nuclear medicine.

 Treatment of non-toxic goitres with iodine-131: Large

non-toxic goitres had always been treated with surgical ex-

cision of nearly three fourths of the gland causing   subse-

quent complications, mainly recurrence of the goitre. Iodine-

131 was used to cause ablation of the thyroid tissue without

attendant complications in the aftermath of the surgery. In

over 75% of patients, it could be demonstrated that the gland

had shrunk in response to the iodine-131 and in some cases

totally disappeared, causing hypothyroidism. This was an

encouraging development since the non-surgical treatment

till then had only been thyroxine supplementation in an ef-

fort to suppress TSH  and thereby causing shrinkage of  the

thyroid. This had not always worked.

 Palliation of bone pain from spread of cancer with phos-
phorous-32 and samarium-153-EDTMP: A systematic

study was conducted to establish that indigenous oral phos-

phorous-32 was as good as the expensive, imported Sr-89

in terms of pain relief and duration of effect and toxicity for

bone palliation. This was another step in cost effective man-

agement therapy for the patients. The locally available

phophorous-32 and samarium-153 would provide allevia-

tion to the patients suffering from widespread cancer.

 The role of TSH in helping to determine when to
reduce and withdraw Carbimazole therapy in
thyrotoxicosis: This was a useful study that directly

correlated the level of TSH (Thyroid Stimulating Hormone)

as a marker of the thyroid status of a patient of thyrotoxicosis

on treatment with antithyroid drugs. It showed that even

though the patient may have manifested clinical

improvement and fall in thyroid hormone values, if the TSH

was still below normal, reduction or withdrawal of the therapy

would lead to a significantly higher incidence of relapse, as

compared to when the withdrawal was done when the TSH

was back to normal range.
Monitoring dose rates some days later, to determine whether it is

safe to send the patient home

Administering radioiodine for treatment of thyroid cancer

In the Thyroid Clinic, examination of the patient



45

C
ya

nM
ag

en
ta

Ye
llo

w
Bl

ac
k

Vo
lu

m
e 

03
 #

15
0 

D
t.:

07
/1

1/
20

05

CyanMagentaYellowBlack

 18F-FDG PET scanning in evaluating the results of diode
laser therapy of small malignant breast tumours:
Consequent to the installation of PET scanner, large number

of scans  with 18F-FDG have been carried out for determining

malignancy, its extent, spread of the primary, response to

treatment and to distinguish necrosis from viable tumour. In

addition, several research programmes that address vital

issues in cancer, neurology and cardiology have been

initiated.

A special mention must be made of the study where persis-

tence or disappearance of 18F-FDG uptake in the breast

tumour was directly shown to correlate with the amount of

viable cancer tissue and was immensely useful to the surgeon

who undertook laser therapy for breast carcinoma. 18F-FDG

has been named as the “Molecule of the Millenium” due to its

extensive use in nuclear medicine studies. At RMC too, it has

been used to provide valuable information in a number of

situations.

The RMC has been part of radiopharmaceutical

evaluation protocols of BRIT and has helped to evaluate

and establish indigenously prepared products like ECD

(Ethyl Cysteinate Dimer), EC (Ethyl Cystein), Sestamibi etc.

that otherwise would have been too costly to import.

Pharmaceuticals that still need to be imported and are quite

expensive have been modified inhouse to allow a larger

and more extended use of them over several weeks, so

that cost effective patient care can be ensured.

New protocols have been established, diagnostic

protocols have been set up and treatment protocols

formulated at RMC  have been immensely valuable to other

centres in the country. For instance, the RMC was the first

in India to show that a single fixed dose of iodine-131 was

the preferred method of treatment of thyrotoxicosis, at a

time when many centres including the RMC had been

relying on cumbersome and inaccurate dose calculations

that were way off target. As a result, hardly anyone wastes

time in calculating the dose of iodine-131 to be administered.

Over the years, several landmark studies have been carried

out at the RMC.

