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CHAPTER 6

THE HIPPOCRATIC 

PARADOX: RADIATION 

CURES CANCER

Physician, heal thyself.

—Luke 4:23

FOOLS RUSH IN

No one was better witness to the schizophrenic nature of radiation 

than Chicago physician Emil Herman Grubbe (1875–1960). He 

was the irst to recognize that radiation might cure cancer, as well 

as cause it. But he learned this the hard way.

Grubbe came to the world of radiation the way many had—

through the electric light bulb. At the tender age of seven, he was 

taken to McVicker’s Theatre in Chicago to see a public demonstra-

tion of Edison’s newly invented light bulb.1 As fate would have it, 

by the age of 20, he was actually employed in the business of mak-

ing light bulbs in partnership with an itinerant German glass 

blower, Albert Schmidt.

Grubbe had entered the light bulb business because of his earlier 

entrepreneurial interests in platinum mining. Platinum had not yet 
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The Hippocratic Paradox  •  117

made its debut in the jewelry business, but it was used in the elec-

tronics industry, primarily for carrying electrical circuits through 

the walls of glass containers. Since this was precisely the circuitry 

requirement of a light bulb, the major market for platinum was in 

electric light bulb manufacturing. Seeking to expand the Chicago 

market for platinum, Grubbe decided to establish his own electric 

light bulb company.2

It wasn’t long before Grubbe started thinking of new products 

that his light bulb company could manufacture, and he began, 

under Schmidt’s urging, to subscribe to the journal Annalen der 

Physiks und Chemie (Annals of Physics and Chemistry) to mine for 

ideas. It was in one of the issues of this journal that he learned of 

Crookes tubes, and thought they might be a potential new product 

for his company. He allegedly even corresponded with William 

Crookes about the design, and soon Grubbe and Schmidt were 

making Crookes tubes.

In preparation for entering the commercial market, Grubbe and 

Schmidt produced a number of prototype Crookes tubes. Their 

approach was to empirically test different types of electrode shapes 

to see which gave the best performance in a trial and error process 

similar to what Edison had done to identify the best light bulb ila-

ment. In doing this work, Grubbe’s hands became itchy, swollen, 

and blistered. It was about this same time (January 6 to January 

19, 1896) that Grubbe irst learned of Roentgen’s discovery that 

 x-rays were emitted from Crookes tubes, and he suspected these to 

be the cause of his hand problems.

Now it just so happened that Grubbe was a very busy guy. Not 

only was he running his own light bulb business, he was also study-

ing part time to be a physician at the Hahnemann College of Medi-

cine. When he attended school with his hands bandaged, his pro-

fessors inquired about his health troubles. He told them about his 

work with the Crookes tubes and how he assumed that  x-rays were 

to blame. One of the professors, Dr. John Ellis Gilman (1841–

1916), remarked that if  x-rays were so damaging to normal tissue, 

they might be effective in destroying diseased tissues such as can-

cerous tumors. With that remark, the ield of radiation oncology 

was born.3 The date was January 27, 1896—just one month after 
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Roentgen’s publication of the discovery of  x-rays (December 28, 

1895).

As remarkable as it may seem, Grubbe started treating patients 

just two days later! Dr. Reuben Ludlam (1831–1899), another one 

of Grubbe’s professors, referred one of his dificult breast cancer 

cases to his student.4 Mrs. Rose Lee had advanced breast cancer 

that had returned after two surgeries. Desperate, she arrived at 

Grubbe’s light bulb factory at 10:00 a.m. on January 29 for treat-

ment with  x-rays. Grubbe administered to her the irst of what 

would ultimately become a total of 18  x-ray treatments. The treat-

ments did reduce her pain. Nevertheless, she died a month later.

Other late- stage patients came and were treated, and though 

most died shortly afterward, Grubbe was not deterred. He knew 

that doctors were sending him only their worst cases; those who 

had advanced disease and were very close to death. He hoped 

that by demonstrating some improvement even in these patients 

doctors would start sending him patients with earlier- stage dis-

ease—ones in which a signiicant therapeutic beneit was more 

likely to occur. Grubbe later recalled: “I continued to make use of 

 x-rays for treatment purposes for several years. Most of the . . . 

patients referred to me were moribund and . . . many died . . . 

soon after I began to make  x-ray applications. [Later], patients 

exhibiting more favorable . . . conditions arrived for treatment 

[and in some cases, the results] were so striking as to create quite 

a sensation.”5

To put this in perspective, in 1896 there were virtually no effective 

medical treatments for most diseases, let alone cancer. Further-

more, there was no mechanistic understanding of disease beyond 

germ theory, and even for the diseases caused by germs, there were 

still no antibiotics to treat them.

On top of this, the physicians of the day had divided into two 

warring camps, the allopaths and the homeopaths, each with dia-

metrically opposed philosophies about how disease should be 

treated. Of the two battling groups, the homeopaths seemed to be 

winning the war.
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The allopaths used noxious drugs, such as arsenic and mercury, 

and other aggressive treatments, such as bloodletting, to drive out 

disease. Patients often became sicker and died because of the treat-

ment. The basic underlying treatment philosophy was “what 

doesn’t kill them, makes them stronger.” Many did not get stronger. 

They simply died.

Homeopaths on the other hand were disciples of Christian Fried-

rich Samuel Hahnemann (1755–1843), a German physician. At 

one point Hahnemann was experimenting on himself to determine 

what effect, if any, overdoses of cinchona bark would have on a 

patient. The bark of the cinchona tree (actually a large shrub native 

to the tropical Andes) was irst used in herbal medication for fever 

by Quechua tribes of South America. It eventually became widely 

used in Western medicine as the only effective remedy for malaria.6 

Hahnemann slowly increased his dose of the bark and found that 

he experienced symptoms that he thought mimicked the symptoms 

of a malarial patient. From this anecdotal experience, he made a 

universal conclusion about how medications worked to control 

disease, and invented a new branch of medicine grounded largely 

on two principles. The primary principle was that agents that cause 

speciic symptoms in healthy people could be used as treatments 

for the same symptoms in ill patients. This contrarian approach 

was highly counterintuitive and, in fact, is complete nonsense. Re-

gardless, homeopathic patients often improved, while allopathic 

patients typically deteriorated.

