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If, like me, you have the opportunity to monitor publications dealing with new cancer treatments over the dec-

ades, then one thing stands out: The research departments of major pharmaceutical companies, universities 

and sponsored private laboratories publish reports of advances which are always promised to benefit cancer 

sufferers within five or even three years. What virtually all of these optimistic announcements have in common 

is that they are not introduced clinically after the envisaged development period, but are instead forgotten. And 

virtually all these “innovations” also recur at regular intervals of ten to 20 years. 

Perhaps this is the way it has to be; after all, cancer does represent one of the major scourges of humanity. 

For this reason, it is targeted with the most intensive, broadest-based and, in particular, most highly funded 

research effort in the field of medicine.

Even if this enormous research commitment has not led to cancer being eradicated, it has nevertheless told us 

a great deal about the nature of the disease. The evolution of all living creatures, including human beings, who 

evidently aspire to be the apogee of this evolutionary process, was only possible because living species undergo 

constant change. The genetic material determining these changes had to possess a certain vagueness when 

transferred from mother to child, and during life as well. This alone enabled the life forms to continue develop-

ing and to adapt to changing environmental conditions. Inevitably, this flexibility of the genetic material allowed 

mutations to occur, including the possibility of cancerous mutations and the cancerous degeneration of cells. We 

are now beginning to understand which genetic changes and which mutations cause cancer to develop.

This does not, however, mean that current methods of treatment can be developed to achieve significantly more 

than the 50% cure rate, which is itself an inflated figure. We still lose almost 9 out of 10 sufferers with many 

forms of cancer. Just recently, however, a complex therapy has been discovered, employing synthetic genetic 

material and enzymes (CRISPR-Cas-9), which promises dramatically the - distant - prospect of what amounts 

to breeding human beings who are free of cancer or at low risk of acquiring it. This provides hope, but disap-

pointment for our generation at the same time. 

Proton therapy, on the other hand, was already described in 1946 as a theoretical means of increasing the 

success rate of radiation therapy. However, it only became technically feasible from the 1990s, and was only 

perfected in the first decade of this millennium. Proton scanning is not a miracle cure, but is merely aimed at 

eliminating one of the major problems with x-ray radiation therapy, which is still used in the treatment of cancer. 

By their nature, x-rays only allow the tumour to be targeted two-dimensionally; x-ray therapy is unfortunately 

a “through-and-through” method in the direction of the beam. Depending on the anatomic situation, three to 
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five times the amount of radiation dose used to treat the cancer reaches healthy tissue, which is damaged as a 

result. Although non-lethal here, this radiation can, for example, itself trigger cancer in the long term, something 

which is a key consideration in the treatment of children and adolescents. 

In contrast, protons which have been accelerated to high speeds can – as a physical effect – be targeted in three 

dimensions, instead of only two with x-rays, and are thereby concentrated in the tumour. They have the same 

effect as x-rays inside the tumour, but to a large extent, the restriction imposed on dosage in order to limit dam-

age to the surrounding areas no longer applies with this method. All of this is based not on assumptions, but on 

hard facts which can be measured by physical and radiobiological means.

It is to be hoped that in Germany, too, we will see an acceleration in the use of proton scanning, the optimised 

form of proton therapy, as a complement to conventional x-ray therapy in all its older and more modern forms. 

This is the technique of the future, and also represents the future for many cancer sufferers. 

HANS RINECkER

PD DR. mED. DR. mED. HABIl.

SPONSOR OF THE RINECkER PROTON THERAPY CENTER

CHAIR OF THE SUPERvISORY BOARD OF PROHEAlTH AG
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PROTON SCaNNING IN CONCeRT WITh CURReNT  
TheRaPy MeThOdS – 
aReaS Of aPPLICaTION, advaNTaGeS aNd dISadvaNTaGeS

Urgency of fUrther development of 
cancer therapies

cancer morbidity (rate of occurrence) is on the  
increase
In Germany and other developed countries, life expec-

tancy, expressed in years for newborn children, is rising 

by one month per calendar year. As statistical factors 

such as infant mortality, epidemics and wars have not 

exerted any significant influence since the middle of the 

last century, what we are witnessing is “elderly people 

getting older”. To a considerable extent, this is currently 

based on the containment of cardiovascular diseases, 

which in turn is leading to attention being focused on 

the remaining causes of death, namely neurodegenera-

tive diseases (Alzheimer's, Parkinson’s) – and cancer.

In Germany, approximately 500,000 new cases of can-

cer are expected to occur in 2015. The chance of any 

person developing cancer in their lifetime is rising to 

more than 40% for women and around 45% for men. 

On average, cancer morbidity in developed countries is 

rising by up to 2% per year, and in developing countries, 

due to the expansion of recording and diagnostic inves-

tigation, by up to 7% per year in individual cases1.

effectiveness of cancer prophylaxis

Expanding prophylaxis (preventive healthcare) is 

counterbalanced by carcinogenic factors which in-

crease cancer morbidity. Medical diagnostic inves-

tigation represents roughly half the total radiation 

exposure of modern human beings. The increasingly 

large-scale use of irradiating computed tomography 

(and the failure to replace this with non-irradiating 

magnetic resonance imaging) poses a burden.  

A further factor is the increase in air travel, although 

the carcinogenic effect is not precisely known, as the 

cosmic radiation occurring during air travel consists of 

protons with extremely varied levels of energy, having 

a Bragg peak effect (as explained in detail below). This 

means that the biological effect cannot be recorded 

using surface dosimeters alone.

One of the highly effective tumour prophylactic 

measures is colonoscopy, which, by removing polyps 

in good time, could theoretically reduce the incidence 

of colonic cancer to around zero. Colonoscopy is, 

however, still used too infrequently with regard to the 

population as a whole2. A further excellent method of 

prophylaxis has now been developed: immunisation 

against genital viruses, which at least restricts the 

formation of cervical carcinomas3. Numerous other 

prophylactic methods, such as extracting radon gas 

from granite basements in houses, preventing the 

formation of carcinogenic substances from over-

heated food fats, and banning carcinogenic additions 

to construction materials or textiles, are helpful, but 

statistically they are at the lower end of the range of 

recorded contributory factors. What is more effec-

tive than all other methods of cancer prophylaxis is 

refraining from nicotine abuse, which triggers some 

91% (among men) and 65% (among women) of 

bronchial carcinomas (lung cancer), the second most 

frequent type of cancer in both genders, which in turn 

is curable in at best 80% and down to just 15% of 

cases, depending on the stage reached. (Illustration 

1) However, the most frequent cause of death after 

smoking is still the rapid ageing of blood vessels and 

its consequences: heart attacks and strokes. Refrain-

ing from smoking cigarettes means that the 10-year 

shortening of life expectancy for a heavy smoker is 

reduced. This, in turn, after eliminating bronchial car-

cinomas, increases the chance, still over 35%, of dy-

ing from forms of cancer that are not nicotine-related.
1) Federal Statistical Office, Wiesbaden 2015 and Centre for Cancer Registry Data (ZfKD), Robert-Koch-Institute, Berlin
2) Bremer H. et al: Effect of screening sigmoidoscopy and screening colonoscopy on colorectal cancer incidence and mortality:  
systematic review and meta-analysis of randomised controlled trials and observational studies BMJ 2014:348 
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Cancer is triggered by damage being caused to the 

genetic information, or DNA. These mutations can 

have three causes: Firstly, a lack of fidelity (accuracy) 

in the transmission of the genetic information from 

mother cell to daughter cell, which is the cause of 

cancer occurring in children. Secondly, the effect of 

the carcinogenic factors, as described above, whether 

caused by radiation or by chemical substances pen-

etrating the cell. Thirdly, by means of a quantum 

mechanical effect, referred to as tunnelling, in which 

normally stable substances such as DNA occasion-

ally spontaneously mutate in the course of time. 

These spontaneous, fateful causes of cancer seem to 

account for a third of the total, something which has 

only been discovered very recently4. All these cancer-

promoting mutations do not necessarily develop first 

in the individual who falls ill. They can already have 

occurred earlier and be inherited, as for example with 

a disposition to breast cancer (for example, a muta-

tion of the BRCA1/2 genes in the case of breast car-

cinomas).

Prophylactic measures can more or less effectively 
reduce the incidence of cancer, but they cannot 
eliminate it altogether.

the first pillar of cancer treatment: 
prognosis of cUre With sUrgery

surgical removal of malignant tumours (cancer) 
still represents the gold standard for cancer therapy 
today. The removal of all malignant (cancerous) cells 

in their totality is still the best method of achieving 

a cure subject to certain conditions. These conditions 

do, however, restrict the use of surgical techniques.

The tumour must still be localised. Direct spread of the 

tumour into what were originally healthy surrounding 

organs can render removing it entirely impossible for 

technical reasons (for example, in the case of a glio-

blastoma in the brain that displays a high invasive ten-

dency). The same problem occurs with large numbers 

or complicated localisations of tumour metastases. 

Then surgery, or surgery alone, is no longer advisable.

The surgical approach used must not cause excessive 

damage. This can be the case when lung tumours, for 

example in smokers with general lung damage, are re-

moved by opening the chest (thoracotomy). Damage 

to the respiratory function may then be unaccepta-

ble, depending on the circumstances, and particularly 

limits use of this approach in patients of an advanced 

age. The extent to which endoscopic methods can 

help in this regard is not entirely foreseeable. Surgical 

Age – standardized rate (per 100,000)

40 30 20 10 0 10 20 30 40

maleIncidence female

Lung
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Colorectal

Prostate

Stomach

Liver

Cervical

Oesophageal

Bladder

Non-Hodgkin's 
lymphoma

rates of therapy failure today

Screening pro-
grammes are pick-
ing up lots of early 
breast and prostate 
tumours, some of 
which might never 
develop into full-
blown cancer

Illustration 1: Treatment 
successes (see the ratio of 
coloured to black bars) are 
mainly restricted to prostatic 
and breast carcinomas. These 
are, however, treated too 
frequently, see box. Some of 
the cancer cells found in the 
prostate, and to a lesser extent 
in the breast, would not have 
become clinically active during 
the patient's lifetime.

Source: Nature 29.05.2014; Vol. 509; No. 7502; from World Cancer Report 2014
3) Genital carcinomas in women. Guidelines at www.gfmer.ch
4) Wodarz D. et al: Risk factors and random chances. Nature 517 doi:10.1038/517563a

Mortality
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prostatectomy is likewise associated with damage: 

sterility (100%), erectile dysfunction (30%) and uri-

nary incontinence, particularly during physical exer-

tion (15%) without any possibility of recovery1.

ostensible successes through early diagnosis
Statistical analysis of therapy successes generally (Il-

lustration 1, see page 9) shows that the misleading as-

sertion often conveyed to the general public that cancer 

is curable in half of all cases is in fact based on the good 

statistical cure rates for prostate and breast cancer. In 

contrast, the cure rate for the second most frequent 

form of cancer found in both genders, bronchial carci-

noma, is only around 13% - 15% at an advanced stage2 

and belies this optimism with other poor cure rates. In 

both breast and prostate cancer, but particularly pros-

tatic carcinomas, the statistics give a distorted picture 

without any actual benefit for the cancer sufferer.

Early screening diagnosis based on statistical risk 

without any concrete suspicion of a tumour, can cer-

tainly lead to better chances of a cure if they enable 

intervention before metastases occur. This particularly 

applies to surgical forms of therapy, and to a limited 

extent to other forms as well. It can, however, result in 

earlier detection of cancer without extending the time 

until death. This means a positive success in statistical 

terms, but a longer period of suffering for the patient.

the statistical problem of prostatectomy
If the biopsies taken from men with healthy prostates 

who died from other illnesses are examined and pre-

pared in such a way that each individual cell can be 

assessed under the light microscope, then, depend-

ing on the author, in 7 out of 10 men “over the age 

of 70” and in 9 out of 10 men “below the age of 90”, 

prostate cancer cells are found in histological exami-

nations. In statistical terms, however, only a minimal 

proportion of these “cancer carriers” would have died 

from their carcinoma! On the other hand, an indica-

tion of the presence of these cells can be found by 

using current diagnostic means such as the popular 

routine examination of the prostate-specific antigen 

(PSA). This substance occurs in the blood with pros-

tate cancer, but is highly unspecific in terms of diag-

nosis. If an operation is then performed, the patient 

suffers surgical side-effects, while the statistics show 

successes which would also have been achieved 

without any intervention; in other words, nothing is 

gained for the patient. Many doctors therefore tend 

to wait and observe. The patient has to undergo an 

ongoing series of anxiety-arousing examinations, yet 

a residual possibility of death due to cancer is still not 

excluded. It would make sense to administer a treat-

ment procedure such as radiation therapy with few 

side-effects, as shown below.

minimally invasive surgical therapies
There are a series of distinct attempts to treat cancer 

without major surgical interventions. One example is 

prostatectomy performed by means of robot-assisted 

laparoscopy. Another is embolisation using vascular 

catheters inserted in a targeted manner, which aims at 

interrupting the blood supply to cancer-bearing tissue 

zones. With catheters introduced in a similar manner 

or inserted probes, the tips of which overheat and de-

stroy the cancer. Another technique is to heat the pros-

tate with focused ultrasound, which is transmitted by 

probes inserted into the rectum. These procedures have 

no great influence on the overall statistics at present. To 

the extent that they are being developed further, their 

distribution is restricted by anatomical limits. It is not 

currently certain whether they will be successful when 

compared with the three conventional pillars of cancer 

therapy: surgery, chemotherapy and radiation therapy, 

which can also all be combined with each other.

in the case of localised tumours which can be 
removed entirely without any major damage,  
surgery remains the gold standard.

the second pillar of cancer treatment: 
the contribUtion of chemo- and immUno-
therapy

discovery and development of chemotherapeutic 
agents 

So-called mustard gas, a chemical warfare gas used 

in the First World War, not only had an immediate 
1) Carlsson, S. et al.: The excess burden of side-effects from treatment in men allocated to screening for prostate cancer. The Goteborg randomised population-based 
prostate cancer screening trial. Eur J Cancer 2011;47(4):545-53.  
2) Howlader, N. et al.: SEER Cancer Statistics Review, 1975-2011, posted to the SEER web site, April 2014. Bethesda
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effect on the battlefield, but also had the property 

of blocking the division of cells. In other words, the 

growth of malignant tumours, but also the growth of 

those cells of the body which are continuously being 

renewed, such as hair cells. All cells of the blood-

forming bone marrow, first and foremost those of im-

mune defence leading to suppression of the immune 

system, resulting in lethal infections. Finally, the cells 

of the intestine, which are likewise constantly renew-

ing themselves. These side-effects still define the 

lethal limits of chemotherapeutic agents even today.

The search for further chemotherapeutic agents led to a 

multiplicity of drugs which can be administered succes-

sively as soon as any resistance of the tumour to the first 

one used occurs, or in parallel in order to delay the onset 

of such resistance to begin with. A further development 

is high-dose chemotherapy, whereby bone marrow is 

taken from the patient before treatment commences 

and, if necessary, is cleaned of tumour cells. The dose 

of the chemotherapeutic agent is increased up to the 

toxic threshold (usually then dictated by the intestinal 

mucosa) and, once the therapy has been completed, the 

stored bone marrow is re-infused in order to reconstruct 

the blood-forming system.

Recent advances include “targeted therapies” (chemo-

therapeutic agents which intervene in tumour-specific 

metabolic features). They are usually only effec-

tive against a minority of tumours, but have fewer  

side-effects to burden the healthy cells because they 

do not suppress the division of all bodily cells. This de-

velopment is very promising, as increasingly tumour-

specific metabolic properties are being identified.

gene therapy with crispr–cas-9 
A spectacular current development - but not one that 

holds out hope for people alive today. The procedure 

is explained in the section below entitled “Why NOT 

proton therapy?”

successes and limitations of current chemotherapy 
Chemotherapy, still employing forms of medication 

based on mustard gas, was introduced in the USA for 

children suffering from leukaemia in 1959 (cyclophos-

phamide) and 1964 (MOPP regimen). The successes 

were as spectacular as they were short-lived. The later 

transfer to solid tumours, in contrast to diffusely local-

ised leukaemias, likewise showed successes with the 

administration of various drugs which have become 

available in the meantime. When chemotherapy was 

combined with the other two pillars of cancer therapy, 

namely surgery and radiation therapy, the resulting 

mortality curves were postponed in time and indeed 

improved in the form of increased chances of cure, 

and this was true with a variety of tumours. The effect 

is best if the majority of tumour cells are removed or 

destroyed by means of surgery or radiation therapy, 

and individual metastatic groups of cells are then 

dealt with by employing chemotherapy. 

This resulted in chemotherapy usually being officially 

licensed for treatment if it alone allows two (!) to six 

months extension of life to be achieved. A prolonga-

tion of life beyond six months can rarely be achieved, 

and the curing of solid tumours by means of chemo-

therapy alone is not usually possible.

This applies not just up to now, but also for forms of 

medication which reinforce the body's own immune 

defence system or prevent immunosuppression by 

the cancer itself. Development of resistance recurs 

even with tumours which are initially immunologi-

cally sensitive, such as melanoma (skin cancer). The 

various types of cancer usually react to all attempts 

at drug therapy by developing resistance.

the phenomenon of resistance development in cancer 

Resistance developments are sufficiently well known 

from the antibiotic therapies used to combat bacte-

ria. The bacteria already possess genetic mutations 

or develop these very quickly. A metabolic route 

blocked by the antibiotics is therefore circumvented. 

It was only the recently acquired technical means 

of conducting quick and far-ranging analyses of  

genetic material that enabled understanding of the 

nature of cancer, and likewise its tendency to develop 

resistance. Cancer, as a basically parasitic form of 

life (the host organism provides the supply of nu-

trients, oxygen etc.), can continue to exist despite 

the genetic material undergoing numerous muta-

tions. The genetic analyses of cancer cells that can 
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now be conducted show, to quote just a few figures,  

between 23,000 and 100,000 point mutations in the 

genome of cancer cells compared with their mother 

cell. It is, as one author states, “improbable that any 

cancer cell possesses a genome which is identical 

to its neighbouring cell”. It is an assured fact that in 

the 100 million to one billion cells which the cancer 

usually contains when it is clinically discovered and 

diagnosed, mutations occur at intervals measured in 

seconds. Within six months, this statistical lottery 

usually results in resistance to a chemotherapy agent 

developing, or those antigens on which the body's im-

mune defence is built being replaced. (Illustration 2).

chemotherapy as an economic factor 
Chemotherapy is therefore used extremely frequently 

as a final attempt to prolong life. In the doctor ś offices 

of registered oncologists, up to 80% of the patients 

treated are receiving palliative care (life-prolonging 

therapy without any prospect of cure). The end result 

of this is, however, an enormous commercial opera-

tion which stimulates both pharmacological research 

as well as marketing beyond treatment successes. 

chemo- and immunotherapy can prolong life, but 
with solid tumours (in contrast to leukaemias), they 
only increase the prospects of cure when combined 
with surgery and/or radiation therapy.

the third pillar of cancer treatment: 
the development potential of radiation 
therapies

x-ray therapy

discovery and development of teletherapy (exter-
nal x-ray therapy) 
Not a single systematic therapy for cancer was in 

existence in 1896. Up to then, operations had con-

sisted of what would today appear to us to be brutal 

amputations. The only technically more sophisticated 

procedure for cancer had been developed by a surgeon 

in Vienna, namely partial removal of the stomach. The 

first radiation treatment for cancer was administered 

in this desperate situation, even though the toxicity of 

x-ray radiation was still largely unknown. Since then, 

in addition to developing diagnostic investigations, the 

method of x-ray radiation treatment underwent only 

gradual improvement until about 1980. Parallel to the 

technical possibilities, the wavelength of the radiation 

was shortened, thereby increasing the energy. The 

very steep dose drop-off in the body with older forms 

of radiation treatment was flattened so that deeper 

tumours received a somewhat higher dose in relation 

to the entrance area.

It was only in the 1980s that targeting of x-ray radia-

tion treatment was hugely improved by administer-

ing radiation from many directions, supported by 
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computer-optimised dosages (intensity modulated 

radiotherapy, IMRT). This method has recently been 

developed further by means of systems which con-

tinuously orbit the tumour position (Tomotherapy, 

Rapid Arc devices). The idea of increasing the dose 

concentration in the tumour beyond the level of dose 

in the surrounding area was not new. For radiation 

treatments in the skull, devices were available which 

used radioactive isotopes (cobalt 60) as the radia-

tion source. A beamshaping lead block collimated the 

beams to a point, and the tumour was targeted by 

moving the patient’s skull appropriately. The gamma 

rays produced by the isotope corresponded to a 

mid-energy x-ray treatment. Today the Cyberknife 

systems attempt to repeat the same principle of de-

livering radiation to the tumour from many directions, 

but in this case using x-rays. Here too, it is accepted 

that, for technical reasons, the x-ray radiation admin-

istered is not very high in energy, and correspondingly 

quickly loses in intensity with body depth. 

the advantages and disadvantages of multi-field 
x-ray radiation treatment 
These radiation treatments with IMRT, or Rapid Arc, 

or Cyberknife lead to significantly better adaptation 

of the high-dose area on the tumour shape, which 

may be more or less irregular, and the resulting target 

area. That is the advantage. The disadvantage is that, 

while it is true that multi-field radiation considerably 

reduces the maximum dose in the healthy tissue, at 

the same time more healthy tissue is included in the 

whole area undergoing radiation treatment. The key 

problem of x-ray radiation treatment, as is explained 

below, therefore remains, the fact that much more 

scattered radiation penetrates into the healthy tissue 

than effective radiation into the tumour. All that hap-

pens is that an extension of the tumour sterilisation 

maximum dose into the healthy tissue is replaced 

by a broad “dosage bath” of sub-lethal doses in the 

healthy tissue. Why is this a disadvantage, which in 

turn limits the dose level and efficacy of the x-ray ra-

diation treatment administered at the tumour?

the unavoidable problem with x-ray therapy of 
cancer 
The observable tendency to remain loyal to x-ray 

radiation treatment is rooted in underestimating the 

importance of two facts: firstly, the specific effect of 

ionising radiation; secondly, the dose distribution that 

naturally occurs with all x-ray methods.

Every form of ionising radiation, including both x-rays 

and protons, is not a cure as such, but a means of 

sterilisation. Halving the dose required does not mean 

a harmless halving or complete loss of curative effect; 

the ionising radiation continues to act as a carcino-

genic factor for the surviving cell. Only a sufficient 

radiation-induced mutation rate is fatal, while a lower 

one only triggers a variety of damages, including late 

carcinomas. Irradiation outside the cell sterilisation 

dose is by no means merely ineffective, but actually 

morbific. This was clearly laid down in the new Radia-

tion Protection Ordinance, which was first passed in 

Germany in 2001 and which in the meantime has also 

been used to provide, word for word, the text of the 

2014 EU Directive on Radiation Protection:

“... doses outside the target volume are to be kept at 
as low a level as possible whilst taking into account 
the purpose of the radiation treatment.”(Art. 81(3), 
Radiation Protection Ordinance) 

This radiation protection ordinance, based on the 

Atomic Energy Law with legislative effect, is still wait-

ing to be fully implemented in Germany. In any case, 

the following rule must apply to every radiation treat-

ment: Within the target area: high, reliably sterilising 

doses applied to the tumour. Outside of the target 

area: as little irradiation as possible in the healthy tis-

sue, pertaining to dose level and the area irradiated.

This concentration of irradiation required by the law 

is, ultimately, prevented by the unfavourable dose 

distribution with x-ray therapy in the beam direction. 

Today x-rays are aligned to the configuration of the 

tumour, the target area, with increasing accuracy 

on four sides by using mechanical templates or by 

moving the beam source (IMRT, Tomotherapy, Cy-

berknife). The physical course taken by all x-rays in 

the body, however, only follows a law of nature on the 

anterior and posterior side of the tumour: the x-ray 

dose is unalterably at its highest locally in the irra-
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X-rays can, by their nature, only be directed in two 
dimensions, and not three. this means that with 
all forms of radiotherapy using x-rays, three to five 
times the tumour radiation inevitably reaches the 
surrounding healthy tissues. the damage caused to 
healthy tissue limits the effective dose which can be 
achieved in the tumour.

alternative radiation therapies

radioiodine for thyroid cancer 
Thyroid cancer does not usually react to control hor-

mones of the pituitary gland. It is therefore a simple 

task with drug therapy to temporarily switch off only 

the healthy parts of the thyroid gland hormonally. 

The subsequent medication of a radioactive iodine 

isotope, a short-range emitter, therefore concentrates 

this radiation therapy solely in the cells of the thyroid 

cancer that are still absorbing the iodine. An excellent 

form of therapy, limited to this type of cancer.

diation area in front of the tumour, and it continues 

behind the tumour (Illustration 3). When several ir-

radiation directions or a ring-shaped irradiation are 

deployed, these effects are cumulative in front of and 

behind the tumour. Irrespective of the x-ray method 

chosen, three to five times the tumour dose impacts 

on the healthy tissue outside the target area. The ra-

tio of three to five is only dependent on the volume 

ratios of tumour to healthy body volume in the irradi-

ated area, and to a lesser extent on the wavelength 

and energy of the x-ray radiation, as shown above. 

What limits the radiation dose which can be achieved 

in the tumour with x-rays in clinical practice is the 

side-effects (Illustration 4). With some carcinoma 

localisations, for example pancreatic carcinomas, 

the surrounding radiation-sensitive “organs at risk” 

(intestine, kidney, spinal cord) prohibit the use of op-

timally effective doses in the case of x-rays, while ra-

diation in the neck region usually dries out all salivary 

glands permanently. Due to the natural laws under-

lying this distribution of dosage into healthy tissue, 

there is no possibility of improvement for any x-ray 

radiation treatment method. The only option which 

exists is to replace x-rays with protons.
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Illustration 3: The diagram shows a 
comparison of x-ray radiation and 
proton beams with regard to dose 
distribution as a function of the 
penetration depth into the body, with 
radiation from the left. The typical 
Bragg peak of the protons can be 
recognised at a selected penetration 
depth of 25 cm, which delivers the 
dose primarily in the tumour in con-
trast to the typical, physically caused 
exponential dose drop-off with x-ray 
radiation. This means a higher dose 
exposure results before the tumour 
as well as a still considerable dose 
exposure behind the tumour with 
x-rays.
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Attempts have naturally been made to repeat this prin-

ciple in adapted form for other types of cancer. Such 

short-range radiating isotopes can be combined with 

various organic substances. These then build up in 

metabolically active tumours: a principle whose con-

centration specificity is deployed for diagnostic meas-

ures, but which could not be optimised adequately to 

date for therapy beyond thyroid carcinomas.

mechanical application of radioactive isotopes
Attempts are accordingly being made to either insert 

radiating isotopes in needle form (in the case of the 

prostate) or to introduce them in inserted tube probes 

and then remove them again. Prostatic therapy with 

iodine-125 with the deployment of permanent seeds 

and iridium-192 in the after-loading procedure as 

needles (brachytherapy) is possible, but has not 

achieved any resounding successes, at least in com-

parison with external-beam radiation therapies. We 

recommend it if proton radiation of the prostate can-

not be performed due to the implantation of two hip 

prostheses, for example.

the advantages of proton therapy and 
the fUtUre of radiation therapy

same intracellular effect
Protons are essentially the harmless atomic nuclei of 

hydrogen. The human body consists largely of water 

molecules, and therefore of hydrogen protons. They 

only become effective through being accelerated, 

which charges them with kinetic energy. For the pur-

pose of therapy, the protons are accelerated to up 

to 60% of the speed of light, equating to 180,000 

kilometres per second or a kinetic energy of 250 MeV. 

Proton “radiation” in reality means protons flying 

behind one another on one and the same path, and 

thus forming what amounts to a beam. It is therefore 

a totally different form of “radiation” when compared 

with x-rays. The kinetic energy of the protons triggers 

ionisation in the individual cell, either tumorous or 

healthy, in exactly the same way as x-rays, meaning 

that electrons are split from the molecules of the body, 

again most frequently water. In the case of x-rays, the 

electromagnetic wave, and therefore the radiation, is 

absorbed, i.e. weakened, and the dose is reduced in the 

Radiation side-effects

Blindness, impaired tear 
secretion
Dysphagia, dry mouth

Pericarditis

Hair loss

Paraplegia
Loss of kidney function

Disturbance of potency,
infertility,

micturition disorders,
rectal disorders

Disorder of bowel movements 
(constipation, diarrhoea), 
intra-abdominal adhesion

Liver damage

Radiation pneumonitis

Temporomandibular  
joint arthrosis

Loss of hearing

Dementia

Sensory disturbance

General:
skin discolouration,
wounds healing with dif-
ficulty,
local infections

Illustration 4: Organ-specific 
radiation damage: short-term and 
long-term damage are grouped 
together here; the severity always 
depends on the dose level in the 
healthy tissue. In addition, there 
is a generalised risk of secondary 
carcinomas forming over a longer 
period of time.
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body depth. With protons, on the other hand, kinetic 

energy is transferred, which slows the proton beam, 

but without the protons being absorbed. The physi-

cal effect in the cell and the resulting biological effect 

are the same (Illustration 5). In both cases, knocking 

an electron out of the molecule, causes ionisation of 

the molecule, leading to the loss of an electron car-

rying a negative electrical charge leaves behind a 

positively charged molecule, which is referred to as 

an ion. These ions are extremely reactive, in chemi-

cal terms, in the tissue. They are called radicals, and 

it is the resulting radicals OH and OH – which cause 

damage to their surroundings in the same way as a 

chemical poison. What is fatal for the cell is damage 

to the DNA caused by several mutations being trig-

gered simultaneously.

With both types of radiation, this is a purely  

physico-chemical process, against which neither the 

tumour cells nor the healthy ones can develop resist-

ance. Although the genetic damage is partially repaired 

by enzymes, it is technically possible at any time to 

overwhelm this repair capacity of the cells, including 

the tumour cells, with a suitable dosage.

The intracellular effect of both types of radiation, x-ray 

as well as accelerated protons, is therefore identical. Fol-

lowing ionisation, the cell has “forgotten” which type of 

radiation it has undergone. This has the advantage that, 

in terms of the energy delivered, the biological effect, 

i.e. sterilisation effect, of the two forms of radiation is 

mutually convertible, something which is even reflected 

as a fixed factor in the official operating licence granted 

to the RPTC. This scientifically undisputed conversion 

factor for efficacy (in terms of the energy dose intro-

duced), whereby the proton dose is equivalent to 1.1 

times the x-ray dose with the same energy, is identical 

for all types of tumour. There are no tumours which re-

act “better” to one type of radiation or the other. For this 

reason, the physical superiority of protons produced by 

the dose concentration in the tumour results in a clinical 

improvement in all types of tumour.

completely different, advantageous dose distribu-
tion in the tumour and in the healthy tissue
While the two types of radiation, x-ray and proton, do 

not differ significantly within the cell, the huge advan-

tage of protons lies in the sparing of healthy tissue, 

which in turn influences the ability to treat tumours.

physical effect

alternative

photon
x-ray

photon

proton +

electron ¬

electron ¬

atom� ion +

h2o   h2o +   +  e- 

h2o +   h+ +  oh 

e- + h2o  h +  oh- 

atom� ion +

biological effect

formation of radicals
in the cell liquid (cytosol)

damage to dna
È

È
biological effect

on all cells

identical

physics and biochemistry of ionising radiation: x-rays versus protons

Illustration 5: 
X-ray radiation 
is absorbed and 
thereby weakened 
in the body depth. 
Proton radiation is 
only decelerated up 
to the activity peak 
(Bragg peak). In both 
forms of irradiation, 
the removal of an 
electron changes the 
affected water mol-
ecule into a chemical 
“radical”.

proton
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In 1905, the physicist William Henry Bragg (senior) 

discovered a remarkable quantum mechanical phe-

nomenon which helped establish the reputation of the 

later Noble Prize winner. When a beam of accelerated 

protons is directed into organic material or water, they 

are slowed down, but lose relatively little energy, which 

in turn leads to only minor local ionisation. However, 

the slower the protons become, the greater the brak-

ing effect, which then triggers, almost explosion-like, 

a peak of deposited energy, and consequently ionisa-

tion. Today this is called the Bragg peak. The depth at 

which this peak occurs can be adjusted, for example 

to target the tumour, by varying the proton accel-

eration and thereby the depth of penetration into the 

body (Illustration 6). In contrast to x-rays, this means 

that in front of the tumour, not more, but less radiation 

damage is triggered, and behind the tumour none at 

all. It is this purely physical phenomenon, theoretically 

described in precise quantitative terms (Bethe-Bloch 

formula) and also measurable in the body, which pos-

sesses the potential to provide a superior method of 

therapy. Some technical developments were, however, 

required to enable therapeutic use as a substitute for 

the problematic x-ray therapy of cancer.

the development of proton technology
To begin with, it had to be possible to measure the 

braking path in order to even establish the correct 

penetration speed, and thus the correct penetration 

depth for the Bragg peak so as to position it in the 

tumour. The precondition for this was high-perfor-

mance computed tomography which would allow the 

geometric position of the tumour to be determined 

with millimetre precision. On the other hand, the 

braking effect on the protons in the body corresponds 

exactly to the local electron density, as measured in 

the CT, which of course provides the imaging infor-

mation for the computed tomography. This allows the 

required depth of penetration to be calculated, while 

modern technology enables this to be set as desired. 

At the RPTC, the initially constant proton speed can 

be slowed down as required so as to “stack” the Bragg 

peaks layer by layer in the tumour.

The therapeutic use of protons for cancer therapy 

was proposed by the physicist Robert Wilson in 1946. 

Following pilot trials in the USA, at the universities of 

Berkeley and then at the Massachusetts General Hos-

pital of Harvard University, clinical use was first intro-

Illustration 6: Dose distribu-
tion measured at the RPTC. 
The typical progression can 
be recognised; with irradia-
tion from the left, a low dose 
is initially deposited in the 
entrance area. At the end 
of the path, the typical dose 
escalation is seen: the Bragg 
peak. The Bragg peaks are 
shown for a selection of pro-
ton speeds, which can be set 
at the RPTC (kinetic energies 
in MeV). This means the 
penetration depth can be 
varied in any way desired.
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duced on a large scale at the Loma Linda Hospital in 

Los Angeles from 1991/92. Since then, it has been pos-

sible to irradiate all regions of the body with protons. 

It very quickly became apparent that reducing 

the scattered radiation into healthy tissues, as in-

evitable with x-rays, not only minimised the side- 

effects, but also improved the certainty of sterilisa-

tion, and therefore the chances of curing the tumour 

itself. Firstly, it was possible to directly increase the 

tumour dose, as the side-effects were reduced. Sec-

ondly, the fact that less damage is caused to healthy 

tissue meant that the therapy could be speeded up by 

using higher daily doses spread over fewer days. This 

in turn reduced the count of recovery intervals which 

led to DNA repairs in the tumour. The advantage of 

proton therapy was clinically manifest.

Protons have the same sterilising effect as x-rays in 
the cells. the ability to guide them three-dimension-
ally, however, ensures the healthy surrounding area is 
spared. that in turn allows more effective tumour dos-
ing and, at the same time, shorter treatment times.

proton scattering:  
the interim solUtion

The first proton facilities used a traditional technology 

to direct the proton beam into the target, which was 

derived from x-ray methods. It is still the method used 

by most facilities in the USA even today. The proton ra-

diation which, for technical reasons, is delivered to the 

vicinity of the patient as a pencil-thin beam was scat-

tered in a shower-like manner by filters. It was then 

narrowed with lateral templates up to the outer border 

of the target area of the tumour, and finally adjusted to 

the posterior wall of the tumour with a three-dimen-

sional template, which was likewise individually fabri-

cated for each radiation field. Then a variable template 

in the beam still had to set the series of depth layers 

of the Bragg peaks. It remains a question for medical 

historians as to why this unwieldy hardware was used 

instead of immediately attempting to change over to 

the proton scanning described below, considering that 

the old method had several disadvantages:

Firstly, each radiation field required a laborious 

changing of all the templates, which also exposed 

the operating personnel to residual radioactivity and 

delayed the treatment enormously.

old scattering versus modern scanning technique with protons

Harvard, Loma Linda

RPTC Munich

Scattering technique
with fixed collimator

Scanning technique

Scanning magnets

Dose “overlaps”

Illustration 7: 
Depiction of the two 
proton therapy  
techniques: scattering 
and scanning
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Secondly, accelerated protons are not meant to hit 

templates, in particular metallic ones. When this 

happens, the protons trigger massive, high-energy 

neutron radiation, a considerable proportion of 

which is directed onto the entire body of the pa-

tient. After all, the beam preparation is conducted 

close to the patient. This radiation exposure, which 

is avoided with proton scanning, amounts to 1% to 

2% of the tumour dose, but is then distributed over 

large volumes of healthy tissue. Still much better 

than x-rays, but a not insignificant exposure when 

one takes into account the very high tumour doses 

in comparison with the radiation tolerance of the 

whole body.

Thirdly, while the template scattering system makes 

it possible to adapt the highest tumour dose pre-

cisely to the tumour's posterior wall, viewed in the 

irradiation direction, this does not apply to the an-

terior wall. Due to the roundish form of the tumour, 

the highest tumour dose overlaps at the corners. 

Still better than x-rays, but avoidable with proton 

scanning. (Illustration 7).

Proton scattering is now regarded as obsolete. Such 

facilities are no longer manufactured, and attempts 

are being made to upgrade existing ones.

proton scanning:  
the optimUm form of proton therapy

At the close of the 1990s, the sponsor of the RPTC 

and the technical team recognised what was an unu-

sual piece of good luck. The development of proton 

technology had advanced to such an extent that it 

appeared possible to construct a facility which would 

push the performance parameters of proton therapy 

to the physical limits of the method. We drew up the 

company specification in precisely this way, and the 

world's largest manufacturer of what were (up to 

then) conventional x-ray radiation facilities, Varian, 

Palo Alto, California, constructed the facility in pre-

cisely this way.