FDG whole body scan of a patient of Non-Hodgkin’s Lymphoma,
showing extensive disease (above), and two cycles of chemo-

therapy later, almost total clearance of the disease as seen in the
image (below)
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SPECT pictures showing the response of GastroIntestina
(Stroma) Tumour (GIST) to the new drug Imatinib. On the top,

pretreatment scan; below, post treatment scan

A solitary thyroid nodule showing intense uptake of 18F-FDG;
surgery and histopathology confirmed thyroid cancer

Laboratory Nuclear Medicine
Laboratory Nuclear Medicine deals with investigations

using radio labeled preparations for diagnosis and follow-up.

Various in vivo and in vitro studies in human volunteers, con-

senting patients and laboratory animals have helped establish

diagnosis and resolve pathophysiological processes in

several diseases.

In the early sixties, when RMC was established, studies with
58Co-Vitamin B12 and 51Cr-chromic oxide were used to  esti-

mate the absorption capacity of the gastro intestinal tract.  Simi-

lar methods with suitable tracers were used for studying intes-

tinal absorption of iron, thyroid hormones, folic acid etc.  Pro-

tein losses in gastro-enteropathies and malabsorption in tropi-

cal sprue, common in India, were investigated for the first time

with albumin labeled with 95Nb and 131I and with NaH14CO3.

Thyroid disorders have been the focus of RMC. Radioiod-

ine played a major role in the diagnosis of this very prevalent

disorder making use of the thyroid gland’s property to actively

concentrate the traces of iodine in diet to make the thyroid hor-

mones: thyroxine (T
4
) and tri-iodothyronine (T

3
). Patients were

administered tracer quantities of 131I and the thyroidal radioac-

tivity measured externally. The finding that 131I-labelled thyrox-

ine concentrated in the liver added one more dimension to the

“131I uptake test” – increased radioactivity over the liver was

used to distinguish hyperthyroid patents from enthyroid  ones

for the first time in the world. Though thyroid diagnosis is now

largely done by RIA (see below), 131I still plays an important

role in the treatment of thyroid disorders, particularly hyperthy-

roidism and cancers.

Radioimmunoassay and Related Procedures
The “in vitro” technique of radioimmunoassay had a pro-

found impact on the diagnosis and understanding of thyroid

function and other endocrine disorders.  The use of RIA began

in RMC in the 1970s with the assaying of growth hormone stan-

dardized by Dr. Berson from New York, with reagents brought

by him and using indigenously available 131I.  In the following

years, with the availability of 125I - far superior to 131I, RIA was

standardized for T3 and T4 replacing the hitherto used PB131I,

Murphy-Pattee’s method and T
3
 uptake tests. By the 1980’s

RIA tests for  T3, T4, TSH, growth hormone, thyroglobulin

antimicrosomal antibodies and TB-antigen assays were offered
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routinely to patients coming to RMC and from nearby

hospitals.

With the recognition of the clinical importance of RIA, there

is a continuos increase in the number of patients requiring

tests for thyroid function. The assays have been made more

Radioimmunoassay

Radioimmunoassay is a highly sensitive and specific ana-

lytical tool used for  measurement of nanomolar (10-9 moles)

and picomolar (10-12 moles) quantities of molecules such as

hormones, drugs in biological fluids such as serum, and

cerebro spinal fluid. This technology was originally conceived

by Dr Rosalyn Yalow, a physicist and Dr. Solomon Berson, a

physician, based on their observations in a diabetic patient

injected with radioactively labeled insulin. Dr. Yalow won  the

Nobel Prize for medicine in 1977! Around 1960 Prof. Ekins

had also reported similar technology for measurement of the

hormone thyroxine. RIA is based on the reaction between

the analyte molecule of interest and its “antibody” to form a

complex bound molecule. In RIA, a limited amount of the

specific antibody is allowed to react with the analyte and the

reaction is traced using a small fixed quantity of radiolabelled

analyte as the tracer. Since the antibody has specific binding

capability towards the analyte, both labeled and unlabelled

analyte molecules compete for binding with the antibodies.

