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In the beginning 

This year marks the 80th anniversary of molecular radiotherapy. On March 31st 1941 Dr 

Saul Hertz, director of the thyroid clinic at Massachusetts General Hospital (MGH), and the 

physicist Dr Arthur Roberts charged across the bridge over the Charles river from 

Massachusetts Institute of Technology (MIT), with a flask of radioactive iodine they had 

acquired from a newly procured cyclotron. There was no time to lose. About 90% of the 

iodine was I-130, which has a half-life of about 12 hours. Only 10% was I-131 with its more 

convenient half-life of 8 days, which would have allowed a more leisurely stroll. A patient 

named Elizabeth was waiting, no doubt a little nervously, for a completely new treatment for 

hyperthyroidism. She was going to be asked to swallow radiation. Saul Hertz administered 

78 MBq, which was quite probably the total amount available. But the experience cannot 

have been too bad, as a further 48 MBq was given two weeks later.  

 

Dr Saul Hertz persuades colleague Dorris Darby to model a radiation detector (Courtesy Dr Saul Hertz 

Archives 1937) 



 

Although there had been a few attempts previously to treat bone metastases with P-32, that 

Monday effectively marked the beginnings of treatments with radioactive drugs. It also 

ushered in the dawn of dosimetry as young Arthur took measurements of uptake with a 

Geiger counter clicking merrily away by the patient’s neck. They collected Elizabeth’s urine 

and found that 20% of the radioactivity was excreted after the first administration, and 

closer to 30% after the second administration. This was a positive sign that a lot of the 

radiation was going where it was needed.  Elizabeth’s thyroid shrank from 35g to 20g after 

the first treatment but seems to have rallied a little to 28g after the second treatment. The 

basal metabolic rate was measured before and after treatment and was seen to drop 

dramatically.  

 

This auspicious day laid the foundations for one of the most successful treatments not just 

in thyroid disease, but in medicine. It is all the more remarkable for the speed at which a 

major scientific breakthrough had left the laboratory, made its way across the Atlantic under 

the looming shadow of a world war, and crossed to the clinic, thereby proving that 

physicists and physicians are of the same species as they can not only communicate but 

can produce offspring. 

 

Dr Arthur Roberts (left) and Dr Saul Hertz (right) concentrating as a team with I-128 (Courtesy Dr Saul Hertz 

Archives 1937) 

 



The prequel 

In 1934, following the work of Irene and Pierre Joliot-Curie to smash atoms with alpha 

particles, Enrico Fermi (one of a very rare breed of physicist being both theoretical and 

experimental) had the brainwave to use neutrons instead. These were not repelled by the 

positively charge nucleus and needed a lot less energy to be fired. New radioisotopes were 

created for the first time, including I-128.  Fermi is sometimes called the father of the atomic 

bomb, although he expressed the hope that ‘man will soon grow sufficiently adult to make 

good use of the powers that he acquires over nature’. Given the other direction his work 

was to allow, Fermi could as easily be called the father of radionuclide therapy, although he 

would probably have muttered the same prayer if he had known. 

 

 

Ernest Lawrence (inventor of the cyclotron, which he called a ‘proton merry-go-round’, and Enrico Fermi, the 

father of radionuclide therapy) 

 

Just two years later, on November 12th 1936, Karl Compton gave a lunchtime lecture at 

Harvard Medical School (an offer of free sandwiches usually draws a crowd), which he 

called ‘What physics can do for biology and medicine’. He told those present that new 

radioisotopes could be produced artificially and wondered if they might be useful. Here, in 

the best tradition of fundamental physics, was a solution looking for a problem. Saul Hertz 

saw the idea immediately, and asked Compton if it would be possible to make radioactive 

iodine. ‘Yes indeed’ came the answer after a month.  Arthur Roberts had been hired to work 



as a physicist at Massachusetts Institute of Technology (MIT) and after producing I-128 

following Fermi’s procedures, he helped Saul Hertz to look for thyroid uptake in rabbits. 

They found it, and must have felt some excitement as they realised that this treatment just 

might work. Funding was successfully applied for from a charity foundation to build a 

cyclotron (the first, but hopefully not the last successful grant application for nuclear 

medicine) and the chemists Glenn Seaborg and John Livingood synthesised I-130 and I-

131. 

 

 

Karl Compton contemplates how to excite clinicians with physics 

 

 

 



The sequel 

Hertz and Roberts continued to treat patients. Some treatments were not considered 

successful although in most cases the thyroid shrank. But twice as many patients were 

deemed to be cured as not cured.  

 

In 1946, Hertz & Roberts published a summary of their first 29 patients, treated with 

between 26 and 1000 MBq, in one or more administrations. Intriguingly, they wrote that ‘By 

careful excretion studies, external counter measurements over the thyroid gland and by 

planned operation in two cases, data were obtained to allow us to construct a formula for a 

procedure in treatment.’ The operations after administration enabled calibration of the 

external measurements. Their first major paper was published back to back with a review of 

22 patients by Chapman and Evans that had taken over Hertz’ practice while he was in the 

Navy. Both articles stressed that treatment success was due to the radiation dose delivered 

to the thyroid. 