The following requirements were specified and imple-

mented:

• Electronic, touch-free electromagnetic targeting of 

the protons: Scanning system. (Illustration 7, see 

page 18)

• Fluence (radiation intensity) high enough to achieve 

extremely short treatment times (60 to 120  sec-

onds) per session.

• Generated proton speed of up to 250 MeV (up to 

180,000 kilometres per second) in order to guar-

antee body penetration depths of up to 38 centi-

metres, and thus make irradiation directions freely 

selectable.

• Layer depth setting (positions of the Bragg peaks) 

adjustable down to one millimetre.

• Beam position reproducibility better than  

± 1.5 millimetres laterally.

• Precision of the spot-by-spot dose ± 2% (compared 

with ± 5% tolerance with x-rays)

• Precision of positioning and targeting technique, 

including apnoea, for movable organs (for de-

scription, see chapter below on “Safety and reli-

ability of proton scanning therapy”) better than 

± 2 millimetres.

• Ultra-fine beam, that is to say maximum reduction 

of beam spread (down to 2 sigma, three to four 

millimetres, depending on the MeV number, which 

means six to eight millimetres beam within the 

body) in order to also enable precise irradiation of 

small tumours.

Our team and the manufacturer have together suc-

ceeded in meeting these requirements, which fully 

exploit what is physically possible. Future facilities 

may be cheaper, more elegant and perhaps easier to 

operate, but they will not be more effective for treat-

ing the patient than this facility, which is currently one 

of the two best in the world (together with its sister 

facility at the Scripps Institute in San Diego, Califor-

nia).

Proton scanning is the future of radiation therapy 
today.
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statUs of proton therapy:

• Proton facilities in Germany: 4

• Proton facilities worldwide: over 50 

• In clinical use for more than 40 years

• Part of the medical armoury

• Recognised therapy procedure 

• Biological efficacy equates with that of x-rays

• Over 130,000 patients have undergone proton 

radiation

advantages of proton therapy: 

• Precise coverage of tumours

• Lower dose in healthy tissue than with modern 

x-ray procedures, with consequent reduction of 

side-effects

• Complete exclusion of dose-limiting normal tissue 

often possible

• Potential for dose escalation in the tumour and 

thereby improved cure rate

• Compliance with the radiation protection law 

• Shorter radiation possible in some cases 

administration of proton therapy:

• Selection of the various radiation procedures only 

by the radiation therapist with specialist knowl-

edge of protons 

• Deployment of protons in individual compas-

sionate use is at the discretion of the doctor with 

specialist knowledge of particle therapy

highlighting in the text by prohealth ag

On 8 June 2015, DEGRO, the body responsible for 

issuing guidelines, published an updated statement 

with regard to treatment with protons. Whereas the 

previous statement, published in 2008, stated that 

“... a great deal of clinical and experimental research 

is needed.” and “... therefore proton therapy [with a 

few exceptions] [can] not be regarded as a standard 

method of radiation therapy.”, DEGRO now recog-

nises radiation treatment of cancer with protons as 

an important and safe procedure which is sound in 

both technological and clinical terms. This means 

that Germany has now signed up to long-standing 

worldwide opinion in accepting proton therapy as a 

“recognised therapeutic procedure [for treating can-

cer] and part of the medical armoury”. Furthermore, 

it is acknowledged that proton therapy has physical 

advantages which mean that dose distributions can 

often be achieved which provide better protection 

for the surrounding healthy tissue than is afforded 

by modern x-ray therapy procedures, with the same 

or higher dosage in the tumour. DEGRO further con-

firms that “the maximisation of cancer elimination 

and minimisation of the acute side-effects and late 

complications of radiation oncology, as required un-

der radiation protection law” are only achieved with 

protons in some cases. Now that the physical advan-

tages and efficacy of the therapy have also been un-

disputedly accepted by experts in Germany, it is to be 

hoped that health insurers and medical professionals 

will also back this decision. 

neW statement by degro  
(deUtsche gesellschaft für radioonkologie e.v.) 

on proton therapy: protons are recognised as a technologically and  
clinically soUnd therapy procedUre.

UPdaTed deGRO GUIdeLINeS
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1. Introduction

Radiation therapy with protons, which for over 40 years was only 
administered at a few centres in the world, has undergone techni-
cal development in recent years and has spread widely, enabling 
it to be used to a considerably greater extent than was previously 
possible. In Germany, there are currently four proton therapy fa-
cilities available for treating patients (Heidelberg, Munich, Essen 
and Dresden). A further facility in Marburg will commence oper-
ating in the near future. There is also a facility in Berlin which pro-
vides radiation treatment for patients with ophthalmic tumours. A 
number of clinical facilities have been established in Europe, the 
USA and Asia in recent years, meaning that over 50 centres are 
currently operating across the world. This number will increase 
further in the forthcoming years. Thus proton therapy is increas-
ingly becoming an established component of the arsenal of radia-
tion therapy techniques. 

With the latest generation of proton therapy facilities, particu-
larly tightly bundled proton beams can be used to treat small and 
large tumour volumes with great precision. 
The characteristic physical properties of proton radiation mean 
that the dose outside the actual target volume can frequently 
be kept smaller, particularly within the low and medium dose 
range, than is possible with modern photon radiation with linear 
accelerators. In specific cases, proton therapy can even succeed 
in completely excluding dose-limiting normal tissue from the 
irradiated volume. This makes it possible to administer an indi-
cated dose in individual patients which would not be possible with 
photon radiation due to the effect on critical normal tissue. From 
a physical perspective therefore, protons are better suited than 
photons in certain situations for maximising the destruction of 
cancer cells while minimising the acute side-effects and late 
complications of radiation oncology therapy in order to improve 
the therapeutic quotient, as required by the radiation protec-
tion legislation. Based on extensive clinical data with long-term 
follow-up observation, it can likewise be stated that the biological 
efficacy of proton radiation in the clinically relevant energy range 
as sparsely ionising radiation equates with high-energy x-ray or 
electron radiation. Here, the physical dose must be adjusted by 
applying correction factors (Gy RBE) so as to achieve direct com-
parability with photon doses.

Due to its physical characteristics, proton therapy applied to ma-
lignant tumours can contribute towards a further improvement 
of therapy outcomes in radiation oncology. This means that high 
standards must be set for the planning, verification and execution 
of radiation treatment, which is technically complex. The su-

Original text Of the statement

D e g r O 
Deutsche gesellschaft für raDiOOnkOlOgie e.V.
statement On raDiatiOn therapy with prOtOns in germany / June 2015

pervisory authorities in germany have therefore defined strict 
requirements for the infrastructure and specialised knowledge 
of doctors and medical physicists. In order to provide a well-
founded differential indication, proton therapy should ideally be 
administered in radiation oncology centres or by radiation oncolo-
gists who are also experienced in high-conformal photon tech-
niques, such as intensity-modulated radiation therapy (IMRT), 
brachytherapy and stereotaxy. DEGRO presented its statement 
on proton therapy in 2008. Due to further technological develop-
ments, the increase in medical and scientific experience gained in 
proton therapy, combined with the difficulties in interpreting this 
statement on the part of the expert audience to which it is ad-
dressed, as well as ethics commissions and supervisory authori-
ties, DEGRO is herewith presenting a revised statement which 
replaces the paper published in 2008. The increasing national and 
international availability of proton therapy means that, from the 
point of view of patient treatment and the further development of 
radiation oncology, it is extremely relevant for the area of applica-
tion for proton therapy to be defined from the perspective of the 
responsible national medical scientific professional association. In 
addition to the scientific and medical evaluation of proton therapy, 
DEGRO has also attached particular importance to the following 
aspects in this statement:

• The evaluation of proton therapy from the perspective of radia-
tion protection and protection of patients (justifying indication, 
patient safety, dose minimisation) should be separated from the 
question as to the indications in which proton therapy can be 
regarded as a general medical standard today. This is necessary 
because different supervisory authorities and decision-making 
bodies are responsible for evaluating these two aspects. The 
experience of recent years shows that not all parties involved 
are familiar with the various evaluation criteria and mandates.

• The administration and further development of proton therapy 
is already characterised by strong international collaboration, 
and this will intensify considerably in the future. The following 
aspects need to be taken into account in evaluating international 
positions. When compared internationally, German legislation 
covering radiation protection has specific characteristics with 
regard to evaluating clinical studies. In neighbouring European 
countries, the establishment and financing of proton therapy 
according to need is regarded as a national task and indication 
is closely linked to certain medically determined targets.
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2. Legal framework (relating to radiation protection) 
for the administration of proton therapy in Germany

the decision as to whether proton therapy can be administered 
to a patient resides with a specialist physician (with specialist 
knowledge of particle therapy), who must be available at all proton 
therapy centres in Germany. Proton therapy can be administered 
within the framework of medical treatment (within or outside of 
a study, in accordance with the law governing the medical profes-
sion) or within the framework of a study to be approved by the Fed-
eral Office for Radiation Protection (Bundesamt für Strahlenschutz 
(BfS)) (Medical research as defined by Art. 23 (1), Radiation Pro-
tection Ordinance (StrSchV) in conjunction with Art. 3  (2), no.  14 
(StrSchV)). In the case of administration within the framework of 
medical treatment, a distinction is to be made between administra-
tion in the context of an approved therapy procedure, and therefore 
what is termed the medical standard, or within the framework of 
compassionate use in an individual case. In compassionate use, 
procedures that have yet to be fully tested are applied, in the ab-
sence of any other (standard) methods promising success, with the 
specific objective of providing an individual treatment measure, and 
not systematically. compassionate use of protons does not require 
the approval of either the ethics commission or the Bfs, but is un-
dertaken at the discretion and on the responsibility of the doctor 
with specialist knowledge of particle therapy in consultation with 
the patient. The decisive factor for the use of a radiation therapy 
procedure within the framework of the medical standard is that the 
procedure is clinically approved in terms of its type and scope. The 
question as to whether a method of treatment belongs to the medi-
cal standard is first and foremost to be answered from a medical 
perspective. What is required is that it accords with the respective 
latest state of scientific knowledge and medical experience which 
is required in order to achieve the medical treatment objective and 
has successfully undergone testing (Carstensen 1989). In this con-
text, the responsible scientific medical professional associations 
have a duty to provide the information required to reach a decision 
with regard to this question, together with statements regarding 
the general suitability of the treatment method, e.g. in the form of 
guidelines or other suitable publications. The doctor with expert 
knowledge is required to establish the medical standard due to an 
individual patient in the sense of a treatment according to the law of 
the art (lege artis) for the specific case and to provide the justifying 
indication. If the benefit and risk for the patient of radiation treat-
ment are unknown, the risk/benefit assessment cannot be under-
taken, which means it will not be possible for the doctor with expert 
knowledge to provide the justifying indication within the framework 
of the therapy standard. In such a case, the administration of ra-
diation therapy can only be undertaken within the framework of a 
clinical study following approval by the BfS or within the framework 
of compassionate use (detailed information can be found in Simon 
et al. 2015). In this connection, DEGRO explicitly points out that the 
criteria listed for evaluating a radiation therapy from the perspec-
tive of radiation protection are not specific to proton therapy, but 
likewise apply to photon therapy.

3. Administration of proton therapy 
from the perspective of radiation protection

Proton therapy extends the range of methods of percutaneous 
radiation therapy. Several well-engineered therapy equipment 
systems and radiation planning programs are now available on the 
market, complying with the regulations of the German Medical 
Devices Act for the clinical administration of proton therapy. Do-
simetry systems have been validated in numerous investigations 
for the requirements of proton therapy and are recognised by the 
responsible supervisory authorities. Overall, the administration of 
proton therapy using today's modern therapy facilities is there-
fore clinically safe in technological terms and when conducted 
correctly. The respective supervisory authorities are responsible 
for this assessment and approval for clinical operation.

proton therapy has been used clinically in the USA, Europe and Asia 
for four decades with a limited number of indications and for more 
than 15 years with a broad spectrum of indications in what in the 
meantime has become a very large group of patients. Dose distribu-
tions are frequently reached which afford better protection for the 
surrounding healthy tissue, at the same or a higher dose in the tu-
mour, than modern photon therapy procedures. The clinical safety 
and tolerance of proton therapy has been demonstrated, also specifi-
cally for tumours which are particularly difficult to irradiate because 
of their proximity to critical, radiation-sensitive normal tissue, which 
is at high risk of damage with photon therapy. When a correction fac-
tor of 1.1 for the biological efficacy of protons compared with photons 
is used, dosage prescriptions and dosage threshold values derived 
from photon therapy can be applied in proton therapy. In the same 
way as has been successfully practised in photon therapy for dec-
ades, in proton therapy the biologically effective dosage acts as an 
acknowledged surrogate marker for the effect of treatment and con-
sequently for assessing the quality of a plan and a radiation treatment 
strategy. for these reasons, proton therapy is today recognised as 
a technologically and clinically mature therapeutic procedure of 
radiation therapy. DegrO agrees with this assessment. 

With regard to radiation protection, DEGRO regards proton 
therapy, subject to the following preconditions, as a recognised 
therapeutic procedure and therewith as a component of clinical 
medicine which can be used without the specific approval of the 
BfS (within or outside of clinical studies according to the law gov-
erning the medical profession), if:
•	 For	 the	 respective	 tumour,	 a	definite indication for radiation 

therapy has been made in accordance with the current medical 
standard.

•	 The	 indication for proton therapy is made by a doctor with 
specialist knowledge. Both specialist knowledge of particle 
therapy and also of radiotherapy with high-energy x-rays is re-
quired for a differential indication. The patient is informed about 
proton therapy and, if applicable, also about the alternative of 
photon therapy, and the patient's written consent to the form of 
therapy selected is obtained.

•	 The	prescribed	target volume (GTV and CTV) is in accordance 
with the medical standard currently in force.
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•	 The target volume can be covered equally well with proton 
therapy as with modern state-of-the-art photon therapy. At the 
same time, critical surrounding normal tissue is at least equally 
well protected as by means of state-of-the-art photon therapy. 
In terms of the assessment of the radiation plan by the doctor 
with specialist knowledge of particle and photon therapy, in col-
laboration with the medical physics expert in particle and photon 
therapy, consideration is afforded to the special features of proton 
therapy (e.g. imprecision with regard to range, beam widening, 
particular dependence on anatomical conditions and movement).

•	 The	respective	radiation facility is able to implement the radia-
tion plan assessed and is approved by the responsible supervi-
sory authority for administering the form of radiation selected 
(e.g. scattered beam, pencil beam). The imaging control fa-
cilities which are required for precise setting and for monitoring 
movement and anatomical changes during the radiation treat-
ment are available, approved for this purpose and are deployed 
in accordance with department-specific guidelines.

•	 The	prescribed	dose, the dose per fraction, the number of frac-
tions per day (including intervals between the fractions) and 
the total treatment period for this indication are in accordance 
with the currently valid medical standard.

•	 Radiation	 therapy-specific	 follow-up care is assured. Data 
covering effects and side-effects are captured, recorded and 
continuously analysed over at least 5 years.

DEGRO specifically draws attention to the fact that the assessment 
of proton therapy as a medical treatment method refers, subject to 
these preconditions, exclusively to radiation protection and patient 
safety, and does not simultaneously mean that the therapy can be 
invoiced to the health insurers or that patients from non-proton 
therapy centres have to be presented at a proton therapy centre. 
These aspects are dealt with in the next section. If the precondi-
tions mentioned above with regard to target volumes, doses and 
fractionation do not apply and therapy with photons does not 
represent an alternative, and therefore no (sufficiently effective) 
standard therapy is available, then proton therapy treatment can, 
in the assessment of DEGRO, only be administered as compassion-
ate use in individual cases (with corresponding documentation) or 
within the framework of a study approved by the BfS. In the event 
of any ambiguity with regard to the classification of a study, the 
specialist physician can consult the DEGRO committee of experts.

4. Administration of proton therapy from the perspec-
tive of a general oncological standard while taking 
into account the cost-efficiency principle as laid down 
in Art. 12, German Code of Social Law (SGB V)

Healthy tissue outside the target volume can often be protected 
better by means of proton therapy than by means of photon 
therapy. Therefore, in these cases, better radiation protection can 
be achieved for the patient. This is the basis upon which many 
countries are currently establishing new proton therapy centres 
and upon which defined groups of patients (e.g. children or pa-
tients with tumours which are amenable to curative treatment but 

particularly unfavourably located) are referred to clinically estab-
lished proton centres, even across national borders. At the same 
time, the resources required and the cost of therapy with protons 
are considerably higher than is the case with radiation therapy us-
ing photons. For this reason, the medical professional associations 
and the decision-making bodies of the health care systems are re-
quired to conduct studies into the indications for which the physi-
cal advantages afforded by proton therapy, in particular better 
protection of normal tissue, translate into such major clinical ad-
vantages that the increased resources and higher cost compared 
with modern high-precision photon therapy, and therefore higher 
costs for society, are justified. The BfS is not responsible for this 
question, but rather the corresponding framework conditions in 
Germany are regulated by Volume V of the Code of Social Law and 
have to be agreed by proton therapy centres with the appropriate 
health insurers. DEGRO, in concert with international professional 
associations for radiation oncology such as ESTRO and ASTRO, 
regards the clinical administration of proton therapy as uncritical 
in terms of radiation protection (cf. 3), but for considerations relat-
ing to social and social law issues, it makes a distinction between 
the following situations in which indications exist:

a) Definite indications for proton therapy
•	 Choroidal	melanomas	and	iris	melanomas	which	are	not	suit-

able for brachytherapy with ruthenium or iodine applicators or 
stereotactic radiation.

•	 Chordomas	and	chondrosarcomas
•	 Paediatric	 tumours,	 in	 particular	 neuro-oncological	 tumours	

and tumours in the cranial region as well as spinal tumours and 
tumours located close to the the spinal cord. Proton therapy 
should also be considered in the curative approach for other 
tumours in infancy, if the dosage distribution is more favourable 
when compared with photon therapy, and consequently normal 
tissue can be better protected by this means. As with photon 
therapy, the treatment should be integrated into the study de-
signs of the responsible professional associations or by analogy 
to these.

•	 Tumours	which	are	amenable	to	curative	treatment	but	are	 in	
a complicated location, and for which the clinically indicated 
radiation dose can only be applied at an acceptable level of risk 
with protons, but not with photons.

• Pregnant patients for whom there is an urgent indication for ra-
diotherapy, and a lower exposure of the foetus can be achieved 
by means of proton therapy.

The indication must be made by a doctor with expert knowledge 
of proton therapy. centres which do not have protons available, 
can ask for advice to be provided by proton therapy centres with 
regard to the indications named and curative approach to treat-
ment. With regard to further scientific evaluation, DEGRO recom-
mends that patients with definite indications are also treated in 
prospective study protocols or that the treatment is prospectively 
recorded in databases. In this case, a corresponding vote must be 
secured from the responsible Ethics Commission in accordance 
with the law governing the medical profession. If the preconditions 
named under 3. do not apply (e.g. if a study on dose escalation is 
to be conducted with fractionation which has not been tested to 
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date), then a study must additionally be approved by the BfS. In 
case of doubt, the doctor with expert knowledge can ask to receive 
advice from the DEGRO committee of experts.

b) Indications for which studies should be conducted to test 
whether proton therapy leads to clinically relevant improvements 
in outcomes. In the case of all other indications for radiation 
therapy than those named under a), DEGRO, in agreement with 
international professional associations, does not judge the data 
currently available as being sufficient to decide whether the physi-
cal advantages of proton therapy, in particular better protection 
of normal tissue, translate into such major clinical advantages 
that the increased resources and higher cost compared with 
modern high-precision photon therapy are justified. at the same 
time, DegrO regards proton therapy as an important method 
of high-precision radiation treatment which is both technically 
sound and also clinically safe, and believes it makes sense to fur-
ther evaluate proton therapy in comparison with photon therapy 
in prospective studies (cf. 3). DEGRO has already presented ex-
amples of indications which are of particular relevance for such 
studies (see Appendix 1). To this end, a corresponding vote must 
be secured from the responsible Ethics Commission in accordance 
with the law governing the medical profession. If the preconditions 
named under 3. do not apply, e.g. if dose escalation or fractiona-
tion which has not yet been established is undertaken, then ad-
ditional approval must be obtained from the BfS. In case of doubt, 
the doctor with expert knowledge can ask to receive advice from 
the DEGRO committee of experts.

5. Documentation of proton therapy, capturing of 
prospective data and data analysis

It follows from the present DEGRO statement that, in the interest 
of patients, but also in the interest of evidence-based allocation 
of health care resources, there is a great need to undertake fur-
ther evaluation and development of proton therapy. All patients 
treated with protons should therefore, in the view of DEGRO, be 
included in significant prospective studies. This can mean both di-
rect comparative studies, single-arm studies, intervention studies 
as well as registry studies. The data should be compiled in such a 
way that it can be integrated into multi-centre databases so that 
the significance of proton therapy can also be tested in subpopula-
tions with sufficient statistical strength. In this way, any scientific 
questions arising at a later stage can also be dealt with. DEGRO 
recommends that proton therapy centres explicitly explain to pa-
tients that multi-centre and international collaboration is required 
in order to advance proton therapy in a qualified manner. Patients 
should be asked to also agree to their data being evaluated, sub-
ject to the relevant data protection legislation, in multi-centre and 
international databases.

6. Open questions relating to proton therapy

From DEGRO's perspective, numerous questions still need to be 
clarified in the next few years in studies which may or may not 
require approval by the BfS (cf. 3). Possible advantages of proton 
therapy when compared with the other state-of-the-art methods 
of radiation therapy can be seen, on the one hand, in its potential 
for reducing the dose on normal tissue outside the target vol-
ume and thereby reducing side-effects; on the other hand, in its 
potential for dose escalation at the tumour and thereby possibly 
producing an improved cure rate; thirdly, in enabling shorter 
forms of radiation therapy which are less time-consuming for 
the patient. The most pressing questions include:

•	 Do	 the	 physical	 advantages	 of	 proton	 therapy	 translate	 into	
such major clinical advantages (efficacy/profile of side-effects, 
life quality, lifespan) that the increased expenditure and higher 
costs are justified? This must be tested individually for the vari-
ous indications for radiation treatment.

•	 Is	 what	 is	 termed	model-based	 indication	 a	 valid	 instrument	
for predicting the significance of proton therapy for individual 
patients and study populations? Model-based indication was 
developed in the Netherlands and has since been adopted by 
other European countries in order to plan national capacities 
for proton therapy. A comparison plan for proton and photon 
therapy is created for the patients or patient groups (class solu-
tion). On the basis of dose-volume-effect models for relevant 
normal tissue reactions for photon therapy, the reduction in risk 
of relevant side-effects through proton therapy is calculated. If 
this percentage exceeds a nationally agreed level, then proton 
therapy is regarded as indicated for a patient or a patient group, 
and is administered (Langendijk et al. 2013). During and after 
proton therapy, the defined normal tissue toxicities are pro-
spectively evaluated in databases in order to validate the mod-
els used and to undertake further development. This results in 
a dynamic, evidence-based scientific system being created for 
designing studies, indication, quality assurance, reimbursement 
of costs and capacity planning.

•	 Can	lower	doses	in	normal	tissue	reduce	side-effects	so	strongly	
that a dose escalation in the therapy can be aimed at in the case 
of resistant tumours?

•	 Do	the	lower	doses	in	normal	tissue	permit	the	administration	
of a few high-dosed fractions (hypofractionation)?

•	 Does	the	reduction	in	dose	in	healthy	tissue	by	means	of	proton	
therapy lead to a measurable reduction in the risk of secondary 
tumour induction? To which patient groups does this apply?

•	 Under	which	aspects	is	proton	therapy	also	sensible	in	the	case	
of palliative intention?
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•	 Can	 the	 toxicity	 of	 chemotherapy	 be	 reduced	 in	 the	 case	 of	
combined therapy protocols through the use of proton therapy?

•	 How	do	protons	interact	with	new	“targeted	therapies”?	Can	an	
even more precise definition of the biological efficacy of proton 
therapy (and at the same time of photon and electron therapy, 
for which certain fluctuations also exist) be utilised in even 
more precise radiation therapy planning?

•	 Which	technical	innovations	in	proton	therapy	are	suitable	for	
improving the precision of this treatment even further (e.g.  
direct measurement of the range in the patient). 

7. Revision of the statement 

The statement by DEGRO presented here shows that proton 
therapy is currently developing in a very dynamic manner. This 
statement is therefore valid until the end of 2018 subject to any 
update or explicit confirmation prior to that date. 
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  Why NOT prOTON Therapy?

1. What, in short, is the difference 
betWeen x-ray and proton radiation?

X-rays are electromagnetic waves, a type of short-

wave and intense light. Like light, x-rays are absorbed 

in the body and therefore lose in intensity with body 

depth. The tumour located somewhere in a deeper 

layer therefore always receives less dose than the 

surrounding area in front of it, while a residual dose 

passes right through the body. Because of this natu-

rally declining curve, x-rays can only be targeted 

two-dimensionally (up, down, left, right, but not in the 

body depth): it is a “through-and-through” method.

Accelerated protons, in contrast, demonstrate a spe-

cial physical effect. When penetrating into the body 

at high speed (up to 60% of the speed of light), they 

initially cause little damage and only low levels of 

ionisation. They do, however, undergo deceleration 

in this process. As their speed is reduced, the rate of 

ionisation increases, finally reaching an activity peak 

at the end of the path (named a Bragg peak after the 

scientist who discovered it). This peak can be guided 

into the tumour by adjusting the speed. This means 

that little damage is caused in front of the tumour, 

instead of greater damage than in the tumour itself, 

as is the case with x-rays. No radiation is to be found 

behind the tumour. The physical dose distribution of 

the protons can be guided three-dimensionally and is 

therefore measurably superior to x-rays, as is clini-

cally confirmed and also required by law in Europe 

(Radiation Protection Ordinance, Art. 6, 80, 81).  

(Illustration 1).

The effects of both types of radiation in the cells, 

whether healthy or tumour cells is comparable  

(Illustration 2). They knock electrons out of molecules 

(ionisation), and this process damages the genetic 

material, which can cause the cell to die. Which cells 

are impacted only depends on the dose distribution, 

which differs according to the type of radiation. 
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2. is there any advantage With proton 
scanning therapy compared With other 
irradiation methods such as imrt, 
cyberknife, tomotherapy, rapid arc, or 
indeed proton scattering?

Yes, definitely. As regards the first methods men-

tioned, which (with the exception of proton scatter-

ing) are all based on x-rays:

The effect of both types of radiation, x-rays and 

protons, within the cell, whether a cancer cell or a 

healthy cell, is identical and can even be converted by 

calculation. The clinical effect of protons, relative to 

the energy absorbed, is higher by a factor of 1.1 (this 

conversion ratio even forms an element of our of-

ficial operating licence). The parallel, but somewhat 

greater, effect of protons is attributable to the fact 

that the absorption of x-ray beams is physically very 

complex (due to factors such as pair production and 

Compton effect as a function of wavelength) and 

does not always contribute to ionisation with forma-

tion of chemical radicals, which in turn damages the 

genetic material. Therefore: Comparability within the 

cell for the two types of radiation, with no advantage 

or disadvantage for protons. (Illustration 2).

It is a different matter in the healthy surrounding area. 

What matters here is solely the dose distribution 

between target area, that is to say the tumour, and 

healthy surrounding area, or in other words the area 

of the body which is not affected by the tumour. And 

protons are better in this regard. The advantage is 

clinically proven in virtually all regions of the body, 

namely that the healthy area always incurs less dam-

age. There is not a single publication in which x-ray 

irradiation is found to cause less damage to healthy 

tissue than protons.

This is explained by a remarkable phenomenon 

discovered in 1905 and named Bragg peak after its 

discoverer. X-rays shoot right through the body with 

a declining dose due to absorption in the tissues. In 

the case of thinner persons, they leave the body on 

the opposite side with up to 40% of their original 

intensity. In contrast, protons are decelerated but 

not absorbed initially, and only reach a depth that 

can be varied by changing their speed. (Illustration 1).  

Illustration 2: X-radiation 
is absorbed and thereby 
weakened in the body 
depth. Proton radiation 
is only decelerated up to 
the activity peak (Bragg 
peak). In both forms of 
irradiation, the removal 
of an electron changes 
the water molecule 
affected into a chemical 
“radical”.
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This means that the tissue behind the tumour re-

mains completely free of radiation, and it is also pos-

sible to direct the beam right up to an organ at risk 

without causing injury. Furthermore, x-rays exert 

their strongest effect directly after entering the body, 

and consequently the tissues here are more severely 

damaged than in the target area itself, in the tumour. 

In contrast, the entry dose for protons, particularly 

with the most advanced method of proton therapy, 

namely proton scanning, is lower than in the tumour! 

This leads to a three- to five-fold dose reduction in the 

healthy tissue, depending on body size, as is also re-

quired by the relevant legislation.

Many modern x-ray methods, and to a limited 

extent proton therapy also, attempt to direct 

beams onto the tumour from all sides. Although 

this reduces the damaging high doses in front of 

the tumour, the damage is spread over a greater 

area, which critics refer to as “radiation bath”.  

The advantage of proton radiation treatment in its 

most fully developed form of proton scanning, is 

therefore to be found in the clinical improvement in 

efficacy brought about by a physically more favourable 

dose distribution. (Illustrations 3 and 4).

The proton scanning procedure, in contrast to the 

outdated scattering method, is explained in the chap-

ter "Proton scanning: The optimum form of proton 

therapy", on page 19. Here in brief: In the case of the 

scanning procedure, the electronically guided proton 

beam scans the tumour in millimetre to millimetre 

spots (Illustration 5). The beam is kept free from 

contacts with material and is deflected in two axes 

by magnets (as in an old tube television), while in the 

third axis the body depth is controlled by adjusting 

the speed of the protons. In the case of an extremely 

large tumour over five litres, up to 35,000 radiation 

points are individually monitored and recorded, with 

their precise overlap naturally also being checked.  

 

y 
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m
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example of rptc scanning technique

Illustration 5: Scanning 
pattern from an actual 
clinical case. The mean-
ders of the proton beam 
are shown for some 
examples of depth layers. 
If no dose is required at 
certain spot positions, 
based on the radiation 
plan and prior irradiation 
of deeper layers, then 
these spots are skipped 
(indicated by the red 
dots) with the beam 
turned off.
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Illustration 6:  
Depiction of the two 
proton therapy tech-
niques: scattering 
and scanning

old scattering versus modern scanning technique with protons

Harvard, Loma Linda

RPTC Munich

scattering technique
with fixed collimator

scanning technique

Scanning magnets

Dose “overlaps”

Proton scattering, in contrast, attempts to control the 

beam by cumbersome mechanical means in the form 

of two- and three-dimensional templates. Firstly, this 

is not exact enough, and secondly it is very laborious 

because the templates have to be changed for each 

irradiation direction.

It also has disadvantages for the patient. When the 

protons come into contact with the templates, which, 

in contrast to the scanning procedure, do not oper-

ate in a contact-free manner, this generates very 

high-energy neutron radiation, to which large parts of 

the patient's body are exposed. This can be avoided 

today, namely by means of the scanning technique1.

The scattering facilities which are still in widespread 

use in the USA are outdated, particularly because 

the templates enable the irradiation zone to be accu-

rately aligned with the tumour's posterior wall, but not 

with the anterior wall, where the maximum dose par-

tially overlaps in almost the same way as with x-rays  

(Illustration 6). When several irradiation directions 

are used, a ring of unwanted high dose develops 

around the tumour, which, in contrast, proton scan-

ning completely avoids.

3. you say that protons have exactLy 
the same effect in the tumour as x-rays. 
but don't some tumours respond better 
to x-rays, WhiLe others react better to 
protons?

All tumours react to ionising radiation, such as both 

protons and x-rays, in the same way. The clinical su-

periority of protons results from the radiation being 

concentrated in the tumour instead of in the healthy 

tissue. The better protection afforded to healthy tis-

sue means that, with protons, the tumour dose can be 

optimised upwards. This is what produces a superior 

clinical effect to the benefit of the patient.

All ionising radiation has the same effect in healthy as 

in tumorous cells because the ionisation mechanism 

is identical. (See page 29, Illustration 2). Confirmation 

of this identical action can be found in the scientific 

literature from across the world; no deviating opin-

ions are to be found. There are therefore no tumours 

which are more sensitive to x-rays or to protons. This 

fact is not only scientifically proven, but can also be 

said to have official endorsement: our operating li-

cence for proton scanning specifies that, with a given 

locally deposited energy, a biological efficacy (which 

1) Schneider U., Agosteo S., Pedroni E., Besserer J.: Secondary neutron dose during proton therapy using spot scanning.  
International Journal of Radiation Oncology Biology Physics. 2002; 53:1:244-251 
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means tumour sterilisation) that is higher by a fac-

tor of 1.1 is to be achieved than with an equal energy  

input using x-rays. This factor of 1.1 (designated as 

the Relative Biological Effect, RBE) is a tenth higher 

for protons because some energy gets lost with x-ray 

radiation instead of leading to ionisation. This dosage 

requirement applies to all tumours. If the sensitivity of 

different tumours were to be different for x-rays and 

protons, then the operating licence, which is, after 

all, based on expert scientific reports, would have 

laid down different factors for this Relative Biological  

Effect for different tumours.

For clinical purposes, therefore, the assertion that 

there might be tumours which respond better to x-

rays, that is to say would be treated more effectively 

with x-rays rather than protons, not only lacks any 

scientific basis, but also has no legal basis, given the 

statutory regulations relating to radiation therapy.

4. hasn't x-ray therapy been knoWn 
about and tested for much Longer than 
proton therapy, and is therefore safer? 

Known about for longer is true: the first time irradia-

tion of a tumour with x-rays was conducted was by 

the Viennese doctor, Leopold Freund, in 1896. Further 

developments of that method are used today; these 

modifications (IMRT, Cyberknife, tomotherapy and 

Rapid Arc) are mostly younger than proton therapy. 

Even though the type of x-ray radiation used has 

changed with the newer methods (wavelength short-

ened and energy increased), the developments were 

understood more as technical variants than as new 

territory for radiation biology. The clinical trials and 

comparisons with established x-ray procedures were 

not very extensive or thorough. 

Proton therapy, after some preliminary investigations 

at the University of Berkeley, could only be used as 

a standard procedure once computed tomography 

technology had reached an advanced stage of devel-

opment. Computed tomography is used to measure 

not only the precise tumour localisation, but also the 

braking effect of the tissue located in front of the tu-

mour. Only when this data has been captured, can the 

proton energy, that is to say speed, be adjusted and 

thereby the correct, three-dimensional, depth-guided 

concentration of the therapy effect into the tumour 

target area be ensured. After the beginning had been 

made in 1961 at the Massachusetts General Hospital 

of Harvard University in Boston, proton therapy was 

introduced on a large scale at the Loma Linda Univer-

sity in Los Angeles in 1991/92. In the meantime, over 

130,000 patients have been treated with protons 

worldwide, a figure which is greater than, for example, 

is recorded for the market launch of new chemother-

apy drugs. In overall terms, proton therapy either has 

the same oncological curative effect, with the same 

dosage as x-rays, or it has produced better results, 

namely when the effective dose has been increased in 

a way compatible with protons. In all cases, however, 

the side-effects and the radiation damage caused 

were smaller with protons. The first improvements in 

efficacy were achieved (with chordomas) from 1975 

onwards. No studies demonstrating superiority of x-

ray irradiation over protons are to be found anywhere, 

as far as we can establish.

5. are there any comparative studies of 
proton and x-ray therapies invoLving 
Large numbers of patients?

Yes. (see page 110 “International studies on pro-

ton treatment”). Nevertheless, the position is still 

unsatisfactory with regard to precise, randomised 

prospective comparative studies, even though over 

130,000  patients have been treated with proton 

therapy.

The reasons are clear. In order to participate in such 

comparative studies, the patients would have to be 

“randomised”, that is to say allocated arbitrarily to x-

rays or protons. But most patients who come to insti-

tutions that provide proton therapy do so specifically 

because they are aware of the advantages this treat-

ment offers, and they are unwilling to be allocated to 

the comparison group receiving x-ray therapy with 

higher levels of exposure to radiation. At all events, 

this has been the experience gained in the USA. 
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The second reason is to be found in the German and 

European Radiation Protection Ordinance and Direc-

tive respectively, which oblige therapists to select the 

procedure with the minimum exposure to radiation in the 

healthy tissue (Art. 6, 80, 81, Radiation Protection Or-

dinance). Consequently, an institute which has both 

methods available cannot be required to “arbitrarily” 

assign its patients to one or another group with higher 

radiation exposure, as required for randomisation.

For the medical professionals, the third reason is 

perhaps even more decisive. If people are experimen-

tally allocated to two competing methods, then both 

groups must have a chance of being the more advan-

tageous one in clinical terms according to the latest 

scientific knowledge. That is to say, there must be a 

scientific background to explain why x-ray therapy 

could in theory be superior. Since the introduction of 

proton therapy on a large scale, at Loma Linda in Los 

Angeles in 1992, such a hypothesis proposing that x-

rays are more effective than proton therapy, whether 

in terms of the certainty of curing the tumour or at 

least in terms of side-effects, has not been advanced 

anywhere in the world.

6. are there any forms of cancer Which 
cannot be treated With proton therapy? 

All cells, tumorous and healthy alike, suffer dam-

age and in the end are killed by means of radiation. 

In theory, therefore, every localised tumour can be 

destroyed by using radiation, whether in the form of 

x-rays or protons. The extent to which radiation can 

be used is, however, limited by the radiation tolerance 

of the surrounding healthy tissue. 