When a set of different standards of unlabeled analyte are

used with the fixed limited amounts of antibodies and tracer

analyte, the fraction of tracer that would get to bind the

antibody would be decreasing with increasing amounts of

the cold unlabelled analyte in the standards. This data can

be used to construct a standard curve which could then be

used to interpolate the values for the samples. This simple

principle is highly specific due to the specificity of the

antibodies towards the analyte and highly sensitive due to

the radioactive tracer that can be detected in very small

concentrations. A further development over the RIA is the

immunoradiometric assay (IRMA). It is also based on analyte-

antibody reaction using excess of reagents. IRMAs employs

radiolabelled antibodies in excess, which allowes even more

sensitive and specific measurements.

reliable, user friendly and through-put increased with automa-

tion. In addition to reducing the technician’s time, it also

improved safety while handling patients’ samples.  Presently

over 10,000 patients’ samples are received annually and nearly

50,000 estimations are made.

In order to understand the pathophysiology of thyroid

diseases, research studies were carried out in conjunction with

in vivo and in vitro thyroid function studies both in patients and

laboratory animals. It was found that abnormal/absence of

thyroglobulin and dehalogease defects, singly or in combina-

tion were the causative factors for congenital goitre.

Greater emphasis was placed on RIAs relevant to the

Indian context viz., non-endocrine and infectious diseases.

RIAs were standardized for serum myoglobin for early diagnosis

of myocardial infarction; for tuberculosis antigen and antibodies

in blood, Cerebral Spinal Fluid (CSF) and effusions from extra

pulmonary tuberculosis; for urinary albumin (micro albumin for

early diagnosis of diabetic nephropathy and for serum

thyroglobulin (Tg) an important tumour marker for management

of thyroid cancers after surgery and radio-iodine ablation.  All

these validated assays were totally indigenous starting from

the production of antigen, raising antibodies, labeling and

developing a separation method.

Monoclonal Antibodies

Hybridoma technique, which won the discoverers Kohler

and Milstein the Nobel Prize, is a method where antibody

producing cell from an immunized animal is fused with an

immortal cancer cell to create a new hybrid cell that is

capable of both producing the antibodies as well as being

immortal! This technique has allowed  scientists to select

the antibody producing cells of a single specificity

(monoclonal), grow them in flasks and reap the antibodies!

Nearly all the shortcomings of conventional immunization

were overcome with this technique. Monoclonal antibodies

find a variety of uses and research groups in DAE are

engaged in producing monoclonal antibodies for

immunological studies, development of immunoassays and

so on.
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Significant contributions to indigenous RIA efforts was the

RIA for the free T
4 
(see box) and the technology for covalently

attaching antibodies to plastic surfaces, thereby simplifying the

assay procedure.

Monitoring thyroid cancer patients has been an important

activity at RMC, using Tg RIA, since 1978 and over 2500 thyroid

cancer patients is followed up each year.  Serial measurement

of serum Tg serves as a guideline for monitoring the course of

disease and efficiency of therapy and is superior to whole body

scanning using 131I to detect metastasis.

The relevance of anti-Tg monoclonal antibodies for in vitro
assaying of Tg and in vivo scintigraphy of thyroid cancer

metastasis had prompted the setting up of a ‘hybridoma and

tissue culture laboratory’. Several monoclonal antibodies have

been produced and their usefulness in differential diagnosis

studied. Tissue culture has been used for research in studying

the sensitivity of lymphocytes to tumour antigens, apoptotic

mechanisms of the plant product – betulinic acid on various

Free thyroid hormones

Free thyroid hormones (FTH) need a specific mention since

they form the physiologically active component but constitute

a miniscule part (~0.02% for FT4 and ~0.3% for FT3) existing

in thermodynamic equilibrium with total-T
4
 (9.98%) and T

3

(99.7%). Assay techniques for free hormones should

measure the miniscule part without being influenced by the

total hormones and, hence, require a theoretically and

conceptually different approach as compared to classical

RIA. Using a two-step back-titration method with  high affinity

antibodies on a solid phase and high-specific activity

tracer, both FT3 and FT4 assays were standardized.