The comparative success of homeopathy is likely explained not 

by its irst principle, but by its second: the therapeutic beneit of 

any agent is enhanced through dilution. Thus, many homeopaths 

diluted their chemical remedies to such an extent that there were 

only trace quantities of the agent in the doses they delivered to 

patients. So technically speaking, they were not treating with any-

thing at all. Their better results over the allopaths are, therefore, 

best explained by the fact that while the allopaths were poisoning 

their sick patients, the homeopaths were just letting nature take its 

course, and their patients were getting better on their own.

Grubbe was being trained at a homeopathic medical school, so 

it is no surprise that his professors would look at a toxic agent that 

This content downloaded from 
78.128.176.224 on Fri, 14 Aug 2020 08:57:50 UTC 

All use subject to https://about.jstor.org/terms



120 • Chapter 6

damages normal tissue in an otherwise healthy individual to be a 

potential therapeutic agent for diseased tissue. That was their 

mindset, given their homeopathic philosophy on therapy. It seemed 

obvious, to them, that  x-rays should be therapeutic.

In light of the overall ineffectiveness of most therapeutics of the 

time, whether allopathic or homeopathic, the ability of  x-rays to 

combat the most formidable disease—cancer—was nothing short 

of miraculous. No wonder Grubbe said his  x-ray treatments cre-

ated “quite a sensation.”

Although the therapeutic effectiveness of radiation in treating can-

cer soon became widely accepted, the underlying biological mecha-

nism remained a complete mystery. Some proposed that the radia-

tion transformed the cancer cells back into normal cells. Others 

held that cancerous tumors resulted from bacterial or parasitic 

infections, and that the radiation killed the parasite or bacteria. But 

Grubbe had his own hypothesis.

Grubbe believed that  x-ray exposures caused high levels of irrita-

tion to the tumor, which, in turn, resulted in an increase in its blood 

volume. The increased blood then brought large number of leuko-

cytes (white blood cells) that then choked circulation through the 

tumor. Deprived of circulatory nutrition, the tumor starved to 

death. Remarkably, this explanation, based on an irritation hy-

pothesis, is reminiscent of the mechanism for cancer causation pro-

posed by Virchow. You may recall Virchow’s hypothesis was that 

tissues suffering prolonged irritation were at risk of becoming can-

cerous. Thus, according to Grubbe, irritation was supposedly the 

underlying mechanism for both the cause and cure of cancer. Al-

though this was a unifying mechanistic hypothesis, it still didn’t 

adequately explain how radiation could produce two opposite bio-

logical effects. That explanation would be a long time coming.

With a lack of any validated biological mechanism,  x-ray treat-

ment of cancer needed to advance empirically, with trial and error 

reinements to doses, numbers of treatments, and intervals between 

treatments. These treatment parameters needed to be determined 

by each physician, based on his own experience with patients when 
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using his particular equipment, because, as Grubbe had warned, 

Crookes tube  x-ray outputs were not standardized. There could be 

very different  x-ray doses between Crookes tubes even at the same 

voltage and current settings. Grubbe advised his fellow practitio-

ners that they must proceed with caution when treating patients 

because treatment results could vary tremendously, and perhaps 

catastrophically, between Crookes tubes. Not only that, different 

tissues seemed to have very different sensitivities to radiation, al-

though why that should be was not yet clear.

Grubbe downplayed the signiicance of the radiation burns that 

patients sustained on their skin as a result of  x-ray treatment, say-

ing that these effects were always reversible with time (just as the 

Curies had believed for both skin ulcers and anemia) and, in any 

event, severe skin burns could be effectively treated with petroleum 

jelly. Nevertheless, he recommended the use of a mask made of lead 

foil, with an opening just over the tumor, to minimize the dose to 

surrounding normal tissues. Yet, he made no recommendations to 

the physicians about protecting themselves during patient irradia-

tion, and presumably he took none himself.

Why Grubbe decided to deliver his radiation doses to tumors a 

little at a time is unclear. For his very irst patient he spread the 

dose out over 18 separate treatments spaced days apart. It may be 

that he was worried about overdosing the patient. By delivering 

the dose a little at a time (i.e., fractionating the dose), while closely 

monitoring the patient’s response, he lessened the chance of a cata-

strophic overdose. But even after he had empirically determined 

appropriate dose levels for treatment, he still used highly fraction-

ated doses. Possibly, he simply wanted to increase proits by charg-

ing patients by the treatment. (Grubbe was highly mercenary.) 

Still, it is equally likely he believed that by diluting the radiation 

doses he was increasing their potency for cure, since this was one 

of the tenets of his homeopathic training. In any event, his decision 

to fractionate the doses no doubt contributed immensely to his 

treatment successes, but it had nothing to do with homeopathy 

philosophy.
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122 • Chapter 6

We now know that fractionated doses enhance a phenomenon 

that Grubbe had observed but couldn’t explain; tumors are more 

sensitive than normal tissues to  x-rays. The relatively high tumor 

sensitivity was critical to successful treatment, but nothing was 

known about why it occurred. An answer to this question wouldn’t 

be found for another twenty years. When it inally arrived, it came 

from an unexpected source: ram testicles.

Scientists in France in the 1920s were searching for a quick and 

effective alternative to surgical castration (which had high morbid-

ity and mortality rates) for sterilizing rams. They thought that ra-

diation might do the trick, because even as early as 1903 radiation 

exposure of the genitals was associated with infertility in male ra-

diation workers.7 They found exposure of the ram testicles to 

 x-rays worked. But when the sterilizing dose was delivered all at 

one time, severe irritation of the scrotal skin occurred. However, if 

the same dose was delivered a little at a time over several days, 

sterilization could be still be achieved, yet without the scrotal skin 

complications.8 But why?