A precondition for every form of radiation therapy is 

that the tumour is localised. It must be located at one 

site, or at least just a few sites. ‘A few’ means that 

the number of metastases must still be small for the 

radiation therapy to make sense. In technical terms, 

more metastases can be treated with proton scanning 

than with older techniques (refer also to the chapter 

on “Safety and reliability of proton scanning therapy” 

from page 64 onwards). If irradiation of metastases is 

required, then radiation therapy is usually combined 

with chemotherapy. 

Diffuse, distributed malignant growths, such as leu-

kaemia, cannot be effectively irradiated. There are 

exceptions, and in such cases the formation sites in 

the bone marrow are irradiated, which is possible 

with protons while also sparing the surrounding area. 

Our official licence covers all tumours which have 

been susceptible to x-ray therapy to date. In addition, 

a fifth of the patients treated by us could not be irradi-

ated with x-rays, either because the scattered x-ray 

radiation endangers too many surrounding organs or 

because the surrounding area was already strongly 

“satiated” due to previous unsuccessful x-ray therapy. 

Here too, proton scanning can very often help.

The effect in the tumour cell is the same with the 

different types of radiation (x-ray, protons). Where 

they differ is in the much more favourable, physically 

measurable and thereby proven dose distribution 

with proton scanning. The proton beam is concen-

trated in the tumour, thus sparing the surrounding 

area and allowing more effective therapy.

7. hoW do proton and x-ray therapy 
compare in terms of side-effects?

Side-effects form the crux of radiation therapy to-

day. The number of side-effects which result is large  

(Illustration 7). It has been technically possible for 

decades to kill literally any tumour using x-rays, pro-

vided it can be localised and is situated at a fixed site. 

In technical terms, that would not present any prob-

lem at all. When it is stated that a tumour is “resistant 

to radiation”, this refers to the sensitivity of the sur-

roundings to scattered radiation, the sensitivity of the 

surrounding organs exposed to radiation damage. The 

recovery mechanisms of tumours (repair capacity of 

the genetic material) could be overcome in technical 

terms with all methods by means of higher dosage.

However, with all methods of x-ray radiation, includ-

ing the most up to date (Cyberknife, IMRT, tomother-
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apy, Rapid Arc etc.), three to five times the radiation 

dose applied to the target tumour is scattered into 

the surrounding area, which can lead to more side- 

effects. Such a three- to five-fold variance occurs due 

to the respective ratios of tumour volume to healthy 

tissue volume in the irradiated area. 

Ionising radiation, both x-rays and protons, destroys 

the genetic material, the DNA, and triggers mutations. 

A sufficiently large number of mutations with a suffi-

ciently high dose leads to every cell being killed, both 

cancer cells and healthy ones! This has the advantage 

that, in contrast to treatment with chemotherapy 

drugs, the tumour cells cannot become resistant by 

means of “advantageous” mutations. It does, how-

ever, have the disadvantage that, depending on the 

dose distribution, the effective dose introduced into 

the tumour can be limited by the side-effects in the 

healthy surrounding area. 

Particularly severe side-effects are, for example, those 

which affect healthy salivary glands in the region of 

tumours of the neck and pharynx. Likewise, the caus-

ing of deficiencies in intelligence among adolescents 

and, again among children, the possible triggering 

of late carcinomas, which is said to be up to eleven 

times more likely with x-ray therapies than with the 

proton method. Irradiation of the head can impair 

intellectual performance such as concentration and 

attentiveness, retentiveness and learning ability2.

It is the concentration of the effect of protons, par-

ticularly with proton scanning, in the target area, the 

tumour, which makes the difference. While both ra-

diation methods have the same harmful effect within 

the cell, again whether healthy or tumorous, it is the 

localised concentration with proton scanning, as the 

most advanced and ideal form of external-beam radi-

ation technology available, which offers the decisive 

advantage: not just fewer side-effects for the patient, 

and therewith more comfort, not just the prevention 

of damage, in particular with children, but the free-

dom to now select the dose in the tumour with con-

siderably less worry about side-effects. This means 

that the sparing of healthy tissue by proton scanning 

allows direct increases in dosage without any in-

crease in the toxicity for the surrounding area, and/

or shorter radiation treatment sessions on fewer days. 

Illustration 7: Organ-specific radiation 
damage: short-term and long-term 
damage are grouped together here; 
the severity always depends on the 
dose level in the healthy tissue. In 
addition, there is a generalised risk of 
secondary carcinomas forming over a 
longer period of time, see above.

radiation side-effects

Blindness, impaired tear 
secretion
Dysphagia, dry mouth

Pericarditis

Hair loss

Paraplegia
Loss of kidney function

Disturbance of potency,
infertility,

micturition disorders,
rectal disorders

Disorder of bowel movements 
(constipation, diarrhoea), 
intra-abdominal adhesion

Liver damage

Radiation pneumonitis

Temporomandibular joint 
arthrosis

Loss of hearing

Dementia

Sensory disturbance

General:
skin discolouration,
wounds healing with dif-
ficulty,
local infections

2) Calaminus G: Quality of life for children and adolescents suffering from cancer 
WIR Information Sheet by the Aktion für Krebskranke Kinder e.V. (Bonn) 2003
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This in turn means the tumour has fewer recovery in-

tervals and the therapy becomes more effective. Thus 

tumours that can scarcely be irradiated adequately 

with x-rays, such as carcinomas of the pancreas, can 

be treated with proton scanning. Consequently, it can 

and should, according to international opinion, be 

used in the treatment of children.

8. is it true that essentiaLLy no defini-
tive cure is possibLe With radiation 
therapy (x-rays or protons)?

This is not true. Both forms of radiation can be used 

to achieve definitive “curative” treatment. Due to the 

dose being concentrated in the tumour, thus avoiding 

damage to the surrounding area, higher dosed, and 

therefore more effective, radiation is more often pos-

sible with protons. The cure rate with, for example, 

chordomas amounts to a maximum of 30% with x-

rays, but up to 80% with protons1.

9. are there any accompanying iLLnesses 
Which excLude proton therapy?

Only very occasionally is it not possible to administer 

proton therapy advantageously. It is a precondition 

that the tumour is localised using computed tomog-

raphy and, if necessary, magnetic resonance imag-

ing in addition. It must also be possible to conduct 

computed tomography free of artefacts in the area 

surrounding the tumour in order to measure precisely 

the deceleration path for the protons in front of the 

tumour. This cannot always be undertaken due to the 

presence of metal parts. The most frequent reason 

for exclusion is a bilateral hip prosthesis, whereas a 

single prosthesis can be managed in the planning.

Heart pacemakers only become a problem if a lung 

tumour occurs in the immediate vicinity of the pace-

maker. Pacemakers can, however, be “relocated” tem-

porarily. Vascular stents do not hinder treatment.

As the irradiation itself does not put stress on the 

body, the patient's age, general state of heath and 

any other accompanying illnesses do not play a role 

in practice, or at least not as a general rule. If we ex-

clude a patient, then this is unfortunately usually due 

to their having multiple metastases. 

10. i Was advised not to undergo proton
scanning therapy because it is 
unsuitabLe for “mobiLe” organs. is that 
correct?

Urologists like to emphasise the “mobility” of the 

prostate, which is actually located on a firm connec-

tive tissue plate fixed between the anterior arms of 

the pelvic bones. As a precaution, we nevertheless 

insert three tiny fiducial markers made of gold by 

injection from the perineum, and at each individual 

administration of radiation, these marker serve as 

location markers for the x-ray localisation system 

which is integrated in the radiation device.

The high degree of mobility of the lung and, as is oc-

casionally forgotten, the liver during respiration would 

require upper and lower irradiation overlaps of 1.5 cm 

or else the interruption of respiratory movements. 

Attempts have been made to overcome this problem 

with what is called “breath gating”. The method is 

based on the idea that the patient breathes completely 

uniformly, even under the stress of being placed in a 

radiation machine, and returns to a resting phase 

between individual breaths. This is not, however, the 

case. Furthermore, respiratory movements cannot be 

measured with millimetre precision, and the radiation 

would also be prolonged unacceptably by such a pro-

cedure. In cases of irradiation in the region of the lung 

and liver, we therefore administer superficial anaes-

thesia. Nitrogen is first flushed out of the pulmonary 

alveoli by means of intubation or laryngeal mask and 

oxygen insufflation. The patient's breathing is then 

arrested in a similar way to a surgical operation. At 

the same time, oxygen is administered, which is con-

tinuously transferred into the blood in the lung. The 

patient thereby receives a better supply of oxygen than 

during normal breathing. In this condition of arrested 

breathing, the positions of the lung and liver can also 

be reproduced from day to day within a maximum of 
1) Overview of the literature, see pages 59 and 60
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plus or minus two millimetres. This makes it possible 

to restrict the irradiation, which otherwise unneces-

sarily kills liver tissue or triggers inflammation of the 

lungs (radiation pneumonitis) outside the tumour. 

These periods of arrested breathing last less than 

three minutes, and merely lead to a build-up of CO2 in 

the body, which is then immediately washed out again 

with the first breaths. The method has proved very 

successful in our experience2.

Otherwise, the only other parts of the body accessible 

to irradiation which move are the pericardium and the 

top part of the aortic arch. Our radiation oncologists are 

required to take this into account. They do so by align-

ing the direction of irradiation with these movements 

in this small zone. The radiation jumps from millimetre 

spot to millimetre spot in the space of 0.01 seconds, 

from line to line in 0.2 seconds and from depth layer 

to depth layer in 3-4 seconds. Precisely these three di-

mensions with differing movements of the beam have 

to be aligned to the rhythm of the pericardium and 

the movements of the aorta respectively in the beam 

direction. The depth layers must not, for example, be 

placed parallel to the surface of the pericardium.

The often heard criticism that proton scanning, as 

a “compound” form of irradiation, is not suitable for  

so-called mobile organs is not correct. 

11. can i inquire about proton therapy, 
even though the doctors responsibLe 
for my treatment, or others, advise 
against it?

Even though proton therapy was introduced on a large 

scale in the USA back in 1992, and in the meantime is 

available at all leading hospitals there, it is still a dis-

puted procedure in Germany, not least for economic 

reasons. People are often advised against proton 

therapy, including by other radiation oncologists.

Under Art. 80 of the Radiation Protection Ordinance, 

which can be consulted at any time on the internet, 

the law requires that all radiation oncologists, that 

is to say all doctors who are involved with any form 

of radiation therapy, should weigh up the individual 

methods of radiation. 

This demand cannot really be met by most col-

leagues, as only specialised computers with the 

necessary expensive software are capable of making 

real dose comparisons between x-rays and proton 

therapy. (see page 30, Illustrations 3, 4 and page 38, 

Illustrations  8,  9). Unfortunately, however, the use 

of this software for deciding which type of radiation 

should be used to treat you is only really possible  

– quite independently of any statutory requirements 

– for oncologists who have these computer models 

available to them and who have also acquired special-

ist knowledge in the use of proton radiation.

Seeking a second opinion at a proton centre is in any 

case a sensible thing for you to do.

12. i have aLready been treated With pho-
tons (conventionaL radiation therapy, 
such as aLL x-ray procedures). in spite of 
this, can i stiLL undergo radiation using 
proton therapy?

This is very often possible. A fifth of patients at the 

RPTC are precisely such cancer sufferers for whom 

x-ray therapy has already failed. The reasons for the 

failure are predominantly to be found in the dose re-

strictions in the tumour bed which are a feature of x-ray 

therapy due to the sensitivity of the healthy surround-

ing tissue to the scattered x-ray radiation. This radia-

tion damage to the surrounding area precludes second-

ary irradiation using the x-ray method, as many cases 

show, but is very often possible with proton scanning. 

13. isn't the imrt procedure just as good 
as proton radiation for restricting a 
high dose to the tumour aLone?

No, this is not possible with the IMRT procedure 

(intensity modulated radiotherapy with x-rays).  

The advantage of the IMRT procedure is that it is very 

much easier to align, or “conform”, the outer limit of 
2) Eckermann M., Hillbrand M., Bachtiary B.: Process support by means of anaesthesia – proton radiation treatment in apnoea DAC (German Anaesthesia Congress), 
Düsseldorf, May 2015
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Illustration 9:  Clinical case study at the RPTC: pleural mesothelioma
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the target area to the irregular shape of the tumour 

surface than it is with older methods of administering 

x-radiation. However, it does not solve the fundamental 

problem of radiation scatter with a three- to five-fold 

total amount into the surrounding area, as exists with 

x-rays in contrast to protons. IMRT avoids local maxi-

mum doses by using multiple irradiation directions, but 

only at the cost of generating larger volumes of irradi-

ated tissue in the healthy area. The clinical advantage 

brought about by this blurring is not yet sufficiently as-

sured, and the general view is that this "radiation bath" 

should not be administered, at least in children. 

14. can proton radiation cause intoLer-
ances to medication?

In those cases in which we administer superficial an-

aesthesia during radiation therapy in order to stop the 

respiratory motion of lung and liver, you must tell our 

anaesthetist about all forms of medication you may 

be taking.

When markers or spacers are used – for prostatic 

carcinomas – you should tell us which anticoagulant 

medications you are currently taking. The dosage of 

these may need to be reduced for a short time.

Otherwise, the question often arises in connection 

with chemotherapy drugs, which are often adminis-

tered simultaneously. With x-ray treatments, it was 

necessary to reduce the dosage during radiation 

because the scattered radiation in the healthy tissue, 

which is common to all x-ray methods and amounts 

to three to five times the radiation dose acting on 

the tumour, could trigger an immunosuppression in 

exactly the same way as the chemotherapy drugs, or 

at least those used to date. The dose therefore had 

to be adjusted for those radiation methods. In con-

trast, the experience gained to date with proton scan-

ning, in which only a small volume of healthy tissue 

is affected at all, and then only with a low radiation 

dose, has shown no indication of a need to reduce the 

dosage of accompanying chemotherapy. This must, 

however, be routinely monitored and adjusted on the 

days when radiation is administered, although no in-

terruptions are required. 

15. isn't the proton beam administered at 
the rptc too high in energy for tumours 
Which are near to the surface?

No. It does not, however, make sense to treat external 

tumours located directly on the skin, such as basali-

omas, with protons, as these are the domain of super-

ficial electron radiation.

The penetration depth of the protons and the position 

of their efficacy focal point, the Bragg peak, depends 

on the speed to which the protons are accelerated. Our 

protons, which are accelerated to 250 MeV kinetic 

energy (energy of motion) in the radiation source, can 

impact on the patient with up to 245 MeV for deep 

tumours, in which case they then penetrate 36.6 cm. 

We can electronically reduce the penetration speed 

down to 70 MeV, leading to a penetration depth of just 

4.1 cm. For the precision work on superficial tumours, 

we have the possibility of decelerating the protons 

further to a penetration depth of just 1 mm. 

16. can proton therapy aLso be adminis-
tered in the case of increased psa vaLues 
foLLoWing prostatectomy?

Yes. Increased PSA readings must not occur following 

prostatectomy. They always indicate metastases or 

a local recurrence. In the majority of cases, follow-up 

radiotherapy is advisable, possibly together with anti- 

hormonal treatment or chemotherapy.

17. aren't heavy ions in fact better than 
protons?

This hope has been investigated in Japan and recently 

at the facility in Heidelberg, where radiation is, how-

ever, also administered with protons. In this context, 

heavy ions refer to all larger atomic nuclei, which in 

clinical practice usually means carbon. Proton radia-

tion consists of the atomic nuclei of hydrogen with a 

mass of 1 and an electric charge of 1 (as customary 

arbitrary numbers). Carbon atom nuclei, however, are 

made up of six protons and six neutrons, with the lat-

Illustration 8:  Clinical case study at the RPTC: pleural mesothelioma

Illustration 9:  Clinical case study at the RPTC: pleural mesothelioma
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more, it is usual to compare such effects on cell cul-

tures with a dose which only kills about half the cells. 

This is for statistical reasons. The effect of these two 

factors was that the supposed superiority of heavy ions 

was verified using extremely low doses. When the phe-

nomenon was investigated more recently with higher 

doses, which bore somewhat more relation to what is 

clinically required in the treatment of human beings, 

the hypertoxicity effect collapsed (Illustration 10).  

In clinical practice, this means that the hypertoxicity 

in the tumour, which should lead to the overall radia-

tion exposure being reduced, does not occur at all in 

the way that was hoped. A second effect is almost 

more negative still for heavy ions: low doses occur at 

the edge of the radiation field, in the scatter range of 

the particle irradiation. And precisely here, the hyper-

toxicity is relatively high. In effect, the normally very 

high target precision with heavy ions, smears into the 

surrounding area (Illustration 11).

Heavy ions in summary: testing facilities already con-

structed are operating, new projects have, it would 

ter having no electrical charge. This means the mass 

number is 12, but the charge number is only 6. Both 

types of particle are accelerated in the cyclotrons or 

synchrotrons in the radiation sources using rapidly 

changing electromagnetic fields (with radio waves) 

and their directions are controlled by very strong, 

constant magnetic fields (for example, by means of 

superconducting coils submerged in liquid helium, at 

the RPTC cyclotron) This means that the resources 

and cost involved for the acceleration of carbon is 

many times greater due to the six “passengers”, i.e. 

the charge-free neutrons.

The hope had been that heavy ions would prove more 

clinically valuable than protons, as a remarkable ef-

fect had already been observed with protons: within 

the Bragg peak, that is to say at the site of the high-

est physical dose which is placed into the tumour, a 

higher biological effect is observed over a small final 

path than would be expected according to the energy 

deposited. It is assumed that this is linked to the high 

ionisation density at this location, which triggers 

more double-strand breaks in the DNA molecules. 

These breaks are difficult for the body or the tumour 

to repair. With proton radiation, this very subtle phe-

nomenon leads at best to a very localised overkill of 

one or another cell inside the tumour. In the case of 

heavy ions, it was observed, or so it was believed, that 

this hypertoxicity effect, known as elevated Relative 

Biological Effect (RBE), extends over a considerably 

wider part of the Bragg peak. This led to the hope that 

heavy ions could be expected to have a greater cura-

tive effect across the entire Bragg peak in the tumour. 

This should, it was hoped, make it possible to trigger 

the same sterilisation effect in the tumour as with 

protons, but with even less radiation in the healthy tis-

sue. This would mean heavy ions should be even safer 

than protons for the healthy surrounding area. The 

facilities mentioned above were constructed.

The hope has, however, largely been dispelled. Re-

search into the clinical effect was conducted at that 

time on cell cultures. However, cell cultures, for ex-

ample from human or other cells, tolerate consider-

ably less radiation dose than human tissue or human 

tumours, as they are not, after all, perfused. Further-
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Illustration 10: High RBEs only occur at very low doses, in this 
case up to 3.7. At 10 Gy, the effect already drops to just 1.5. The 
red curve shows carbon particle radiation still at 266 MeV, that 
is to say high speed, in the entrance region, in the healthy tissue. 
The blue curve shows 77 MeV, that is to say slower particles at 
the end of the path, in the tumour.
This increase in RBE only takes effect in the healthy tissue, where 
it is counterproductive, and not within the tumour dose area! 4, 5

4) Wilkens JJ, Oelfke U.: Direct comparison of biologically optimized spread-out Bragg peaks for protons and carbon ions. Int J Radiat Oncol Biol Phys. 2008; 70(1):262-6.; 
5) Elsässer T., Krämer M., Scholz M.: Accuracy of the Local Effect Model, Int J Radiat Oncol Biol Phys. 71 / 3 p. 866
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seem, been abandoned, for example the facility in Kiel 

for which construction had already begun. 

18. the tumour is frequentLy surrounded 
by smaLLer metastases. hoWever, the 
radiation dose at the tumour-heaLthy 
tissue boundary drops more steepLy 
With protons than With x-ray therapy. 
does this mean that nearby maLignant 
metastases are not irradiated?

Just as with surgery, radiation oncology is in fact 

constantly wrestling with the problem of metastases 

in the proximity of the tumour that are so small, and 

consist of so few cells, that they cannot be detected 

using current diagnostic methods. These may con-

sist, for example, of lymph node metastases within 

the close proximity of prostatic carcinomas or the 

spread of retinal melanomas into the surrounding 

area. Extending the target area, which should take 

account of not just movements, aiming inaccuracies 

and so on, but also these possibly invisible metasta-

ses, is therefore a key skill acquired by experienced 

radiation oncologists. In any case, this does not give 

rise to any disadvantage with the very precise tech-

nique of proton scanning. 

It is certainly true that by using the proton scanning 

method, any localised reduction in dose, including that 

typical of x-rays, could be simulated in all directions in 

the area surrounding the tumour. After all, the dose in 

the Spot-to-Spot procedure can be freely selected mil-

limetre by millimetre. But any such reduction in dose 

simulated within the proximity of the tumour in the 

case of protons would not make any sense.

To take a very simple analogy, let us imagine a tumour 

as being like a cube. On four sides, top/bottom, left/

right, the decrease in dose is very steep in the case 

of x-rays, due to shadowing by templates. There is 

therefore no freedom of selection and no tapering off. 

In front of the tumour, that is to say on the side of the 

radiation source, the x-ray dose rises in healthy tis-

sue. In the case of protons, the dose decreases gradu-

ally at the front, and this decrease could be made 

flatter if desired. Behind the tumour, the x-ray dose 

continues to fall slowly, but in the case of protons, 

the fall, which is considerably steeper only here, can 

again be controlled. Its steepness is usually exploited 

to protect the organs at risk and surrounding areas 

precisely there.

It is also important to examine the wisdom of using 

a partial dose of irradiation. The idea that only small 

numbers of localised tumour cells could also be steri-

lised with lower doses is not necessarily accurate. 

Either the tumour dose which has a high probability 

of sterilisation is also applied here, or non-lethal dos-

ages are applied both to the healthy cells and also 

to the individual tumour cells: dosages which, while 

capable of triggering further mutations of the tumour, 

do not cause cell death. The idea that lower doses are 

sufficient in the spread area would in principle mean 

embarking on a statistical game for which there is lit-

tle actual supporting evidence.

Illustration 11: Due to the drop in heavy ion hypertoxicity at 
higher doses, the increase in efficacy is found not within, but 
outside of the tumour, in the healthy tissue. 6

6) Krämer M.: Treatment Planning for Carbon Ion Beams. PTCOG 43 Munich, Dec. 2005

x[mm]

rBE

rbe distribution with carbon
clinical case

3

4

4.5

5

5.5

6

8

50 100 150 200

tuMour

Highest 
rBE zone is 

located 
outside 

around the 
tumour!



42

  Why NOT prOTON Therapy?

19. can cancer be definitiveLy eLiminated 
by administering the neWLy deveLoped 
treatment empLoying crispr-cas-9?

Yes – in the distant future. CRISPR/Cas-9 is a complex 

organic molecule which can be synthesised. When 

equipped with a certain DNA or RNA sequence, it at-

taches itself to corresponding parts of the genome of, 

for example, a cancer cell. It does so at the location of 

a cancer gene (oncogene), which is then excised. The 

molecule can be equipped in such a way that a syn-

thesised new gene replaces the defective gene that 

increases the risk of cancer, and thus the cell is pro-

tected against undergoing any cancerous mutation.

In order to understand how such a prophylaxis func-

tions – the method constitutes a prophylactic meas-

ure rather than a form of therapy – the procedure is 

explained here, based on an example. First of all, we 

must identify the genes which, for example, cause 

cancer to develop in the gastric mucosa and in the 

mucosa of the colon, but not in the mucosa of the du-

odenum or small intestine, which are only centimetres 

away. Such identification can most quickly be under-

taken in the case of inherited cancer risks, in which the 

cancer genes are already partially known, for example 

the BRCA-1 and BRCA-2 genes which play a role in 

breast cancer. In order to cover all types of cancer, for 

which the risk is often triggered by several genes and 

combinations of genes, it would certainly mean clas-

sifying the sequences of thousands of genes. The cor-

rected “healthy” replacement genes cannot then be 

implanted simply at any random sites, but rather the 

surrounding area must also be sequenced. Once this 

has happened, the CRISPR/Cas-9 molecules can then 

actually be synthesised in such a way that they only 

excise the diseased gene and implant the replacement 

gene at precisely this site.

In practice, however, despite every attention to loca-

tion specificity, success has only been achieved in a 

fraction of cases, e.g. 4 out of 84 – and certainly not 

in the millions or billions of cells involved in an al-

ready existing cancer. This has been confirmed by the 

experiments conducted on embryos in China to date. 

What would be required is for all the healthy cells 

to be reconstructed accordingly in advance, which 

is only conceivable if the CRISPR/Cas-9 is deployed 

as a form of pre-implantation treatment in vitro, for 

example on the ovum. 

This would amount to breeding human beings. Such a 

corrected, healthily bred genome can only be inherited 

if the person who has undergone such manipulation 

mates with someone who has undergone the same 

treatment. If this were to happen, then cancer would 

be eliminated in this new breed of human beings.

But when could or should that happen?

20. can proton therapy be deveLoped 
stiLL further via the current standard 
used at the rptc, nameLy proton scan-
ning?

Yes, that is so. Even though more than 130,000 pa-

tients worldwide have undergone irradiation with 

protons, proton therapy is nevertheless still a new 

method when compared with x-ray therapy. It is still 

used with a certain degree of caution, even at the 

RPTC. We have accordingly commissioned studies 

which fully demonstrate the performance capability of 

proton therapy which has been achieved there. Please 

see the chapter below on “Studies at the RPTC”. 

Future improvement in the performance of proton 

therapy must be accompanied, at least in Germany, 

by corresponding extensions to the operating licences 

currently in force. The development potential is illus-

trated below with one of the two studies, covering the 

treatment of carcinoma of the prostate.

Conventionally, prostate carcinomas are today, as 

a rule, treated in 41 daily sessions, each with 2 gray, 

thus amounting to a total radiation exposure of 

82 gray. Irradiation is usually undertaken from four di-

rections, or fields. The fact that the rectum, which sits 

just behind the prostate, is also irradiated is factored 

in, and damage to the rectal mucosa, accompanied 

by disturbing haemorrhages, is the most frequently 

reported side effect of prostate radiotherapy. 
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At the RPTC, prostatic carcinomas are currently only 

subjected to radiation treatment on 21  days, albeit 

with an increased daily dose of 3 instead of just 2 gray. 

Illustration 12 shows that the surrounding area, in this 

example the hip joints, receives somewhat higher 

radiation per day, but the total radiation dose is sig-

nificantly lower. This is because the protons can be 

targeted in the tumour in a three-dimensional man-

ner. Furthermore, the deployment of just two fields 

(radiation directions) means that irradiation of the 

rectum is avoided. Only the small part of its surface 

that directly adjoins the prostate is now impacted. It 

can be seen that this procedure does actually reduce 

the overall dose for the patient from 82 to just 63 gray. 

How is that possible?

The prostatic carcinoma in particular recovers ex-

traordinarily quickly because the tumour has what is 

referred to as a high repair capacity. This is activated 

in every interval between radiation treatments; 40 in-

tervals in the case of conventional x-ray radiation, but 

only 20 recovery intervals currently at the RPTC. The 

same oncological effect has been proven to exist and 

is known from the literature.

The third part of the illustration shows the future in 

response to your enquiry: irradiation of a prostatic 

carcinoma within one week with just five individual 

sessions in five days. The number of fields is in turn 

increased to four in order to improve distribution, 

utilising the technical facilities available in the RPTC 

which enable oblique irradiation. A further new 

method is deployed in which an absorbable “spacer” 

is injected to separate the rectum from the prostate 

during irradiation in order to keep it free of radiation, 

at least under the conditions of the protons. As a  

result, the total dose now amounts to only 37.5 gray! 

Studies conducted in the USA demonstrate that the 

huge reduction in recovery intervals for the tumour 

to just four periods produces oncological results, i.e. 

future of proton therapy at the rptc

(A) Conventional x-ray treatment: 41 x 2 Gy (4 fields)

(B) Protons at the RPTC: 21 x 3 Gy(RBE) (2 fields)

(C) Protons in the future at RPTC: 5 x 7.5 Gy(RBE) (4 fields)
Irradiation dose
4 x 1.88 Gy(RBE)/day

Irradiation dose
2 x 1.5 Gy(RBE)/day

Irradiation dose
4 x 0.45 - 0.61 Gy/day

Hip
HipProstate

Overlapping!

~25% incoming
dose decrease

Overlapping!

Total hip exposure 
per side:
5 x 0.73 Gy(RBE)
= 3.65 Gy(RBE)

Total hip exposure 
per side:
21 x 0.89 Gy(RBE)
= 18.69 Gy(RBE)

Total hip exposure 
per side:
41 x 0.79 Gy
= 32.39 Gy

0.79/day

0.89/day

0.73/day

0.79

0.73

0.89

Illustration 12: A comparison 
taking the example of radiation 
therapy for prostatic carci-
noma. Schematic cross-section 
of the body, as visible in a CT: 
A)  Current standard x-ray 

treatment with 41 daily 
sessions and high exposure 
to scattered radiation, e.g. of 
the hip joints, which already 
react as from 10-15 Gy.

B)  Current radiation therapy 
with proton scanning at 
the RPTC with a low total 
dose because the tumour is 
allowed fewer recovery inter-
vals, and scattered radia-
tion, e.g. at the hip joints, is 
hugely reduced.

C)  Future treatment at the 
RPTC (following the grant-
ing of official approval). 
Same prospect of success 
after just one week, with hip 
joints and surrounding area 
being afforded optimum 
protection.



44

  Why NOT prOTON Therapy?

cure rates, that are at least as good as with x-ray ra-

diation spread over 41 sessions.7 

This brings nearer the therapeutic possibility of cur-

ing prostatic carcinomas that have not yet metasta-

sized in a manner that is relatively undemanding for 

the patient and has virtually no side effects. The lack 

of side effects means that the many patients who 

carry cancer cells but only have a limited risk of the 

illness occurring during their lifetime can be given ap-

propriate treatment. In the chapter: “Proton scanning 

in concert with current therapy methods – Areas of 

application, advantages and disadvantages”, please 

refer to the section on “The statistical problem of 

prostatectomy”, page 10. Also the chapter on: “Stud-

ies at the RPTC.” Our aim is to irradiate prostatic car-

cinomas on only five days in future.

7) King C. R., Brooks J. D., Gill H., Presti J. C. Jr.: Long-term outcomes from a prospective trial of stereotactic body radiotherapy for low-risk prostate cancer.  
Int J Radiat Oncol Biol Phys. 2012 Feb 1;82(2):877-82. 
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REPORT 1 

Indication: Papillary carcinoma of the bile duct

April 2011: Whipple procedure

August 2012: Lymph node involvement 

October/November 2012: Proton radiation therapy

Patient's report dated: July 2015

What were your thoughts when you were given the 

diagnosis? 

I was deeply shocked when I learned about the papil-

lary carcinoma of the bile duct at the end of March 

2011. I thought this can't be true. I felt healthy, have 

played lots of sport all my life, and now this happens. 

An attack of jaundice made it apparent that some-

thing was not right. Something showed up in the ul-

trasound scan and was then confirmed in the probe 

examination. A papillary carcinoma, approx. 1.2 cm in 

size! I was clear what that meant. But I was deter-

mined to fight and not let it get the better of me.

What form of therapy was recommended to you?

My sister, who is a journalist and organises the press 

relations for medical congresses, put me in contact 

with Prof. Dr. M.W. Büchler at the Heidelberg Uni-

versity Hospital. He told me he could help me and 

perform an operation. Three days after the diagnosis 

had been made, I underwent a Whipple procedure on 

5  April 2011. They were able to save my stomach. I 

was then treated with gemcitabine for 6 months.

What made you decide on proton therapy?

In August 2012, three lymph nodes in my abdomi-

nal cavity were found to be affected, and they were 

close to the abdominal artery. Also, an abnormality 

was found in the area of the previous operation. Prof. 

Dr. Büchler recommended I visit the Rinecker Proton 

Therapy Center in Munich. The affected sites were to 

be treated with radiotherapy prior to surgery, which 

REPORTS fROm PATIENTS

was planned for Jan. 2013. Prof. Dr. Büchler strongly 

advocated proton therapy, which he said has clear ad-

vantages compared with traditional radiation therapy. 

He told me it is more effective, produces fewer side-

effects and is capable of being targeted with greater 

precision.

I underwent radiation therapy 5 times a week for 

5  weeks from Oct./November in Munich. In addi-

tion, I had accompanying chemotherapy. I tolerated 

the daily radiation treatments very well. All the staff 

and doctors were very professional and friendly. The 

accommodation in the guest-house and the meals 

were excellent. Overall, a great stay. I knew that 

would really help me a lot, and these thoughts saw 

me through.

I had no symptoms of any kind after the therapy had 

ended. The skin was just a little reddened and dry in 

the radiation field. I was able to eat and drink well and 

my digestion was likewise fine. This was also due to 

regularly taking pancreatin (Creon) in the form of pills 

at meal times.

Five weeks after the therapy, I underwent another 

successful operation with Prof. Dr. Büchler in Heidel-

berg. The proton radiation treatment proved to be 

extremely effective and worthwhile. The cancer cells 

were eliminated! I did not need any rehab or anything 

like that after the radiation treatment.

I was able to return to my job as a freelance architect 

again in May 2013.

REPORT 2

Indication: Cholangiocarcinoma

May 2010: Proton radiation therapy 

Patient's report dated: July 2015

How did you feel when you were told the diagnosis?
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My first thought was: Does that mean that was it (in 

terms of my life)? Explanation: Due to jaundice and 

yellow eyes/skin, my GP referred me to a specialist. 

After examining my eyes and conducting an ultra-

sound scan, he then pronounced that I could choose 

a hospital right away, and he bluntly wrote on the 

referral form: “Pancreatic tumour”. 

As I was leaving the surgery and going downstairs,  

I suddenly had the feeling my legs were giving way.  

I spent 30 minutes sitting in the car, on the verge of 

tears, before I was able to drive off. This was because I 

knew from the case of an acquaintance that with a pan-

creatic tumour you only have a few months left to live.

What form of therapy was recommended to you?

Following diagnostic investigation, Prof. Galle (Mainz 

University Hospital) gave me the good news that it 

was not a pancreatic tumour but only a bile duct tu-

mour. The bad news, however, was that in a discussion 

with his surgical colleague they decided that a WHIP-

PLE procedure was the only possible method of treat-

ment, and it should be as soon as possible because the 

tumour was getting larger every day, and the chances 

of a cure getting smaller. ¬ As a consequence of the 

jaundice, however, the operation could only be con-

ducted in approx. 2 or 3 weeks' time, and I was offered 

an appointment on the spot. I said that I wanted to get 

a second opinion. My wife and I then researched the 

WHIPPLE procedure extensively on the internet, and 

the chances of survival: 20% mortality within the first 

weeks, 20% suicide rate within the first 6 months, 

etc. After a further 3 years at the latest, secondary tu-

mours develop, despite simultaneous chemotherapy. 

My wife was in such a state that she had a fall in our 

kitchen, on a perfectly flat surface (!), and fractured 

her knee and wrist. She had to have an operation, so 

at the same time as I was undergoing treatment at 

the RPTC, she spent several weeks in a wheelchair.

In summary, what I understood was that in a WHIP-

PLE procedure, virtually everything is removed from 

the abdominal cavity that can be removed, i.e. not 

just the tissue that is suspected of being cancerous, 

but also healthy tissue because the surgeon requires 

freedom of movement in order to sew together the 

stomach, intestine and pancreas. When taken to-

gether with the chemotherapy, I expected that my 

future quality of life was going to be pretty dire. 

After making some enquiries (my ex-wife is a doctor), 

I arranged an appointment for a WHIPPLE procedure 

at the Heidelberg Pancreas Centre for 5 May 2010, 

as they informed me that this operation is carried 

out approx. 500 times per year. My imploring ques-

tions about alternative methods of treatment were, 

however, dismissed there as well. I was not informed 

about alternative methods, nor did I find any myself.

Did you make inquiries about alternative therapies? If 

so, which were they?

To put myself in a better state of mind, I decided to 

go to the surgery of Dr. Hünten in Raunheim every 

other day or so for acupuncture. It was there, after I 

had spoken about my diagnosis, that Dr. Hünten gave 

me an RPTC brochure to take away with me and said 

that she would be happy to contact Prof. Herbst on 

my behalf if I wished. That was on 30 April 2010. ¬ 

Dr Hünten told me that her father had undergone ra-

diation treatment there in 2009 (unfortunately only 

following surgery and chemotherapy, and I believe he 

died about a year ago).

What made you decide on proton therapy?

Surgery appointment in Heidelberg cancelled, ap-

pointment for a consultation with Prof. Herbst ar-

ranged:

The same day, I did some intensive research into 

proton therapy on the internet (98% of 10,000 oph-

thalmic tumours successfully treated and 90% had 

retained their eyesight), and the next day (Saturday 

morning), I asked Dr. Hünten to contact the RPTC. On 

3 May 2010, I again visited the practice for acupunc-

ture and an appointment was made, as far as I can re-

member, for 6 May 2010 with Prof. Herbst at the RPTC.

Due to a meeting of the Board of Directors, however, 

Prof. Herbst was only able to see me after 8.00 pm, 

although I was naturally quite prepared to wait. I 

handed him the findings with all the data on a CD 
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and, in full awareness of all the possible risks involved, 

insisted on his agreeing to provide proton radiation 

treatment for my bile duct tumour, which presented 

as being very complicated spatially, rather like the 

branches of a corkscrew hazel tree. 

In response to my question regarding the possible 

costs, Prof. Herbst quoted a figure of ¤ 30-60,000, 

which did shock me somewhat. I had been planning 

to buy a new car, so I said it looked like I would have 

to walk in future. Prof. Herbst replied: “...yes, but you 

will be able to walk...”.

27 May 2010: After receiving the quotation amount-

ing to ¤ 41,500, I mulled things over for two days, 

mindful of that answer “...yes, but you will be able 

to walk...”, and then I transferred the full amount ¬ 

the fruit of a lucky share trading transaction (“...easy 

come, easy go...”).