Another method based on Sephadex column chromatogra-

phy followed by RIA has been standardized at BARC

wherein the BRIT RIA kits for total hormones could be used

with modifications. Both the methods are comparable and

do not have problems associated with analogous methods.

They have been validated clinically and also by a computer

program to calculate absolute free hormone concentrations,

given the total hormone concentrations, binding protein

concentrations, viz. TBG, TBPA and albumin, and their

affinities.

cancer cell lines, properties of xenografted thyroid cancer tissue

in nude mice.

Animal Experiments
Considering the importance of in vivo studies for determining

the biodistribution, kinetics and metabolism of diagnostic and

therapeutic radiopharmaceuticals, a modest animal house

facility was established in 1966. Albino rat was used for

developing animal models of various human illnesses like

cirrhosis, acute hepatitis, alcohol induced fatty liver malaria,

filaria, etc., to study biokinetics of new radiopharmaceuticals

before trials in humans. Compounds labeled with 131I, 32P, 59Fe,
57Co, 3H, 113mIn and 99mTc were evaluated over the years.

Some of the significant findings from animal models have

been (1) the understanding the pathophysiology of lung

disease, (2) mitogenic effects of T4 but not T3 on fibrosarcomas

in swiss mice, (3) regulation of malic enzyme by thyroid

hormones in neonatal and adult rat brain born to hypothyroid

rats. In animal models of liver disease, T
3
 suppression could

be correlated to severity of illness while T4 suppression indicated

morbidity.

Rabbits have been used for production of numerous

antibodies for use in immunoassays and as a model of knee

joint arthritis to study the efficacy of radioatheroscopy.

Animal studies have contributed in developing newer

compounds to curtail the accidental exposure to harmful fission

radioisotopessuch as 137 Cs, 90Sr and 131I. As seen in the

Chernobyl reactor accident, these isotopes released in huge

TB Antibody Radioassay Kit
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Experiments in progress at animal house

Chernobyl reactor accident, these isotopes released in huge
quantities into the atmosphere finally deposit on the ground
and rapidly enter the food chain. Simple compounds developed
indigenously were found to be more effective than the
ones currently in use (see graphs), for decorporation of 137 Cs
and 90 Sr.

Graph showing the decrease in whole body radiocesium in rats
with the administration of prussian blue (PB) and calcium based

compounds (CBC). Comparison is made with controls.
Radiocesium was given as a single intraperitoneal dose to ensure
quantitative ingestion for quantitative comparison of PB and CBC.
These two compounds were administered as a suspension orally

Graph showing the decrease in whole body retention in rats of
radiostrontium with the administration of different calcium salts
compared to control. CaG - calcium gluconate, CaL - calcium
lactate, CaP - calcium phosphate and CaA - calcium acetate.
Radiostrontium was given as a single intraperitoneal dose to
ensure quantitative ingestion for quantitative comparison. The

calcium salts were fed in the diet

Calcium bioavailability from different calcium salts
Calcium bioavailability studies in animals fed with various

calcium salts showed that calcium-lactate and calcium-
phosphate are the best bio-available in-vivo systems and free
of any other side effects as has been seen/reported in case of
calcium-carbonate. This study demonstrated for the first time,
“the remarkable influence of anionic association of calcium on
its bio-availability in the in-vivo milieu”. Contrary to  belief, the
study showed that, increased intake of calcium helps in reducing

incidence of stone formation by increasing  excretion of the
chelated complexes of oxalates and citrates (from the diet)
through gastro-intestinal route.
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Veterinary Nuclear Medicine Centre

