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Proton therapy: decisions, decisions
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We are faced with making decisions all the time. Our lives are

filled with them, be they personal, medical, professional or

financial. We have to make trade-offs between benefits, costs,

preferences and predicted outcomes. We must also consider

uncertainties in major parameters influencing our decisions. It

doesn’t sound easy. Some decisions we make in the blink of an

eye, some take us longer as we need to ponder a bit before we

decide. If we make a conscious decision we typically weigh up

our options. But let’s be frank, our decisions are often strongly

influenced by our emotions and gut feeling rather than being

made completely logically, systematically or rationally. Some

research even suggests that the best way to deal with complex

decisions is to not think about them at all—that unconscious

thought will help us make the best choices [1].

Decision making may be defined as ‘‘Choosing between

alternative courses of action using cognitive processes such

as memory, thinking, evaluation, etc.’’ Normally, we assess

the pros and cons and aim for a decision where the benefits

outweigh the risks. That is, if we are rational. If we would

all reason without bias and personal preference we would

probably all come up with the same rational decisions all

the time. How boring would that be? So personal prefer-

ences and bias is what distinguishes us in our decision

making. But more importantly, our ability to evaluate

probabilities (which equates to assessing risk) also strongly

influences our decision making, with stock market losses

and gains being a prime example. In mathematical terms

what we do is to change the relative merit of the individual

criteria in order to select the decision we actually prefer.

Even if the decision we prefer is of high risk for detriment

and low benefit. The next question is whether we would

reason in the same way on a different day, or in a different

situation, in a different mood, or if we chose to consider

additional information? More information can of course

impact our decisions and swing the pendulum to the other

side. That is why we inform ourselves about the facts

before we make an important decision. In a classic paper

by Miller [2] entitled ‘‘The magical number seven, plus or

minus two: some limits on our capacity for processing

information’’ we are presented with the fact that our ability

to deal with too much information is limited. When a

decision is made in the medical context clinicians often

have to deal with input variables far beyond the magical

number and also have to select a treatment option under

diagnostic uncertainty. The human way to deal with that is

to filter out the unimportant information and prioritize or

weigh up the remaining input variables. Clinicians are

pretty good at that but even within a hospital department

clinicians can make different decisions depending on the
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information available to them, their experience, knowledge

of the outcome of clinical trials and, of course, their own

treatment philosophy. They should do what has been

shown to be best for the patient. But who knows best what

is best?

Let’s dream for a minute. In an ideal world we would

choose to conduct randomized clinical trials for every

variable that might affect the outcome of a treatment, that

is if we had the time and money, and of course the patient

numbers, to give us sound statistical results. This would be

evidence-based-medicine at its best and would feed nicely

into the ultimate patient care, namely personalized medi-

cine, i.e. the tailoring of treatment decision and practices to

individual patients. Unfortunately we are far from this

dream. So what can we do when we are faced with making

a decision in situations where it is not feasible/practical to

measure all variables? The best clinicians can do is to use

the available evidence, even if incomplete, and combine

that with years of experience of their prevailing practice.

Let’s take the example of proton therapy. In an inter-

esting point/counterpoint discussion earlier this year the

question was debated whether we need randomized clinical

trials to demonstrate the superiority of proton therapy [3].

This debate reminded me of another article entitled ‘Should

randomized clinical trials be required for proton radio-

therapy’ a few years ago [4]. The discussions are very

similar to the one we had a decade ago when intensity-

modulated radiotherapy (IMRT) was on the rise [5] and we

were in need of clinical trials to show that IMRT leads to

improved outcomes. Personally I become excited about

new technology and therefore I am always keen to get

involved with new developments. However, health costs

have climbed steadily and we have to be mindful of what

effect that has on affordability of health care in general.