It was later found that rapidly dividing cells, such as the cells that 

produce sperm (spermatogonium), are relatively sensitive to the 

killing effects of radiation, and are spared just slightly by the dose 

being spread out over time. In contrast, slowly dividing cells, such 

as skin cells (keratinocytes), are less sensitive to the radiation to 

begin with, and their sensitivity can be even further reduced if the 

radiation dose is spread out over a protracted period. The net result 

for testicle irradiation is that fractionating the dose preferentially 

spares slower growing cells to the detriment of the faster growing 

ones. Thus, if you fractionate the dose, you can kill off sperm pro-

duction without critically damaging scrotal skin.

This was also the long- sought explanation for the effectiveness 

of fractionated dose delivery in tumor radiation therapy. Although 

men may take issue with the comparison, the situation of testicles 

surrounded by a scrotum is not unlike the situation of a tumor sur-

rounded by normal tissue. Tumors, like testicles, contain fast- 

growing cells within, and killing those cells with radiation neces-

sarily involves delivering a dose to the surrounding normal tissue, 

which can be equated to the scrotum. So by fractionating the dose 

This content downloaded from 
78.128.176.224 on Fri, 14 Aug 2020 08:57:50 UTC 

All use subject to https://about.jstor.org/terms



delivery, tumors can be “sterilized” with radiation while the nor-

mal tissue is relatively spared. This is the underlying cellular mech-

anism that enabled Grubbe to successfully treat tumors with frac-

tionated radiation therapy.9

Grubbe consistently practiced radiation therapy throughout his 

professional career, while experiencing ups and downs in his health 

and personal life. A tumultuous marriage to an unfaithful wife 

ended in divorce in 1911, producing no children, and an engage-

ment to another woman was ended by her shortly before the wed-

ding. He carried on alone, with no family. By 1929 his poor radia-

tion protection practices had inally caught up with him. He had 

multiple surgeries for a tumor on his upper lip that severely disig-

ured him. (He had already had his left hand amputated at the wrist 

earlier that year as the result of a hit- and- run car accident.) Over 

the following years he had more and more surgeries and ampu-

tations over various parts of his body, and he even removed 15 

lesions from his own body by himself by means of electrical cau-

terization. (It is not clear whether he ever treated himself with ra-

diation.) During this time his radiation therapy practice slowly 

dwindled. It’s likely that his patients had second thoughts about 

subjecting themselves to radiation therapy treatments when they 

saw their grossly disigured doctor. In 1948, he oficially retired. By 

1951, he was so badly disigured by his multiple surgeries that his 

landlord asked him to vacate his apartment because his grotesque 

appearance was scaring away tenants. He lingered on in agony for 

nine more years, sometimes contemplating suicide. He inally died 

in 1960. According to his death certiicate, he died from pneumo-

nia while harboring multiple squamous cell carcinomas (skin can-

cers) with regional metastases.10

Grubbe’s contribution to radiation therapy went unnoticed for 

many years, because he failed to publish his original indings. He 

was also a lamboyant and clownish igure with a grandiose image 

of himself and a colorful imagination, well known to embellish, 

exaggerate, and even lie when promoting his own interests. Very 

few people were, therefore, inclined to take his many stories about 
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his life’s escapades seriously. His claims of priority in radiation 

therapy, made many years later, understandably met with much 

skepticism. But at least with regard to the essential facts regarding 

his initial radiation therapy activities, independent investigation of 

historical records has conirmed his claims.11 He was indeed the 

irst to treat cancer with  x-rays, and he did meet with some remark-

able successes. More remarkably, he achieved success despite his 

adherence to lawed homeopathic concepts. His therapeutic ap-

proach was right, but for the wrong reasons. The right reasons 

wouldn’t become apparent until radiation’s target for cell killing 

was discovered, and that was still a long way off.

HOLD THE PHONE: BRACHYTHERAPY IS BORN

Grubbe didn’t have a monopoly on cancer radiation therapy for 

very long. Others independently found the same things that he had, 

and many physicians demonstrated favorable results with both 

 x-rays and radium exposures. (The irst “cure” reported in the sci-

entiic literature was for skin cancer in 1899.) But the best results 

always involved tumors on the body surface. Tumors deep in the 

body were another matter. For these, penetration of the radiation 

deep into the tumor tissue was a major problem.  X-rays produced 

by Crookes tubes were not very penetrating because they had rela-

tively low energies. They deposited most of their dose in the overly-

ing surface tissues while the deeper tumors were spared. Even dose 

fractionation could not overcome this problem.

One potential solution to the depth problem was to increase the 

energy of the  x-rays used in therapy (i.e., shorten their wave-

lengths; see chapter 2) so that they would be more penetrating, and 

some investigators were pursuing that approach. This strategy, 

however, was largely dependent upon technological progress by 

physicists and engineers in producing the next generation of  x-ray 

machines, and that progress would occur slowly. Current cancer 

patients would require an alternative, shorter- term strategy, not 

dependent on future advances in physics. The best alternative turned 

out to be the employment of radioactive sources, typically radium 
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or radon, to irradiate tumors. The gamma rays from these radioac-

tive sources had higher energies and were thus more penetrating 

than Crookes tube  x-rays, thereby allowing treatment of even the 

deepest tumors.

Another advantage of radioactive sources was that they were 

quite small. They could, therefore, be used either externally, by 

holding the source over the area of the body containing the tumor, 

or internally, by placing it directly within or on the surface of the 

tumor.