 

From the Boston Globe 1949. Who needs Jäger bombs? (Courtesy Dr Saul Hertz Archives 1937) 



 

1946 was, perhaps not surprisingly, a busy year. Hertz successfully petitioned the US 

Atomic Energy Commission to release I-131 from the atomic stockpiles for medical 

treatments. The military readily agreed, eager to promote ‘atoms for peace’ (possibly the 

biggest spin exercise in history at that time!).  I-131 was now much cheaper and more 

easily available than I-130 and became the mainstay for thyroid treatments, which it 

remains to this day. Hertz also launched the ‘Radioactive Research Fund’ that year with 

associate director Samuel Seidlin who had formed both the endocrine and physics 

departments at Montefiore Hospital. 

 

At the end of 1946, Seidlin published a case study of a man treated with radioiodine for 

thyroid cancer. The physicist Leo Marinelli took readings of the uptake of iodine in the 

metastases, even locating one after the patient asked that the Geiger counter be placed at 

the side of his head, and estimated tumour absorbed doses to be about 100 Gy. They 

remarked that dosimetry of lung lesions was fraught with ‘technical difficulties’. Some things 

do not change!  The article concludes that the ‘patient’s general condition is good’. Marinelli 

had devised the first formalism for calculating internal dosimetry, and with the help of a 

makeover by the US Society of Nuclear Medicine MIRD committee in the 1960s, it remains 

used today, at least by those that take the trouble. 

 



 

March 1956 - Physicist Leonidas Marinelli with low-level gamma-ray crystal scintillation spectrometer in Iron Room at 

Argonne Laboratory (courtesy Judith Marinelli Godfrey) 

 

 

Back to the future 

It is impossible to underestimate the contribution of this disparate gang of visionaries and 

pioneers to nuclear medicine, endocrinology and medical physics. Within fewer years than 

it now takes to have an idea, apply for funding and get ethics approval, radionuclides had 

been produced artificially, used to treat benign and malignant thyroid conditions, and 

dosimetry had been developed to understand and guide the treatments. Eighty years ago, 

on the last day of March 1941, molecular radiotherapy, dosimetry, personalised medicine, 

targeted cancer drugs, evidence-based medicine and indeed theragnostics had been born 

with one administration. The ship had been launched, although in some cases it is still 

making its way down the slipway. 

 



Saul Hertz went on to set up the first nuclear department in Massachusetts Women’s 

Hospital. He said that ‘My new research … I believe holds the key to the larger problem of 

cancer in general’. He referred to a group of workers in England that had produced cancer 

of the thyroid in animals and told the American Weekly in June 1946 that ‘demand is 

expected for other radioactive medicines in the field of cancer’. 

 

Treatments remained largely focussed on thyroid conditions for a few decades, as the idea 

spread around the world. A second wave of treatments began to appear in the 1980s and 

1990s, with some varying success, for bone metastases, neuroendocrine tumours, liver 

cancer, neuroblastoma and lymphoma. They sometimes sunk with trace, but they gained a 

foothold among a growing band of loyal devotees and advocates and quietly simmered. 

 

Now in 2021 the legacy of Hertz, Roberts, Marinelli and other giants has come of age. 

Eighty years after inception, a tsunami of new radiotherapeutics is appearing. The market 

for radionuclide therapy is now growing at an estimated rate of 30% per year. No longer 

limited to thyroid disease, there is quite possibly no cancer that could not be treated with 

radioactive drugs, whether administered orally, intravenously, intra-arterially or by a direct 

injection. Further, there is no radioactive drug that cannot be imaged by nuclear medicine 

and guided by physics. The technology and skills in nuclear medicine allow us to track the 

drug after administration, which was not possible in the 1940s. We have the methods and 

computers to calculate the radiation doses in a matter of hours. European and national 

regulations support full inclusion of imaging and dosimetry. Although there a few small 

details to be sorted out, the stage is set for an explosion of activity with molecular 

radiotherapy guided by personalised dosimetry, as was envisaged by the pioneers. ‘Atoms 

for peace’ has become ‘atoms for medicine’.  

 



 

Arthur Roberts sings ‘How nice to be a physicist’ (http://ww3.haverford.edu/physics-

astro/songs/roberts/nice.mp3) 

 

March 31st marks Molecular RadioTherapy Day. Take a minute to consider where we have 

come from and mutter a quiet thanks to the explorers that first paved the way. Then, 

perhaps, take a deep breath and prepare for the third wave. 

 

I am heavily indebted to Barbara Hertz and Judith Marinelli Godfrey for discussions and 

insight into the work of the giants on whose shoulders we stand. Of many references 

documenting the history of MRT (with varying recollections), I have borrowed heavily from 

Barbara Hertz’ chapter in Thyroid Cancer – Advances in diagnosis and therapy 

(http://dx.doi.org/10.5772/64609), 

Glenn Flux March 2021. 
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