Should that stop us from implementing ‘new’ approaches

which show potential before we have high level clinical

evidence? Let’s take image guided radiotherapy (IGRT)

with cone beam CT as an example. Have we got real

evidence that it has improved treatment outcomes? It is

now extensively used and has certainly given us more

confidence in daily target localization. It will always be the

case that new approaches will be critically scrutinized by

our community (and rightly so) but without widespread

availability of a given technology or technique it is

impossible within a reasonable timeframe to produce the

data required to show the real benefits. We can only hope

that in the long run retrospective analysis of the new

technology will eventually provide the proof that ideally

we would like to have before we implement it in the first

place. In order for this to happen we need the manufac-

turers to come on board to roll out the technology to make

it available to a large customer base. Furthermore, to really

provide a strong basis for a retrospective analysis, as a

community, it is our responsibility to create better guide-

lines and infrastructure to record radiobiologically relevant

treatment parameters in a global registry. The difficulty

with this is twofold. Firstly, from a logistical point of view

and, secondly, we are living in a fast changing world and

the perpetual addition of new technology makes it difficult

to keep every variable except one fixed. I see this as a

major challenge and the least we can do is to put an

appropriate framework in place to unanimously record

parameters in a common database, from the actual treat-

ment to long term follow up, so that with the help of

biostatisticians we will be able to run statistical analysis of

the patient cohorts that are available.

But let’s get back to proton therapy. Proton therapy has

gained tremendous momentum in recent years and new

proton therapy centers are popping up each year. Austral-

asia seems to be close to having its first proton center

according to information available on the World Wide Web

[6]. Capital raising is under way for an Australian Proton

Therapy facility and the first patient treatment is expected

in 2015. Many decisions have had to be made and more are

on the horizon. The technology is maturing with pencil

beam scanning seeming to take the lead over passive

scattering systems [7]. Commercial ventures that partner

with hospitals to plan, install and run proton centers seem

to have changed the game. We are now in a situation where

proton centers cannot just be exclusively run by large

academic institutions, which are able to apply for large

grants to operate a unique proton beam facility. With

turnkey solutions on the market proton therapy is now also

accessible for non-academic institutions. In terms of the

actual treatment cost, the cost ratio of proton versus X-ray

therapy has been estimated to be a factor of around 3 [8]

but was predicted to decrease to about 1.7 [4]. This is

highlighted by the fact that a more compact proton system

has recently gained CE (Conformité Européenne) and FDA

(Food and Drug Administration) clearance for the Euro-

pean and United States market and this system promises

lower operation costs, according to the press release [9]. It

is even claimed that management and operation costs are at

a level similar to modern X-ray radiation therapy devices!

With a dozen planned new installations of this technology

alone over the next 2 years, will proton therapy seriously

challenge X-ray therapy in the near future? How many new

installations do we really need? Do we have any high level

evidence? Well, that brings us back to decision making.

What are the facts? Worldwide there are currently 40

proton centers in operation with another 20 in the planning

stage or under construction [10]. More than 70,000 patients

have been treated worldwide but no phase III trials have

been conducted [3]. So how do we know that protons are

equivalent or superior to X-ray treatments and that they

don’t do more harm in the long run? Patients have been
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treated for over 50 years so considerable long term expe-

rience has been gained. There seems to be a general con-

sensus in the therapy community that, owing to the physics

of particle interactions, protons have a theoretical advan-

tage. Firstly, there is a clear advantage when steep dose

gradients are required for tumors immediately adjacent to a

radiosensitive critical structure. Secondly, there is potential

for less collateral morbidity, which is particularly desirable

for pediatric patients. Let’s look at it from a health insur-

ance perspective, such as Medicare in the USA. The

treatment sites for which proton beam radiotherapy is

classified as a medically reasonable option (Group 1) are

intraocular melanomas, solid tumors in children under the

age of 18 and tumors of the brain, spinal cord, base of the

scull and axial skeleton plus some others [11]. Other con-

ditions (Group 2) are termed conditions of possible benefit,

which includes e.g. prostate and non-small cell lung cancer.

The Group 2 conditions seem to be evaluated on a case-by-

case basis with special arrangements for clinical trials.