The benefits of nuclear medicine could be extended to

animal welfare with the establishment of a Veterinary

Nuclear Medicine Centre at Bombay Veterinary College,

Parel, Mumbai. This centre with a single head digital SPECT

gamma camera became functional in February 2003 and

is being utilized for scintigraphy studies in small and large

animals. The centre is a beginning in the country towards

animal disease diagnosis using nuclear medicine for

improved animal husbandry practices. The spin-offs are:

ethically planned animal studies for designing and evaluating

diagnostic and therapeutic radiopharmaceuticals and the

use of spontaneously occurring diseases in animals as

models of human-illness for developing newer radioisotopes

based diagnostic and therapeutic modalities.

Gamma Camera Established at Veterinary Nuclear Medicine at
Bombay Veterinary College at Parel supported by BRNS

Human Resource Development in  Healthcare Sector
Establishing the use of radiation and radioisotopes in the

country’s healthcare programme necessitated availability of

trained professionals in all the related areas. Doctors had to be

trained in radiation oncology and nuclear medicine while

adequate technologists had to be trained to provide analytical

support and ensure safety. This was achieved through

establishing strong linkages with academic institutes as well

as by organizing short term training courses. Department of

Radiation Oncology of TMH conducts Post-Graduate course

in Radiotherapy under authorisation from the University of

Mumbai and Maharashtra University of Health Sciences. Since

1981, 62 students have been awarded Post-Graduate

qualifications (MD and DMRT) in radiotherapy and are serving

in various parts of the country and abroad. The department

has also been recognized by the Diplomate of National Board

(DNB) for training in radiotherapy. A radiotherapy technicians

training course for two years under the Maharashtra State

Board of Technical Education (MSBTE) is also conducted.

The Department  collaborates with national and international

agencies (e.g. IAEA, WHO) in personnel training through

exchange programmes. A number of IAEA-fellows have been

trained in nuclear medicine and RIA and related procedures.

 Since its inception in 1963 the Radiation Medicine Centre

has laid considerable emphasis on the training aspects of

nuclear medicine. As a pioneer institute, it has been imparting

knowledge of nuclear medicine to medical and paramedical

personnel.  The first introductory course on medical use of

radioisotopes, of five weeks duration was held in 1965. The

course was conducted annually until 1977. A total of 162

(130 medical and 32 paramedical) personnel were trained over

the period of 12 years. With the advent of 99mTc and gamma

cameras, there was a phenomenal increase in the number of

radioisotopic investigations, and the 5-week introductory

courses were grossly inadequate. In collaboration with the

Universityof Mumbai, a one-year diploma course in nuclear

medicine for doctors (Diploma in Radiation Medicine, D.R.M.)

and  a one year diploma course for science graduates

(Diploma in Medical Radioisotope Techniques, D.M.R.I.T.)

was estalished in 1973. Apart from this, nearly 12 short-term

advanced courses were also held to enable the practicing

physicians to up-date their knowledge in specific fields,

between 1973 and 1988.

Radiopharmaceuticals Division of BARC has been

conducting training courses on “Radioimmunoassay” to enable

medical and para-medical professionals to carry out radiometric

assays in a meaningful manner. Initially individuals from

hospitals were trained at the isotope laboratories for 2-3 months.

When more requests started pouring in, a structured training

course on “Radioimmunoassays” was initiated in 1980. Since

then, these RIA training courses are being conducted by the

Radiopharmaceuticals Division of BARC regularly wherein
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Radiopharmaceuticals Division of BARC regularly wherein

medical and paramedical professionals are trained in all

aspects of this simple and powerful technique. Thus far,

51 training courses have been conducted, training nearly

600 medical doctors and an equal number of technical

personnel. Some of the persons who underwent this training

were highly placed professionals like Deans of medical colleges,

and many participants were super specialists in endocrinology.

At the request of the International Atomic Energy Agency

(IAEA), one such training course was held in 1986 to train

participants from the Asian region.