How well did you tolerate the daily radiation treatments?

For the first 6 days I sweated like a pig. But I went 

cycling every day (on a bike borrowed from an old 

school friend who lives in Munich with his family) 

making a round trip of 90 minutes through Munich 

(and with appointments for radiation treatment being 

made via mobile phone). Overall, I felt like a million 

dollars and super-glad that I had a realistic chance of 

surviving and enjoying full quality of life with the help 

of proton radiation treatment, and entirely without 

any surgery and/or chemotherapy. ¬ I was simply 

convinced that I was receiving the best of all methods 

of treatment available anywhere in the world, so I was 

in my well-known (!) SUPER MOOD.

For four weeks, I travelled each weekend, that is to 

say from Friday afternoon to Monday morning, by 

train to Bingen to collect my wife from rehab in Bad 

Kreuznach and to take her back there on Monday 

morning. ¬ As can be seen, I did not suffer any physi-

cal restrictions in this very hot summer, despite the 

stress caused by the heating system failing during the 

train journeys.

Did you have any specific symptoms after the therapy 

had ended?

None!

Did you attend rehab after the therapy?

I did not try, as the ALLIANZ health insurance com-

pany had already refused to reimburse the costs of 

treatment or accommodation (“...not an approved 

method...”). After handing in my receipts for the cost 

of treatment amounting to ¤ 38,500, the ALLIANZ did 

then reimburse about 60% as an “ex gratia payment”.  

COMMENT: In the meantime, I have learnt from the 

Independent Patient Service (UPD) that I should have 

made a complaint within 6 months after having been 

refused reimbursement for the remaining 40% of the 

costs of treatment and approx. ¤ 2,000 accommoda-

tion/travel costs. As the proton treatment was suc-

cessful in my case, ALLIANZ should have paid for the 

full cost of treatment and accommodation. 

Have you continued to practise your profession?

Yes, without any limitations!

At the end of April 2006, I registered for pre- 

retirement part-time working, and at the end of 2008, 

I took early retirement. In mid-2006, we had decided 

to build a house and we moved into it on 7 July 2007. 

As the financing of the house was all wrapped up, I 

decided at the beginning of 2007 to set up my own 

business, and I have carried on with this without any 

restrictions after the treatment at the RPTC.

After 5 years, localised problems have occurred and 

these are currently being investigated. Would you 

choose proton therapy again?

Yes, definitely! ¬ In fact I gave Prof. Galle my deci-

sion to do so on 29 June 2015 after he explained that I 

had a new tumour on the ampulla of Vater (histology 

finding). 
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REPORT 3

Indication: Ependymoma

January-October 2014: Chemotherapy 

October 2014: Proton radiation therapy 

Patient's report dated: July 2015

Child, 6 years old

How did you become aware of the RPTC?

 

By making enquiries at our health insurance provider.

 

Were there any side-effects during the radiation treat-

ment, which was carried out under anaesthesia?

 

No, there were no side-effects, in particular no nega-

tive ones. Lennox tolerated the treatment under an-

aesthesia well and was cheerful and happy, although 

sometimes rather tired.

 

What is the outcome now, a few months after the 

treatment ended? 

 

There is no evidence of any tumour now. Lennox is 

getting better all the time, including his hair, which 

fell out during chemotherapy but is now growing 

strongly again, and he is happy and lively. All in all, a 

good outcome, although Lennox has stopped growing 

since the radiation treatment and our GP thinks this 

may be connected with the growth hormone, which 

tests show has stopped being produced. If Lennox's 

body does not resume this function of its own accord 

within the next 2 months, he will receive injections to 

stimulate production or to supply his body with the 

hormone.

 

Are you satisfied with the treatment provided by us 

at the RPTC as a whole, the doctors, assistants and 

administration?

 

Yes, we are satisfied

Would you recommend the RPTC to others?

 

Yes, I would definitely recommend the RPTC. 

REPORT 4
 

Indication: Lung carcinoma

February 2013: Chemotherapy

May 2013: Proton radiation therapy 

Patient's report dated: July 2015

I was diagnosed with lung cancer in January 2013.

Following discussions at a hospital in my region, I was 

advised to undergo chemotherapy, as the carcinoma 

was too large for an operation.

I then underwent the first treatment with chemo-

therapy at the beginning of February, whereupon my 

kidney function markedly deteriorated. This led to the 

next treatment sessions at the beginning of March 

being administered with weaker drugs. Radiation 

treatment was then due to follow.

During this very difficult time, I unfortunately never 

had the feeling that the hospital personnel, including 

the doctors, had time for me or my illness. That was 

one of the reasons why my family began to search on 

the internet for other radiation treatment options at 

another hospital.

We came across the Dr. Rinecker Clinic in Munich. 

The description of proton radiation therapy, with as 

few side-effects as possible and yet a highly concen-

trated effect, aroused our interest. We then called the 

Clinic for the first time, and they were so friendly and 

helpful on the phone that we very quickly decided to 

pay a visit in person.

The first visit to the Dr. Rinecker Clinic:

We gained the same impression as we had in the tel-

ephone conversation. Time, interest, professionalism 

from reception through to the doctor, that is how you 

want to be treated as a cancer patient. The treatment 

which was suggested, convincingly and without any 

pressure time-wise, won me over very quickly.

I then underwent 20 sessions of radiation treatment 

from May to June 2013, each time under full anaes-

thetic. Of course, this period was not always easy 
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either, due in part to the fact that I had to be driven 

about 160 km there and back every time. But the 

sensitive and friendly attention provided by the RPTC 

team made things much easier to bear and the suc-

cess of the treatment made it all worthwhile.

Today, after more than 2  years, I am so glad that I 

made this decision. My subjective state of health is 

very good, I get out and about on Shanks’s pony every 

day for about 1 1/2 hours and really enjoy observing 

nature. The last examination in May of this year at the 

Dr. Rinecker Clinic in Munich confirmed my feeling: 

the lung carcinoma has not grown any further. 

I should really like to thank all the people who looked 

after me at the Clinic most sincerely. This Clinic is the 

only place in which I felt I was in good hands in all 

regards during my illness, and this continues to be the 

case with the follow-up examinations as well.

REPORT 5

Indication: Prostatic carcinoma

October 2014: Proton radiation therapy 

Patient's report dated: February 2015

Dear Mr. ....,

After a long period of time – it has already been 

7 months – I would like to write to you and inform you 

of my experiences with regard to my prostatic cancer 

therapy. I wrote you the letter below at that time whilst 

uncertain as to which form of therapy I should choose. 

The therapy which I short-listed at the University Hos-

pital, Heidelberg with shortened IMRT x-ray radiation 

treatment, followed by a boost of proton radiation 

treatment, did not really appeal to me, firstly due to 

the number of sessions, amounting to 39 in total, 

and secondly because I was really put off by the side- 

effects, particularly the erectile dysfunction. 

In terms of pure proton therapy, Essen was also a 

consideration, but when I enquired, Dr. Timmermann 

quickly replied, saying that a Dr. Dankwart would be 

in touch with me. This never happened. I was not re-

ally happy about Villingen in Switzerland due to its 

being abroad, and I felt that Dresden, let alone the 

USA, was too far to travel. So in the end I was only left 

with the RPTC in Munich. 

I did some research on the internet and discovered 

an annual report in which a separate chapter was 

devoted to prostatic radiation treatment. The re-

port also contained statistics showing the rate of 

side-effects as being about 1% in the 500 courses 

of therapy administered to date. This clearly added 

up to a considerable amount of experience. After my 

health insurance provider had approved the therapy 

in Heidelberg (IMRT proton boost), I enquired as 

to whether they would pay for pure proton therapy 

instead. I asked for documents and a quotation to 

be sent to me from Munich and, although it took a 

while, I was notified by my health insurance provider 

at the end of September that the RPTC therapy had 

been approved, including the stay in the guest house. 

I was very glad about this, as the quotation was for 

€  21,000. Approval was, however, conditional on 

payment being made according to the rules of AOK 

Bavaria health insurance provider, whatever that 

means. 

In short, I travelled to Munich on 7 October to prepare 

for the radiation treatment. An MRI was conducted 

there, and 3 gold markers were also inserted into my 

prostate. An immobilisation mattress was produced in 

which I lay under vacuum as if enclosed in cement, and 

a CT was made in this position. All this took 3 days. I 

felt that I was being dealt with by highly skilled people. 

The 21 radiation therapy sessions were conducted 

from 15 October to 14 November, 5 times a week from 

Monday to Friday. I had relatively few problems, in 

particular a weak urinary stream, which was treated 

with an alpha blocker. On one occasion, I had bloody 

mucous in my stool, whereupon I was immediately 

prescribed rectal foam, which proved effective at once. 

I was able to fully enjoy seeing the sites in Munich, 

such as the Deutsches Museum, Pinakothek, BMW 

Museum etc., while Hellabrunn and its zoo was easy 

to reach on foot. I was always able to travel home at 
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the weekends. This meant that my time in Munich 

was almost a pleasant one, with everyone being so 

friendly and professional. 

The most unpleasant thing was the balloon which was 

introduced into the rectum and filled with water before 

each treatment. Markings were made on my abdomen 

which were aligned with those on the immobilisation 

vacuum mattress. Before each radiation treatment, an 

x-ray image was taken and compared with the CT im-

age, and aligned accordingly, with the gold markers be-

ing visible as light points. This ensured that the position 

of the prostate was always precisely captured, some-

thing which Heidelberg had not really managed to do. 

I was discharged on 15 November with the instruction 

to have my PSA value measured after approx. 3 months 

so as to check on the effectiveness of the therapy.

On 9 February, my urologist took a blood sample for 

the PSA value. When I learnt the result, I could hardly 

believe it: last July it had been 9.2, but now it was 2.25! 

So the proton therapy really was a complete success, 

also because the side-effects during the therapy were 

really very moderate and then disappeared relatively 

quickly after approx. 3-4  weeks. My hope now, of 

course, is that the PSA value will fall even further. 

Below 1 is realistic. 

I cannot recommend the RPTC in Munich highly 

enough; they have perfected the technique and are a 

blessing for patients. Unfortunately, there is still enor-

mous prejudice against proton therapy in the medical 

profession, including my urologist – the previous one, 

now retired, but also his young successor had nothing 

good to say about the treatment. In fact the new one 

even talked of the danger of a contracted bladder and 

considerable intestinal problems. Only 14  days ago 

he said that I should be happy if my PSA value had 

dropped by 10%, but it is now down by more than 75%! 

You can imagine how happy and relieved I am that this 

therapy has had an almost miraculous effect in spite of 

the University of Heidelberg stating in a study 2 years 

ago that it offered no advantages over x-ray therapy. 

They had, however, underestimated the problem of 

the displacement of the prostate in the body and had 

therefore often “missed the target”, with correspond-

ing side-effects, even including fistulas. Munich has 

fully mastered the problem with gold markers and the 

other measures. Everything is meticulously designed 

and professionally implemented, as is confirmed by the 

successful outcomes! I am convinced that the RPTC is 

currently the leader in its field in Germany, perhaps 

even in Europe, and yet it is accused of being money-

grabbing and not credible, just because they have not 

conducted any expensive studies to date. Heidelberg, 

however, also wanted € 14,000 just for the boost with 

protons and, in addition, payment for the IMRT radia-

tion treatment, which would certainly have added up 

to about € 18,000. Instead of 39 sessions, only 21 are 

conducted in Munich and, what's more, no rehab is re-

quired. Seen from this angle, € 21,000 is certainly not 

too much, and my health insurance provider would 

certainly not have given approval if the therapy had 

been excessively more expensive than another one. 

I have a follow-up appointment in Munich on 3 March 

and I am really excited about what the consultation 

will reveal.

Please excuse me for writing you such a long letter, but 

I am still so grateful to you for recommending proton 

therapy and also for sending me lots of information, 

clearly showing, despite the problems with transla-

tion, that the Americans are so much further ahead 

in their knowledge about what can be achieved with 

proton therapy. Here in Germany we are still years be-

hind, and I can only wish you the success you deserve 

with your new Proton Therapy Center in Halle! 

Best wishes and sincere greetings from the spring-

like South!

REPORT 6

Indication: Prostatic carcinoma

January 2014: Proton radiation therapy 

Patient's report dated: July 2015

How I came to the RPTC:

Increase in PSA value in August 2013 to 8.01 ng/ml, 
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Apart from a slight irritation of the mucous mem-

branes in the last days of radiation therapy, I ex-

perienced no side-effects of any kind. For a time 

afterwards, I had to go to the bathroom once in the 

night, but this is almost back to normal now. “EVE-

RYTHING” is working as it should, the only exception 

being an almost complete lack of ejaculation, but this 

is of no importance to me.

During my treatment, I stayed in the adjoining guest 

house and can only say with regard to the accommo-

dation and catering provided that I was very satisfied 

and that the staff there were also very dedicated.

The key thing is that the protons have obviously had a 

decisive impact on the cancer, and my PSA value has 

dropped from 8.85 ng/ml (Dec. 2013) to 0.9 ng/ml 

(July 2015). No signs of any recurrence are apparent. 

I feel well. No surgery or rehab required, no incon-

tinence, no impotence and the prostatic cancer has 

hopefully been defeated, confirming that the decision 

I made to undergo treatment in the RPTC was cer-

tainly important and correct with regard to the rest 

of my life.

The only fly in the ointment is that there were sev-

eral people in the same patient group as me at the  

RPTC who were having great problems with their 

health insurance providers with regard to the costs 

involved. It seems remarkable, to say the least, that 

a method of treatment which has been proven to be 

safer for patients with certain diagnoses is not paid 

for by the health insurance provider, or only after legal 

proceedings.

My sincere thanks go to all the staff at the RPTC in 

patient care, the medical and technical departments 

and in the guest house.

REPORT 7

Indication: Tongue Base Cancer with metastases in 

the lymph nodes

March 2014: Proton radiation therapy 

Patient's report dated: July 2014

followed by biopsy showing a prostate carcinoma 

with a Gleason score of 6 (3+3).

This was followed by a consultation marathon: urolo-

gist, second opinion from another urologist, senior 

consultant for urology at a renowned university hos-

pital, consultation at a specialist prostate clinic and 

consultation with a specialist for seed implantation.

Key outcome: Advised to undergo an operation (re-

moval of the prostate with a possibility of incontinence 

and/or impotence) or wait and observe how my con-

dition would progress, apart from the seed specialist 

who wanted to implant; little about other methods, 

and nothing with regard to proton radiation therapy.

I then did some research on my own, made contact 

with the RPTC, received positive replies to my ap-

plications to my health insurers and federal benefits 

agency (Beihilfestelle), preliminary examinations in 

Munich, decision in favour of proton radiation therapy.

After the professional and very thorough preliminary 

examinations, the precise preparations (including the 

complicated fitting of a vacuum mattress, whole-body 

MRI etc.) and the associated explanations, I received 

radiation treatment every Monday to Friday from 

21  January to 19 February 2014. The daily procedure 

was essentially as follows: put on the paper-like treat-

ment suit, insert a “giant condom” into the rectum and 

fill this in order to secure the prostate in position, lay 

down on the customised mattress, “wrapping up” in a 

foil and extraction of the air to create a sort of vacuum, 

transfer on a bed to the treatment room, position the 

device, announcement, radiation and then the above 

in reverse. Total duration: approx. 20 to 30 minutes, 

of which about two minutes were taken up with the 

radiotherapy. The whole procedure was free of pain or 

anxiety and you do not feel the irradiation at all.

All the staff who were present in the treatment wing, 

doctors, support personnel, technicians etc., im-

pressed me as being professional, dedicated and very 

empathetic. Occasionally treatment sessions were 

delayed, which was evidently attributable to the mod-

ern technology and the high safety standards in place.



55

PATIENT fEEdbACk  

When the diagnosis was first made in my case, I 

gathered detailed information with regard to the 

chances of success, side-effects and duration of the 

various forms of treatment. The proposed treatment 

was removal of more than half the base of the tongue, 

immediately followed by chemotherapy and radiation 

therapy. The chances of success were given as 50%, 

and if everything went well, it would take two years 

before I was able to lead a “normal” life again.

 

I thereupon began to research alternative methods 

intensively, drew up an exact plan and then decided 

to go down this alternative route to begin with. 

Naturally not in a naive way, but rather keeping a 

continuous check on the growth of the carcinoma 

and the involved lymph nodes so as to change to the 

conventional medical route if my first choice was not 

successful. I completely changed my diet, purged my 

intestine and the other organs in order to strengthen 

my immune system and to activate and strengthen 

my body’s self-healing forces. Homoeopathy, diet 

supplements, high doses of vitamin C, Haemo laser 

light infusions, magnetic field therapies, energy medi-

cine, special teas and some other things helped to not 

only slow the growth but to stop it entirely within 2 

months. In the following 1.5 years, however, neither 

the lymph nodes nor the carcinoma itself became 

smaller, leading me to search for further methods 

in the hope of finding something which would also 

make the tumours disappear. In the course of my 

research, I found out about the RPTC in Munich, via 

the Veramed Clinic, and the radiation treatment prac-

tised there with protons instead of photons (x-rays). 

I very quickly became convinced that this could be a 

promising solution with which I was able to identify. I 

continued to refuse a supplementary therapy.

 
As I live in Austria, the first task was to convince my 

health insurance provider to bear the costs or at least 

pay part of them, both of which were refused to begin 

with. It was at this point that I first received very pro-

fessional help from the RPTC, even though I was not 

actually a patient of theirs at this time. After submit-

ting several applications and an additional appraisal 

report, I was finally given the go-ahead and was able to 

commence treatment at the RPTC shortly afterwards.

 

The administrative procedure could not have been 

better organised, and the politeness and attentive-

ness of the persons responsible were totally profes-

sional. The guest house meets every expectation, 

even though renovation work was going on when I 

was having my treatment, but this will certainly be 

finished by now and will not bother any future pa-

tients.

The location of the RPTC and the guest house is also 

perfect, as it is quiet and just a few steps away from 

the meadows along the River Isar, so whether you 

want to go jogging or just take a walk, it could not be 

better.

The specialist medical staff seem to be right up to 

date in terms of developments in radiation therapy, as 

is also true for the facility itself, which is not only very 

impressive technically, but also makes a top-class 

impression in all regards.

 

The treatment itself is totally painless. The only 

downside is being tightly restrained, the bite block 

and mask, although these are not required with every 

form of treatment and certainly should not keep any-

one from undergoing this perfect form of treatment.

 

The side-effects are naturally unpleasant, but are cer-

tainly nothing when compared with the side-effects 

caused by x-ray radiation treatment, and a medical 

assistant is available in the person of Ms. Saric who 

makes every effort to ensure that the side-effects are 

kept to a minimum.

 

My treatment was 100% successful and that is still 

the case today after more than a year. All in all, a 

form of treatment I would absolutely recommend, at 

a proton therapy centre which I would also absolutely 

recommend.

 

I would, however, just like to make two suggestions 

for improvements:

1. As the patients being treated are all cancer pa-

tients, I would have expected a diet specifically pre-

pared for cancer sufferers, not only to cater for those 
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who have already adopted this type of diet, but also 

to acquaint the other patients with it.

2. The side-effects, particularly with treatments in 

the region of the mouth and throat, are very painful 

towards the end of the treatment and patients cannot 

really take in food or drinks. Added to this, one should 

attempt to avoid resorting to a gastrostomy (feeding 

tube) for as long as possible, or even entirely, so as 

not to “forget” how to swallow. For these reasons, it 

would be very helpful to have a doctor on site who 

could administer liquids and, if required, also food, to-

gether with immune system-enhancing and restora-

tive substances intravenously.

To conclude, I can only say in summary that I should 

like to extend my sincere thanks to all those involved 

in the work of the RPTC. I can only hope that many 

more cancer sufferers will find their way to you and 

hopefully likewise be cured by the excellent treat-

ment which you provide.

 

REPORT 8

Indication: Prostatic carcinoma

August 2015: Proton radiation therapy 

Patient's report dated: September 2015

Dear Sir/Madam,

I should be very happy to report on my memorable 

experience as a patient at your clinic, which certainly 

surpassed what one would normally expect from a 

hospital!

I shall only describe a few individual experiences 

which really sum up your clinic as a whole. Your per-

sonnel are really ideally suited for dealing with this 

particular type of situation in life, which very many 

of your patients are probably going through. Everyone 

was extremely friendly, obliging and sympathetic 

to my particular circumstances. All of this made an 

extremely positive impression on me. I only want to 

mention a few individual members of staff, but eve-

ryone at the RPTC contributes to a unique seamless 

mosaic of treatment and cure.

As soon as I arrived at Reception, I was made to feel 

that the staff already knew me personally. Ms. Tsche-

schel made such a good impression on me, which 

stayed with me throughout my entire 5-week treat-

ment. This impression was confirmed by the way 

the medical appointments were organised and con-

ducted by the lady on the first floor: The empathetic, 

personal manner, the feeling of being "taken by the 

hand”, and taking time to explain everything. It was 

almost as if these members of staff had themselves 

experienced these stressful illnesses.

The doctors likewise provided very detailed advice 

and informed me of all the possible outcomes, but 

still exuded the necessary optimism. I would also like 

to mention the lady who was extremely friendly and 

who always got the coffee machine going again with 

an encouraging smile, and who arranged the flowers 

and magazines in the waiting areas.

I would, however, like to give special mention to 

Ms. Balzer and Mr. Nietsch, together with the ladies 

at the “machine”. What a fantastic team! They were 

always humorous and friendly, which helped to dispel 

the inevitable feeling of embarrassment during the 

preparations. Even when the protons refused to do as 

the Team wanted, they always found encouraging and 

humorous words. I almost got to the point of wishing 

that the machine would stop a little longer to allow 

Ms. Balzer and Mr. Nietsch to make more jokes about 

it. The hearty laughter together made every situation 

so much pleasanter.

As you can see, I have become a real fan of your clinic!

So I would like to extend my sincerest thanks to all 

of your staff for these very pleasant five weeks! I will 

always recommend you to others! 
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  Range of tReatments at the RPtC

Overview of tumour groups treated

Central nervous system

Kidney/bladder

Prostate

Skeleton/soft tissues

Chondrosarcomas/

other sarcomas

Various

Cranium/neck

Lung/breast

Pancreas

Other, liver/abdomen

3%

30%

10%
5% 9%

5%

12%

10%

14%

Range of tReatments at the RPtC

August 2015 – Prostatic carcinomas represent the 

most frequent indications at the RPTC, with 800 pa-

tients and over a quarter of all the tumours treated at 

the centre. In addition to the shorter duration of treat-

ment compared with x-rays, what encourages ever 

more prostatic carcinoma patients to choose proton 

therapy is, above all, the improved protection of the 

surrounding healthy tissue and consequent reduction 

in side-effects with the same or greater efficacy. 

At around 380 cases, tumours of the central nerv-

ous system (CNS) form the second most frequently 

occurring tumour group. Here too, the low level of 

radiation exposure in healthy tissue and, in particular, 

the precision which can only be attained with protons 

lead to advantages in treatment when compared 

with x-ray therapy. Important nerve structures can 

be better protected, which in turn means that, on the 

one hand, side-effects (for example, particularly in 

children: impaired intelligence) can be reduced. On 

the other hand, the fact that with protons it is pos-

sible to exclude at-risk structures (such as the spinal 

cord) from irradiation allows treatment in some cases 

where x-rays could not be used due to the high dose 

exposure of precisely these structures. 

At 310 cases, the third largest group comprises 

tumours in the thoracic region. These are predomi-

nantly tumours of the lungs, the numbers of which 

are growing in Germany and across the world, and 

which are expected to become the most frequently 

occurring tumours in the near future. The three- 

dimensional controllability and high precision of pro-

ton therapy mean that it is not only highly effective 

but also offers an unprecedented degree of protection 

for the lungs. Thus, for example, the lung side which is 

Illustration 1: Average distribution of tumours treated at the RPTC.  
These and the following statistics are derived from the first 2,500 patients.



59

Range of tReatments at the RPtC  

Pe
rc

en
ta

ge

Tumour volume in ml

Tumour volumes 

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

–

–

–

–

–

–

– – – – – – – – – – – – – – – – – – – – – –

0
 –

 5
0

50
 –

 1
0

0

10
0

 –
 1

50

15
0

 –
 2

0
0

 

20
0

 –
 2

50
 

25
0

 –
 3

0
0

 

30
0

 –
 3

50
 

35
0

 –
 4

0
0

 

4
0

0
 –

 5
0

0
 

50
0

 –
 6

0
0

 

60
0

 –
 7

0
0

 

70
0

 –
 8

0
0

 

8
0

0
 –

 9
0

0
 

90
0

 –
 1

0
0

0
 

10
0

0
 –

 1
50

0
 

15
0

0
 –

 -2
0

0
0

 

20
0

0
 –

 2
50

0
 

25
0

0
 –

 3
0

0
0

 

30
0

0
 –

 3
50

0
 

>
 3

50
0

 

Mean 254 ml
Minimum 1 ml
Maximum 5654 ml

not affected by the tumour can usually be completely 

protected, which is not possible with x-ray therapy. 

Metastases can also be treated effectively in many 

cases due to the high level of precision and three- 

dimensional controllability. 

The number of cases involving pancreatic carcinomas 

and extracranial chordomas and chondrosarcomas 

also continues to grow. The improvements resulting 

from proton therapy with the scanning technique in 

the treatment of pancreatic carcinomas are reflected 

in the outcomes of around 140  cases of radiation 

therapy. The advantages of proton therapy are also 

evident in the treatment of extracranial chordomas 

and chondrosarcomas. The treatment is extremely 

well tolerated by patients and does not have any 

significant side-effects. As is also demonstrated by 

clinical studies, the outcomes of proton therapy for 

these tumours are far superior to those achieved 

with x-ray therapy. A study1 with 64 patients who 

underwent treatment shows, after a median follow-

up of 38  months, a control rate of 81% for chordo-

mas and 95% for chondrosarcomas, with minimal 

Performance parameters 

Total number of tumour radiation 
treatments completed*

3,410

Total number of fractions 53,450

Total number of beam directions 
(fields)

116,521

Total number of single dose- 
controlled scanning spots

288,505,996

Smallest target area treated 1 ml

Maximum tumour volume treated 5,654 ml

Illustration 2: Overview of relevant performance parameters over 
the entire period of operation of the RPTC. 

Illustration 3: Frequency distribution of the tumour volumes of patients treated at the RPTC  
(statistics for the entire period of operation).

1) Ares C., et al.: Effectiveness and safety of spot scanning proton radiation therapy for chordomas and chondrosarcomas of the skull base:  
first long-term report. Int J Radiat Oncol Biol Phys. 75 (2009) 1111-1118

* including multiple-target radiation treatments
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toxicity. Another study2 demonstrates a 100% local 

control rate, again with minimal toxicity, in children 

and adolescents treated with the same technique. 

When compared with proton therapy, the outcomes 

achieved by x-ray therapy are markedly inferior: 

5-year progression-free survival only 23%3. The out-

comes of the treatment of chordomas by stereotactic 

x-ray radiosurgery are also disappointing: 30%-50% 

local 5-year control rate.4, 5 

In its first year, the RPTC operated with just one of 

the four gantries and treated 300  patients. In the 

meantime over 3,000 patients from 44 nations have 

been treated. The patients benefit from the very lat-

est proton methodology currently available, namely 

proton scanning. In this technique, the point-shaped 

proton beam acts like a paintbrush, filling the area of 

the tumour with the optimum dose point-by-point, in 

a similar way to “dot painting”. This high-precision 

placement of the dose in the tumour means that scat-

ter is minimised. The growth of the tumour is thus ar-

rested and surrounding healthy tissue is afforded the 

best possible protection. The RPTC has more experi-

ence of employing this method than any other proton 

therapy centre in the world (Illustration 2). This level 

of precision also means that both the smallest and 

very large tumours can be ideally treated with radio-

therapy (Illustration 3).

The number of individual treatments depends on the 

indication and is determined from the therapeutic 

dose, the dose tolerance of the surrounding tissue 

and the speed at which the cells (both tumorous 

and healthy) regenerate in each case. The number of 

fractions applied at the RPTC is based on established 

therapy protocols from the realm of protons and 

photons, with the dose being converted in the case of 

the latter by using the usual 1.1 factor for protons (Il-

lustration 4). In order to afford even better protection 

for at-risk organs, radiation therapy is administered 

from several directions (fields) (Illustration 5). For 

the number of scanning spots see Illustration 6.

Illustration 4: Frequency distribution of the number of fractions administered at the RPTC  
(statistics for the entire period of operation).

2) Rutz H. P., et al.: Postoperative spot-scanning proton radiation therapy for chordoma and chondrosarcoma in children and adolescents: initial experience at the Paul 
Scherrer Institute. Int J Radiat Oncol Biol Phys. 71 (2008) 220-225; 3) Zurlu F., et al.: Conventional external radiotherapy in the management of clivus chordomas with 
overt residual disease. Neurol Sci. 4 (2000) 203-7; 4) Debus J., et al.: Stereotactic fractionated radiotherapy for chordomas and chondrosarcomas of the skull base. Int 
J Radiat Oncol Biol Phys. 47 (2000) 591-596 5) Krishnan S., et al.: Radiosurgery for cranial base chordomas and chondrosarcomas. Neurosurgery 56 (2005) 777-784
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Illustration 6: Frequency distribution of the number of spots into which the tumours treated at the RPTC have been 
subdivided (statistics for the entire period of operation).
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Illustration 5: Frequency distribution of the number of beam directions (fields) used at the RPTC  
(statistics for the entire period of operation).
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IMPROVEMENT IN RADIATION THERAPY FOR  
BREAST CANCER 

In the treatment of female breast cancer, the trend to-

day is towards breast-conserving surgery. This means 

that the tumour is removed, but the breast is not am-

putated. This operation should normally be combined 

with follow-up radiation therapy of the operated area, 

covering both the surgical site itself and also the lymph 

drainage channels, which predominantly extend to the 

armpit on the same side. However, it is often neces-

sary to also treat lymph nodes which lie just within the 

sternum, along small arteries flowing there.

If, as is still usually the case today, radiation therapy 

is administered using x-rays, then penetration of the 

lung and, when treating the left breast, of the heart 

cannot be avoided. Women undergoing radiation 

therapy for cancer of the left mamma correspondingly 

display not only lung damage but, above all, vascular 

damage to the coronary vessels, such as is otherwise 

only found in men or in people who smoke. This in-

creases the danger of heart attack as much as 4- to 

7-fold.1, 2, 3, 4

The three-dimensionally controllable proton beams 

avoid such complications arising. Ever since the RPTC 

opened, our aim has been to introduce postoperative 

radiation therapy of the mamma for breast cancer. 

However, our medical physicists, in particular, en-

countered problems in guaranteeing the usual high 

level of precision of targeting. The irradiated area 

should ideally extend continuously from the highly 

mobile mamma into the lymphatic drainage areas in 

the direction of the armpit or sternum without any 

gaps or overlapping of the irradiation zones.

We were able to achieve this successfully, but to date 

only in the case of a few, small breasts with strong 

connective tissue which did not change shape or 

move in a supine position.

The new developmenT

Our new technique now ensures precision. The patient 

lies on her back in one of our immobilising vacuum mat-

tresses, as usual. In order to avoid pain occurring in the 

area being operated on, the patient's arms are adducted. 

What is new is a movable, adjustable lever (for each 

side which is to undergo radiation therapy) mounted on 

the base plate. At the tip of this arm, a small suction cup 

secures the mammilla of the affected side without any 

discomfort. The lever is used for targeted CT diagnostic 

investigations and likewise during irradiation. The posi-

tion of the breast is now sufficiently fixed. 

The other crucial innovation is that, in addition to 

the millimetre-sized golden mini-spheres which the 

surgeon has injected into the mamma so as to mark 

his area of operation, a further two small golden 

particles are introduced near the efferent lymphatic 

channels. Our x-ray-assisted targeting systems at the 

treatment site, which are automated but also moni-

tored by a technician and a physician, now check that 

the mamma is not displaced in relation to the small 

golden spheres which are inserted near the osseous 

skeleton and which act as markers for the lymphatics. 

The retaining lever usually excludes any displacements 

from occurring. If the positions are still not in align-

ment, the technical assistant corrects the position of 

the mamma after an alarm has been triggered by the 

computer-assisted analysis of the position of the afore-

mentioned markers. We are then able to apply radiation 

therapy precisely and continuously from the operating 

site into the lymphatic pathways still requiring such 

treatment in the same session within 2 minutes, while 

also protecting the lung and the heart.

An oncologically sound form of treatment without any 

fear of side-effects or heart attacks being triggered.  

1) Elizabeth S. Evans., et al.: Impact of patient-specific factors, irradiated left ventricular volume, and treatment set-up errors on the development of myocardial 
perfusion defects after radiation therapy for left-sided breast cancer. Int J Radiat Oncol Biol Phys. 66 / 4 p. 1125;
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2) Sarah C. Darby, et al.: Risk of ischemic heart disease in women after 
radiotherapy for breast cancer. N Engl J Med 368 / 11 p. 987
3) Nilsson et al.: Distribution of coronary artery stenosis after radiation 
for breast cancer, J Clin Oncol. 2012 Feb
4) Hooning et al.: Long-term risk of cardiovascular disease in 10-year 
survivors of breast cancer. J Natl Cancer Inst. 2007 Mar

It has taken us a long time to develop the equipment 

and software support required for this advance in 

treatment, and we now hope to make it accessible to 

as many female patients as possible.
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SAFETY AND RELIABILITY OF PROTON SCANNING THERAPY

Without any doubt, all the familiar and effective tu-

mour therapies cause anxiety for the patient who has 

to undergo them. And there are reasons enough for 

concern – whether risks, side-effects and possible 

errors in the case of surgery; impairment of general 

well-being in return for only temporary benefits with 

chemotherapy; or possible errors and side-effects in 

the case of radiation therapy. We would like to pro-

vide you with an overview of what we do at the RPTC 

to ensure the treatment you receive is safe and reli-

able. Indeed you could almost say the team at RPTC is 

obsessed with safety, and this is reflected in the way 

the facility is designed. The reasons are to be found 

in the innovative nature of the technology, which also 

attracts criticism from various parties who see their 

therapeutic monopolies threatened. Furthermore, 

statutory documentation requirements developed 

for the comparatively “scattergun” x-ray technology 

are now being applied to the microscopic “pinpricks” 

of proton scanning technology. In the case of very 

large tumours, with twenty repetitions of radiation 

treatment, there can be 35,000 individual irradiation 

spots, for each of which the localisation and individ-

ual dose has to be recorded. In addition to which, we 

enjoy the challenge of administering a pin-point irra-

diation therapy technology with millimetre accuracy. 

Let us Look at the individuaL 
safeguarding steps:

Examination of the tumour. We treat patients in 

whom a tumour has already been diagnosed. This 

always requires a cellular, microscopic examination, 

known as histology. It is obtained by means of needle 

puncture, which may be performed by the physician 

who provided the original diagnostics. We usually re-

ceive enquiries about treatment together with copies 

of the patient's medical history, findings and, most 

importantly, DVDs of the CT and MRI cross-sectional 

images, which provide details of the general localisa-

tion of the tumour. A preliminary examination of the 

documents received is then carried out before contact 

is established with the patient. Our radiation oncolo-

gists, with their expert knowledge of protons, decide 

whether radiation therapy with proton scanning can 

basically provide help in treating the particular condi-

tion. The most frequent reason for refusal is unfor-

tunately the presence of multiple metastases. Some 

metastases, in contrast, can be treated together with 

the tumour or separately, resulting in at least an ex-

tension of life expectancy or supplementing and im-

proving a prescribed course of chemotherapy. 

If, on the basis of the preliminary examination, treat-

ment is agreed with the patient, then all this informa-

tion, including the cross-sectional CT and MRI im-

ages, and also the written findings, are electronically 

recorded and stored with us under an identification 

number, together with the patient’s family name, 

first name and date of birth. All the data received can 

therefore be accessed at any time, while also assuring 

optimum data protection.

All of this is possible because the RPTC is an “elec-

tronic” hospital, that is to say all documentation is 

electronically scanned in. The decision to establish 

this structure was not taken merely to follow the cur-

rent fashion. In fact, storing every conceivable item of 

patient data electronically was a necessity because, 

as already indicated, documentation is required by 

the authorities for every single one of the thousands 

of repeated radiation treatment points in the tumour 

performed with proton scanning. This could, of 

course, only be handled electronically, but also pro-

vides a great advantage in terms of quality control 

within our institution. 

Patient identification. Both our in-house diagnostic 

investigations and the radiation therapy itself are only 

undertaken subject to assured personal identification 
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of the patient: not just by means of date of birth and 

name ¬ a third of our patients come from abroad ¬ 

but also by two further safeguards. Each patient is is-

sued with a wrist bracelet with a personal barcode, 

which has to be scanned for every diagnostic or 

therapeutic measure. At the same time, we produce a 

portrait image, which in turn has to be compared for 

each such activity, particularly for radiation therapy 

(Illustration 1).

Exclusion of metastases. In all cases, a search for 

metastases is initiated, which is not general practice 

in other institutions, but which typifies the approach 

to treatment safety at the RPTC. Each patient un-

dergoes a special MRI examination that can cover a 

body length of 180 cm, and therefore almost always 

encompasses the entire body. It clearly makes no 

sense to treat a tumour, but to overlook metastases. 

Proton scanning concentrates the radiation beam in 

the target area, while the electronic beam control 

utilised at the RPTC renders templates superfluous. 

This has the advantage that several metastases can 

be treated at the same time as the tumour or sepa-

rately. Thus in the treatment of the liver, for example, 

the RPTC is able to utilise the fact that, as laid down 

internationally, only 750 millilitres of the liver's total 

volume of approximately 1,200 to 1,800 millilitres 

must remain free of radiation. It is a unique feature 

of the treatment method used at the RPTC that this 

requirement can still be met even if, in extreme cases, 

up to eight individual liver metastases are irradiated. 