One of the irst recorded suggestions to use radium sources in-

ternally came from an unlikely person: Alexander Graham Bell 

(1847–1923), the inventor of the telephone. In a 1903 letter to a 

physician in New York City, Bell proposed his idea:

I understand . . . that [ x-rays], and the rays emitted by radium, 

have been found to have a marked curative effect upon external 

cancers, but the effects upon deep- seated cancers have not thus 

far proved satisfactory. It has occurred to me that one reason for 

the unsatisfactory nature of these latter experiments arises from 

the fact that the rays have been applied externally, thus having 

to pass through healthy tissues of various depths in order to 

reach the cancerous matter. The Crookes tube, from which the 

[ x-rays] are emitted is, of course, too bulky to be admitted into 

the mass of a cancer, but there is no reason why a tiny fragment 

of radium sealed upon a ine glass ampule should not be inserted 

into the very heart of the cancer, thus acting directly upon the 

diseased material. Would it not be worthwhile making experi-

ments along these lines?12

Bell was indeed on to something. Why not bring the radiation 

source directly to the tumor? (This therapeutic strategy is now 

called brachytherapy—from the Greek word brachys, meaning 

“short distance”—and is in widespread use in radiation therapy to 

this day.13) But this idea of Bell’s wasn’t the brainstorm that it 

might seem. Others had thought of it, but there was a huge obstacle 

that Bell failed to appreciate. Puriied radium, one of the rarest 

materials on Earth, was extremely expensive even when obtain-

able. It simply wasn’t an option to routinely treat patients with 
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radium unless there was a ready, and affordable, supply. In 1904, 

the dean of New York Medical College (another homeopathic 

medical school) lamented:

Further progress in the use of radium for curing disease will be 

practically impossible. . . . When Prof. Curie and other eminent 

European scientists are totally unable to procure desirable speci-

mens of the substance, there is small chance of anyone else doing 

so. The Austrian government has positively refused to allow any 

more of it to leave that country for the present,14 and there is as 

yet no other known source of what may be called a working sup-

ply of the element.15

With time, several hospitals in Europe were able to secure small 

amounts of radium and use it with some success in cancer treat-

ment, but no hospitals in America had any therapeutic quantities. 

This was still the situation in 1908—the fateful year that Eleanor 

Flannery Murphy was diagnosed with uterine cancer.

Eleanor Flannery Murphy (1856–1910) was the beloved sister of 

prominent Pittsburgh industrialists James J. Flannery (1855–1920) 

and Joseph M. Flannery (1867–1920). The Flannery brothers were 

among the wealthiest men in the United States. Starting out in a 

highly successful undertaking business, they later wanted to diver-

sify their holdings into other business ventures. So they used some 

of their fortune to buy the patent rights for a lexible stay bolt that 

was used in the manufacture of railroad locomotives at a time 

when the railroad industry was in its prime.16 At some point their 

bolt manufacturing business was in search of better metal alloys, 

and they soon identiied vanadium alloy steel as superior to all oth-

ers. But vanadium was in short supply. This led them into the va-

nadium mining business. Soon they were supplying vanadium for 

the steel industry. Vanadium alloy steel was soon in high demand 

for a variety of industrial applications, not just bolts. (It was used 

in the lock gates of the Panama Canal, and in Ford automobile 

parts.) By 1908, it seemed that the Flannery brothers had the Midas 
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touch. They were millionaires three times over, thanks to successive 

fortunes made in undertaking, bolt manufacturing, and vanadium 

mining.

When doctors told them their sister’s condition was terminal, the 

brothers did not take the news with resignation. The only glimmer 

of hope offered by physicians was treatment with radiation from 

radium. Since puriied radium for medical treatment was unavail-

able in the United States, Joseph Flannery immediately set sail for 

Europe to ind some, buy it, and bring it back home for his sister’s 

treatment. He spent months combing Europe, desperately trying to 

purchase radium from anyone, at any price, to save his sister; but 

he found little, and no one who had any was willing to sell. Dis-

heartened, he returned home to be with his sister at her death.

After Eleanor died in 1910, Joseph vowed he would cure cancer 

by commercially producing radium for radiation therapy. He and 

his brother incorporated the Standard Chemical Company of Pitts-

burgh for the sole purpose of commercial radium production for 

medical use. Radium had recently been discovered in the carnotite 

ore of the Paradox Valley in Colorado and Utah.17 The plan was to 

purchase this ore and extract the radium.

But the brothers found it hard to recruit inancial backers. Car-

notite ore contained relatively little radium, and there was no 

known method to commercially extract it. The brothers were, 

therefore, forced to invest all of their personal wealth into the proj-

ect, hoping that success would restore their fortunes, and Joseph 

devoted his entire attention to that success. He bought mining 

claims, mining equipment, and a stove factory in Canonsburg, 

Pennsylvania, 18 miles southwest of Pittsburgh, which he con-

verted into a radium extraction plant.18

By 1913 the company produced its irst puriied radium, but at 

tremendous cost. To manufacture one gram (about three aspirin 

tablets) of puriied radium required 500 tons of carnotite ore, 500 

tons of chemicals, 10 million liters (about 2.5 million gallons) of 

water, 1,000 tons of coal, and the labor of 150 men.19

Unfortunately, production costs were so great that Standard 

Chemical’s radium prices were still too high for most American 
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hospitals to buy any. Sadly, Standard Chemical ended up selling 

almost its entire radium supply to different European countries, 

and American hospitals continued to do without.

But one American physician, Dr. Howard Atwood Kelly (1858–

1943), a gynecologic cancer surgeon at the Johns Hopkins School 

of Medicine, was able to obtain some of Standard Chemical’s ra-

dium with the help of James S. Douglas (1837–1918).20 A medical 

philanthropist, Douglas bought some and donated it to Johns Hop-

kins for medical research. Douglas’s motivation was similar to the 

Flannery brothers’. He had also suffered a personal loss—a daugh-

ter to breast cancer—and was also on a mission to cure cancer with 

radium. Kelly used that radium with some success to treat gyneco-

logic cancers, and he wanted more, a lot more, for his private gy-

necology clinic. But he wanted it at substantially reduced prices. 