Summary
The Tata Memorial Hospital was set up by the Sir Dorab

Tata Trust in the year 1941 for providing quality medical care in

the country. The trust was responsible for running the hospital

till 1957 when it was realized that demands on the hospital

were enormous and for its further growth, the hospital was

dedicated to the nation in 1957. Soon it became clear that

maintaining the high standards of the hospital needed more

than then the normal commitments and responsibilities. It was

then that Dr. Bhabha  was approached to get the TMH included

in the DAE family. Dr. Bhabha approached the then Prime

Minister Pt. Jawaharlal Nehru, with the request to transfer the

running of TMH to DAE. “What, Homi!” said the Prime Minister,

“You now want to run a cancer hospital? I am not so sure you

should, but go ahead if you feel it is necessary.” Dr. Bhabha

explained to the Prime Minister that US Atomic Energy

Commission, concerned about the radiation, also ran cancer

hospitals. The visionary that Prime Minister Nehru was, the

request was granted. And this decision changed the course of

cancer treatment in the country as the DAE formulated an

integrated approach for cancer treatment. Cancer had to be

fought at many frontiers starting from early diagnosis, proper

treatment, ensuring the indigenous availability of radiation

sources as well as radiopharmaceuticals, and the treatment

facilities at an affordable cost to the people. The trust placed in

the DAE by the country to meet this challenge, has been the

moving spirit behind all our endeavours. Tata Memorial Hospital

and Radiation Medicine Centre have been developed as

“Centres of  Excellence” and have acted as catalysts for

establishing similar facilities elsewhere in the country. Over the

last fifty years, DAE has established state-of-the-art facilities

for production of radiation sources for cancer diagnosis and

treatment. The strategies for early diagnosis, treatment

management, rehabilitation, pain relief and terminal care have

been established in a comprehensive and multidisciplinary

approach for a total cancer care programme. Efforts of the

scientists have resulted in development of radiophramceuticals

for diagnosis of a number of ailments and development of vital

human resources has ensured that the fruits of atomic energy

research reach the people of the country.
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Dr.  A.M. Samuel, former Director of Bio-Medical Group, BARC,
started her career at the Radiation Medicine Centre in the area
of nuclear medicine and saw the growth of this emerging field
in our country. During her service in the DAE that spanned
over 37 years, Dr. Samuel was a part of  several important
developments and milestones. Dr.  Meera Venkatesh, Head,
Radiopharmaceutical  Division, BARC interviewed Dr.Samuel
to get an insight into the initial and the developing years of
Nuclear Medicine in the country.

Q : Thank you Madam for agreeing to share your memories
and excitement of the initial years of the development of nuclear
medicine programme in India. Let me begin by asking you,
Madam, to tell us how did Radiation Medicine Centre take
shape?
Dr. Samuel: Dr. Bhabha, our founder and a great visionary

had already anticipated the importance of radiobiology and use

of the available radioisotopes in health care as an important

component of the Atomic Energy Programme. He therefore

initiated the induction of biologists, biochemists and medical

doctors into this programme in his characteristic way with his

penchant to recruit the best brains in the country. Radiation

Medicine Centre, a name which was clustered after a lot of

thought and concern so as to be the most appropriate

nomenclature for this new discipline, was new not only in our

country but in other nations also. It began in a small way as a

branch of Medical Division of BARC with a few doctors working

An Interview with Dr. A. M. Samuel
on radiation related medicine, at first under Dr. K. Sundaram

in Richardson Cruddas building near the J.J. hospital at Byculla.