Now ponder this: between 2006 and 2009 the most com-

mon diagnosis for proton therapy on Medicare claim forms

was prostate cancer (70 %), followed by lung (7 %), eye

(7 %), brain tumors (4 %), bone tumors (2 %) and meta-

static tumors in the brain and bones (1 %). In the same

period there was a drop from 19 to 11 % in patients

receiving treatment for medically reasonable indications

(Group 1). So in a nutshell, only about one out of every ten

patients who received proton therapy really had conditions

that indicated a just use of proton therapy based on our

current knowledge.

There are several ways of interpreting this apparent

contradiction and people may choose to interpret it in light

of their own opinion about proton therapy. One might

easily fall into the trap of prematurely concluding that it is

all about the money. I believe it is much more complex

than this because this is where evidence based medicine

meets health economics and decision making. Let’s have a

very brief and perhaps naı̈ve look at the different per-

spectives. From a business point of view a proton center

must be run without ending up in debt. It is obvious from

the above numbers that without the prostate cancer patients

the proton centers wouldn’t be profitable and, as a con-

sequence, the Group 1 patients might not have access to

state-of-the-art treatment. Scientifically, and with regard to

clinical trials, without a large scale application of this

technology we will never be able to accumulate enough

clinical outcome data in a reasonable timeframe to deter-

mine the benefits of proton therapy for both Group 1 and

Group 2 patients relative to the current standard of care.

Moreover, the opportunity to identify and define the dis-

ease specific subgroup of patients that are most likely to

benefit from proton therapy is presented as well as the

chance to optimize clinical protocols. From a research

point-of-view, well, wouldn’t most researchers like to get

their hands on a proton beam? Think of molecular target-

ing, motion management, different hypofractionation

regimes, dose escalation studies, and the combination of

proton therapy with other cancer fighting agents, just to

name a few of the options. Also, it is likely that a more

widespread demand for proton therapy would result in

more resources being invested by large companies into the

development of compact accelerators, such as laser-driven

particle accelerators [12], and integrated image-guided

systems. There is so much potential. Wouldn’t we all gain?

A recent editorial titled ‘‘Quo Vadis, proton therapy’’ in

the Zeitschrift für Medizinische Physik reminds us of what

happens when financial matters get in the way though [13].

In 2011 it was announced that two proton centers that were

in the process of being completed in Germany were not

going to be used clinically because it was realized that they

could not be run in a profitable way. I do not want to

speculate about the specific reasons or why it was noticed

so late in the process, but you would have thought that the

business case had included a more robust cost-benefit

analysis. I guess sometimes the parameters change or

weren’t accurate in the first place. One has to feel for the

patients who would have potentially benefitted from proton

therapy and the investors who financed this bold venture.

So what is the moral of this story? It is my opinion that

as scientists we should scrutinize new developments with a

healthy skepticism, in particular when at first they appear

predominantly revenue driven. At the same time we need

to maintain a positive attitude and look at the global pic-

ture. We have reason to believe that proton therapy, if

applied carefully, is as good as X-ray therapy and for some

selected sites has been proven superior, but is presently

more expensive. High level clinical evidence for proton

therapy being superior generally is lacking but I see this as

one of the challenges ahead. Our work is to produce robust

scientific clinical evidence by supporting the establishment

of proton centers around the world, regardless of whether

proton therapy comes out clearly superior or not. Also, it is

essential to implement a common framework for catalog-

ing all relevant treatment parameters in a shared database

for concurrent and retrospective analysis of any new

technology so that we have a solid basis for the evaluation

of its benefits compared to the current standard of care

[14]. With regard to proton therapy, what have we got to

lose? The risks are relatively small compared to the

potential gain. It is in our human nature to seek new

knowledge in order to move forward in all directions and

often find unexpected breakthroughs or unplanned

byproducts are developed along the way. Shouldn’t we be

glad that there are now different commercial operators out

there that make financing proton centers possible and one

has a choice in terms of technology, vendors and price tag?
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What would you choose? Well, I am just glad I don’t have

to make that decision….
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