Working with Douglas, who was also a mining engineer, Kelly lob-

bied the federal government to nationalize domestic sources of car-

notite ore to keep it out of the hands of private entrepreneurs, who 

could manipulate prices. But the US Congress refused to go along.

After being rebuffed by Congress, Kelly and Douglas decided to 

purify their own radium. They created the not- for- proit National 

Radium Institute, which soon cut a deal with the US Bureau of 

Mines. The institute would buy the carnotite ore and the bureau 

would provide the technical expertise to extract the radium.21 

Whatever technology the bureau developed for radium extraction 

would be freely disseminated to others. Since no secrets would be 

kept, the free availability of the information about radium extrac-

tion technology would presumably encourage others to enter the 

market, thus further increasing the radium supply and driving 

down the cost. Moreover, the institute agreed to transfer its entire 

radium- processing facilities over to the government once Kelly and 

Douglas had satisied their own radium needs.

Employing the bureau to develop the extraction technique 

proved to be a shrewd move. Its scientists developed a methodol-

ogy that turned out to be much more eficient than Standard 

Chemical’s. This allowed the National Radium Institute to produce 

a gram of radium from 200 tons of ore, as opposed to the 500 tons 

required for Standard Chemical’s procedure.22 By 1916, the insti-
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tute had produced several grams of radium at a cost of only 

$40,000 ($869,000 in 2015 US dollars) per gram; less than one- 

third of radium’s price on the world market. Once Kelly and Doug-

las had all the radium they needed (8.5 grams; about the mass of 

two US Jefferson nickels) they dissolved the institute and handed 

the facilities over to the US Bureau of Mines as promised. The joint 

venture between the federal government and the private sector had 

been an unqualiied success, and others jumped into the business 

FIGURE 6.1. AUTORADIOGRAPH OF RADIUM- CONTAINING ORE. How-

ard Atwood Kelly used Becquerel’s photographic ilm procedure (termed autora-

diography) to detect and measure the presence of radium in raw ore. By compar-

ing the ability of ores from different locations to expose photographic ilm over a 

ixed time period, he could judge the relative radium contents of different depos-

its. This 50- hour exposure of ilm to carnotite ore from the Paradox Valley of 

Colorado includes a clearly silhouetted image of an overlying key. The metal key 

blocks the ore’s emitted radiation and serves as an internal negative control for 

the exposure. (Source: Photograph provided courtesy of the Alan Mason Chesney 

Medical Archives, The Johns Hopkins Medical Institutions)
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on the coat tails of the National Radium Institute and Standard 

Chemical. Soon, newer and more eficient extraction and puriica-

tions methods were developed. Prices then dropped further, to the 

point that it even became feasible to use small quantities of radium 

in consumer merchandise, such as in paint for watch dials. The 

ready availability of puriied radium soon created a whole new 

consumer products industry based on radioactivity.23 From 1913 

to 1922 the United States dominated the radium market, produc-

ing 80% of the world’s supply.

But the heyday of radium production in the United States started 

to wane in 1920. For one thing, both Flannery brothers died that 

year from the Spanish lu. But more importantly, higher- grade ra-

dium ore was discovered in the Belgian Congo, and the inferior 

carnotite ore from Paradox Valley simply couldn’t compete. Fi-

nally, in 1922, Standard Chemical signed a contract with the Bel-

gian producer, Radium Belge, in which the former agreed to stop 

all its radium mining activities in exchange for being sole distribu-

tor of Radium Belge’s radium in the Western Hemisphere.24

Back in Baltimore, Kelly’s radiation therapy practice was growing 

in leaps and bounds. His private clinic, at 1418 Eutaw Place, ex-

panded to include the neighboring dwellings (1412–1420) and be-

came known as the Kelly Hospital.25 It had both diagnostic and 

therapeutic radiology equipment for diagnosis and treatment with 

 x-rays, and a stockpile of ive grams of radium—the largest stash 

of puriied radium in the world.26 His hospital was the largest ra-

diation therapy operation in the nation at the time, and performed 

virtually all of the radiation therapy in the state of Maryland.27

In 1916, Kelly presented his hospital’s data on radium treatment 

of 347 women with cancer of the uterus or vagina to the American 

Gynecological Society.28 Kelly described the impressive results: 

“The most remarkable fact about the radium treatment . . . was 

that it often cleared up cases which had [spread all the way] to the 

pelvic wall . . . great massive cancers choking the pelvis . . . Over 

20% of this remarkable group had been apparently cured.” These 

indings by the most respected gynecological surgeon of the age 
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made brachytherapy an overnight sensation and the treatment of 

choice for most gynecological cancers.

Although all of Kelly’s brachytherapy procedures were commonly 

referred to simply as radium therapy, in reality much of his radium 

therapy was actually done with radon that was “milked” from his 

radium stockpile. Solid radium continually leaches off its progeny, 

radon, and this radioactive gas was collected using an apparatus 

given to Kelly by Ernest Rutherford.29 The collected radon was 

encased in glass ampules that were then placed within brass cap-

sules. It was these brass capsules (sometimes called seeds) of radon, 

not the parent radium itself, that were typically positioned in and 

around the tumors.30 When the radon in the ampules had decayed 

away to the point they were no longer useful for treatment, the 

ampules were discarded.31

Despite the fact that Kelly was well aware of fractionated radiation 

therapy, and he readily admitted that smaller quantities of radium 

introduced over a longer period of time might prove advantageous, 

he was not a big fan of it. His reasons are not clear. Perhaps he felt 

he could treat more patients overall if he used a single treatment 

for each patient, or maybe his surgical training predisposed him to 

single- intervention procedures. Whatever his reasons, we might ex-

pect that his therapeutic results with brachytherapy may have been 

even more spectacular had he adopted fractionated brachytherapy 

as the norm, just as Grubbe had for  x-rays treatments.