Later, Dr. Bhabha appointed Dr. Jeejeebhoy, a gastroenterolo-

gist working in UK, who was carrying out tracer kinetic studies

there to head the Radiation Medicine Centre, which by then

was established in a wing on the third floor of the Tata Memorial

Hospital, Parel. He specifically chose this site as he needed a

place in the heart of the city close to the hospitals so that the

accessibility to the facility would be easy and free. As also the

fact that he had close ties with the Tatas, who were generous

and interested in his programmes.  Dr. R.D. Ganatra. a gold

medalist and a trained pharmacologist was deputed to be

trained at Wisconsin USA in radiobiology. He was exposed at

Michigan University to the fledgling discipline of radiation

medicine which interested him greatly. The department where

he was trained had physicians who were pioneers in the use of

radioisotopes in diagnosis especially for thyroid diseases. It

was here  that he learnt nuclear medicine and initiated the

work on thyroid uptake and thyroid scintigraphy on his return.

Dr. S.M. Sharma and Dr. D’Costa, who joined RMC soon after

Dr Ganatra, were also trained abroad to learn the techniques

in nuclear medicine and the four physicians together started

the Nuclear Medicine practices in this country.

Q: Madam, you are basically a pediatrician. How did you get
interested in nuclear medicine and how did you join the RMC?
Dr. Samuel: In 1966, I had applied for a job as a physician to

serve the contributory health services system. During the

interview, in which Dr Jeejeebhoy was present, I expressed

my interest and desire to do research. Dr. Jeejeebhoy offered

a post in RMC, which I readily accepted. I was fortunate that

Dr. Jeejeebhoy, Dr. Ganatra, Dr. Sharma and Dr. D’Costa (who

was also a pediatrician) were already trained in nuclear

medicine by then and I could learn from them.

Q: How was the environment in RMC in the initial years?  How
satisfying was your career at RMC as a medical doctor?
Dr. Samuel: Ours was a small group of around 20 persons in

the early years. Initially there were simple instruments and few

radioisotopes available to us. There was the thyroid

uptake probe and a rectilinear scanner and a renogram

machine with two scintillation detectors. We used to carry out
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studies using 131I-rosebengal, 131I-Hippuran, 203Hg-Neohydrin

etc. which dedicated chemists such as Dr. R.S. Mani and Shri

C.N. Desai under the guidance of Dr. V.K.Iya from

Radiopharmaceuticals Division would radiolabel and send to

us. At that time RMC was the only functioning Nuclear Medicine

Centre in the country using these radiopharmaceuticals. The

first analog computer was developed for RMC by the

Electronics Division, BARC and Balwinder Singh with a

background in Mathematics was posted at RMC to  use this for

studying the kinetics of radiolabeled proteins especially in

gastrointestinal diseases. Apart from the clinical aspects of

nuclear medicine, alongside us there was a group of highly

trained biochemists using radiotracers in fat metabolism and

protein  metabolism. Dr. Dhopeshwarkar who was recruited

from the US and Dr. Damayanti Shah were among the first few

scientists who carried out laboratory nuclear medicine research.

The clinical and lab work were like two limbs of RMC. Each

one knew the others working in RMC, there were constant

interactions and congenial relations. It was a wonderful

experience to be among such talented doctors and scientists

and I was very satisfied with my work at RMC.

Q: How did your specialization in pediatrics help in your work?
Dr. Samuel: Being a pediatrician helped in conceptualizing

applications of nuclear medicine in pediatrics.

Q: Could you tell us about the major achievements of RMC
and mention any special incidences you remember?
Dr.  Samuel: The major achievement of RMC is that it was the

pioneer institute in India in the discipline of nuclear medicine

and had remained at the forefront, at par with the western world.

The thrust at RMC had always been towards growth of the

nuclear medicine as a science. This can be seen in the efforts

put to develop human resource in nuclear medicine practice,

both physicians and technicians.  In 1964-65 certificate courses

were started for training personnel in this area, which became

a diploma course of Mumbai University in 1974. These formal

and informal courses have been the main reason for the growth

of nuclear medicine in our country. In the initial years we had

the facilities to buy the machines we wanted and develop

radiopharmaceuticals. Later the gap between the developed

west and our centre widened due to the steep rise in prices

rendering the machines unaffordable. Now, with the PET facility

established, we expect to do exciting work as in any other part

of the world and the gap to close again.