It should be re-emphasised that this can only be ac-

complished with proton scanning and not with any 

other procedure. 

In any case, we attempt to ascertain the presence 

and number of metastases in all circumstances. With 

many suitable carcinomas, positron emission tomog-

raphy (PET) is also employed in-house. This complex 

isotope method uses a combination of computed 

tomography for localisation and isotope enrichment 

for detecting metabolic activity of the tumours. In the 

case of lung cancer, approximately 20% more metas-

tases are routinely discovered in this way than with 

other diagnostic investigation methods. At the RPTC, 

around 50% of all patients have been examined using 

this PET method to date, while in many other insti-

tutes, use of this complex method is still zero even 

today. In the case of patients with statutory health 

insurance, this diagnostic investigation, like all oth-

ers at the RPTC, is contained in the lump-sum price 

paid by the health insurance companies. The PET 

CTs are partly performed in-house. However, some of 

the isotopes required are not yet licensed for sale in 

Illustration 1: Treatment monitoring. 
The illustration shows the (anonymised) 
screen display on the control station of the 
respective radiation therapy position dur-
ing the treatment of individual patients. 
The patient has been identified by barcode 
and (concealed in the illustration) their 
portrait and name. The radiation therapy 
settings and dose accumulation are dis-
played continuously at the control point.
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can also stop the treatment, which lasts 60-120 sec-

onds, at any time by pressing a “panic button”. The 

patient is also continuously video-monitored while 

the radiation therapy is being administered. In the 

case of radiation therapy in the head region, we use 

an upper jaw impression which, whilst it is made by 

us, corresponds to dental methods. The impression is 

mounted on a small stand and provides stabilisation 

for the head in addition to the mattress. This method 

also works with a toothless upper jaw. Here again, a 

small suction device operates which would register 

any attempted movements and cause the radiation 

therapy to be switched off. In a few cases in which 

this stand would be in the way of the beam, we use 

net masks which are customised to fit the patient's 

head. All these immobilisation measures are in turn 

identified with barcodes for the patient and are kept 

available in our store during the entire course of treat-

ment. 

Immobilisation with anaesthesia. Immobilisation 

with anaesthesia is used for two entirely different 

reasons: With small children undergoing radiation 

therapy, whom we very often treat for brain tumours. 

However, even very young patients – who have usu-

ally also undergone chemotherapy previously and 

have an amazingly good understanding of their ill-

ness – cooperate extremely well, which means that 

anaesthesia can often be replaced by sedatives. 

Anaesthesia is also used in patients with lung carci-

nomas or a carcinoma or metastases of the liver. Both 

these organs move during the respiratory cycles from 

a central position up to one and a half centimetres up-

wards or downwards. Attempts to administer radia-

tion therapy only in the interval between two breaths 

have not proven to be successful: Patients do not 

breathe in a calm and even manner in such a stress 

situation. The position of the breathing mechanism 

would then not be fixed precisely enough for radia-

tion therapy to be employed. In addition, the duration 

of treatment would be extended. Instead, patients 

receive a very light anaesthesia (as radiation therapy 

is, after all, pain-free). Intubation or a laryngeal mask 

are used for endotracheal anaesthesia with apnoea 

(cessation of breathing). By oxygen preventilation, 

Germany (!), so we have to arrange for the PET CT 

to be conducted at the Technical University Munich 

(TUM), which has a small accelerator for manufac-

turing the short-lived isotopes itself. Altogether, this 

means that the patient is afforded optimum treatment 

efficacy: simultaneous chemotherapy of the detected 

metastases, additional radiation therapy, or we are 

able to inform the patient that he or she has no de-

tectable metastases.

Expert discussions: Tumour boards. If critical ther-

apy questions arise prior to or during preparation of 

the radiation therapy plan, and in any case after the 

individual plan has been drawn up, the patient’s case 

is presented at our in-house Tumour Board. Here the 

expertise of the doctors and medical physicists di-

rectly involved in delivery of the treatment is brought 

together with the expert opinions of the other col-

leagues working within the institute, including diag-

nosticians, the anaesthetist involved in some cases, 

an oncologist who is responsible for any chemother-

apy, and visiting specialists, such as urologists. The 

less routine the individual treatment measure, the 

more protracted are the discussions, which often lead 

to follow-up diagnostic requirements or to changes 

being made to radiation therapy plans. 

Immobilisation. The most interventional measure for 

the patient is immobilisation! The radiation therapy 

itself cannot be felt. Prior to the target diagnostic in-

vestigation, as later for the radiation therapy, the pa-

tient lies down in a special bed consisting of a vacuum 

mattress (you may have seen one of these being used 

by the emergency services). This mattress consists of 

a two-metre long flat pouch filled with small plastic 

balls. The patient, dressed in a nightgown, is placed 

into the mattress, which is slowly evacuated and at 

the same time moulded to the patient's body. The 

mattress becomes hard, but is still comfortable due to 

the adaptation to the contours of the body. For many 

tumours, for example in the body, this immobilisation 

is sufficient. The patient is covered with a thin foil 

which is sucked against the patient's body by means 

of an air pump. If the patient moves, the changes in 

pressure under the foil are registered immediately 

and the radiation therapy is interrupted. The patient 
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nitrogen is flushed out of the pulmonary alveoli. Then 

oxygen is continuously insufflated during the period 

when breathing is arrested, which in any case only 

lasts up to two or three minutes due to the fast ir-

radiation with the proton system. Thus, no oxygen 

deficiency whatsoever occurs: the patient actually 

receives more inflowing oxygen, which is directly 

transported away by the blood, than with spontane-

ous breathing. A slight build-up of CO2 occurs, which 

is then washed out again immediately afterwards by 

the first breaths. We have verified the physiologi-

cal safety of the procedure.1 This apnoea radiation 

therapy method has in the meantime been adopted 

by other proton facilities in the USA. It prevents the 

lung or liver suffering radiation damage beyond the 

target irradiation fields due to movements, which is 

important precisely for retention of lung function. It is 

in fact the most reliable targeting procedure.

Diagnostic procedure. RPTC is committed to provid-

ing treatment for patients from around the world, and 

we employ our equipment to fill any diagnostic gaps 

still existing when patients are referred to the centre. 

In doing this, we work in partnership with various spe-

cialist institutions, urologists, surgeons and others. 

This gives rise to standardised diagnostic and treat-

ment procedures, which are occasionally modified 

and in part repeated, (Illustration 2, see page 68). 

Target diagnostics. The actual target diagnostics 

in the area of the tumour has to be undertaken in-

house by means of CT, which is integrated with the 

radiation equipment for data retrieval. At those sites 

where computed tomography alone cannot depict 

the tumours precisely enough – most often in the 

brain enclosed in the osseous skull, in the naso-

pharyngeal area or, for example, in the liver – we also 

produce a targeted MRI image, which is then com-

bined (overlaid) electronically with the CT image. In 

this localisation diagnostics, our obsession with mil-

limetre precision in radiation therapy comes to the 

fore. Commercially available computed tomography 

systems are not precise enough for us! For example, 

we had to install special supports to ensure that the 

carbon plate which supports the patient does not 

bend and cause displacement of the apparent tumour 

positions. The basic data for planning the radiation 

therapy are gained from the localised CT scan of the 

tumour and surrounding area. This scan is used to 

precisely localise the tumour in relation to the osseous 

surrounding area or to millimetre-sized gold markers 

inserted by punctures.

The CT also records the braking effect which the vol-

umes of healthy tissue lying in front of the tumour ex-

ert on the speed of the protons. This is used to adjust 

the proton energy, that is to say speed, which is set 

so that the maximum of the radiation dose, referred 

to as the Bragg Peak, can be directed precisely into 

the tumour. Calculating the depth of penetration of 

the protons – their ability to be targeted in a three-di-

mensional manner – is only made possible by means 

of this CT examination.

Special preparations. When anaesthesia procedures 

are employed, the typical anaesthesia laboratory di-

agnostics and history taking are naturally added to 

the other preparations. In the case of tumours affect-

ing organs which have a certain mobility, such as the 

prostate, three tiny gold rods measuring 1 millimetre 

in diameter and 2 millimetres in length (fiducial mark-

ers) are injected with needles into the prostate, in this 

case by a urologist, proceeding from the perineum. 

They remain in place. They allow these tumours to 

also be localised precisely and reliably in the targeting 

procedures outlined below. Likewise with prostatic 

tumours, it is possible to keep the anterior wall of the 

rectum, which directly adjoins the gland, away from 

the radiation by injecting a gel-like substance, known 

as a “spacer”, which is absorbed again without any 

consequences in the weeks following the radiation 

treatment. This technique developed in the USA 

means that the rectum is forced back somewhat and 

the prostate is forced forward. This procedure reliably 

prevents exposure of the anterior wall of the rectum 

to the radiation administered to the prostate and the 

consequent risk of bleeding, which though not dan-

gerous is nevertheless undesirable. This effect can 

also be partially achieved by the introduction of a 

rectal balloon for the period of the individual radiation 

therapy sessions. 
1) Eckermann M., Hillbrand M., Bachtiary B.: Process support through anaesthesia ¬ proton radiation therapy with apnoea.
DAC (German Anaesthesia Congress), Düsseldorf, May 2015
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is not yet fully enforced in Germany: of all external-

beam radiation therapies, proton scanning is the only 

one which largely concentrates the radioactivity to 

the target area, to the tumour. In contrast, with all x-

ray-based procedures, even the most up to date (Cy-

berknife, IMRT, tomotherapy, Rapid Arc), three to five 

times more scattered radiation impacts the healthy 

tissue compared with proton scanning, or even com-

pared with the effective dose of x-rays in the tumour 

itself! Implementation of the law, meaning the aban-

doning of x-ray radiation, is currently the subject of 

intense debate, which is overlain with many economic 

interests. In any case, the Radiation Protection Ordi-

nance lays down (Art. 81 (3), StrlSchV) that radiation 

must be reduced in healthy tissue, and that this must 

be taken into account in each individual case by the 

person administering the treatment (Art. 80, StrlS-

chV). In other words, only minimal radiation, outside 

the tumour, may be employed, and this must also 

be documented in writing for each individual case. 

Proton scanning is today the only radiation treatment 

method which meets these requirements and thereby 

actually reduces the side-effects (radiation damage), 

without any disadvantages compared with x-ray  

No special preparations are required for the radiation 

therapy itself. Cardiac pacemakers located outside 

the irradiation area are not affected. Individual hip 

joint prostheses do not interfere with irradiation of 

the prostate, and allowance can be made. Prostheses 

on both sides, however, do represent a problem, as 

this prevents proton radiation being administered to 

the prostate.

Statutory safety requirements for therapy planning. 
Not least under the impact of Chernobyl, long-stand-

ing fears about radioactivity, or indeed any form of 

ionising radiation, have intensified. Linked to concerns 

about environmental protection, a Radiation Pro-

tection Ordinance (StrlSchV) was appended to the 

Atomic Energy Act in 2001. This covers both nuclear 

power stations and medical treatments with radiation, 

the latter in separate paragraphs of their own. The Or-

dinance was revised in 2011, and in 2014 was adopted 

as German text in the corresponding EU Directive. It 

abandons the old idea that low levels of radio activity 

are harmless, or even healthy, and imposes an  

absolute minimisation of radiation doses, including 

for patients, that is to say cancer sufferers. The law 

Illustration 2: Schematic diagram of proton treatment. The radiation part is repeated.

schematic diagram of proton treatment at the
rinecker proton therapy Center

Saving of findings 
received ¬ Decision on 
proton suitability

Consultation, review of 
available diagnostics, 
histology 
Prelim. decision on 
treatment

Staging exam
MR, PET CT

Further diagnostics,
anaesthesia preparation
Angiography, ultra-
sound, endoscopy

Second consultation 
Definition of treatment
(curative, palliative, 
further diagnostics)

possibly possibly

2 days2 days
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traditional methods which can be optimised for the 

patient, or at least designed to be even shorter and 

even more free of side-effects. We will only be able to 

apply the full advantages offered by proton scanning – 

the hugely reduced treatment times – in studies which 

first have to be approved (see the chapter on studies).

“Eight-Eyes” principle at the RPTC. As can be seen 

from the aforementioned Standard Operating Pro-

cedures, (Illustration 3, see page 70), treatment 

planning is already conducted on the dual-control 

principle. Two radioonkologists have to sign off, but 

their approval, entered in the electronic system using 

iris recognition to confirm their identity, is not enough 

by itself. First, the physicians – radiation oncologists, 

and proton therapy specialists – establish the target 

area, dosage and “organs at risk” to be protected, 

both in writing and graphically on the basis of CT 

cross-sectional images. Then two accredited medical 

physicists with proton expertise set about optimising 

the individual irradiation fields (radiation directions). 

This is an interactive process employing computers 

with special proton scanning software. If differences 

of opinion emerge, regular consultations are held and 

radiation. This having been demonstrated in the more 

than 130,000 patients worldwide who have under-

gone proton therapy.

Safety aspects of our operating licence. The operat-

ing licence awarded to the RPTC in 2009 is based on 

these statutory safety regulations. It specifies how 

radiation therapy is to be administered. The guiding 

principle was that only proton radiation therapy pro-

cedures which have already been published (mainly 

originating from the USA) are allowed to be used, or 

that proton therapy must not exceed the exposure 

dose of conventional x-ray procedures in healthy tis-

sue, which it does not due to the better dose distribu-

tion achieved with protons.

A special feature of radiation therapy is that, accord-

ing to the law (Art. 82 (3), StrlSchV), a systematic 

procedure must be recorded in writing for frequently 

occurring cases. The RPTC acts accordingly, see the 

chapter on Standard Operating Procedures from page 

76 onwards or an extract given here (Illustration 3, 

see page 70). However, these provisions do, to a cer-

tain extent, restrict the RPTC and proton scanning to 

Immobilisation
(Mould construction etc.)

Tumour targeting,  
CT always, MRI sometimes 
(poss. under anaesthesia, 
e.g. paediatric)
Treatment planning by doctor
Determination of treatment

Final medical exam

Care,
intermediate  
discussion/exam

Mould recycling

Proton
radiation

Statistics, medical 
report, Forwarding 
of findings

2 days5-6 days per week

3-30 times
depending on 

tumour
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spatial reference to the supporting plate of the pa-

tient platform, the system “knows” the rough position 

of the tumour in the radiation device (gantry) and 

moves the patient platform into the correct position.

A computer-assisted double x-ray device integrated 

in the gantry – an enhanced system patented by the 

RPTC – automatically compares the position of the 

osseous area surrounding the tumour with target 

images calculated on CT data for the same aspect. 

Then, the system automatically compensates for any 

deviations of the two pictures by adjusting the plat-

form position (in all 6 degrees of freedom) until the 

x-ray images and CT images overlap. The overlapping 

is then checked by a medical technician or a doctor. 

Accuracy ± 1 mm.

Reliability of the facilities. The complexity of this 

facility, and particularly its software, is comparable 

to a modern, computer-controlled passenger airliner. 

There are, however, two key differences. The designers 

the physicists indicate how the treatment could still 

be optimised further. The Tumour Board is available 

for any further joint discussions, if required. This 

means that every treatment plan bears four signa-

tures! Only then is a final “signature of approval” 

added by a proton-certificated physician..

A further safeguard is built into the computer soft-

ware itself. It will only accept plausible work com-

mands, for example only certain maximum dosages, 

otherwise the planning is rejected. The same also 

applies to a minimum and maximum number of ses-

sions. These at least form control measures which 

would eliminate grave mistakes. For us, this means 

that with these safety procedures, “eight-eyes” prin-

ciple and computer software restrictions, we have a 

triple safeguard in place, which makes any incorrect 

dosage inconceivable as far as humanly possible. 

Targeting in the radiation device: As the CT visu-

alisation of the tumour was already performed with 

6.3.14 Conducting proton therapy  
(Version as at 02.03.2015)

The indication for proton therapy and the prescribing for the proton 
scanning system are always undertaken jointly by two physicians 
employed by the Center who are licensed radiation oncologists and 
one of whom is an expert in proton therapy. The indication is signed 
by these two physicians and each case is discussed in a Tumour Board 
meeting.

The radiation therapy plan is jointly compiled by two medical physi-
cists, one of whom is an expert in proton therapy, and the attending 
physician.

The following specifications regarding therapy using the proton scan-
ning system, based on the operating licence dated 02.03.2009, in-
cluding the appended letters from Dr. Brix dated 27.10.2003 and from 
Dr. Weiss dated 09.11.2004 and 05.07.2005 (see there if required) 
must always be observed. The operating licence is based on the Ra-
diation Protection Ordinance dated 04.10.2011 in the latest version of 
Art. 6, 80 and 81, which introduces dose limits for human medicine 
in accordance with Art. 11, StrlSchV (see there if required). In detail: 

1. indication and therapy: Indication and therapy plans which do not 
accord with the provisions cited here may only be implemented within 
the framework of studies complying with Art. 23, 24. They are not 
permitted within the framework of medical practice.

2. Compassionate use: Compassionate use is only permitted on an 
individual basis in special cases if no alternative forms of therapy, with 
radiation or other therapy procedures, are available. They are to be 
justified and documented in each individual case; the nature of the 
compassionate use must be explained to the patient.

3. proton protocols: Proton therapy “can be administered within the 
framework of health care if established protocols (indication and ther-
apy plans) are applied for the proton therapy” (Text from Appendix to 
the operating licence).

4. equivalent x-ray protocols: Alternative administration of proton 
therapy is permitted if “steps have been taken to ensure that indica-
tion and therapy plan are in accordance with conventional radiation 
therapy using photon radiation, particularly with regard to overall 
dose, daily dose and fractionation (an RBE of 1.1 should be assumed).” 
(Text in the Appendix to the operating licence).

Illustration 3: Example of safety specifications. Extract from one of the Standard Operating Procedures

extract from the standard operating procedures at the rptC
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of this innovative facility chose to make the number of 

parameters individually monitored significantly larger 

than is the case with an aircraft: several thousand 

measurements are automatically checked continu-

ously, e.g. at intervals of milliseconds to seconds. False 

alarms in the first weeks of operation led to therapies 

being unnecessarily interrupted on numerous occa-

sions, but these have been successfully minimised 

over the first five years of operation. The second, 

unavoidable problem is to be found in a further dif-

ference compared to an equally complex aircraft: the 

redundancy (doubling) usual with the latter basically 

cannot be achieved with such radiation therapy fa-

cilities. It is true we have four gantries available, and if 

one of these therapy positions is out of order, patients 

can be treated at another one. The beam source and 

considerable parts of the software cannot, however, 

be duplicated. No further technical development will 

change this situation either. What the accumulated 

experience at RPTC has brought about is a continu-

ous optimisation of the stock of what are usually small 

Definition of “equivalence”.

a) Minimum dose constraint: The overall tumour dose within the 
target area (PTV) is to be determined while taking into account the 
conversion factor of 1.1 and must correspond with at least the onco-
logically effective dose in approved x-ray procedures in order to justify 
the use of proton therapy.

b) Maximum dose limitation in healthy tissue: In healthy tissue (“out-
side the target area”, Art. 81 (3), StrlSchV), the doses, taking into 
account the conversion factor of 1.1 to x-rays in the overall treatment 
administered (total local dose), must not at any site or in any organ at 
risk exceed the doses administered with approved x-ray procedures in 
the entire radiation area outside the target area. The underlying prin-
ciple here is that, typically for proton therapy, the volume of the entire 
radiation area is less than the volume of the entire radiation area with 
approved x-ray procedures in order to justify the use of proton therapy.

c) Daily local dose restrictions in healthy tissue: Daily local doses 
in healthy tissue are also to be kept below those of approved x-ray 
procedures as a general rule. Despite the more favourable dose dis-
tribution with proton scanning, the number of fractions necessitated 
by the limitation of the daily dose can lead, in radiobiological terms, 
to a high overall local dose in healthy tissue which is avoidable with 
proton scanning. This would conflict with the requirement for dosage 

minimisation (Arts. 6, 80, 81, StrlSchV), according to which the current 
state of the art must be taken into account (Art. 6 (2)). Under these 
circumstances, a reduction in daily local doses must be achieved by 
increasing the number of beam directions (fields) within the framework 
of multiple-field x-ray procedures. If adherence to the dose limitation 
for daily local doses cannot be observed, or only partially, in this way 
either, then daily local doses can only be revised upwards within the 
level of published hypofractionation x-ray procedures and only up 
to a maximum of 50% of the percentage undershooting of the over-
all local dosage typically achieved with protons in comparison with 
x-ray procedures. If further data (literature) are available, then this 
percentage rate is to be modified according to the alpha/beta values.

d) Equivalence to multiple-field procedures: With ongoing develop-
ment of x-ray methodology, multiple-field procedures (more than four 
fields with IMRT, IMPT, Cyberknife, Tomotherapy, Rapid Arc or such 
like), could take the place of procedures with lower numbers of fields as 
approved procedures. It must then be ensured that the daily local doses 
integrated over the entire healthy radiation area adhere to the limita-
tions as laid down in c) above when compared with the overall local 
dose in healthy tissue with approved x-ray procedures. The attending 
radiation oncologist and the medical physicist must individually assess 
the lower local dose, in percentage terms, that is typical with multiple-
field procedures against the parallel increase in the irradiation volume, 
likewise in percentage terms. 

replacement components, allowing at least for opera-

tion to be resumed more quickly. 

The overall level of reliability achieved in relation to 

interruptions in administering treatment, as meas-

ured by completion of the daily schedule, is currently 

at 98.7%. This is certainly satisfying for every techni-

cian, and fortunately very few patients are affected by 

waiting times.
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THE RPTC wORkS wITH THE SwISS CENTER FOR  
PROTON THERAPY AT THE PAul SCHERRER INSTITuTE 
TO DElIVER FIRST-ClASS MEDICAl CARE

At the Paul Scherrer Institute (PSI) in Switzerland 

(Department of Radiation Oncology under Prof. Dr. 

D. C. Weber) – as at the RPTC in Munich – cancer pa-

tients are treated with protons by the scanning tech-

nique. The recently initiated exchange of knowledge 

and experience between the two centres makes good 

sense in view of the similarity of radiation methods 

they employ.

The collaboration was initiated by the case of a 66-

year old male patient who was suffering from a recur-

rence of a chordoma in his lumbar spine. A diagnosis 

had already been made in 2013, and the patient first 

underwent surgery. A fixation holder made of stain-

less steel was implanted at that time in order to 

achieve stabilisation of the spine. 

A recurrence of the tumour occurred two years  

after the operation. This had spread along the spinal  

canal and was causing severe pain. Another operation 

was performed, in which the tumour was completely  

removed macroscopically.

Follow-up radiation therapy was urgently required 

due to the high risk of renewed tumour growth despite 

the extensive surgical treatment. As this meant very 

high doses of radiation were required in the vicinity of 

at-risk organs, such as nerve tracts and intestines, the 

patient had to undergo treatment with protons. 

The problem which now emerged was that the 

metal used to stabilise the spine caused artefacts 

to appear in the CT. This rendered it technically  

impossible to calculate precisely the targeting of the 

proton beam. 

Dr. R. Schneider, head radiation oncologist at the PSI, 

therefore proposed partially replacing the stabilising 

steel with plastic (full-carbon). This operation was 

then conducted in the Neurological Department of 

the Klinikum Ingolstadt hospital. 

This meant that it was now technically possible to ad-

minister proton therapy. The target volume was estab-

lished at the RPTC in collaboration with the PSI, and the 

irradiation schedule was calculated. The highly devel-

oped calculation and targeting procedures employed at 

the RPTC enabled targeting to be undertaken despite 

posterior stabilisation of the spine with one vertebral 

body being replaced by carbon (Illustration 1). The  

radiation therapy was administered at the RPTC.

The collaboration between the RPTC and the PSI 

meant that the patient could be treated successfully 

at the RPTC in Munich. 
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Illustration 1: Computed 
tomography reconstruc-
tion of the damage to the 
lumbar vertebral column 
caused by the recurrence 
of the chordoma: Blue 
Implants of the posterior 
stiffening of the spine, with 
the screws in the vertebral 
bodies shown in outline. 
Red The carbon column 
replacing the third lumbar 
vertebra, which had been 
severely degraded by the 
tumour. Green (dashed) 
The overlapping high-dose 
area of the proton radiation 
therapy. The tumour region 
itself is not represented in 
this image for the sake of 
clarity. The outcome is a 
fully treated tumour and a 
patient who is able to walk 
and is largely free of pain.
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FOr phySicianS –  
Our Standard Operating prOcedureS

SOP fOr brain tumOurS

1. PurPOSe

This Standard Operating Procedure (SOP) describes the diagnosis 
and treatment of brain tumours at the Rinecker Proton Therapy 
Center (RPTC):

2. area Of aPPlicatiOn

This SOP is valid for all departments of the RPTC which are  
involved in treating patients.
•	 Radiation	oncology
•	 Medical	physics
•	 Medical-technical	service
•	 Diagnostics

3. termS, abbreviatiOnS

•	 GTV	 Gross	Tumour	Volume
•	 CTV	 Clinical	Target	Volume
•	 PTV	 Planning	Target	Volume
•	 Gy		 Gray,	ionising	radiation	dose	unit
•	 RBE	 	Relative	biological	effectiveness,	protons	=	1.1
•	 Gy(RBE)	 	Dose	unit	corrected	with	RBE	for	protons
•	 SD	 Single	dose/day	=	daily	dose
•	 KPS	 Karnofsky	Performance	Status
•	 AVM	 	Arteriovenous	malformation
•	 CNS	 Central	nervous	system

4. reSPOnSibilitieS, qualificatiOn

•	 	Radiation	oncologist
•	 Medical	physicist	(MedPhys)
•	 Medical	physicist	with	expert	knowledge	of	protons	(MPE)
•	 Radiologist
•	 Urologist
•	 	Radiographer
•	 Auxiliary	medical	personnel

5. indicatiOn

5.1 Classification
(Table	1)

5.2 Indication
Indication is made jointly by the radiation oncologist and the neu-
rosurgeon/neurologist.
•	 Astrocytomas
•	 Gliomas
•	 Meningiomas

Standardisation of treatments for cases of the same 

kind,	especially	if	they	are	very	technology-focused	like	

radiation	therapy,	is	one	of	the	quality	characteristics	

of modern medicine. In the case of the administration 

of	radiation,	standardisation	is	also	required	by	law	in	

Germany,	under	Art.	82	(3)	of	the	Radiation	Protec-

tion	Ordinance	(StrlSchV):	“Written	work	instructions	

are	 to	be	compiled	 for	examinations	and	treatments	

which	are	frequently	performed”.	The	RPTC	employs	

Standard Operating Procedures (SOPs) which directly 

cover	about	80%	-	85%	of	the	cases	we	deal	with,	and	

which also provide standards for similar illnesses. The 

collection of SOPs currently encompasses the follow-

ing tumour types and localisations.

For	 the	 types	 of	 tumours	 listed	 in	 the	 following,	 the	

indication-specific	 parts	 of	 the	 respective	 SOPs	 are	

given	as	examples	below.	Organisational	parts	and	lit-

erature references have been omitted or not repeated.

•	 Brain	tumours

•	 ENT	tumours

• Lung tumours

• Pancreatic carcinomas

• Prostatic carcinomas

The SOPs for the following types of tumours can be 

sent	upon	enquiry:

•	 Brain	metastases

•	 Chordomas,	chondrosarcomas

•	 Nasopharyngeal	carcinomas

• Lung metastases

• Liver metastases

• Rectal carcinomas

•	 Bone	metastases

• Paediatric tumours

Generally applicable sections
Sections	1,	2,	3,	4	and	6.3.14	form	part	of	all	SOPs	and	are	not	
repeated in the following SOPs.
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5.3 Contraindication
•	 KPS	≤	70
•	 Inability	to	carry	out	immobilisation	and,	at	the	same	time,	

inability to undergo sedation 

5.4 Overriding exclusion criteria
All	 exclusion	criteria	are	 to	be	checked	 regularly	and	 taken	 into	
account	with	regard	to	indication,	treatment	decision	and	the	pro-
gress of therapy.
•	 Facility	limitation	with	regard	to	the	weight	and	height	of	the	

patient
•	 MR/CT	facility	limitation	with	regard	to	patient	measurements

6. PrOceSS deScriPtiOn

6.1 General information
The basic procedural specifications with regard to treatment 
at the RPTC apply. The present SOP is restricted to the specific  
procedures for the diagnosis and treatment of brain tumours.

6.2 Diagnosis

6.2.1 necessary medical history
The following information is to be provided in advance by the 
patient	 and/or	 attending	 physicians.	 It	 is	 used	 as	 the	 basis	 for	
conducting the consultation and later indication.

(a) General information:
•	 Current	medical	report
•	 Histology	(pathology)
•	 Current	imaging	diagnostics,	in	digital	form	(not	older	than	

4 – 6 weeks)
•	 If	the	patient	has	previously	undergone	radiation	therapy:	

comprehensive irradiation plan detailing dose distribution and 
beam direction

(b) Specific information:
•	 Medical	reports	regarding	neurological	status,	with	any	current	

findings	regarding	vision,	hearing	and	hormonal	functionality	
•	 Medical	reports	regarding	any	secondary	illnesses	
•	 Discussion	of	the	case	by	the	Tumour	Board,	possibly	with	a	

neurologist,	and	documentation	of	the	results	are	likewise	rec-
ommended	before	therapy	commences.	What	is	particularly	
to be clarified at this stage is whether in certain cases better 
geometric	irradiation	conditions	and/or	a	relevant	reduction	in	
tumour volume can be brought about by means of a neurosur-
gical intervention.

•	 Histology	is	usually	obligatory.	In	specific	situations,	this	can	
be dispensed with if the patient refuses to undergo a surgical 
intervention or is not capable of undergoing anaesthesia and 
typical progress of the illness is shown with clear imaging 
results. 

6.2.2 Restaging examinations
(Table	2)

Staging ct
CT is superior in visualising osseous changes and calcifications 
and allows better monitoring of the most severely ill patients than 
MRI.	 CT	 is	 therefore	 frequently	 used	 as	 the	 first	 procedure	 for	

C	70 Malignant	neoplasm	of	meninges

C	70.0 Cerebral meninges

C	70.1 Spinal meninges

C	70.9 Meninges,	unspecified

C	71 Malignant	neoplasm	of	brain

C	71.0 Cerebrum,	except	lobes	and	ventricles	
(supratentorial	NOS)

C	71.1 Frontal lobe

C	71.2 Temporal lobe

C	71.3 Parietal lobe

C	71.4 Occipital lobe

C	71.5 Cerebral	ventricle	(excl.:	fourth	ventricle 
(C	71.7))

C	71.6 Cerebellum

C	71.7 Brain	stem	(infratentorial	NOS 
fourth ventricle)

C	71.8 Overlapping lesion of brain

C	71.9 Brain,	unspecified

C	79 Secondary malignant neoplasm 
of other and unspecified sites

C	79.3 Secondary malignant neoplasm of 
brain and cerebral meninges 
(meningiosis with neoplasias of 
the	lymphatic,	blood-forming	and	
related tissue)

ICD Coding (ICD10)

Table 1

Table 2

Whole-body	MRI always

Sub-region	MRI Skull,	spine

Sub-region	CT Skull

PET FDG-PET	CT	for	specific 
questions

Other 
examinations

--

Restaging
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Staging angiography
Optimised	MR	diagnostic	investigation	with	MR	angiography	and	
phlebography has virtually replaced conventional angiography 
examination	of	the	cerebral	vessels	in	the	preparation	for	a	neuro-
surgical	 intervention.	Exceptions	are	diagnostic	 investigations	of	
tumours	with	compression	of	the	venous	sinus,	in	which	collateral	
venous	drainage	is	visualised	by	angiography,	and	the	use	of	angi-
ography for large meningiomas of the skull base with preoperative 
embolisation.

Staging Pet
Positron	emission	tomography	does	not	yet	possess	a	fixed	posi-
tion	in	the	diagnostic	investigation	of	brain	tumours,	but	is	used	in	
answering	specific	questions,	including	for	determining	the	target	
site	 for	 biopsy	 (see	 above),	 for	 differentiating	 recurrent	 tumour	
growth,	and	radiation	necrosis,	 for	estimating	the	malignancy	of	
gliomas	and	for	defining	target	volumes.	Whole-body	PET	is	help-
ful in searching for metastases in the course of staging as well as 
searching for an occult tumour in the case of a suspected paraneo-
plastic syndrome.

6.2.3 Classification and stages
(Tables	3	and	4)

6.3 Therapy
The	 therapy	 consists	 of	 the	 preparatory	 measures	 (Pt.	 6.3.1	 -	
6.3.3),	the	pre-treatment	discussion	with	the	patient,	the	therapy	
planning	(Pt.	6.3.4	-	6.3.11),	as	well	as	the	actual	radiation	therapy	
itself.

routine investigations. It is also suitable for monitoring progress 
at	short	intervals.	When	a	tumour	is	suspected,	or	to	exclude	the	
possibility	 of	metastases,	 for	 example	when	 staging	 a	 systemic	
oncological	disease,	CT	contrast	medium	(CM)	containing	iodine	
is	administered	intravenously.	Contraindications	for	CM	adminis-
tration	 include	allergies,	hyperthyroidism,	paraproteinaemia	and	
renal insufficiency. 

Staging mri
In	comparison	with	CT,	MRI	is	distinguished	by	smaller	bone	arte-
facts in the regions near to the base and direct imaging in all spatial 
planes. The soft tissue contrast is also very well suited for detect-
ing parenchymal changes and barrier disturbances with the help of 
para	magnetic	contrast	medium	(gadolinium-DPTA).	Contraindica-
tions	result	in	the	first	instance	from	the	high	static	magnetic	field,	
rapid	magnetic	 field	 changes	 and	 the	 high	 frequency	 impulses	 in	
patients	with	metal	implants,	foreign	bodies	and	heart	pacemakers.
If	MRI	 is	not	used	as	the	primary	procedure,	 then	 it	can	be	 indi-
cated as a secondary one in the event of unclear or suspicious CT 
findings,	negative	CT	findings	despite	clear	clinical	symptoms	and	
positive CT findings. That is the case if better demarcation of the 
lesion	from	important	neuro-anatomical	structures	and	vessels	is	
required,	a	diagnosis	of	the	type	of	tumour	is	attempted	or	cystic	
and	solid	space-occupying	lesions	are	to	be	differentiated.	Further-
more,	MRI	 is	useful	with	 lesions	 in	regions	such	as	the	posterior	
cranial fossa which are not visualised sufficiently well by means of 
CT.	It	can	also	be	helpful	in	excluding	further	small	cerebral	metas-
tases	if,	in	the	case	of	a	solitary	metastasis	detected	by	computed	
tomography,	surgery	or	other	treatment,	such	as	stereotactic	single	
dose	radiation	therapy,	 is	planned,	which	would	not	be	 indicated	
in	a	case	of	multiple	brain	metastases.	MRI	is	also	the	method	of	
choice	for	reviewing	the	extent	of	resection	postoperatively	as	well	
as monitoring the further progress of the treatment. 
The	use	of	modern	MRI	methods	 (MR	perfusion	and	MR	spec-
troscopy) can improve the diagnosis of the type of tumour and 
the	grading	of	brain	tumours.	MR	spectroscopy	allows	the	visuali-
sation	of	the	biochemical	composition	of	brain	tumours.	Marker	
substances	such	as	N-acetylaspartate	(NAA)	as	a	neuron	marker,	
choline	as	a	membrane	component,	lactate	as	an	indicator	for	an-
aerobic	glycolysis,	myo-inositol	as	an	indicator	for	astrocyte	pro-
liferation and lipid signals as indicators for incipient necrosis are 
assessed.	The	fact	that	NAA	is	only	present	in	tumours	unique	to	
the	brain	can	be	helpful	for	differential	diagnosis.	Conversely,	the	
fact	that	in	tumours	unique	to	the	brain	the	decrease	in	NAA	and	
the simultaneous increase in choline depend on the tumour status 
can	be	used	to	improve	tumour	grading,	but	in	no	way	replaces	the	
need to establish a definite histological diagnosis. Spectroscopy 
and	positron	emission	tomography	(PET)	are	used	with	individual	
patients in order to determine a suitable biopsy site in the case 
of	larger	lesions.	MR	perfusion	measurement	following	CM	bolus	
administration	and	with	the	aid	of	echo	planar	sequences	can	be	
used to establish relative cerebral blood volume and relative cer-
ebral blood flow of the tumour in comparison with the surrounding 
brain	tissue.	Both	parameters	are	raised	in	more	advanced	stage	
gliomas	when	 compared	with	 lower	 grade	 ones,	meaning	 addi-
tional	certainty	can	be	attained	in	differentiating	between	WHO	
Grade	II	and	III	tumours.

WHO	Grade	I Histologically	benign	tumours	which	
can usually be cured by surgical 
resection	(for	example	neurinoma	or	
pilocytic astrocytoma)

WHO	Grade	II Histologically	benign	tumours,	yet	fre-
quently	with	infiltrating	growth,	which	
tend	to	recur,	but	without	significantly	
limiting	the	survival	time	(for	example,	
astrocytoma)

WHO	Grade	III Histologically	malignant	tumours	which	
are accompanied by a reduction in the 
survival	time	(for	example,	anaplastic	
astrocytoma)

WHO	Grade	IV Extremely	malignant	tumours	which	are	
accompanied by a significant reduc-
tion in the survival time if no effective 
treatment	is	available	(for	example,	
glioblastoma)

WHO classification

Table 3
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6.3.1 Markers
Not	applicable

6.3.2 Anaesthesia
•	 In	the	case	of	restless	patients

6.3.3 Positioning
•	 The	patient	is	positioned	on	a	vacuum	mattress	(BodyFix™)	

without	the	use	of	vacuum	film.	This	requires	adjustment	of	
the	immobilisation	aids	in	accordance	with	SOP-03-01-06.