Even though Kelly worked almost exclusively on gynecological 

cancers, he by no means thought that radiation therapy’s utility 

was limited to such tumors. He was prescient in his prediction that 

brachytherapy of prostate cancer might prove to be a particularly 

promising ield. (In 2012, about half of all prostate cancers in the 

United States were treated with brachytherapy.) He also recom-

mended irradiating neighboring nondiseased lymph nodes when 

treating Hodgkin’s lymphoma, to quell the spread of the disease. 

As we’ll see, this recommendation would prove to be visionary.
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Notwithstanding the spectacular successes in his professional ca-

reer, all was not smooth sailing for Kelly. In particular, his use of 

single high- dose treatments rather than fractionated treatments 

ended up getting him in some trouble. In late 1913, New Jersey 

Congressman Robert Gunn Bremner (1874–1914) came to him for 

treatment of a rapidly growing tumor in his shoulder. Congress-

man Bremner had been referred to Kelly by fellow New Jerseyan 

President Woodrow Wilson, who had heard about Kelly’s work 

with radiation therapy. By the time Bremner ultimately arrived at 

Kelly’s clinic, however, the tumor had reached a massive size, si-

multaneously growing in both directions, down the front as well as 

the back of the shoulder, and nearly meeting under the armpit. On 

Christmas Day, 1913, Kelly surgically inserted 11 radioactive am-

pules into the tumor. High doses of cocaine were also administered 

to reduce the surgical pain, and the ampules were left in place for 

12 hours. The New York Times reported on the treatment the next 

day and noted it was “the largest number of ampules and the most 

expensive quantity of radium ever used in a single operation.” It 

touted the treatment as “one of the most important that has been 

performed in this country and, if successful in producing improve-

ment or cure, will mark a notable [advancement] in the treatment 

of cancer.”32

But the accolades were premature. The congressman quickly 

took a turn for the worse, having apparently been overdosed with 

radiation. When Bremner died in Kelly Hospital a few weeks later, 

Kelly was accused of being a quack and summoned to appear 

before the Maryland State Medical Society to explain himself.33 

Kelly left for Europe to escape testifying in the kangaroo court, 

and made the rounds of various European radium experts while 

he waited for the fury to die down at home. He would later claim 

that the medical profession “wreaked its vengeance” upon him as 

“an innovator.”34

Kelly soon resumed practicing radiation therapy at his hospital. 

But then, in 1919, the Johns Hopkins University instituted a new 

policy under which all of the medical school’s faculty members 

were required to be full- time employees of the Johns Hopkins Hos-

pital. Kelly reluctantly resigned his faculty position in favor of 
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maintaining his own private hospital, which he continued to oper-

ate for another 20 years.

During all his years of radiation therapy, Kelly was never known 

to have suffered any health consequences from radiation exposure. 

He was well versed in the fundamental concepts of radiation phys-

ics, and he had consulted with many of the early European nuclear 

physicists, including Rutherford, about how best to handle radio-

activity. Kelly always kept his personal radiation doses to a mini-

mum by working quickly, using long forceps to pick up radium 

sources, and protecting himself behind a lead barrier as much as 

possible. Today we recognize these safety practices as the funda-

mental tools of radiation protection practitioners (known as health 

physicists), who routinely minimize radiation doses to people by 

means of (1) reducing exposure time to the radiation source, (2) 

increasing the distance from the source, and (3) shielding the source 

from the body.

Kelly enjoyed good health and continued working in radiation 

therapy into his 80s. Then, in 1943, he contracted pneumonia and 

was hospitalized at Union Memorial Hospital in Baltimore. He 

died on January 12, at the age of 84. His wife, Laetitia, to whom 

he had been married for 53 years, and with whom he fathered nine 

children, was hospitalized at the same time. She died in the next 

room, six hours later.

ROLLING OUT THE BIG GUNS

During the heyday of radium therapy,  x-ray therapy for cancer had 

taken a back seat. The cumbersome Crookes tube, with its poorly 

penetrating  x-rays, was no match for radium’s penetrating gamma 

rays. But all that was about to change. The physicists had a new 

toy, and the physicians wanted to play with it.

As we have already seen, the Cavendish scientists had produced 

a “machine gun” that shot streams of highly accelerated atomic 

particles, and they used it to split the atom in 1932. This instru-

ment was called a linear accelerator, or simply a linac (pronounced: 

l̍i- ̩nak),35 because it accelerated the particles in a straight line to-
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ward their target. Conceivably, a similar instrument could be used 

to accelerate electrons at high voltages and, thereby, produce  x-rays 

with higher energies than those that came from Crookes tubes (by 

this time, more commonly called  x-ray  tubes). But a linear accelera-

tor was not an instrument that could routinely be used in a medical 

setting to treat patients, largely because of the dificulty in main-

taining stable high voltages.

All this changed in the late 1930s when physicist Charles Chris-

tian Lauritsen (1892–1968) of the California Institute of Technol-

ogy (Cal Tech) built a sophisticated 750,000- volt transformer for 

use in his linac research. Lauritsen recognized that the high- voltage 

transformer might allow medical applications for linacs, so he con-

tacted acclaimed Californian radiation oncologist Albert Soiland 

(1873–1946), who had a clinic nearby.36 In a scene reminiscent of 

Grubbe’s irst  x-ray treatment of advanced breast cancer, Soiland 

brought one of his patients over to Lauristen’s laboratory for treat-

ment. The man had advanced rectal cancer. The cancer was not 

amenable to treatment with standard  x-ray therapy because the 

lower energy  x-rays would have burned his anus and scrotum, so 

the man’s prospects were quite grim. Unlike Grubbe’s irst patient 

who died despite treatment, Soiland’s patient was apparently cured. 