Q: What would you consider the strengths and weaknesses of
the work atmosphere in our country, especially the DAE?
Dr. Samuel: The high points in our institute (Atomic Energy),

as I told you, were the freedom  to pursue our interests, large

multi-disciplinary scientific community, and the financial and

technological support to achieve the set objectives.  However,

the low point in most institutes of our country is the cumbersome

administrative procedures that delay the progress of ideas from

blooming into good work. At DAE we have been lucky to be

able to do the best kind of research supported and encouraged

by the organization. Earlier the WHO and IAEA fellowships

helped the medical and technical professionals to get trained

abroad.  We were also fortunate in getting renowned scientists

to spend short and long periods at our centre to help  “ in house

training” and expose our scientists to the progress of science

as it was at that time. But, later as India was not a signatory to

NPT, these fellowships were not available to us. This in a way

was a discouraging drawback.

Q: Could you tell us some unforgettable incidences during your
tenure at RMC?
Dr. Samuel: The most exciting time was when the first RIA

which was being developed, worked. When Dr Berson from

USA, a pioneer in RIA technology came to train us, 125I was not

available and the work was not getting off the ground. When

we got 125I finally, labeled HGH and the assay worked, it was

very exciting. The training I had in Dr Yalow’s laboratory in 1978

in developing RIAs for infectious diseases was very satisfying.

Q: Are there any patient related incidences you remember,
that you would like to share with us?
Dr. Samuel: Every single patient has been significant for me.

In the forty years, numerous patients have benefited by our

procedures, particularly, the benefit the thyroid cancer patients

get with radioiodine therapy. Patients who came to us bedridden

would walk into the clinic 6 months later with glowing smiles on

their faces and gratitude in their hearts, which cannot be

matched by any other  achievements. More than 5000 thyroid
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cancer patients have been treated at RMC. This experience

has helped us develop protocols and procedures for treatment

as well as establish and optimize the doses. With our experience

we could show that, contrary to the belief that only high risk

patients should be treated with radioiodine 131I, for long term

prognosis all thyroid cancer patients should be treated with

radioiodine.

Q: Do you recall any challenging situation that you faced?
Dr. Samuel: When we were developing our immunoassays,

we were raising antibodies in rabbits. However, to get more

antibodies we decided to raise antibodies in sheep. Our

dedicated tradesman in-charge of animal house reared the

sheep in the  then barren land behind the RMC building and

maintained them very carefully. Despite being housed in a

hospital complex, we were able to keep these animals without

jeopardizing the workings of the hospital and patient

movements.  Such situations were not envisaged and there

were no rules to go by. As a team we managed to rear them

and we got very good antibodies.

Q: How do you view the establishment of expensive facilities
like medical cyclotron, being established in a developing country
like ours which has so many other pressing needs?
Dr. Samuel: A patient, whether rich or poor, needs the best of

medical facility available. DAE brings to the masses the

technological advances that are best in the world. I feel that

getting the medical cyclotron is apt at this moment. The

knowledge about cyclotrons has advanced to a push button

technology and the experience and expertise available in our

country to use these machines matches that of other developed

nations. Just because our economic conditions are not on par

with those in the developed countries, we cannot be moving in

bullock carts. We still have hearts and by-pass operations have

to be performed! The technological developments and economic

developments have to go hand in hand.

Q: What was your feeling when you completed your service,
Madam?
Dr. Samuel: I was extremely satisfied. I had done what I wanted

to and enjoyed doing it. I have never felt gender bias all through

my career. On the whole, I have had a very satisfying career at

the DAE.

Q: What is your advice to the younger generation in DAE?
Dr. Samuel: Our scientists are intelligent and well trained, the

Department offers enough challenges to which young scientists

can contribute a lot. Their potential will have to be tapped to

keep pace with the scientific and technological advances in

the world. This can be achieved through open and free

exchange of ideas and stronger interaction with each other.
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