	 -	Supine	position
	 -	Arms	parallel	to	the	body	and	the	shoulders	pulled	down	
•	 	The	head	is	immobilised	by	means	of	a	head	mask,	head-neck-

shoulder mask or bite block
•	 Knee	wedge
•	 	Patient	rests	head	on	chest	and	faces	caudally	

6.3.4 Targeting
(Table	5,	see	page	80)

6.3.5 Contouring
The target areas are contoured by the radiation oncologist accord-
ing to the following specifications:
(Tables	6,	7,	8,	see	pages	80/81)

6.3.6 Treatment prescription
(Tables	9,	10,	11,	12,	see	page	81)

6.3.7 Structures at risk
The dose is to be kept as low as possible in the structures at risk. In 
individual	cases,	in	the	planning	discussion	held	between	the	MPE	
and	 the	 radiation	oncologist,	 the	 resulting	 tolerance	dose	 in	 the	
organs at risk must be assessed by the radiation oncologist and 
–	if	this	is	OK	– the plan is accepted and approved. Otherwise the 
MPE	must	be	requested	to	reduce	the	dose	further	in	the	regions	
affected. (Table	13,	see	page	82)

6.3.8 Combination therapies
The patients usually undergo simultaneous radiochemotherapy. 
This is decided after the case has been presented to the Tumour 
Board,	and	is	administered	by	the	internist/oncologist.	

6.3.9 Compilation of the treatment prescription
The radiation oncologist draws up an individual irradiation therapy 
prescription for each patient on the basis of the specifications in 
this	SOP.	He	records	the	corresponding	parameters	in	the	hospi-
tal information system and validates the treatment prescription 
in	 accordance	 with	 SOP-03-02-04	 "Validation	 of	 treatment	 
prescription".

Grade	I Grade	II Grade	III Grade	IV

Astrocytomas Pilocytic astrocytoma x

Diffuse	astrocytoma x

Anaplastic	astrocytoma x

Glioblastoma x

Oligodendrogliomas Oligodendroglioma x

Anaplastic	oligodendroglioma x

Mixed	gliomas Oligoastrocytoma x

Anaplastic	oligoastrocytoma x

Ependymomas Ependymoma	(papillary,	clear	cell) x

Myxopapillary	ependymoma x

Anaplastic	ependymoma x

Gliomatous	tumours 
of unknown origin

Gliomatosis	cerebri x

Pineal parenchymal 
tumours

Pineocytoma x

Pineoblastoma x

Embryonal	tumours Medulloblastoma x

Supratentorial primitive neuro 
ectodermal	tumour	(PNET)

x

Ependymoblastoma x

Classification of CNS tumours

Table 4
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Table 6

Contouring specifications for astrocytomas, gliomas

Target area GTV CTV PTV

Primary tumour 
or 
tumour residue 
following 
surgery

Oedema

GTV1	=

Tumour	extent	in	the	preoperative	
T1-weighted	MRI

GTV2	=

extent	
+	2	to	3	cm

CTV1	=	

GTV1	+	15	mm	
in	brain/nerves	direction

GTV1	+	0	mm	
in the direction of the bones (no 
tumour	branches	in	the	bones,	if	
no bone infiltration is present) or 
cerebral	falx.

CTV2	=	GTV2

PTV1	=	

CTV1	+	5	mm

PTV2	=	CTV2

Table 7

Contouring specifications for meningiomas

Target area GTV CTV PTV

Primary tumour 
or 
tumour residue 
after surgery

GTV	=

Tumour	extent	
in	the	preoperative	T1-
weighted	MRI

CTV	=	

GTV	+	2	to	3	mm	to	the	brain	 
parenchyma	and	10	mm	to	the	sur-
rounding dura

For cranial base meningiomas:  
safety margin to caudal at least 
10 mm

PTV	=	CTV

Table 5

Targeting

Modality Necessity Interslice 
gap

Scan area Constraints

CT always 3	mm Vertex	to	C	2 Immobilisation of the cranium with face 
mask or bite block

MRI always 3	mm Vertex	to	C	2 Immobilisation of the cranium with 
face mask or bite block

Merging always
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6.3.10 Plan compilation
The	plan	is	compiled	by	the	MPE,	taking	into	account	the	medical	
prescription.

6.3.11 Plan discussion and approval
Radiation	 oncologist	 and	 MPE	 discuss	 the	 plan.	 If	 the	 plan	 is	
approved	by	the	radiation	oncologist,	it	is	then	signed	and	docu-
mented.	 Should	 any	 changes	 be	 required,	 the	medical	 physicist	
optimises the plan and then presents it again for discussion and 
approval.

6.3.12 Conduct of therapy
The irradiation therapy must be administered according to the 
general	procedure	specifications	of	the	RPTC.	Indication-specific	
special	requirements	are	described	in	the	present	SOP	and	must	
be observed.

Table 8

Additional contouring specifications

Spinal cord To be contoured in its entirety; the 
last contoured layers are located 
caudally,	in	each	case	three	layers	
outside	the	last	PTV	contour

Brain	stem To be contoured in its entirety

Optic chiasm To be contoured in its entirety

Optic nerve To be contoured in its entirety

Lenses To be contoured in their entirety

Cochlea To be contoured in its entirety

Table 12

Glioblastomas

Target area Single dose 
Gy(RBE)

Number	of	fractions Total dose in the 
target	area	Gy(RBE)

Fractions  
per week

Primary tumour or 
tumour residue after 
surgery 

1.8	to	2.0
depending on the 
localisation

28	to	31
depending on the 
localisation

56.0 5

Glioblastomas

Target area Single dose 
Gy(RBE)

Number	of	fractions Total dose in the 
target	area	Gy(RBE)

Fractions  
per week

PTV1
Areas	taking	up	CM

2.0 30 60.0 5

PTV2
Oedema 

2.0	 25 50.0 5

Table 11

Grade III astrocytomas

Target area Single dose 
Gy(RBE)

Number	of	fractions Total dose in the 
target	area	Gy(RBE)

Fractions  
per week

PTV1
Areas	taking	up	CM

2.0 30 60.0 5

PTV2
Oedema 

2.0	 25 50.0 5

Table 10

Grade II astrocytomas

Target area Single dose 
Gy(RBE)

Number	of	fractions Total dose in the 
target	area	Gy(RBE)

Fractions  
per week

PTV1
Preoperative 
hyperintensity in 
T2-weighted	MRI	+	2	cm

1.8	to	2.0 27	to	30 54.0 5

Table 9
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ton scanning system are always undertaken jointly by two doctors 
employed	by	 the	Center	who	are	 licensed	 radiation	oncologists,	
and	one	of	whom	 is	an	expert	 in	proton	 therapy.	The	 indication	
is signed by these two doctors and each case is discussed in a 
Tumour	Board	meeting.

The irradiation therapy plan is jointly compiled by two medical 
physicists,	one	of	whom	 is	an	expert	 in	proton	 therapy,	and	 the	
attending physician.

6.3.13 Monitoring/observation
•	 When	applying	 the	 fractionation	 scheme	with	5	or	 fewer	 frac-
tions,	position	verification	must	be	checked	by	the	radiation	oncolo-
gist in person prior to each administration of radiation. (Table	14)

6.3.14 Conducting proton therapy  
(Version as at 02.03.2015)
The indication for proton therapy and the prescribing for the pro-

Organ Volume Type of 
radiation

Endpoint Dose	or	dose	(Gy)/
volume parameters

Rate 
(%)

Source/notes

Spinal cord Cross- 
section

3D-CRT Myelopathy Dmax	=	50	Gy 0.2 Total  
cross-section3D-CRT Myelopathy Dmax	=	60	Gy 6

3D-CRT Myelopathy Dmax	=	69	Gy 50

SRS	(single	Fx) Myelopathy Dmax	=	13 1 Partial  
cross-section	
with	3	FxSRS 

(hypo	Fx)
Myelopathy Dmax	=	20 1

Brain	stem Whole	
organ

Whole	organ Permanent neuropathy 
or necrosis

Dmax	<	54 <	5

3D-CRT Permanent neuropathy 
or necrosis

D1-10cc	<	59 <	5  

3D-CRT Permanent neuropathy 
or necrosis

Dmax	<	64 <	5 Point	dose	<<1cc

SRS	(single	Fx) Permanent neuropathy 
or necrosis

Dmax	<	12.5 <	5 Patients with 
acoustic neuri-
nomas

Brain 3D-CRT Symptomatic 
necrosis

Dmax	<	60 <	3

3D-CRT Symptomatic 
necrosis

Dmax	=	72 5

3D-CRT Symptomatic 
necrosis

Average	dose	=	90 10

SRS	(single	Fx) Symptomatic 
necrosis

V12	<	5	-	10	cc <	20 Increases 
strongly if 
V12	>	5	-	10	cc

Optic	nerve/
optic chiasm

Whole	
organ

3D-CRT Optic neuropathy Dmax	<	55 <	3

3D-CRT Optic neuropathy Dmax	55	-	60 3	-	7

3D-CRT Optic neuropathy Dmax	>	60 >	7	-
20

SBS	(single	Fx) Optic neuropathy Average	dose	<	45 <	10

Cochlea Whole	
organ

3D-CRT Sensory 
Loss of hearing

Average	dose	<	45 <	30

SRS	(single	Fx) Sensory 
Loss of hearing

Prescribed	dose	<	14 <	25

Dose/volume/results for the organs at risk based on QUANTEC:

Table 13
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definition of “equivalence”

a) minimum dose constraint: The overall tumour dose within the 
target	area	(PTV)	 is	to	be	determined	while	taking	 into	account	
the	conversion	factor	of	1.1	and	must	correspond	with	at	least	the	
oncologically	effective	dose	in	approved	x-ray	procedures	in	order	
to justify the use of proton therapy.

b) maximum dose limit in healthy tissue: In	healthy	tissue	(“out-
side	the	target	area”,	Art. 81	(3),	StrlSchV),	the	doses,	taking	into	
account	the	conversion	factor	of	1.1	 to	x-rays	 in	the	overall	 treat-
ment	administered	(total	local	dose),	must	not	at	any	site	or	in	any	
organ	at	risk	exceed	the	doses	administered	with	approved	x-ray	
procedures in the entire radiation area outside the target area. The 
underlying	principle	here	 is	that,	 typically	 for	proton	therapy,	the	
volume of the entire radiation area is less than the volume of the 
entire	 radiation	 area	with	 approved	 x-ray	procedures	 in	 order	 to	
justify the use of proton therapy.

c) daily local dose restrictions in healthy tissue: Daily	local	doses	
in	healthy	tissue	are	also	to	be	kept	below	those	of	approved	x-ray	
procedures	 as	 a	 general	 rule.	 Despite	 the	 more	 favourable	 dose	
distribution	with	proton	scanning,	a	number	of	 fractions	necessi-
tated	by	the	limitation	of	the	daily	dose	can	lead,	in	radiobiological	
terms,	to	a	high	total	local	dose	in	healthy	tissue	which	is	avoidable	
with	proton	scanning.	This	would	conflict	with	the	requirement	for	
dosage	minimisation	(Art. 6,	80,	81,	StrlSchV),	according	to	which	
the	current	state	of	the	art	must	be	taken	into	account	(Art. 6 (2)).	
Under	these	circumstances,	a	reduction	 in	daily	 local	doses	must	
be achieved by increasing the number of beam directions (fields) 
within	the	 framework	of	multiple-field	x-ray	procedures.	 If	adher-
ence	to	the	dose	limitation	for	daily	local	doses	cannot	be	observed,	
or	only	partially,	in	this	way	either,	then	daily	local	doses	can	only	
be revised upwards within the level of published hypofractionation 
x-ray	procedures	 and	only	 up	 to	 a	maximum	of	 50%	of	 the	per-
centage undershooting of the total local dosage typically achieved 
with	protons	 in	comparison	with	x-ray	procedures.	 If	 further	data	
(literature)	are	available,	then	this	percentage	rate	is	to	be	modified	
according	to	the	alpha/beta	values.

d) equivalence to multiple-field procedures:	With	 ongoing	 de-
velopment	of	x-ray	methodology,	multiple-field	procedures	(more	
than	four	fields	with	IMRT,	IMPT,	Cyberknife,	tomotherapy,	Rapid	
Arc	or	such	 like),	could	take	the	place	of	procedures	with	 lower	
numbers of fields as approved procedures. It must then be en-
sured that the daily local doses integrated over the entire healthy 
radiation area adhere to the limitations as laid down in c) above 
when compared with the total local dose in the healthy tissue with 
approved	 x-ray	 procedures.	 The	 attending	 radiation	 oncologist	
and the medical physicist must individually assess the lower lo-
cal	 dose,	 in	percentage	 terms,	 that	 is	 typical	with	multiple-field	
procedures	against	the	parallel	increase	in	the	irradiation	volume,	
likewise in percentage terms.

e) fractionation guidelines:	Whilst	adhering	to	the	points	named	
above	 under	 b)	 and	 c),	 the	 fraction	 numbers	 applied	 must	 be	
within	the	approved	x-ray	procedures	for	them.

The following specifications regarding therapy using the pro-
ton	 scanning	 system,	 based	 on	 the	 operating	 licence	 dated	
02.03.2009,	 including	 the	appended	 letters	 from	Dr.	Brix	dated	
27.10.2003	and	from	Dr.	Weiss	dated	09.11.2004	and	05.07.2005	
(see	 there	 if	 required).	 The	 operating	 licence	 is	 based	 on	 the	
Radiation	 Protection	 Ordinance	 dated	 04.10.2011	 in	 the	 latest	
version	of	Art. 6,	80	and	81,	which	introduces	dose	limits	for	hu-
man	medicine	 in	 accordance	with	Art.  11,	 StrlSchV	 (see	 there	 if	
required).	In	detail:	

1. indication and therapy plans: Indication and therapy plans 
which do not accord with the provisions cited here may only be 
implemented within the framework of studies complying with 
Art.	 23,	24.	They	are	not	permitted	within	the	framework	of	medi-
cal practice.

2. compassionate use: Compassionate use is only permitted on 
an	 individual	basis	 in	special	cases,	particularly	 if	no	alternative	
forms	of	therapy,	with	irradiation	or	other	therapy	procedures,	are	
available. They are to be justified and documented in each individ-
ual	case;	the	nature	of	the	compassionate	use	must	be	explained	
to the patient.

3. Proton protocols:	Proton	therapy	“can	be	administered	within	
the framework of health care if established protocols (indication 
and	 administration	 plans)	 are	 applied	 for	 the	 proton	 therapy”.	
(Text	from	Appendix	to	the	operating	licence)

4. equivalent x-ray protocols:	Alternative	administration	of	proton	
therapy	is	permitted	if	“steps	have	been	taken	to	ensure	that	indica-
tion and administration plans are in accordance with conventional 
radiation	 therapy	using	photon	 radiation,	 particularly	with	 regard	
to	total	dose,	single	dose	and	fractionation	(an	RBE	of	1.1	should	be	
assumed).”	(Text	from	Appendix	to	the	operating	licence)

Monitoring

Table 14

Frequency Comments

General	
state of 
health

weekly

Nutritional	
state

weekly

Specific 
toxicities	

weekly e.g. cerebral pressure

Laboratory 
values

weekly within	the	context	of	
radiochemotherapy: 
leukocytes,	thrombocytes,	
haemoglobin,	creatinine,	
electrolytes,	liver	function	
parameters



84

  Standard Operating prOcedureS

f) verification of maximum dosage limit:	A	physical	evaluation	of	
the	therapy	plans	on	a	case-by-case	basis,	while	observing	their	
frequency,	demonstrates	 the	daily	 local	doses	occurring	as	well	
as total local doses so as to ensure adherence to the provisions 
according	to	b),	c)	and	d).

7. Follow-up
Follow-up	is	provided	in	compliance	with	the	basic	follow-up	con-
cept	according	to	SOP-01-10-05.	In	departure	from,	or	in	addition	
to,	the	latter,	the	following	measures	are	taken:
•	 	Imaging	(MRI)	and	clinical/neurological	and,	if	necessary,	neu-

rosurgical	examination	every	3	months.
•	 	In	 the	 event	 of	 a	 first	 recurrence,	 check	 on	 the	 possibility	 of	

repeat resection together with neurosurgery. 

8. Documentation
Documentation	of	the	diagnosis	and	therapy	must	conform	to	the	
general procedure specifications of the RPTC.

9. Further applicable documents/references
•	 	South	German	Tumour	Center:	 Empfehlungen	 zur	Diagnostik,	

Therapie	und	Nachsorge,	Primäre	Hirntumore	und	ZNS-Metas-
tasen	(Recommendations	for	diagnostic	investigation,	therapy	
and	 follow-up,	 Primary	 brain	 tumours	 and	 CNS	metastases),	
5th.	 revised	edition,	Tübingen,	September	2006	 from	 the	 se-
ries	 “Therapy	 recommendations”	 of	 the	 South-West	 German	 
Tumour	Center	-	Comprehensive	Cancer	Center	Tübingen,	ISSN	
1438–8979,	

	 www.tumorzentrum-tuebingen.de
•	 	Stupp,	R.,	Hegi,	M.	E.,	Gilbert,	M.	R.	&	Chakravarti,	A.	Chemo-
radiotherapy	in	Malignant	Glioma:	Standard	of	Care	and	Future	
Directions.	J.	Clin.	Oncol.	25,	4127–4136	(2007).

•	 	Preusser,	 M.	 et	 al.	 Current	 concepts	 and	 management	 of	 
glioblastoma.	Ann	Neurol.	70,	9-21	(2011).

•	 	Weber,	D.	et	al.	Spot	scanning-based	proton	therapy	for	intra-
cranial	meningioma:	 long-term	 results	 from	 the	Paul	Scherrer	
Institute.	Radiation	Oncology	Biology	83,	865–871	(2012).
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SOP fOr Head and neck tumOurS (ent)

5. Indication

5.1 Classification
(Table	15) 

5.2 Indication
Indication is made by the radiation oncologist. The indications 
generally applying to the administration of radiation therapy for 
ENT	 tumours	 apply.	The	 indication	decision	 tree	 for	 the	 follow-
ing tumour entities can be seen in the applicable documents of 
“Indication	algorithms	for	ENT	tumours”:	

•	 Oral	cavity	carcinoma
•	 Oropharyngeal	carcinoma
•	 Hypopharyngeal	carcinoma
•	 Nasopharyngeal	carcinoma
•	 Salivary	gland	carcinoma

basic principles of oncological treatment
Head	and	neck	tumours	currently	represent	the	sixth	most	com-

mon	neoplasms	worldwide.	In	over	90%	of	cases,	they	are	squa-
mous cell carcinomas. The two most important causes are alcohol 
and	nicotine	abuse,	but	HPV	and	EBV	infections	also	play	a	role	in	
the carcinogenesis of these tumours. 
Surgical treatment plays the key role in treating newly diagnosed 
tumours.	Due	to	the	functional	impairments,	particularly	following	
the	resection	of	large	tumours,	the	advantages	and	disadvantages	
of	organ-sparing	radiochemotherapy	have	to	be	assessed	in	each	
individual	case	by	an	experienced	team	and	the	patient	affected.	
Primary radiotherapy (sometimes in combination with chemo-
therapy)	 represents,	 on	 the	 one	 hand,	 the	 therapy	 of	 choice	 in	
cases	of	non-resectable	ENT	tumours	and,	on	the	other	hand,	a	
recognised	and	equally	effective	alternative	to	surgery	for	patients	
with resectable tumours who refuse or are unable to undergo a 
surgical operation.
Extensive	data	are	available	proving	that	localised	tumour	control	
can	be	improved	in	ENT	tumours	by	means	of	dosage	escalation	
and dosage intensification. The limits of dosage escalation and 
intensification	are	set	by	the	toxicity	caused	in	the	healthy	tissue	
by the high integral dosage with conventional modern radiation 
therapy	techniques	such	as	IMRT,	SRS,	SRT	and	VMAT.	
The	organs	at	risk	in	the	ENT	region	vary	according	to	the	tumour	
localisation	and	include	the	mucosae,	structures	of	visual	function	
(retina,	optic	nerve,	optic	chiasm,	lachrymal	gland),	auditory	func-
tion	 (cochlea,	 vestibulocochlear	 nerve),	 chewing	 and	 swallowing	
function	(salivary	glands,	teeth,	pharyngeal	constrictor	muscle)	and	
endocrine	functions	(pituitary	gland,	hypothalamus,	thyroid	gland).

the role played by proton therapy in the treatment of ent tumours
Little clinical data is available to date regarding the use of pro-
tons	in	the	treatment	of	ENT	tumours.	Comparative	dose	studies,	
however,	 showed	advantages	of	protons	 in	 therapy	planning	 for	
tumours	of	the	oropharynx,	nasopharynx	and	paranasal	sinuses,	
and	for	adenoid	cystic	carcinomas	which,	as	is	well	known,	spread	
in the perineural region (Ramaekers et al.). It is very probable that 
these	advantages	can	be	expected	to	lead	to	an	improvement	in	
the	therapeutic	ratio	and	in	clinical	outcomes	(Mendenhall:	2011).

current clinical data on proton treatment of ent tumours
•	 Paranasal	sinus	tumours:	
	 	Chan	and	Liebsch	reported	on	102	patients	with	tumours	of	the	

paranasal	 sinuses	who	were	 treated	 between	 1991	 and	 2002	
with	PT	at	 the	MGH,	Boston.	The	patients	 received	a	median	
dose	of	71.60	Gy	and	received	follow-up	care	for	a	median	pe-
riod	of	6.6	years.	The	5-year	LCR	was	85%,	but	the	toxicity	was	
not	recorded.	Weber	et	al.	 (MGH)	report	on	39	patients	who	
received	69.9	Gy	and	were	observed	for	a	median	follow-up	pe-
riod	of	52	months.	The	side-effects	according	to	CTC	and	LENT	
were:	13	patients	with	visual	toxicity	(G1-G3).

•	 Adenoid	cystic	carcinoma:
	 	Pommier	et	al.:	23	patients	with	ACC	at	the	cranial	base	received	

a	median	dosage	of	75.9	Gy.	The	5-year	LCR	was	93%,	DMFS	
62%,	DFS	56%,	OS	77%.	One	patient	developed	a	G4	retinopa-
thy,	three	patients	a	G3	complication	(dacryocystorhinostomy,	
ectropion	OP,	cataract	OP).	These	results	show	a	clear	benefit	
both	in	terms	of	tumour	control	and	also	in	lowering	toxicity.

ICD Coding (ICD10)

Table 15

C	00 Malignant	neoplasm	of	lip	

C	01 Malignant	neoplasm	of	base	of	tongue	

C	02 Malignant	neoplasm	of	other	and	unspecified	
parts of tongue 

C	03 Malignant	neoplasm	of	gum	

C	04 Malignant	neoplasm	of	floor	of	mouth	

C	05 Malignant	neoplasm	of	palate	

C	06 Malignant	neoplasm	of	other	and	unspecified	
parts of mouth 

C	07 Malignant	neoplasm	of	parotid	gland	

C	08 Malignant	neoplasm	of	other	and	unspecified	
salivary glands 

C	09 Malignant	neoplasm	of	tonsil	

C	10 Malignant	neoplasm	of	oropharynx	

C	11 Malignant	neoplasm	of	nasopharynx	

C	12 Malignant	neoplasm	of	piriform	sinus	

C	13 Malignant	neoplasm	of	hypopharynx	

C	14 Malignant	neoplasm	of	other	and	ill-defined	
sites	in	the	lip,	oral	cavity	and	pharynx
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6.2 Diagnosis

6.2.1 Necessary medical history
The following information is to be provided in advance by the 
patient	 and/or	 attending	 physicians.	 It	 is	 used	 as	 the	 basis	 for	
conducting the consultation and later indication.

(c) General information:
•	 Current	medical	report
•	 Histology	(pathology)
•	 	Current	imaging	diagnostics,	in	digital	form	(not	older	than	

4	–	6	weeks)
•	 	If	the	patient	has	previously	undergone	radiation	therapy:	

comprehensive radiation plan detailing dose distribution and 
beam direction

(d) Specific information:
•	 Alcohol/cigarette	consumption	(including	in	the	past)
•	 	Functional	disorders	(problems	swallowing,	hoarseness,	
 cranial nerve deficits)
•	 Weight	loss,	nutritional	habits
•	 Haemorrhages
•	 Pain	(therapy-resistant)
•	 QoL
	 •	Panendoscopy	findings
	 •	If	applicable,	ENT	specialist's	report
	 	 -	 	Mobility	of	vocal	folds	– estimation of the width  

of the glottis
	 	 -	Signs	of	salivary	aspiration	in	the	larynx
	 •	Ophthalmologist's	report,	audiogram	(with	tumours	 
  of cranial base)
	 •	Histology
	 	 -	Details	

aims of proton therapy

•	 	Curative:	 localised	 tumour	control	and	prolongation	of	overall	
survival,	reduction	in	the	risk	of	recurrence	(localised	or	lymph	
node	recurrence),	reduction	of	the	risk	of	distant	metastases

•	 	Palliative:	reduction	of	the	symptoms	of	localised	or	metastatic	
tumour progression

•	 	Primary	 therapy:	 proton	 therapy	 on	 its	 own	 with	 or	 without	 
accompanying	chemo-	or	antibody	therapy

•	 	Postoperative	 therapy:	 radiation	 therapy	 following	 preceding	
operation in adjuvant setting or as salvage therapy with or with-
out	accompanying	chemo-	or	antibody	therapy.

5.3 Contraindication
•	 KPS	<	60
•	 	Metal	in	the	radiation	field:	if	necessary,	the	medical	physicist	

must become involved in order to make the assessment.

5.4 Overriding exclusion criteria
All	 exclusion	criteria	are	 to	be	checked	 regularly	and	 taken	 into	
account	 with	 regard	 to	 indication,	 treatment	 decision	 and	 the	 
progress of therapy.
•	 Facility	limitation	with	regard	to	the	weight	and	height	of	the		
 patient
•	 MR/CT	facility	limitation	with	regard	to	patient	measurements

6. Process description

6.1 General information
The basic procedural specifications with regard to treatment at 
the RPTC apply. The present SOP is restricted to the specific pro-
cedures	for	the	diagnosis	and	treatment	of	ENT	tumours.

Whole-body	MRI always

Sub-region	MRI always	(depending	on	diagnosis:	neck,	pharynx,	floor	of	the	mouth,	tongue,	parotid	gland)

Sub-region	CT always	(depending	on	diagnosis:	neck,	pharynx,	floor	of	the	mouth,	tongue,	skull	base,	
temporal	bone,	paranasal	sinuses,	thorax,	abdomen)

PET facultative

Clinical	examinations •	Ability	to	open	mouth
•	Dental	status/oral	hygiene,	prosthetics
•	 	Colour,	surface	properties,	exulcerations	or	volume	increases	(oedematous,	solid/
resistant	to	touch,	cystic)	of	the	mucosa

•	Mobility	of	the	tongue
•	Mobility	of	the	soft	palate
•	 Palpation:	Lymph	node	regions	I-VI

Further imaging diagnostic  
investigation

•	Ultrasound	of	neck,	floor	of	mouth,	tongue,	parotid	gland,	upper	abdomen
•	 Swallow	x-ray,	x-ray	video	film	of	the	act	of	swallowing

Restaging

Table 16
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	 	 -	 	Squamous	cell	carcinoma	(90%),	adenocarcinoma,	mela-
noma,	sarcoma

	 	 -	 	Salivary	gland	carcinoma:	mucoepidermoid,	adenoid	cystic
	 	 -	HPV	status	or	p16	expression
	 	 -	 	In	the	event	of	surgery:	assessment	of	the	incision	margins	

and localisation of the positive incision margins
	 	 -	Operation	reports

6.2.2 Restaging examinations
As	a	basic	rule,	imaging	tumour	investigation	can	be	undertaken	
by	means	of	both	CT	and	MRI.	However,	MRI	allows	better	detec-
tion of a possible perineural tumour spread due to the consider-
ably	higher	soft	tissue	contrast,	which	is	why	MRI	should	be	used	
with tumours cranial of the hard palate if a high tumour stage is 
present or perineural tumour spread could be present clinically. 
(Table	16)

6.2.3 Classification and stages
No	details,	reference	to	the	TNM	catalogue

6.3 Therapy
The	 therapy	 consists	 of	 the	 preparatory	 measures	 (Pt.	 6.3.1  -	
6.3.3),	the	pre-treatment	discussion	with	the	patient,	the	therapy	
planning	(Pt.	6.3.4	-	6.3.11),	as	well	as	the	radiation	therapy	itself.

6.3.1 Markers
Not	applicable

6.3.2 Anaesthesia
Not	applicable

6.3.3 Positioning
•	  The patient is put in a supine position on a vacuum mattress 

(BodyFix™)	with	the	use	of	vacuum	film.	This	requires	adjust-
ment	 of	 the	 immobilisation	 aids	 in	 accordance	with	 SOP-03-
01-06.

•	 	Care	must	be	taken	to	ensure	that	the	arms	are	parallel	to	the	
body and the shoulders are pulled down. 

•	 	The	head	is	immobilised	by	means	of	a	head	mask,	head-neck-
shoulder mask or bite block. 

	 -	 	Head-neck-shoulder	mask:	Required	 for	 all	 patients	 in	whom	

the lymphatic drainage channels of the neck have to be treated 
at the same time. 

	 -	 	Bite	block	or	head	mask:	For	tumours	in	the	vicinity	of	the	cra-
nial base if simultaneous treatment of the neck lymph nodes 
is	not	required.

•	 	Customised	stents	in	order	to	press	the	tongue	or	the	lip	down-
wards	or	forwards,	thus	moving	them	out	of	the	irradiation	field.	

6.3.4 Targeting
Preparatory measures:
•	 Restoration	of	dental	health
	 -	 	Treatment	of	inflamed	teeth,	extraction	if	required
	 -		Removal	of	metal	fillings,	if	possible
•	 Consultation	with	internists/oncologists
•	 	Percutaneous	endoscopic	gastrostomy	(PEG)	tube	if	required:
	 -	 	With	pre-existing	dysphagia
	 -	If	a	danger	of	aspiration	exists	
	 -	With	a	BMI	<	18.5
(Table	17)

6.3.5 Contouring
The target areas are contoured by the radiation oncologist accord-
ing to the following specifications: 
(Tables	18,	19,	20,	22,	see	pages	88/89)

6.3.6 Treatment prescription
Options of proton therapy:

6.3.6.1 Primary stand-alone proton therapy
Primary proton therapy represents an alternative to surgery in the 
case	of	T1	and	T2	tumours.

6.3.6.2 Primary proton/chemotherapy
Is the standard form of therapy for localised inoperable tumours or 
resectable	tumours	(	>	T2)	if	a	radical	operation	is	refused	by	the	
patient or is not possible for internal medical reasons. 

6.3.6.3 Adjuvant (postoperative) proton therapy
Is	 indicated	 for	 tumours	with	 stage	 T3	 and	 above,	 lymph	 node	
involvement	(multiple	or	with	extra-capsular	 involvement),	peri-
neural	growth,	vascular	invasion,	R1/2.

Targeting

Table 17 

Modality Necessity Slice gap Scan area Constraints

CT always 3	mm Entire	cranium	up	
to	5	cm	below	the	
jugulum

•		Complete	patient	
immobilisation 
with mask or bite 
block

•		With	and	without 
contrast medium

MRI With	all	tumours	
near to the skull base

Merging if	MRI
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6.3.6.4 Adjuvant (postoperative) combined 
proton/chemotherapy
If	 risk	 factors	 such	 as	 R1	 resection	 or	 extra-capsular	 tumour	
growth	are	present,	consideration	should	be	given	to	concomitant	
administration of cisplatin monotherapy.

The background to this is provided by the outcomes of the studies 
by	Bernier	et	al.	and	Cooper	et	al.	(Table	23)

6.3.6.5 Re-irradiation with recurrent tumours in the 
ENT region
The option of renewed irradiation therapy provides the sole po-
tentially curative possibility for patients with recurrent tumours 
or	 secondary	 malignant	 growths,	 if	 these	 cannot	 be	 surgically	
removed. The decisive factors for the success of repeat radio-
therapy	 appears	 to	 be,	 above	 all,	 the	 interval	 between	 primary	
radiochemotherapy and recurrence of tumour; secondly the total 
dose of the repeat radiotherapy. 

According	to	the	data	available	to	date,	 this	means	a	total	dose	
of	at	least	60	Gy	is	not	only	tolerable,	but	is	also	absolutely	to	be	
aimed	at,	not	only	with	purely	palliative	intention	(Lit.	Review	Sem.	
Rad.	Oncol	July	2012).

With	regard	to	fractionation	of	the	re-irradiation	in	the	case	of	ENT	
tumours,	 various	 schedules	have	been	published	 in	 combination	
with	chemotherapy:	1.5	Gy	2	x	daily	up	to	60	Gy,	or	2	-	2.2	Gy	up	
to	60	-	70	Gy.	In	the	case	of	smaller	tumour	volumes,	good	rates	
of success have been achieved by employing stereotactic meth-
ods	and	hypofractionated	dose	schemes	(e.g.	6	x	5	Gy,	5	x	6	Gy,	
4 x 5 Gy)	+/-	chemotherapy	or	targeted	antibody	therapy.	

A	study	from	Germany	examined	the	value	of	re-irradiation	with	
scanning	 charged	 particle	 therapy	 in	 16	 patients	with	 recurrent	
ENT	tumours.	Administration	of	a	median	dose	of	44.8	Gy	(36 -	
72.7	Gy)	 and	 a	moderate	 hypofractionation	 of	 3	Gy	 resulted	 in	
excellent	tolerance	with	an	acute	CTC	G2	toxicity	of	just	31%.

Target area GTV CTV PTV

Primary 
High	Risk

GTV	=	
Tumour	extent	as	visible	in	CT/
MRI/PET	CT	and	the	clinical	
examination

CTV1	=	
GTV	+	≥ 5	mm
Reduction	of	the	safety	margin	to	1	mm	in	
the	vicinity	of	structures	at	risk	(brain	stem,	
spinal	cord,	optic	nerve,	optic	chiasm)

PTV	1	=	
CTV	+	3	mm

Intermediate Risk CTV2	=	
LN	level	directly	afterwards	with	inter-
mediate	risk	(>	10%)	of	a	microscopic	
involvement

PTV2	=	
CTV2	+	3	mm

Low Risk CTV3	=	
LN	level	with	low	risk	(5	-	10%)	of	a	
microscopic involvement

PTV3	=	
CTV3	+	3	mm

Primary GTV	=	
Tumour bed plus cervical 
lymph drainage

CTV	=	GTV	 PTV	=	
CTV	+	3	mm

Contouring specifications with definitive proton therapy

Percentage of regional ipsilateral 
lymph node involvement with HNSCC

Contouring specifications with 
proton therapy of recurrences

Table 18 

Table 19 Table 20 

Target area GTV CTV PTV

Clinically manifest recur-
rence following operation

As	for	definitive 
proton therapy

Clinically manifest 
recurrence following 
primary or postopera-
tive radiotherapy

As	for	definitive 
proton therapy

%N+ I II III IV V

Oral cavity 36 42 79 18 5 1

Supragl.	larynx 55 2 71 48 18 2

Oropharynx 64 13 81 23 9 14

Hypopharynx 70 2 80 51 20 24

Nasopharynx 80 9 71 36 22 32
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Our SOPs describe both the option of hyperfractionation with 
2 treatments/day,	standard	fractionation	and	also	hypofractiona-
tion	for	very	small	tumour	volumes	as	possible	options	with	ENT	
re-irradiation	treatments.	

Optimal protection of the healthy tissue can be achieved with the 
use	of	proton	therapy	in	these	situations	and	the	side-effects	can	
be minimised.

Indications	for	potentially	curative	re-irradiation:
•	 Inoperability
•	 	Interval	from	the	preceding	radiotherapy	>	6	months
•	 	Complete	remission	in	response	to	a	first	irradiation	 

(with curative dose)
•	 	It	must	be	possible	to	achieve	a	curative	dose	(>	60	Gy)	while	

taking	into	consideration	the	previous	radiation	exposure	in	the	
organs	at	risk	(especially	CNS).