Shortly following treatment with linac  x-rays, the tumor shrank 

away and the patient sustained only minor skin reactions. Two 

years later, the patient had just a small lesion where the tumor had 

been.37 The medical community took note.

Unlike the Crookes tube, however, which was cheap and readily 

available worldwide when its medical applications were irst re-

ported, a linac was an exotic instrument with an enormous price 

tag. Also, at the time, the radioisotope cobalt- 60 had largely re-

placed radium as the radioisotope of choice for external beam ra-

diation therapy.38 It had many physical and practical advantages 

over radium, including affordability. Most physicians were quite 

satisied with its clinical performance, and they were very comfort-

able using it. These old dogs were not much interested in the linac’s 

new tricks, unless linacs became available at prices comparable to 

cobalt- 60  machines.
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In the case of radium, we saw that medical needs drove radium- 

reining technology to the point that prices dropped substantially, 

making it inancially feasible to even use radium in military equip-

ment such as watch and instrument dials. In the case of linacs, the 

opposite was the situation. Linac- related technology found utility 

in World War II, and military research ultimately drove down man-

ufacturing costs to the point where it was feasible to use linacs for 

medical purposes.

Speciically, it was radar research that ultimately produced the 

technological bridge that made medical linacs feasible. As we’ve 

seen, production of radar equipment was critical to the United 

States military during World War II, and there was a major need to 

produce a small radar device that could produce microwaves of 

very high power. Initially, a microwave radio transmitter called a 

klystron was invented for this purpose. (It was ultimately replaced 

by the magnetron that Percy was instrumental in mass producing.) 

After the war, the klystron technology was applied to linacs. The 

approach was to use a waveguide—a copper pipe into which elec-

trons were injected—and push the electrons down with micro-

waves emitted from the klystron. This is analogous to a surfer 

being pushed along by an ocean wave. The result was a compact 

and relatively inexpensive linac with electrons traveling near the 

speed of light, with energies equivalent to 6 million electron volts. 

At a price tag of around $150,000 ($1,500,000 in 2015 dollars), it 

would still be a long time before most radiation oncologists would 

feel the need to have one in their clinic. The radiation oncologists 

would need to be impressed by what these fancy new toys could do 

for patients before they were going to invest that kind of money.

Just as Grubbe knew that the true value of  x-ray therapy for 

cancer would not be appreciated until it was speciically deployed 

in the patients most likely to beneit (i.e., the early- stage breast 

cancer patients), the linac needed a patient population in which to 

show its stuff. Radiologist Henry Kaplan (1918–1984) thought 

that Hodgkin’s disease victims might represent such a population. 

Kaplan understood better than most that the most critical factor 

determining success of cancer therapy was accurately matching the 
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patient to the appropriate treatment. That is, only by understand-

ing the underlying biology of a disease can you most effectively 

prescribe the treatment. And he thought he understood Hodgkin’s 

disease biology well enough to match it with a perfectly suited 

treatment, and that happened to be linac therapy.

Hodgkin’s disease is a form of cancer of the lymph nodes that most 

commonly strikes young men.39 It was discovered in 1832 by Brit-

ish pathologist Thomas Hodgkin (1798–1866). He had collected a 

series of cadavers of young men who had died of a strange disease 

characterized by enlargement of the lymph nodes in the chest. He 

did not know it was a type of cancer. Hodgkin presented his inding 

of this “new” disease to his colleagues and published a paper, 

thereby recording his primacy in its discovery. But since the disease 

was uniformly lethal and Hodgkin did not recommend a treat-

ment, his report was largely ignored until 1898. Then, Austrian 

pathologist Carl Sternberg (1872–1935) was able to show that the 

affected nodes actually contained cancerous lymphocytes (a lym-

phocyte is a type of white blood cell), thus identifying the disease 

as another form of lymphatic cancer.

Hodgkin’s disease has an unusual and distinct disease progres-

sion pattern.40 Instead of randomly metastasizing to distant lymph 

nodes, as cancer so often does, it progressively spreads along a 

chain of lymph nodes in linear sequence. This makes it easier for 

physicians to precisely deine the limits of the disease in any par-

ticular patient. Yet, the Hodgkin’s disease lymph nodes are often 

deep in the chest; this meant that lower- energy  x-rays, which are 

poorly penetrating, were ineffective. It was these combined charac-

teristics of Hodgkin’s disease—deep tumors with well- deined loca-

tions—that would prove to be the game changer for the linac.

Kaplan felt that Hodgkin’s disease was highly amenable to linac 

radiation therapy because it is largely a localized disease and radia-

tion therapy is a local treatment. That is, radiation can only elimi-
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nate the cancer localized within the treatment beam. If the cancer 

has spread to regions outside the radiation beam, the therapy 

would produce temporary local control, but metastases (i.e., sites 

of cancer that have spread far from the primary tumor) would ul-

timately cause treatment failure. Since Hodgkin’s disease is usually 

localized, Kaplan reasoned that it should be curable. But it would 

require the higher- energy penetrating  x-rays from a linac to do the 

trick.

Kaplan capitalized on prior research by Swiss radiologist René 

Gilbert (1892–1962) and Canadian surgeon Mildred Vera Peters 

(1911–1993) that suggested Hodgkin’s disease responded well to 

radiation therapy if the treatment ield was extended to include 

both diseased and neighboring lymph nodes. Complete cures, how-

ever, were still elusive due to the limited penetration of conven-

tional  x-rays. Kaplan reasoned that if he combined penetrating 

linac  x-rays with Gilbert and Peters’ treatment approach, he would 

be able to produce cures, provided he chose patients with highly 

localized disease.