•	 	The	cumulative	dose	should	not	exceed	120	–	140	Gy	 
(depending on the treatment volume)

•	 No	distant	metastases
•	 	No	serious	(Grade	>3)	toxicity	within	the	framework	of	the	first	

irradiation

Additional contouring specifications 

Percentage of regional contralateral 
lymph node involvement with HNSCC

Table 22 

Table 21 

%N+ I II III IV V

Oral cavity 36 3.5 8	 3	 1	 0	

Supragl.	larynx 55 0	 21	 10	 7 4	

Oropharynx 64 2	 24	 5 2.5 3	

Hypopharynx 70 0	 13	 4	 3	 2	

Nasopharynx 80 5	 56	 32.0 15	 26	

Spinal cord To be contoured in its 
entirety; the last contoured 
layers lie caudal in each case 
three layers outside the last 
PTV	contour

Brain	stem If	affected,	to	be	 
contoured in its entirety

Temporal lobe If	affected,	to	be	 
contoured in its entirety

Optic chiasm If	affected,	to	be	 
contoured in its entirety

Optic nerve If	affected,	to	be	 
contoured in its entirety

Retina If	affected,	to	be	 
contoured in its entirety

Parotid gland If	affected,	to	be	 
contoured in its entirety

Cochlea If	affected,	to	be	 
contoured in its entirety

Larynx If	affected,	to	be	 
contoured in its entirety

Oral cavity If	affected,	to	be	 
contoured in its entirety

Brachial	plexus If	affected,	to	be	 
contoured in its entirety

Cricropharyngeal inlet If	affected,	to	be	 
contoured in its entirety

Cervical oesophagus If	affected,	to	be	 
contoured in its entirety

Lachrymal gland If	affected,	to	be	 
contoured in its entirety

Studies into radiochemotherapy (adjuvant postoperatively)

Table 23 

RTOG	95011,4 EORTC	229312,5 German	ARO	96-32,6

Patients 459 334 440

Chemotherapy Cisplatin	100	mg/m2

Day	1,	22,	43
Cisplatin	100	mg/m2

Day	1,	22,	43
Cisplatin	20	mg/m2,	5	FU 
600	mg/m2

Day	1-5,	29	-	33

Radiotherapy 60	-	66	Gy	in	6	weeks 66	Gy	in	6.5	weeks Negative	LN:	50	Gy
Positive	LN:	56	Gy
ECS	64	Gy	in	6.6	weeks

Endpoints	(RCT	vs.	RT)

Localised regional control 19%	% 18%	vs.	31% 17%	vs.	38%

Distant	metastases 21%	vs.	25% 20%	vs.	23% 30%	vs.	32%

Survival free of illness 47%	vs.	36% 47%	vs.	36% 62%	vs.	50%

Overall survival 56%	vs.	47% 53%	vs.	40% 58%	vs.	49%
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if	this	is	OK	–	the	plan	is	accepted	and	approved.	Otherwise	the	
MPE	must	be	requested	to	reduce	the	dose	further	in	the	regions	
affected. (Table	28)

6.3.8 Combination therapies
(Table	29,	see	page	92)

6.3.9 Compilation of the treatment prescription
The radiation oncologist draws up an individual irradiation therapy 
prescription for each patient on the basis of the specifications in this 
SOP.	He	records	the	corresponding	parameters	in	the	hospital	infor-
mation system and validates the treatment prescription in accord-
ance	with	SOP-03-02-04	"Validation	of	treatment	prescription".

6.3.10 Plan compilation
The	plan	is	compiled	by	the	MPE,	taking	into	account	the	medical	
prescription.

6.3.11 Plan discussion and approval
Radiation	 oncologist	 and	 MPE	 discuss	 the	 plan.	 If	 the	 plan	 is	
approved	by	the	radiation	oncologist,	it	is	then	signed	and	docu-
mented.	 Should	 any	 changes	 be	 required,	 the	medical	 physicist	
optimises the plan and then presents it again for discussion and 
approval.

6.3.12 Conduct of therapy
The radiation therapy must be administered according to the 
general	 procedure	 specifications	 of	 the	 RPTC.	 Indication-specific	
special	 requirements	are	described	 in	 the	present	SOP	and	must	
be observed.

6.3.6.6 Palliative proton therapy for reducing 
symptoms
The selection of the radiation therapy dosage depends on the 
primary	tumour	and	the	size	of	the	 lymph	nodes,	dose	per	frac-
tion	 and	 on	 clinical	 circumstances,	 including	whether	 concomi-
tant	chemotherapy	 is	administered.	 In	general,	primary	tumours	
and	 involved	 lymph	nodes	 require	 a	 total	 dosage	of	 66	 -	 74	Gy	
(2	Gy/fraction)	 and	 81.6	 Gy	 (1.2	 Gy/fraction).	 Doses	 above	
75	Gy	with	conventional	fractionation	lead	to	unacceptable	side- 
effects.	 Elective	 irradiation	 of	 low	 and	 intermediate	 risk	 lymph	
nodes	 requires	 44	-	64	 Gy,	 depending	 on	 the	 tumour	 load	 and	
fractionation	 size.	 Postoperative	 irradiation	 depends	 on	 stage,	
histology	 and	 histological	 parameters.	 In	 general,	 postoperative	
PT	is	indicated	for	selective	risk	factors	such	as	T	stage,	depth	of	
invasion,	multiple	positive	 lymph	nodes	 (without	 extra-capsular	
extension)	 or	 perineural/lymphatic/vascular	 invasion.	 Higher	
PT	doses	(60	-	66	Gy),	or	concomitant	chemotherapy	 is	recom-
mended	 for	 high-risk	 factors	 such	 as	 extra-capsular	 extension	
and/or	positive	incision	margins.	In	general,	an	interval	of	6	weeks	
or less between operation and PT is recommended. In the case 
of	 recurrent	 tumours,	 there	 are	 different	 recommended	 doses:	
with	bi-fractionated	schedules	(1.5.	Gy	2x	daily	up	to	60	Gy),	with	
IMRT	techniques	(50	-	60	Gy),	or	SBRT	techniques	(3	-	5	fractions	
up	to	30	-	40	Gy).	(Tables	24,	25,	26,	27)

6.3.7 Structures at risk
The dose is to be kept as low as possible in the structures at risk. In 
individual	cases,	in	the	planning	discussion	held	between	the	MPE	
and	 the	 radiation	oncologist,	 the	 resulting	 tolerance	dose	 in	 the	
organs	at	risk	must	be	assessed	by	the	radiation	oncologist	and –	

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in target area
Gy(RBE)

Fractions 
per week

Primary 2.5 27 67.5
equates	to	84.4	Gy	(SD2Gy, α/β=10)

5

Intermediate Risk 2.3 27 62.1
equates	to	76.4	Gy	(SD2Gy,	α/β=10)

5

Low Risk 1.9 27 51.3
equates	to	61.1	Gy	(SD2Gy,	α/β=10)

5

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in target area
Gy(RBE)

Fractions 
per week

Primary 2.3 25 57.5
equates	to	70.7	Gy	(SD2Gy,	α/β=10)

5

Definitive proton therapy with curative intention

Adjuvant proton therapy with curative intention (without risk factors)

Table 24 

Table 25 
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6.3.13 Monitoring/observation
(Table	30,	see	page	93)
If	side-effects	occur,	appropriate	supportive	therapy	is	initiated.

a) Oral hygiene
•	 	All	patients	are	issued	with	the	information	sheet	regarding	oral	

hygiene while undergoing proton therapy.

b) treatment of the irradiated skin
•	 	In	the	event	of	dry	reddening,	dry	desquamation,	feeling	of	tension:
	 -	 	Thin	application	of	dexpanthenol	(e.g.	Bepanthen)	twice	daily
•	 	In	 the	 event	 of	 dry	 reddening,	 dry	 desquamation,	 papulous	

changes and pruritus:
	 -	  Thin application of betamethasone ointment (e.g.	Diproderm)	

twice	 daily	 until	 the	 symptoms	 have	 receded,	 then	 triamci-
nolone	acetonide	(e.g.	Volon	A	ointment)	or	hydrocortisone	
ointment	(e.g.	Hydroderm	1%)

	 -	Topical	steroids	for	as	short	as	possible
•	 Skin	reactions	with	incipient	discharging	sites:	
	 -	 	Rinse	 twice	 daily	 with	 NaCl	 0.9%,	 then	 carefully	 dab	 dry,	

thereafter	twice	daily	thin	application	of	chlorhexidine	hydro-
chloride	0.5%	cream	(e.g.	Bepanthen	Plus	Cream)

	 -	Exposure	to	the	air	as	often	as	possible
	 -	 	Areas	 of	 skin	 affected	 must	 always	 be	 cleaned	 and	 dried,	 

including in the case of ulceration occurring.

Target area Single dose 
Gy	(RBE)

Number	of	 
fractions

Total dose in target area
Gy	(RBE)

Fractions 
per week

Primary 2.3 25 57.5
equates	to	70.7	Gy	(SD2Gy,	α/β=10)

5

Boost	in	the	R1	or	LV1	
region

2.5 25 62.5
equates	to	78.1	Gy	(SD2Gy,	α/β=10)

5

Low Risk 1.9 27 51.3
equates	to	61.1	Gy	(SD2Gy,	α/β=10)

5

Target area Single dose 
Gy	(RBE)

Number	of	 
fractions

Total dose in target area
Gy	(RBE)

Fractions 
per week

Primary
small tumour volumes

6.0 5 30.0 5

Primary
alternatively,	with	
larger tumour volumes

1.5	 20	x	2	per	day 60.0 5

Proton therapy with recurrent tumours (depending on general state of health)

Adjuvant proton therapy with curative intention (with risk factors)

Table 27 

Table 26 

Table 28

Threshold values for structures at risk

Maximum	dose	Gy	(RBE) Priority

Spinal cord 48 High

Brain	stem 54 High

Temporal lobe 60 High

Optic chiasm 50 High

Optic nerve 54 High

Retina 45 High

Parotid gland On	average	26	or	less	than	
50%	volume	30

Medium

Cochlea 50 Medium

Larynx On	average	40 Medium	

Oral cavity On	average	35 Medium

Brachial	plexus 66 Medium

Cricropharyn-
geal inlet

65 Low

Cervical 
oesophagus

65 low

Lachrymal gland Less	than	50% 
volume	30

low
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Systemic therapy

Table 29 

Concomitant 
chemotherapy

Recent	meta-analyses	(Pignon	et	al.,	Lancert	2000,	updated	2009)	have	shown	that	in	the	
case	of	inoperable,	locally	advanced	tumours,	the	simultaneous	administration	of	chemo-
therapy	containing	cisplatin	produced	an	absolute	survival	advantage	of	at	least	8%.	The	
dosage	of	cisplatin	is	the	subject	of	controversial	discussions.	In	the	USA,	cisplatin	100	mg/
m2	on	days	1,	22,	42	is	regarded	as	standard,	although	only	30%	of	all	patients	actually	
receive	all	3	cycles.	

In	most	European	centres,	the	weekly	administration	of	40	mg/m2	is	preferred.	A	minimum	
dose	of	200	mg/m2	should,	however,	be	administered	over	the	duration	of	the	radiotherapy.	

Other	cytostatics	which	are	frequently	administered	on	a	concomitant	basis	are	Mitomycin	C	
and	5	FU.

The significant benefit with regard to overall survival and local tumour control by means  
of	combined	radiotherapy	and	chemotherapy,	however,	comes	at	the	cost	of	serious	side- 
effects such as increased radiogenic mucositis and severe skin reactions.

With	patients	over	the	age	of	65,	the	benefit	derived	from	combination	therapy	is	reduced,	
meaning combined radiochemotherapy cannot be recommended for these patients without 
reservation.

Induction
chemotherapy

Induction	chemotherapy	with	cisplatin	and	cont.	5	FU	(2	-	4	cycles)	followed	by	convention-
ally fractionated radiotherapy became established as the gold standard for patients refusing 
to	undergo	a	laryngectomy	(Lefebvre	1996,	Domenge	2000).

It	must,	however,	be	noted	that,	in	the	event	of	inadequate	response	(at	least	50%	reduc-
tion	in	size	after	2	cycles),	resection	must	be	recommended	to	the	patient,	as	in	the	event	
of	a	residual	tumour	following	RT,	a	palliative	situation	could	arise	from	a	primarily	curative	
scheme.

According	to	the	outcomes	of	the	GORTEC	study	(Forastiere,	2006)	and	3	other	ran-
domised	studies	with	locally	inoperable	tumours,	the	combination	of	docetaxel,	cisplatin	
and	cont.	5	FU	represents	the	gold	standard.

As	an	alternative	to	induction	chemo-/radiotherapy,	concomitant	radiotherapy	should	be	
discussed	for	patients	who	in	principle	refuse	to	undergo	a	laryngectomy,	as	the	overall	sur-
vival	rate	is	identical	when	compared	with	induction	therapy,	but	a	higher	larynx	retention	
rate	can	be	achieved	(Forastiere	2003).

The	status	of	induction	chemotherapy,	in	particular	with	taxanes	in	the	treatment	of	
advanced	ENT	tumours	in	other	localisations	than	the	larynx/hypopharynx	has	been	dealt	
with in numerous current overview articles. In almost all cases the conclusion was reached 
that	induction	chemotherapy,	although	very	promising,	cannot	yet	be	regarded	as	standard	
and should be subjected to further evaluation in clinical studies. Outcomes from Phase III 
studies	(Vermorken	et	al.,	Posner	et	al.,	Calais	et	al.)	merely	showed	the	superiority	of	certain	
schemes of chemotherapy when compared with others and were not able to provide answers 
to	the	question	of	whether	supplementary	induction	chemotherapy	leads	to	a	survival	advan-
tage when compared with standard radiochemotherapy.

With	patients	over	the	age	of	65,	the	benefit	derived	from	combination	therapy	is	reduced,	
meaning combined radiochemotherapy cannot be recommended for these patients without 
reservation.

Antibodies Patients	who	are	not	suitable	for	an	adequate	dosage	of	cisplatin	(200	mg/m2 over the 
duration	of	radiotherapy)	should	receive	cetuximab	parallel	to	proton	therapy	according	to	
the	data	of	the	Bonner	study	(Bonner	et	al.).
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9. Further applicable documents/references
•	 	Ramaeers	 BL,	 Pijls-Johannesma	M,	 Joore	MA,	 van	 den	 Ende	

P,	Langendijk	JA,	Lambin	P,	et	al.	Systematic	review	and	meta-
analysis of radiotherapy in various head and neck cancers: 
Comparing	photons,	carbon	ions	and	protons.	Cancer	Treat	Rev	
2011;37:185-201.

•	 	Chan	AW,	 Liebsch	NJ.	 Proton	 radiation	 therapy	 for	 head	 and	
neck	cancer.	J	Surg	Oncol	2008;97:697-700.

•	 	Weber	DC,	Chan	AW,	Lessell	S,	McIntyre	JF,	Goldberg	SI,	Bus-
siere	MR,	et	al.	Visual	outcome	of	accelerated	fractionated	radi-
ation	for	advanced	sinonasal	malignancies	employing	photons/
protons.	Radio.Oncol.2006;81:243-9.

•	 	Pommier	 P,	 Liebsch	 NJ,	 Deschler	 DG,	 Lin	 DT,	 McIntyre	 JF,	
Baker	 FG,	 et	 al.	 Proton	 beam	 radiation	 therapy	 for	 skull	 base	
adenoid	cystic	carcinoma.	Arch	Otolaryngol	–	Head	Neck	Surg.	
2006;132:1242-9.

•	 	Chen,	A.	M.,	Phillips,	T.	L.	&	Lee,	N.	Y.	–	Practical	Considerations	
in	 the	 Re-Irradiation	 of	 Recurrent	 and	 Second	 Primary	Head-
and-Neck	Cancer:	Who,	Why,	How,	and	How	Much?	–	 Inter-
national	 Journal	 of	 Radiation	 Oncology	 Biology	 Physics	 81,	
1211–1219	(2011).

•	 	Spencer,	S.	A.	et	al.	–	Final	report	of	RTOG	9610,	a	multi-insti-
tutional	 trial	of	 re-irradiation	and	chemotherapy	 for	unresect-
able	recurrent	squamous	cell	carcinoma	of	the	head	and	neck.	
–	Head	Neck	30,	281–288	(2008).

•	 	Lee,	N.	et	al.	 –	Salvage	Re-Irradiation	 for	Recurrent	Head	and	
Neck	Cancer.	-	International	Journal	of	Radiation	Oncology	Biol-
ogy	Physics	68,	731–740	(2007).

•	 	Erik	P	Sulman	M	D,	P.	D.	et	al.	–	 IMRT	Re-Irradiation	of	Head	
and	Neck	Cancer-Disease	Control	and	Morbidity	Outcomes.	–	
International	Journal	of	Radiation	Oncology	Biology	Physics	73,	
399-409	(2009).

7. Follow-up
Follow-up	is	provided	in	compliance	with	the	basic	follow-up	con-
cept	according	to	SOP-01-10-05.	In	departure	from,	or	in	addition	
to,	the	latter,	the	following	measures	are	taken:

•	 	First	clinical	follow-up	2	weeks	after	the	radiation	therapy	has	
concluded

	 -	Local	ENT	examination	status	by	specialist
	 -	Palpation	of	the	neck
	 -	CT,	MRI
	 -	TSH
	 -	X-ray	of	the	thorax	(in	individual	cases)
	 -	Panendoscopy	(in	individual	cases)
	 -	Ultrasound	of	the	neck	(in	individual	cases)
•	 Further	consultation	for	the	follow-up	
	 -	every	3	months	in	the	first	year,	
	 -	every	4	-	6	months	in	the	second	year
	 -	every	six	months	up	to	the	fifth	year

8. Documentation
Documentation	of	the	diagnosis	and	therapy	must	conform	to	the	
general procedure specifications of the RPTC.

Frequency Comment

Follow-up	CT weekly Possible adaptation of the radiation plan to the target volume undergo-
ing change in its own right.
The	weekly	check-up	images	(targeting	CT)	are	required	due	to	the	
often	very	strong	shrinkage	of	ENT	tumours	and	the	consequent	change	
in	air-filled	bodily	cavities	(paranasal	sinuses,	pharynx).

Intraoral status weekly Level	of	mucositis,	candidal	infection

Specific	toxicities weekly Dermatitis,	Erbitux	acne

Nutritional	state weekly Nutritional	intake	is	often	considerably	restricted	in	ENT	patients	
undergoing	radio/chemotherapy	due	to	the	mucositis	associated	with	
the	therapy	and	is	often	only	possible	in	liquid-pulp	form.	Impairment	of	
swallowing	function	with	danger	of	aspiration	can	also	frequently	occur	
due	to	the	mucositis.	In	such	cases,	consideration	should	be	given	to	
placing	a	nasogastric	tube	or	a	PEG	tube.

Monitoring 

Table 30 
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5. Indication

5.1 Classification 
(Table	31)

5.2 Indication
Indication is made jointly by the radiation therapist and the refer-
ring	pneumologist	or	internist/oncologist.	Following	in-house	re-
ferrals,	indication	is	made	by	the	radiation	oncologist	on	the	basis	
of	previous	 findings,	 examinations	 in	 the	 consultation	and/or	at	
the	Tumour	Board	meeting.
•	 Potentially	curative	proton	therapy
	 -		Stage	I,	II	(as	an	alternative	to	surgery,	particularly	with	medi-

cally inoperable patients) 
	 -	Stage	III	a
	 -	Stage	III	b
	 -	Preconditions
•	 KPS	>	70%
•	 Lung	function:	FEV1	>	1	litre
•	 No	therapy-resistant	cardiac	decompensation
•	 Palliative	proton	therapy
	 -	Stage	III	b	(if	lymph	node	metastases	supraclavicular)
	 -	Stage	IV
	 -		Tumour-related	symptoms	 triggered	by	 locoregional	 tumour	

growth	 (e.g.	 atelectasis,	 dyspnoea,	 coughing,	 pain,	 superior	
vena cava syndrome)

	 -	KPS	<	70%

5.3 Contraindication
•	 FEV1	<	1	litre
•	 	Relative:	 TBC,	 sarcoidosis,	 pneumonia,	 central	 tumours	 with	

ongoing	Avastin	therapy,	pleural	effusion

5.4 Overriding exclusion criteria
All	 exclusion	criteria	are	 to	be	checked	 regularly	and	 taken	 into	
account	with	regard	to	indication,	treatment	decision	and	the	pro-
gress of therapy.

•	 	Langendijk,	J.	A.,	Kasperts,	N.,	Leemans,	C.	R.,	Doornaert,	P.	&	
Slotman,	 B.	 J.	 –	A	 phase	 II	 study	 of	 primary	 Re-Irradiation	 in	
squamous	cell	carcinoma	of	head	and	neck.	–	Radiotherapy	and	
Oncology	78,	306–312	(2006).

•	 	Roh,	 K.-W.	 et	 al.	 –	 Fractionated	 Stereotactic	 Radiotherapy	 as	
Re-irradiation	 for	 Locally	Recurrent	Head	 and	Neck	Cancer.	 –	
International	Journal	of	Radiation	Oncology	Biology	Physics	74,	
1348–1355	(2009).

•	 	Comet,	 B.	 et	 al.	 –	 Salvage	 Stereotactic	Re-Irradiation	With	 or	
Without	 Cetuximab	 for	 Locally	 Recurrent	 Head-and-Neck	
Cancer:	A	Feasibility	Study.	–	International	Journal	of	Radiation	
Oncology	Biology	Physics	84,	203-209	(2012).

•	 	Jensen,	A.	D.	et	al.	–	Re-irradiation	with	scanned	charged	par-
ticle	beams	in	recurrent	tumours	of	the	head	and	neck:	Acute	
toxicity	and	feasibility.	-	Radiotherapy	and	Oncology	101,	383–
387	(2011).

Table 31

ICD Coding (ICD10)

C	34 Malignant	neoplasm	of	bronchus	and	
lung

C	34.0 Main	bronchus,	carina,	hilus	(of	lung)

C	34.1 Upper	lobe	(bronchus)

C	34.2 Central lobe (bronchus)

C	34.3 Lower lobe (bronchus)

C	34.8 Overlapping lesion of bronchus and 
lung

C	34.9 Bronchus	or	lung,	unspecified
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•	 Facility	limitation	with	regard	to	the	weight	and	height	of	 
 the patient
•	 MR/CT	facility	limitation	with	regard	to	patient	measurements
•	 Ability	of	the	patient	to	undergo	anaesthesia	if	required

6 Process description

6.1 General information
The basic procedural specifications with regard to treatment at 
the RPTC apply. The present SOP is restricted to the specific pro-
cedures for the diagnosis and treatment of lung tumours.

6.2 Diagnosis

6.2.1 Necessary medical history
The following information is to be provided in advance by the 
patient	 and/or	 attending	 physicians.	 It	 is	 used	 as	 the	 basis	 for	
conducting the consultation and later indication.

e) General information:
•	 Current	medical	report
•	 Histology	(pathology)
•	 	Current	 imaging	 diagnostics,	 in	 digital	 form	 (not	 older	 than	

4 – 6	 weeks)

f) Specific information:
•	 	Medical	 history	 with	 particular	 reference	 to	 pulmonary	 and	

cardiac	illnesses,	
•	  Recording of general state of health and nutritional state
•	 Pulmonary	function	test	(FEV1,	VC,	blood	gas	analysis)
•	 	CT	of	the	thorax	prior	to	chemotherapy	or	surgery	(N-staging)	

assessment of the level of remission following chemotherapy 
and following surgery

•	 	Bronchoscopy:	macroscopic	findings,	cytology,	histology	(grading)	
•	 	Endoscopic	 procedures	 for	 staging	 such	 as	mediastinoscopy,	

video-assisted	endoscopy	(mediastinum,	lung)
•	 Operation	report	with	histology
•	 	PET	CT	(TNM	staging)	with	further	diagnostic	investigation	if	

required
•	 	If	the	patient	has	undergone	previous	radiation	therapy	and	in	

the	event	of	potential	pre-irradiation	of	the	target	area,	a	com-
prehensive	radiation	plan	is	required.

•	 	Discussion	of	the	case	with	an	internist/oncologist	and	thoracic	
surgeon	at	a	meeting	of	the	Tumour	Board	and	documentation	
of the result are recommended as a basic rule prior to com-
mencement of the therapy.

6.2.2 Restaging examinations
(Table	32)

6.2.3 Classification and stages
(Tables	33	and	34,	see	pages	96/97)

6.3 Therapy
The	 therapy	 consists	 of	 the	 preparatory	 measures	 (Pt.	 6.3.1	 -	
6.3.3),	the	pre-treatment	discussion	with	the	patient,	the	therapy	
planning	(Pt.	6.3.4	-	6.3.11),	as	well	as	the	radiation	therapy	itself.

6.3.1 Markers
•	 	Marking	with	Visicoil	markers	facultatively	in	the	case	of	strong	

hypofractionation

6.3.2 Anaesthesia
•	 	Anaesthesia	to	induce	apnoea	is	always	required	with	peripher-

ally located tumours. 
•	 	With	 tumours	at	 the	apex	of	 the	 lung	or	 in	 the	mediastinum,	

movement	related	to	breathing	is	minimal,	meaning	apnoea	can	
be dispensed with.

6.3.3 Positioning
•	 	The	 patient	 is	 positioned	 on	 a	 vacuum	mattress	 (BodyFix™)	

without	the	use	of	vacuum	film.	This	requires	adjustment	of	the	
immobilisation	aids	in	accordance	with	SOP-03-01-06.

	 -	Supine	position
	 -	Arms	above	the	head
•	 	If	anaesthesia	cannot	be	administered,	resting	expiratory	posi-

tion	is	to	be	aimed	at	with	low-level	respiratory	excursions.

6.3.4 Targeting
(Table	35,	see	page	97)

6.3.5 Contouring
The target areas are contoured by the radiation oncologist accord-
ing to the following specifications:
•	 	An	 FDG-PET	 CT	 should	 be	 carried	 out	 as	 far	 as	 possible	 on	
every	patient.	Under	this	aspect,	the	target	volume	includes	the	
primary	tumour	extent	(T-GTV)	and	the	involved	lymph	nodes	
detected	in	the	PET	CT	(L-GTV).	Care	should,	however,	be	paid	
particularly	in	planning	radiation	by	means	of	PET	CT	that	the	
“transition	zones”	in	the	mediastinum	between	the	primary	tu-
mour	and	involved	lymph	nodes	are	included	in	the	CTV	so	as	
to achieve a coherent radiation field.

•	 	Elective	lymph	node	irradiation	no	longer	represents	a	standard	
as	defined	by	the	current	state	of	knowledge.	 It	can,	however,	
continue	to	be	used	if	the	preconditions	for	localised	LN	radia-
tion	are	not	met	(e.g.	lack	of	PET	CT).

(Tables	36,	37,	38,	see	pages	97/98)

6.3.6 Treatment prescription 
(Tables	39,	40,	41,	see	page	99)

Table 32

Restaging

Whole-body	MRI always

Sub-region	MRI Skull

Sub-region	CT Thorax	with	contrast	medium

PET FDG	PET	CT

Other	examinations Lung function
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Table 33

TNM classification

T stages 
(Primary 
tumour)

TX Primary tumour cannot be assessed; or detection of malignant cells in the 
sputum	or	with	bronchial	rinsing,	however	tumour	is	not	visible,	either	radio-
logically or by bronchoscopy

T0 No	indication	of	primary	tumour

Tis Carcinoma in situ

T1

T1a
T1b

Tumour ≤	3	cm	surrounded	by	lung	tissue	or	visceral	pleura	and	without	any	
indication	of	involvement	proximal	to	a	lobar	bronchus	in	the	bronchoscopy	
(main bronchus free)
Tumour ≤	2	cm
Tumour	>	2	cm	and	≤	3	cm

T2

T2a
T2b

Tumour	>	3	cm	and	≤ 7 cm with
•	 Involvement	of	the	main	bronchus	≥	2	cm	distal	to	the	carina	or
•	 Visceral	pleura	infiltrated	or
•	 	Associated	atelectasis	or	obstructive	inflammation	up	to	the	hilus,	 

but not of the whole lung
Tumour	>	3	cm	and	≤	5	cm
Tumour	>	5	cm	and	≤ 7 cm

T3 T2	tumour	>	7	cm	or	tumour	of	any	size	with	infiltration	of:
•	 	Thoracic	wall	(including	superior	sulcus	tumours),	diaphragm,	mediastinal	
pleura,	parietal	pericardium	or

•	 	Tumour	in	the	main	bronchus	≤	2	cm	distal	to	the	carina,	but	carina	itself	
not involved or 

•	 	Tumour	with	atelectasis	or	obstructive	inflammation	of	the	entire	lung	or
•	 Separate	tumour	in	the	same	lobe	as	the	primary	tumour

T4 Tumour	of	any	size	with	infiltration	of	one	of	the	following	structures:
•	 	Mediastinum,	heart,	major	vessels,	trachea,	oesophagus,	recurrent	laryn-
geal	nerve,	vertebral	bodies,	carina,	

•	 	Tumour	nodules	in	another	lobe	of	the	same	side,	separated	from	the	
primary tumour

N	stages	
(regional  
lymph nodes)

NX The regional lymph nodes cannot be assessed

N0 No	regional	lymph	node	metastases

N1 Metastasis(-ses)	in	ipsilateral	peribronchial	lymph	nodes	and/or	in	ipsilateral	
hilus or intrapulmonary lymph nodes (including an involvement by direct 
spread of the primary tumour)

N	stages	
(regional  
lymph nodes)

N2 Metastasis(-ses)	in	ipsilateral	mediastinal	and/or	subcarinal	lymph	nodes

N3 Metastasis(-ses)	in	contralateral	mediastinal	lymph	nodes,	contralateral	
hilus,	ipsi-	or	contralateral	lymph	nodes,	ipsi-	or	contralateral	scalene	or	
supraclavicular lymph nodes

M	stages	 
(distant  
metastases)

M0 No	evidence	of	distant	metastases

M1a

M1b

Tumour	foci,	separated	from	the	primary	tumour,	in	a	contralateral	pulmo-
nary lobe; tumour with pleural metastases or malignant pleural or pericardial 
effusion
Other distant metastases
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Table 34

Grouping of stages

Occult 
carcinoma

TX N0

Stage	0	 Tis N0

Stage	IA T1a,	T1b N0

Stage	IB T2a N0

Stage	IIA T2b
T1a	T1b	T2a

N0
N1

M0
M0

Stage	IIB T2b
T3

N1
N0

M0
M0

Stage	IIIA T1a	b	T2	a	b
T3
T4

N2
N1	N2
N0	N1

M0
M0
M0

Stage	IIIB every T
T4

N3
N2

M0
M0

Stage	IV	 every T every	N M1

Table 35

Targeting

Modality Necessity Slice gap Scan area Constraints

CT always 3	mm Topogram from and lateral 
to	the	neck	(approx.	5	cm	
above	the	apexes	of	the	
lungs)	up	to	5	cm	below	
the adrenal glands

(1)	in	apnoea	procedure

(2)	without	and	with	
intravenous contrast 
medium containing iodine

MRI not indicated

PET	CT whenever possible 3	mm in	resting	expiratory	position

Merging (1)	always	with	CM-CT

(2)	if	available	with	
FDG-PET	CT

6.3.7 Structures at risk
The dose is to be kept as low as possible in the structures at risk. In 
individual	cases,	in	the	planning	discussion	held	between	the	MPE	
and	 the	 radiation	oncologist,	 the	 resulting	 tolerance	dose	 in	 the	
organs at risk must be assessed by the radiation oncologist and 
–	if	this	is	OK	–	the	plan	is	accepted	and	approved.	Otherwise	the	
MPE	must	be	requested	to	reduce	the	dose	further	in	the	regions	
affected.

Dose/volume/results	for	the	organs	at	risk	based	on	QUANTEC:	
(Table	42,	see	page	100)

6.3.8 Combination therapies
Patients	usually	receive	3	cycles	of	sequential	platinum-containing	
chemotherapy,	 followed	 by	 proton	 therapy	 as	 described	 above.	
Once	 the	 PT	 has	 concluded,	 a	 further	 3	 cycles	 of	 consolidation	
therapy	are	administered.	With	carefully	selected	patients	in	a	good	
general	state	of	health,	simultaneous	radiochemotherapy	can	also	
be	administered,	 followed	by	consolidating	chemotherapy.	This	 is	
determined	after	the	case	has	been	presented	to	the	Tumour	Board,	
and	the	treatment	is	administered	by	the	internist/oncologist.

Table 36

Contouring specifications for conventional fractionation

Target area GTV CTV PTV

primary T-GTV	=

in	the	CT:	visible	tumour	extent
(Lung	window:	lung,	soft	tissue	window:	mediastinum)

in	the	PET:	FDG-positive	areas	of	primary	tumour	extent

T-CTV	=	T-GTV	
+	5	mm

T-PTV	=	T-CTV	
+	5	mm

Lymphatic drainage L-GTV	=	
in	the	CT:	if	applicable,	visible	extent
(Lung	window:	lung,	soft	tissue	window:	mediastinum)

in	the	PET:	FDG-positive	areas	of	the	lymph	drainage

L-CTV	=	L-GTV	
+	5	mm

L-PTV	=	L-CTV	
+	5	mm
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6.3.13 Monitoring/observation
(Table	43,	see	page	101)

If	toxicities	occur,	appropriate	supportive	therapy	is	initiated.

a) Pneumonitis
•	 	Steroid	 therapy	 is	 indicated	at	an	early	stage	 if	clinical	symp-

toms and radiological signs of pneumonitis oocur.
Proposed therapy:
	 Prednisolone	50	mg	tablets,	N2
	 S/		 Day	1	+	2:	100	mg	(1-0-1)
	 	 Day	3	+	4:	75	mg	(1-0-0.5)
	 	 Day	5	+	6:	50	mg	(1-0-0)
	 	 Day	7	-	14:	25	mg	(0.5-0-0)
 then  
	 Prednisolone	5	mg	tablets,	N2
	 S/	 Week	3:	15	mg
	 	 Week	4:	10	mg
	 	 Week	5:	5	mg
	 	 Week	6:	2.5	mg
 and  

6.3.9 Compilation of the treatment prescription
The radiation oncologist draws up an individual radiation therapy 
prescription for each patient on the basis of the specifications in this 
SOP.	He	records	the	corresponding	parameters	in	the	hospital	infor-
mation system and validates the treatment prescription in accord-
ance	with	SOP-03-02-04	"Validation	of	treatment	prescription".

6.3.10 Plan compilation
The	plan	is	compiled	by	the	MPE,	taking	into	account	the	medical	
prescription.

6.3.11 Plan discussion and approval
Radiation	 oncologist	 and	MPE	discuss	 the	 plan.	 If	 the	 plan	 is	 ap-
proved	by	the	radiation	oncologist,	it	is	then	signed	and	documented.	
Should	any	changes	be	required,	the	medical	physicist	optimises	the	
plan and then presents it again for discussion and approval.

6.3.12 Conduct of therapy
The radiation therapy must be administered according to the 
general	 procedure	 specifications	 of	 the	 RPTC.	 Indication-specific	
special	 requirements	are	described	 in	 the	present	SOP	and	must	
be observed.

Table 38

Additional contouring specifications

Spicules Only	the	solid	portion	of	the	tumour	should	be	contoured.	Fine	spicules	should	not	be	included,	as	
interpretation varies considerably between observers.

Tumour cavities If	a	tumour	cavity	is	present,	this	should	be	included	in	the	GTV.

Atelectases Atelectatic	lung	can	be	distinguished	from	the	tumour	if	the	“liver	window”	is	used	(150	HU	Window	
Width	and	Level	50	HU).	PET	CT	is	also	suitable	for	differentiation.

Spinal cord In	the	range	of	the	target	volumes	with	5	additional	layers	above	and	below

Oesophagus In	the	range	of	the	target	volumes	with	5	additional	layers	above	and	below	

Lung To be contoured in its entirety

Heart To be contoured in its entirety

Table 37

Contouring specifications for stereotactic fractionation

Target area GTV CTV PTV

Primary T-GTV	=

in	the	CT:	visible	tumour	extent
(Lung	window:	lung,	soft	tissue	window:	mediastinum)

in	the	PET:	FDG-positive	areas	of	primary	tumour	extent

T-CTV	=	T-GTV	
+	3	mm

T-PTV	=	T-CTV	
+	4	to	10	mm

Lymphatic drainage L-GTV	=	
in	the	CT:	if	applicable,	visible	extent
(Lung	window:	lung,	soft	tissue	window:	mediastinum)

in	the	PET:	FDG-positive	areas	of	the	lymph	drainage

L-CTV	=	L-GTV	
+	3	mm

L-PTV	=	L-CTV	
+	4	to	10	mm
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7. Follow-up
Follow-up	is	provided	in	compliance	with	the	basic	follow-up	con-
cept	according	to	SOP-01-10-05.	In	departure	from,	or	in	addition	
to,	the	latter,	the	following	measures	are	taken:

•	 Assessment	of	remission
	 -		2-3	months	after	conclusion	of	the	therapy	by	means	of	CT	of	

the	thorax	or	PET	CT.
	 -	 	The	therapy	is	deemed	to	be	concluded	once	the	therapy	has	

achieved success. In the event of success not having been 
achieved,	 however,	 consideration	 can	 be	 given	 to	 possible	
salvage measures.

•	 	Follow-up	examinations	every	3	months	from	the	end	of	radia-
tion	administration	for	2	years,	then	every	six	months	thereafter

	 Ciprobay	500	mg,	N3
	 S/		 1-0-1	for	10	days
 and  
	 Omeprazol	40	mg	gastro-resistant	tbl.,	N2	
	 S/		 1-0-0	

b) Oesophagitis
•	 		Mucosa-protective	e.g.	ulcogant	oral	suspension	4	x	daily	1	sachet
•	 	Analgesic	therapy	by	means	of	non-steroidal	anti-inflammato-

ries	e.g.	Ibuprofen	2	x	400	mg
•	 	Proton	pump	inhibitors	e.g.	Omeprazol	40	mg	1x1
•	 	In	the	case	of	marked	symptoms	and	insufficient	oral	nutritional	

intake,	intravenous	treatment	and,	if	necessary,	parenteral	nu-
trition via nasogastric tube.

Table 39

Definitive treatment of Stage I/II 
Depending	on	the	DVH	parameters,	irradiation	of	the	primary	tumour	and	any	lymph	nodes	which	may	be	involved	employing	a	
multi-field	technique	up	to	a	total	dose	of	70-80	Gy	(RBE)	is	to	be	aimed	at.