Kaplan understood that poor staging—the practice of assigning 

patients to treatment groups based on the stage of their disease—

would result in the erroneous inclusion of more advanced- stage 

patients among the early- stage patients that he intended to treat 

with the linac. Since advance- stage patients with widespread dis-

ease had no hope of a curative beneit from localized radiation 

therapy, their inclusion would decrease the apparent cure rate of 

the linac. Consequently, Kaplan took special pains in meticulously 

staging his patients. He went as far as doing surgical explorations 

with node biopsies before concluding that the patient’s disease was 

truly localized and, therefore, amenable to curative linac radiation 

therapy.

Although this may sound like Kaplan was simply stacking the 

deck in favor of his chosen treatment, the fact is that cancer is a 

very diverse disease, and treatment options are highly variable as 

well. Mismatching patients with treatments does no one any good. 

Since the curative potential of radiation is restricted to the location 

of the radiation beam, the real issue was not whether a particular 
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treatment was good or bad, but whether that treatment had been 

tried in the right patients. No cancer treatment could be all things 

to all patients. Kaplan understood this well, but it would take years 

for many of his clinical colleagues to come around to this 

realization.

Kaplan began a clinical trial with his well- deined early- stage 

Hodgkin’s disease patients and soon found that the linac  x-rays 

were capable of effecting nearly miraculous cures. Within a rela-

tively short time, Kaplan demonstrated that Hodgkin’s disease 

could be consistently cured with linac  x-rays. Soon, 50% of Hodg-

kin’s disease patients were being cured of their disease, thanks to 

the linac. As of 2010, 90% are being cured. (The more advanced 

cases are, of course, less curable, but even for advanced disease, 

current cure rates now stand at about 65%.41)

The concept of matching subsets of cancer patients with distinct 

treatments that target their speciic form of disease is now fully 

accepted as a powerful therapeutic approach, but Kaplan was 

among the irst to fully appreciate this. As such, he was able to 

reveal the true value of linac  x-rays in curing cancer.

Today, new technologies for deining cancer patient subsets, 

based on genetic traits and other molecular and cellular factors, are 

becoming available at a rapid pace. These advances will continue 

to improve medicine’s ability to deine and characterize individual 

cancers in a highly sophisticated fashion that goes well beyond 

simply identifying the organ or tissue from which it arose. Signii-

cant improvement in outcomes can be expected if such efforts re-

sult in better matches between patients and treatments, even if the 

repertoire of current treatments doesn’t substantially change. But 

radiation treatment options are continuing to expand.

Linacs are just the tip of the iceberg. The modern radiation on-

cologist is armed with a whole host of radiation- producing ma-

chines that can be selectively used to suit the circumstances of the 

disease and the patient being treated. Regardless of the nature of 

the speciic machine, all are designed to better place a radiation 

dose directly within the tumor, and kill as many tumor cells as pos-

sible while sparing normal tissue. The challenge now is how best to 

use these powerful tools and in exactly which patients.
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Physicians Grubbe, Kelly, Soiland, and Kaplan, as well as the physi-

cists that helped them, were true pioneers of radiation therapy for 

cancer, and they met with remarkable successes, including some of 

the irst cures for multiple types of cancer.42 From their time to the 

present, there have been great advancements in both our under-

standing of tumor radiation biology and the technology used to 

deliver therapeutic radiation exactly where it needs to be. Radia-

tion therapy for cancer has progressed precisely because radiation 

physics and medicine have advanced hand in hand.

Why aren’t all cancers curable with radiation? If cancers were 

always localized, radiation would be able to cure most of them. 

Unfortunately, cancer often spreads around the body, making ra-

diation therapy an endless task of inding the cancer and irradiat-

ing it before it does damage. The more likely a cancer will spread, 

the less likely that radiation can produce a cure. In the case of 

cancer that has spread, radiation therapy needs to be combined 

with some type of chemotherapy that can circulate through the 

body and kill distant metastases before they even become clinically 

apparent.43 Modern cancer therapy amounts to orchestrating an 

intricate dance between radiation therapy, chemotherapy, and sur-

gery to ind the optimal combined- treatment strategy for each in-

dividual patient; this treatment strategy is based on both the extent 

of the disease and the biology of the tumor.

But even for the cancers that radiation can’t cure, radiation ther-

apy often has an important function. It can shrink the mass of tu-

mors, thus stalling the disease, and, as Grubbe even saw with his 

very irst patient, radiation can also relieve pain.44 So radiation 

therapy often plays a major role in cancer treatment even when it 

can’t cure. Currently, nearly two- thirds of all cancer patients re-

ceive radiation therapy at some point during their treatment.

Cancer patients receiving radiation to cure their cancer can experi-

ence side effects due to unavoidable irradiation of their normal 

tissue. Sometimes the side effects are mild, such as skin irritation. 
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Sometimes the side effects are more severe, such as nerve damage. 

These side effects occur because some normal cells are innocent 

bystanders that are killed along with the cancer cells. When radia-

tion doses are high enough to kill cells, there is always some risk of 

such complications. But most often these complications of treat-

ment are localized because the radiation dose is localized, and they 

usually can be mitigated with medication. Frequently, the side ef-

fects go away completely with time. Unfortunately, some linger 

permanently and are the regrettable price that patients must some-

times pay for the cure of their cancer.

Most practicing radiation oncologists, however, will never see 

any of the severe systemic illnesses that radiation can cause (col-

lectively called radiation sickness) because this result is typically 

produced only when the entire body is irradiated to doses high 

enough to kill cells (i.e., more than 1,000 mSv to the whole body). 

On rare occasion, radiation sickness occurs because of some cata-

strophic accident, such as Daghlian suffered when he dropped the 

relector brick on the uranium core during the Manhattan Project, 

and irradiated himself to a fatal dose. But it wasn’t until the atomic 

bombs were dropped on Japan, in 1945, that the medical commu-

nity saw large numbers of people with whole body doses high 

enough to cause radiation sickness. And then there would be even 

more lessons learned about how radiation affects health.
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