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in 
target area
Gy(RBE)

Fractions 
per week

Primary tumour
≤	6	cm	and	N0
“stereotactically	hypofractionated	
accelerated”

15.0 3 45.0 --

6.6 10 66.0 5

4.0 18 72.0 5

Primary tumour
>	6	cm	or	N+
“conventionally	fractionated”

2.0 35	to	40 70.0	to	80.0 5

Involved lymph nodes 2.0	to	2.5 20	to	25 50 5

Table 40

Potentially curative Stage II a and b therapy

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in 
target area
Gy(RBE)

Fractions 
per week

Primary tumour
centrally located

2.5 21 52.5 5

Primary tumour
peripherally located

2.0	to	4.0
(depending  
on	the	DVH	
parameters)

12	to	40	
(depending  
on	the	DVH	
parameters)

80	(40x2)
63	(21x3)
48	(12x4)

5

Involved lymph nodes 2.0	to	2.5 20	to	25 50 5

Table 41

Palliative therapy

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in 
target area
Gy(RBE)

Fractions 
per week

Primary tumour or 
symptomatic metastases

4.5 10 45.0 5
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Table 42

Dose for organs at risk (according to Quantec)

Organ Volume Type of 
radiation

Endpoint Dose	or	dose	
(Gy)/volume	
parameters

Rate	(%) Source/ 
notes

Spinal cord Cross-section 3D-CRT Myelopathy Dmax	=	50	Gy 0.2 Total	cross-
section

3D-CRT Myelopathy Dmax	=	60	Gy 6

3D-CRT Myelopathy Dmax	=	69	Gy 50

SRS
(single	Fx)

Myelopathy Dmax=13 1 Partial	cross-
section with 
3	Fx

SRS 
(hypo	Fx)

Myelopathy Dmax=20 1

Oesophagus Whole	organ 3D-CRT >G3	 
oesophagitis

Average	dose	
<	34

5	-	20

3D-CRT >G2	 
oesophagitis

V35	<	50% <	30

3D-CRT >G2	 
oesophagitis

V50	<	40% <	30

3D-CRT >G2	 
oesophagitis

V70	<	20% <	30

Lung Whole	organ 3D-CRT Symptomatic 
pneumonitis

V20	<	30% <	20

3D-CRT Symptomatic 
pneumonitis

Average	dose	
=	7

5

3D-CRT Symptomatic 
pneumonitis

Average	dose	
=	13

10

3D-CRT Symptomatic 
pneumonitis

Average	dose	
=	20

20

3D-CRT Symptomatic 
pneumonitis

Average	dose	
=	24

30

3D-CRT Symptomatic 
pneumonitis

Average	dose	
=	27

40

Heart Pericardium 3D-CRT Pericarditis Average	dose	
<	26

<	15

3D-CRT Pericarditis V30	<	46% <	15

Whole	organ 3D-CRT Long-term	car-
diac morbidity

V25	<	10% <	1
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9. Further applicable documents/references
•	 	R.C.	 Nichols,	 M.D.	 et	 al.	 -	 Protons	 Safely	 Allow	 Coverage	 of	

High-Risk	Nodes	 for	Patients	with	Regionally	Advanced	Non-
Small-Cell	 Lung	 Cancer;	 Technology	 in	 Cancer	 Research	 in	
Treatment,	Volume	10,	Number	4,	August	2011

•	 	Particle	 Therapy	 –	A	 next	 logical	 step	 in	 the	 improvement	 of	
radiotherapy;	Acta	Oncologica,	2011;	50:	741-744

•	 	Status	 of	 particle	 therapy	 for	 lung	 cancer;	 Acta	 Oncologica,	
2011;	50:	745-756

•	 	R.C.	Nichols,	M.D.	et	al.	-	Proton	Radiation	Therapy	Offers	Re-
duced	 Normal	 Lung	 and	 Bone	Marrow	 Exposure	 for	 Patients	
Receiving	Dose-Escalated	Radiation	Therapy	for	Unresectable	
Stage	 III	 Non-Small-Cell	 Lung	 Cancer:	 A	 Dosimetric	 Study;	
Clinical	Lung	Cancer,	Vol.	12,	No.4,	252-7;	2011

•	 	South	German	Tumour	Center:	 Empfehlungen	 zur	Diagnostik,	
Therapie	 und	 Nachsorge,	 Bronchialkarzinom	 (Recommen-
dations	 for	 diagnostic	 investigation,	 therapy	 and	 follow-up,	
Bronchial	carcinoma),	3rd.	revised	edition,	Tübingen,	Septem-
ber	2008	from	the	series,	“Therapy	recommendations”	of	the	
South-West	German	Tumour	Center	-	Comprehensive	Cancer	
Center	 Tübingen,	 ISSN	 1862-6734,	 www.tumorzentrum-
tuebingen.de,	link:	Patient	treatment

•	 	Joe	Y.	Chang,	MD,	PhD	et.	 al.	 –	Phase	2	Study	on	High-Dose	
Proton	Therapy	With	Concurrent	Chemotherapy	for	Unresect-
able	Stage	III	Non-small	Cell	Lung	Cancer	–	Cancer	2011

•	 	Noriyuki	 Kadoya,	 M.S.	 et.al.	 –	 Dose-Volume	 Comparison	 of	
Proton	 Radiotherapy	 and	 Stereotactic	 Body	 Radiotherapy	 for	
Non-Small-Cell	Lung	Cancer	–	IJROBP2011

	 -	Clinical	examination	
	 -	Description	of	general	state	of	health
	 -	Development	of	weight	
	 -	Progress	of	the	laboratory	parameters
	 -	CT	of	the	thorax
	 -	Lung	function	
	 -	Abdominal	sonography

8. Documentation
Documentation	of	the	diagnosis	and	therapy	must	conform	to	the	
general procedure specifications of the RPTC.

Table 43

Monitoring

Frequency Comment

Follow-up	CT always prior 
to the first 
administration 
of	radiation,	
thereafter 
dependent on 
the	SD

if applicable in 
apnoea

General	and	
nutritional state

weekly

Specific	toxicities	 weekly Oesophagus,	
lung,	skin

Laboratory values 
with radiochemo-
therapy

weekly leukocytes,	
thrombocytes,	
haemoglobin,	
creatinine,	
electrolytes,	
liver function 
parameters
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SOP fOr Pancreatic carcinOmaS

5 Indication

5.1 Classification
(Table	44)

5.2 Indication
Indication is made jointly by the radiation therapist and the  
gastroenterologist.
•	 Histologically	confirmed	pancreatic	carcinoma
•	 Definitive	proton	therapy	in	the	event	of	inoperability
•	 Proton	therapy	following	R1	resection
•	 	Proton	therapy	following	R0	resection,	if	<	1mm	in	the	healthy	

tissue
•	 Proton	therapy	in	the	event	of	localised	recurrence	following		
 surgery

5.3 Contraindication
•	 KPS	<	70%
•	 Peritoneal	carcinomatosis
•	 	More	than	5	liver	metastases	or	metastases	in	more	than	1	organ

5.4 Overriding exclusion criteria
All	 exclusion	criteria	are	 to	be	checked	 regularly	and	 taken	 into	
account	 with	 regard	 to	 indication,	 treatment	 decision	 and	 the	 
progress of therapy.
•	 Facility	limitation	with	regard	to	the	weight	and	height	of	the	
 patient
•	 MR/CT	facility	limitation	with	regard	to	patient	measurements
•	 Ability	of	the	patient	to	undergo	anaesthesia	(if	required)

6. Process description

6.1 General information
The basic procedural specifications with regard to treatment at 
the RPTC apply. The present SOP is restricted to the specific pro-
cedures for the diagnosis and treatment of pancreatic tumours.

6.2 Diagnosis

6.2.1 Necessary medical history
The following information must be provided in advance by the 
patient	 and/or	 attending	 physicians.	 It	 is	 used	 as	 the	 basis	 for	
conducting the consultation and later indication.

(a) General information:
•	 Current	medical	report
•	 Histology	(pathology)
•	 Current	images	(not	older	than	4	–	6	weeks)
•	 	If	the	patient	has	previously	undergone	radiation	therapy:	

comprehensive radiation plan detailing dose distribution and 
beam direction

(b) Specific information:
•	 Laboratory	parameters	
	 -	LFP

	 -	Cholesterol	parameters
	 -	Pancreatic	enzymes
	 -	Tumour	marker	CA	19-9,	CA	17-7	and	CEA

6.2.2 Restaging examinations
(Table	45)

Preparation: 
The tumour markers of significance for pancreatic carcinomas 
are	CEA	and	CA	19-9.	Due	to	their	low	sensitivity	and	specificity,	
however,	they	cannot	be	used	as	a	method	for	screening.	The	pri-
mary significance of the tumour markers is their use as progress 
parameters	in	the	course	of	the	therapy	and	follow-up,	although	a	
connection	will	not	always	exist	between	tumour	mass	and	a	rise	
in marker level in the serum.

Staging ct:
Computed tomography (CT) is still the standard method for pre-
operative	assessment	of	the	T	stage	and	resectability,	in	particular	
in	terms	of	excluding	metastases,	infiltration	of	the	superior	mes-
enteric	vein	in	the	event	of	a	cuffing	by	the	tumour	of	>	180°	and	
infiltration of the superior mesenteric artery. Staging CT is to be 
applied	to	determine	the	local	extent	of	the	tumour.

Table 44

ICD Coding (ICD10)

C	25 Malignant	neoplasm	of	pancreas

C	25.0 Head	of	pancreas

C	25.1 Body	of	pancreas

C	25.2 Tail of pancreas

C	25.3 Pancreatic duct

C	25.4 Endocrine	pancreas

C	25.7 Other	parts	of	pancreas, 
neck of pancreas

C	25.8 Overlapping lesion of pancreas

C	25.9 Pancreas,	unspecified

Table 45

Restaging

Whole-body	MRI always

Sub-region	MRI Abdomen

Sub-region	CT --

PET FDG	PET	CT

Other  
examinations

Facultatively,	endoscopic	investiga-
tion in the event of suspected infiltra-
tion of the intestine

Facultatively,	contrast	medium- 
supported ultrasound
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Staging mr:
Staging	MRI	is	to	be	applied	to	determine	the	local	extent	of	the	
tumour.

Staging Pet:
Staging	PET	is	to	be	applied	to	exclude	metastases.

6.2.3 Classification and stages
(Tables	46,	47)

6.3 Therapy
The	 therapy	 consists	 of	 the	 preparatory	 measures	 (Pt.	 6.3.1	
-	 6.3.3),	 the	 pre-treatment	 discussion	 with	 the	 patient,	 the	
therapy	 planning	 (Pt.	 6.3.4	 -	 6.3.11),	 as	 well	 as	 the	 radiation	
therapy itself.

6.3.1 Markers
Not	applicable

6.3.2 Anaesthesia
Targeting and radiation therapy in apnoea with simultaneous ir-
radiation of metastases. 

6.3.3 Positioning
•	 	The	 patient	 is	 positioned	 on	 a	 vacuum	mattress	 (BodyFix™)	

with	 the	use	of	 vacuum	 film.	This	 requires	 adjustment	of	 the	
immobilisation	aids	in	accordance	with	SOP-03-01-06.

	 -	Supine	position
	 -	Arms	above	the	head
	 -	Legs	stretched	out

6.3.4 Targeting (Table	48)

6.3.5 Contouring
The target areas are contoured by the radiation oncologist accord-
ing to the following specifications: (Table	49,	see	page	104)

Table 46

TNM classification1

T stages 
(primary 
tumour)

TX Primary tumour cannot be 
assessed

T0 No	indication	of	primary	tumour

Tis Carcinoma in situ

T1 Tumour	restricted	to	the	pancreas,	
≤	2	cm	at	its	greatest	extent

T2 Tumour	restricted	to	the	pancreas,	
>	2	cm	at	its	greatest	extent

T3 Tumour spreading beyond the 
pancreas,	but	without	infiltration	
of the coeliac trunk or the superior 
mesenteric artery

T4 Tumour is infiltrating the coeliac 
trunk or superior mesenteric artery

N	stages	
(regional 
lymph 
nodes)

NX Regional lymph nodes cannot be 
assessed

N0 No	regional	lymph	node	metastases

N1 Regional lymph nodes:
peripancreatic,	pancreatic-duode-
nal,	pyloric,	proximal	mesenteric	
lymph	nodes,	on	the	superior	
mesenteric	artery,	lymph	nodes	on	
the	bile	duct,	splenic	hilum,	coeliac,	
with tumours in the head of the 
pancreas

M	stages	
(distant 
metastases)

MX The presence of distant metastases 
cannot be assessed

M0 No	distant	metastases

M1 Distant	metastases

Table 47

Grouping of stages

Stage	0	 Tis N0 M0

Stage	IA T1 N0 M0

Stage	IB T2 N0 M0

Stage	IIA T3 N0 M0

Stage	IIB T1,2,3 N1 M0

Stage III T4 every	N M0

Stage	IV	 every T every	N M1

Table 48

Targeting

Modality Necessity Slice gap Scan area Constraints

CT always 3	mm Abdomen without and with contrast medium
in apnoea with simultaneous irradiation 
of liver metastases

MRI facultative Abdomen

Merging if present with 
MRI

1)	Source:	UICC	TNM	Atlas
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Target	volume	definition	according	to	Van	der	Geld	(Int	J	Radiat	
Oncol	Biol	Phys	2008;72:	1215-1220)	(Table	50)

6.3.6 Treatment prescription
(Tables	51,	52)

6.3.7 Structures at risk
The dose is to be kept as low as possible in the structures at risk. In 
individual	cases,	in	the	planning	discussion	held	between	the	MPE	
and	the	radiation	oncologist,	the	resulting	tolerance	dose	in	the	or-
gans	at	risk	must	be	assessed	by	the	radiation	oncologist	and	–	 if	
this	is	OK	–	the	plan	is	accepted	and	approved.	Otherwise	the	MPE	
must	be	requested	to	reduce	the	dose	further	in	the	regions	affected.

6.3.8 Combination therapies
(Table	53)

6.3.9 Compilation of the treatment prescription
The radiation oncologist draws up an individual radiation therapy 
prescription for each patient on the basis of the specifications in 
this	SOP.	He	records	the	corresponding	parameters	in	the	hospital	
information system and validates the treatment prescription in ac-
cordance	with	SOP-03-02-04	"Validation	of	treatment	prescrip-
tion".

6.3.10 Plan compilation
The	plan	is	compiled	by	the	MPE,	taking	into	account	the	medical	
prescription.

6.3.11 Plan discussion and approval
Radiation	 oncologist	 and	 MPE	 discuss	 the	 plan.	 If	 the	 plan	 is	
approved	by	the	radiation	oncologist,	it	is	then	signed	and	docu-
mented.	 Should	 any	 changes	 be	 required,	 the	medical	 physicist	
optimises the plan and then presents it again for discussion and 
approval.

6.3.12 Conduct of therapy
The radiation therapy must be administered according to the 
general	 procedure	 specifications	 of	 the	 RPTC.	 Indication-specific	
special	 requirements	are	described	 in	 the	present	SOP	and	must	
be observed.

6.3.13 Monitoring/observation
No	specifications

7. Follow-up
Follow-up	is	provided	in	compliance	with	the	basic	follow-up	con-
cept	according	to	SOP-01-10-05.	In	departure	from,	or	in	addition	
to,	the	latter,	the	following	measures	are	taken:

Table 49

Contouring specifications

Target area GTV CTV PTV

primary GTV	=
macroscopic 
primary 
tumour, 
macroscopic 
lymph nodes

CTV	=	
GTV	+	3 mm

PTV	=	
CTV	+	2 mm

Table 50

Additional contouring specifications

Liver To be contoured in its entirety

Kidneys To be contoured in their entirety

Spinal 
cord

In the range of the target volumes with 
5 additional	layers	above	and	below

Table 51

Treatment of the pancreas

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in target 
area	Gy(RBE)

Fractions 
per week

Primary tumour 2.0	-	3.0* 18*	/	30 54.0*	-	60 5

Table 52

Treatment of the pancreas and liver metastases in apnoea simultaneously

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in target 
area	Gy(RBE)

Fractions 
per week

Primary	tumour	GTV 4.4 10 44.0 5

Primary	tumour	PTV 4.0 10 40.0 5

Liver metastases According	to	SOP-01-10-15

Table 53

Concomitant therapy

Gemzar 300	mg,	weekly

*	individual	compassionate	use
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•	 	First	clinical	follow-up	3	months	after	the	radiation	therapy	has	
concluded

	 -	MRI
	 -	PET	CT
	 -	Clinical	examination
	 -	Laboratory	values
•	 	Further	consultation	for	follow-up	every	3	months	for	the	first 

2	years
	 -	MRI
	 -	Tumour	markers

8. Documentation
Documentation	of	the	diagnosis	and	therapy	must	conform	to	the	
general procedure specifications of the RPTC.

9. Further applicable documents/references
•	 	South	 German	 Tumour	 Center:	 Empfehlungen	 zur	 Diagnostik,	

Therapie	und	Nachsorge,	Pankreaskarzinom	(Recommendations	
for	 diagnostic	 investigation,	 therapy	 and	 follow-up,	 Pancreatic	
carcinoma),	2nd	revised	edition,	Tübingen,	September	2009	

	 	from	 the	 series,	 “Therapy	 recommendations”	 of	 the	 South-
West	German	Tumour	Center	-	Comprehensive	Cancer	Center	
Tübingen,	ISSN	1862-6734,	www.tumorzentrum-tuebingen.de,	
link: Patient treatment

•	 	Kozak	KR	et	al.	-	Dosimetric	Feasibility	of	Hypofractionated	Pro-
ton	Radiotherapy	for	Neoadjuvant	Pancreatic	Cancer	Treatment	
-	IJROBP	2007

•	 	Stauder,	M.	C.	&	Miller,	R.	C.	Stereotactic	Body	Radiation	Ther-
apy	(SBRT)	for	Unresectable	Pancreatic	Carcinoma.	Cancers	2,	
1565–1575	(2010).

•	 	Petersen	 JB	 et	 al.	 -	 Normal	 liver	 tissue	 sparing	 by	 intensity-
modulated proton stereotactic body radiotherapy for solitary 
liver	tumours	-	Acta	Oncol.	2011

•	 	Schellenberg	D.	et	al.	-	Single-Fraction	Stereotactic	Body	Radia-
tion	Therapy	And	Sequential	Gemcitabine	 For	The	Treatment	
Of	Locally	Advanced	Pancreatic	Cancer	-	IJROBP	2011

•	 	Mahadevan	A.	et	al.	-	Stereotactic	Body	Radiotherapy	And	Gem-
citabine	For	Locally	Advanced	Pancreatic	Cancer	-	IJROBP	2011

•	 	Wang,	F.	&	Kumar,	P.	The	role	of	radiotherapy	in	management	of	
pancreatic	cancer.	J	Gastrointest	Oncol	2,	157–167	(2011).

•	 	Roeder	F	et	al.	-	Clinical	phase	I/II	trial	to	investigate	neoadjuvant	
intensity-modulated	short	term	radiation	therapy	(5	–	5	Gy)	and	
intraoperative	radiation	therapy	(15	Gy)	in	patients	with	primarily	
resectable	pancreatic	cancer	–	NEOPANC	-	BMC	Cancer.	2012

•	 	Son	 SH	 et	 al.	 -	 The	 technical	 feasibility	 of	 an	 image-guided	
intensity-modulated	radiotherapy	(IG-IMRT)	to	perform	a	hy-
pofractionated	schedule	in	terms	of	toxicity	and	local	control	for	
patients with locally advanced or recurrent pancreatic cancer 
-	Radiation	&	Oncology	2012

•	 	Huguet,	F.,	Azria,	D.,	Goodman,	K.,	Racadot,	S.	&	Abrams,	R.	A.	
Radiotherapy	Technical	Considerations	 in	the	Management	of	
Locally	 Advanced	 Pancreatic	 Cancer:	 American-French	 Con-
sensus	 Recommendations.	 Radiation	 Oncology	 Biology	 83,	
1355-1364	(2012).

•	 	Werner,	J.	et	al.	Advanced-stage	pancreatic	cancer:	therapy	op-
tions.	Nat	Rev	Clin	Oncol	10,	323–333	(2013).

SOP fOr PrOStatic carcinOmaS

5. Indication

5.1 Classification
(Table	54)

Table 54

ICD Coding (ICD10)

C	61 Malignant	neoplasm	of	prostate

5.2 Indication
Indication	is	made	by	the	radiation	oncologist.	A	decision	has	to	
be	made	on	a	case-by-case	basis	as	to	whether	the	patient	is	re-
quired	to	present	when	the	urological	clinic	is	held	and	the	urolo-
gist needs to be called in.
•	 Adenocarcinoma	of	the	prostate
•	 Group	stages:
	 -	T1-2	N0-M0;	low-,	medium-	and	high-risk	groups
	 -	T1-3	N+	M0	
	 -	pT2-3	N0-M0	following	R1/R2-	resection
	 -	T3/T4	locally	advanced	tumours
	 -		T4	 infiltration	 into	 neighbouring	 organs	 (rectum,	 sphincter,	

muscles	and/or	securing	to	the	pelvic	wall)
	 -	PSA	recurrence	following	previous	treatment
	 -	PSA	recurrence	with/without	evidence	of	tumour	manifestations

5.3 Contraindication
• Transurethral	prostatic	resection	(TUR)	≤	4	months 
  SUBSTITUTE	PROCESS:	Further	consultation	 
	 	 4 months	after	TUR
• Marker	placement	not	possible	due	to	florid	inflammation
 		SUBSTITUTE	PROCESS:	Further	consultation	following	

antibiotic therapy
•	 	Decision	on	an	individual	case	basis	if	patient	has	unilateral	hip	

prosthesis
•	 Bilateral	hip	prostheses

5.4 Overriding exclusion criteria
All	 exclusion	criteria	are	 to	be	checked	 regularly	and	 taken	 into	
account	with	regard	to	indication,	treatment	decision	and	the	pro-
gress of therapy.
•	 Facility	 limitation	with	 regard	 to	 the	weight	and	height	of	 the	 
 patient
•	 MR/CT	facility	limitation	with	regard	to	patient	measurements

6. Process description

6.1 General information
The basic procedural specifications with regard to treatment at 
at the RPTC apply. The present SOP is restricted to the specific 
procedures for the diagnosis and treatment of prostatic tumours.
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6.2 Diagnosis

6.2.1 Necessary medical history
The following information is to be provided in advance by the 
patient	 and/or	 attending	 physicians.	 It	 is	 used	 as	 the	 basis	 for	
conducting the consultation and making the indication.

g) General information:
•	 Current	medical	report
•	 Histology	(pathology)
•	 	Current	 imaging	 diagnostics,	 in	 digital	 form	 (not	 older	 than	

4 – 6 weeks)
•	 	If	the	patient	has	previously	undergone	radiation	therapy:	com-

prehensive radiation plan detailing dose distribution and beam 
direction

h) Specific information:
•	 Histology
	 -		Details	 of	 histology,	Gleason	 Score	 and	 number	 of	 involved	

biopsies 
	 -	Cytology	(if	available)
•	 PSA	value/progress
•	 Surgical	interventions/operation	reports
•	 Potency	and	libido
•	 Micturition	 (urinary	 stream,	 dysuria,	 nocturia,	 continence,	 
 residual urine)
•	 Hormonal	therapy/chemotherapy
•	 	Inflammatory	illnesses	in	the	urogenital	region	or	in	the	intestine
•	 Treatments	for	haemorrhoids
•	 	Urological	operations	(e.g.	TUR)	and	other	abdominal	interven-

tions
•	 	Medication,	in	particular	anticoagulant	substances	with	regard	

to the setting of markers

6.2.2 Restaging examinations
(Table	55)

6.2.3 Classification and stages
(Tables	56,	57,	58)

6.3 Therapy
The	therapy	consists	of	the	preparatory	measures	(Pt.	6.3.1-6.3.3),	
the	pre-treatment	discussion	with	the	patient,	 the	therapy	plan-
ning	(Pt.	6.3.4-6.3.11),	as	well	as	the	actual	radiation	therapy.

6.3.1 Markers
•	 Provision	and	placement	of	the	patient-specific	tumour	markers	
according	to	SOP-03-02-02.

Table 58

Risk groups with locally demarcated prostatic carcinomas (T1/2 N0 M0)

PSA	[ng/ml] Gleason	Score T stage

Low Risk <	10 and <	7 and T1c	–	T2a

Intermediate Risk 10	–	20 or 7 or T2b

High	Risk >	20 or >	7 or T2

Table 55

Restaging

Whole-body	MRI always

Sub-region	MRI pelvis,	always

Sub-region	CT --

PET --

Other	examina-
tions

--

Table 56

TNM classification

T stages T1a random histological finding in 
≤ 5 %	of	the	resected	tissue

T1b random histological finding in 
> 5 %	of	the	resected	tissue

T1c Diagnostic	investigation	by	
means of needle biopsy

T2a Tumour involving one lobe 
(≤	50	%)

T2b Tumour involving one lobe 
(>	50	%)

T2c Tumour involving both lobes

T3a Extra-capsular	spread

T3b Tumour infiltrating seminal 
vesicles

T4 Tumour infiltrating neighbouring 
organs

N	stages N1 Lymph nodes of the lesser pelvis 
below the bifurcation of the com-
mon iliac arteries

Table 57

Metastasis risk

Lymphogenous Risk	for	N+	=	2/3	x	PSA	+ 
(Gleason	Score	-6)	x	10	[%],	
e.g.	PSA	12,	Gleason-Score	7	� Risk for 
N+	=	2/3	x	12	+	(7-6)	x	10	[%]	=	18	%

Haematogenous particularly into the skeleton
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6.3.6 Treatment prescription
(Tables	64,	65,	66,	see	page	108)

6.3.7 Structures at risk
Constraints similar to the specifications of the PROFIT study with 
hypofractionation (Table	67,	see	page	108)

The dose is to be kept as low as possible in the structures at risk. In 
individual	cases,	in	the	planning	discussion	held	between	the	MPE	
and	 the	 radiation	oncologist,	 the	 resulting	 tolerance	dose	 in	 the	
organs at risk must be assessed by the radiation oncologist and 
–	if	this	is	OK	– the plan is accepted and approved. Otherwise the 
MPE	must	be	requested	to	reduce	the	dose	further	in	the	regions	
affected.

6.3.8 Combination therapies
(Table	68,	see	page	108)

6.3.2 Anaesthesia
not applicable

6.3.3 Positioning
•	 The	patient	 is	put	 in	a	supine	position	on	a	vacuum	mattress	
(BodyFix™)	with	the	use	of	vacuum	film.	This	requires	adjustment	
of	the	immobilisation	aids	in	accordance	with	SOP-03-01-06.
•	 Provision	of	a	rectal	balloon	in	accordance	with	SOP-03-02-01.

6.3.4 Targeting
(Table	59)

6.3.5 Contouring
The target areas are contoured by the radiation oncologist accord-
ing to the following specifications:
(Tables	60,	61,	62,	63)

Table 59

Targeting

Modality Necessity Slice gap Scan area Constraints

CT always 3	mm L4/5	up	to	the	
lower edge of 
the ischium

•	 	complete	patient	immobilisation	with	foil
•	 with	rectal	balloon
•	 with	prostate	markers

MRI in selected 
cases

•	 with	rectal	balloon

Merging if	MRI

Table 60

Low Risk contouring specifications

Target area GTV CTV PTV

Primary GTV	=	
prostate

CTV	=	
GTV

PTV	=	CTV	+	
4	mm	 
(dorsal	3	mm)

Table 61

Intermediate Risk contouring specifications

Target area GTV CTV PTV

Primary GTV1	=	
prostate

CTV1	=	
GTV1

PTV1	=	CTV1	
+	4	mm	(dor-
sal	3	mm)

Lymphatic 
drainage

GTV2	=	
involvement
risk	< 15 %	
no risk 
> 15 %	iliac	
internal

CTV2	=	
GTV2

PTV2	=	CTV2	
without 
safety margin

Table 62

High Risk contouring specifications

Target area GTV CTV PTV

Primary GTV1	=	
prostate 
+ seminal 
vesicle

CTV1	=	
GTV1

PTV1	=	CTV1	
+	4	mm	 
(dorsal	3 mm)

Lymphatic 
drainage

GTV2	
=	iliac	
internal + 
common 
up	to	S1-L5

CTV2	=	
GTV2

PTV2	=	CTV2	
without 
safety margin

Table 63

Additional contouring specifications

Rectal wall To be contoured in its entirety; the last 
contoured	layers	lie	cranial	and	caudal,	
in each case three layers outside the 
last	PTV	contour

Urinary	bladder To be contoured in its entirety

Femoral heads To be contoured in their entirety
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Table 64

Definitive therapy

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in 
target area 
Gy(RBE)

Fractions  
per week

Primary 3.0 21 63.0 5	-	6

Lymphatic drainage 2.5 21 52.5 5	-	6

Table 65

Adjuvant proton therapy following prostatovesiculectomy

Target area Single dose 
Gy(RBE)

Number	of	 
fractions

Total dose in 
target area 
Gy(RBE)

Fractions 
per week

Primary 3.0 19 57.0 5	-	6

Table 66

Salvage proton therapy with (PSA) recurrence following prostatovesiculectomy

Target area Single dose 
Gy(RBE)

Number 
of fractions

Total dose in 
target area 
Gy(RBE)

Fractions 
per week

Primary 3.0 20 60.0 5	-	6

Table 67

Threshold values for structures at risk

Rectal wall •		Max.	30%	of	the	rectal	wall	
retained ≥	46	Gy	(RBE)

•		Max.	50%	of	the	rectal	wall	
retained ≥	37	Gy	(RBE)

Urinary	 
bladder

•		Max.	30%	of	the	bladder	
retained ≥	46	Gy	(RBE)

•		Max.	50%	of	the	bladder	
retained ≥	37	Gy	(RBE)

Femoral heads •	Less	than	40	Gy	(RBE)

Table 68

Hormone therapy1

Low Risk S3	Guidelines	on	prostatic	carcinoma*	
5.64:
“For	low-risk	patients,	there	is	no	
survival	advantage	of	(neo-)adjuvant	
hormonal	therapy.”

Intermediate 
Risk

S3	Guidelines	on	prostatic	carcinoma*	
5.65:
“In	the	case	of	patients	with	locally	
demarcated prostatic carcinoma and an 
intermediate	risk	profile,	neoadjuvant	
and/or	adjuvant	hormone	therapy	can	
be	administered	prior	to/during/or	after	
radiation	therapy.”

High	Risk S3	Guidelines	on	prostatic	carcinoma*	
5.64:
“In	the	case	of	patients	with	locally	
demarcated prostatic carcinoma and at 
high	risk,	neoadjuvant	and/or	adjuvant	
hormonal therapy is to be administered 
prior	to	and/or	after	radiation	therapy.”

1)	Source:	S3	Guidelines	on	prostatic	carcinoma,	2011
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6.3.13 Monitoring/observation
(Table	69)

7. Follow-up
Follow-up	is	provided	in	compliance	with	the	basic	follow-up	con-
cept	according	to	SOP-01-10-05.	In	departure	from,	or	in	addition	
to,	the	latter,	the	following	measures	are	taken:
•	 	First	clinical	follow-up	12	weeks	after	the	radiation	therapy	has	

concluded
•	 	Further	 consultation	 for	 the	 follow-up	 every	 6	months	 in	 the	

first	three	years	in	the	prostate	carcinoma	follow-up	care,	then	
once a year

•	 	Measurement	of	 the	PSA	values	by	 the	attending	urologist	 in	
the	course	of	the	follow-up	examinations,	recording	of	life	qual-
ity	with	EORTC	QLQ	C30,	prostatic	carcinoma	module	of	 the	
AUO,	Vs.2	in	radiation	oncology

•	 	Care	of	the	patient	by	the	registered	urologist,	oncologist	or	GP

8. Documentation
Documentation	of	the	diagnosis	and	therapy	must	conform	to	the	
general procedure specifications of the RPTC.

9. Further applicable documents/references
•	 	DEGRO:	 Interdisciplinary	 S3	 guidelines	 on	 quality	 regarding	

early	detection,	diagnosis	and	treatment	of	the	various	stages	
of prostatic carcinoma 

	 Version	2.01A	–2011

6.3.9 Compilation of the treatment prescription
The radiation oncologist draws up an individual radiation therapy 
prescription for each patient on the basis of the specifications in this 
SOP.	He	records	the	corresponding	parameters	in	the	hospital	infor-
mation system and validates the treatment prescription in accord-
ance	with	SOP-03-02-04	"Validation	of	treatment	prescription".

6.3.10 Plan compilation
The	plan	is	compiled	by	the	MPE,	taking	into	account	the	medical	
prescription.

6.3.11 Plan discussion and approval
Radiation	 oncologist	 and	MPE	discuss	 the	 plan.	 If	 the	 plan	 is	 ap-
proved	by	the	radiation	oncologist,	it	is	then	signed	and	documented.	
Should	any	changes	be	required,	the	medical	physicist	optimises	the	
plan and then presents it again for discussion and approval.

6.3.12 Conduct of therapy
The radiation therapy must be administered according to the 
general	 procedure	 specifications	 of	 the	 RPTC.	 Indication-specific	
special	 requirements	are	described	 in	 the	present	SOP	and	must	
be observed.

Table 69

Monitoring

Frequency Measures

Patient 
weight

weekly Replanning	is	required	in	
the event of large increase 
or decrease in weight
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PROTON THERAPY FOR LOW-GRADE GLIOMAS: 
RESULTS FROM A PROSPECTIVE TRIAL

Helen A. Shih, MD; Janet C. Sherman; PhD; Lisa B. Nachtigall, 
MD; Mary K. Colvin, PhD; Barbara C. Fullerton, PhD; Juliane 
Daartz, PhD, Barbara K. Winrich, MA; Tracy T. Batchelor, MD; 
Lauren T. Thornton, BA; Sarah M. Mancuso, BA; Michele K. 
Saums, BA; Kevin S. Oh, MD; William T. Curry, MD; Jay S. Loef-
fler, MD; Beow Y. Yeap, ScD

The aim of this prospective study was to validate the toxicity and 
recurrence-free survival rates of patients with a low-grade glioma 
who had undergone proton radiation therapy. 

The study showed that proton therapy was well tolerated by pa-
tients with low-grade glioma. There was no indication of any nega-
tive influence on cognitive brain function or quality of life (QOL). 
(Cancer 2015, American Cancer Society.)

Department of Radiation Oncology, Massachusetts;  
General Hospital, 30 Fruit Street, Boston. PMID: 25585890 PubMed

PROTON THERAPY WITH CONCOMITANT 
CAPECITABINE FOR PANCREATIC AND 
AMPULLARY CANCERS IS ASSOCIATED WITH 
A LOW INCIDENCE OF GASTROINTESTINAL 
TOXICITY

Background: Analysis of the side-effects of treatment in patients 
with a pancreatic/ampullary carcinoma.

Discussion: Proton therapy makes it possible to spare the small 
intestine and the stomach. The gastrointestinal side-effects are 
correspondingly small. Long-term follow-up is nevertheless re-
quired in order to assess the efficacy of this form of therapy. We 
believe that the favourable rate of side-effects with proton therapy 
allows doses to be escalated and chemotherapy intensified so as 
to ensure better acceptance of preoperative proton therapy for 
patients with resectable or marginally resectable disease.

R. Charles Nichols, JR; Thomas J. George; Robert A. Zaiden, JR; 
Ziad T. Awad; Horacio J. Asbum; Soon Huk, Meng Wei Ho; Nancy P. 
Mendenhall; Christopher G. Morris & Bradford S. Hoppe; University 
of Florida Proton Therapy Institute; Jacksonville, Florida, USA.  
Acta Oncologica, 2013; 52:498-505

CHARGED PARTICLE THERAPY VERSUS PHO-
TON THERAPY FOR PARANASAL SINUS AND 
NASAL CAVITY MALIGNANT DISEASES:  
A SYSTEMATIC REVIEW AND META-ANALYSIS

Samir H. Patel; Zheng Wang; William W. Wong; Mohammad 
Hassan Murad; Courtney R. Buckey; Khaled Mohammed; Fares 
Alahdab; Osama Altayar; Mohammed Nahban; Steven E. Schild, 
Robert L. Foote

Background: Carcinomas of the nasal cavity and paranasal si-
nuses are rare and often have different histological entities, which 
explains why clinical studies are required in order to determine 
the best form of therapy. Systematic literature research and 
meta-analysis were undertaken in order to compare the clinical 
outcomes of particle therapy and photon therapy.

Findings: When the results of photon therapy are compared with 
those of particle therapy, the former are superior with regard to 
nasal and paranasal tumours.

Department of Radiation Oncology, Mayo Clinic, Scottsdale, AZ, USA
The Lancet Oncology, 27.06.2014, http://dx.doi.org/710.1016/
S1470-2045(14)70268-2

FIVE-YEAR OUTCOMES FROM 3 
PROSPECTIVE TRIALS OF IMAGE-GUIDED 
PROTON THERAPY FOR PROSTATE CANCER

Nancy P. Mendenhall, MD; Bradford S. Hoppe, MD; Romaine 
C. Nichols, MD; William M. Mendenhall, MD; Christopher G. 
Morris, MS; Zuofeng Li, DSc; Zhong Su, PhD; Christopher R. Wil-
liams, MD; Joseph Costa, DO; Randal H. Henderson, MD, MBA

Aim: To report on 5-year therapy outcomes of 3 prospective stud-
ies into image-guided proton therapy for prostate carcinomas.

Findings: The 5-year clinical outcomes with image-guided proton 
therapy reveal extremely high efficacy, minimal rates of side- 
effects recorded by physicians and also excellent results being 
reported by patients. Longer follow-up observation and a wider 
range of patient experience are required in order to corroborate 
these favourable outcomes.

University of Florida Proton Therapy Institute, Jacksonville, Florida
Division of Urology, College of Medicine, University of Florida,  
Jacksonville, Florida. Int J Radiat Oncol Biol Phys. 88 / 3 p 596
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RATIONALE FOR AND PRELIMINARY RESULTS 
OF PROTON BEAM THERAPY FOR MEDIASTINAL 
LYMPHOMA

Jing Li, MD, PhD; Bouthaina Dabaja, MD; Valerie Reed, MD; 
Pamela K. Allen, PhD; Haihong Cai, MS; Mayankkumar V. Amin; 
John A. Garcia, BS; James D. Cox, MD

The aim of the study was to analyse the potential of three-dimen-
sional proton beam therapy (3D-PBT) to reduce the radiation dose 
in healthy tissue structures in patients with mediastinal lymphomas 
when compared with conventional photon radiation therapy (RT).

Conclusion: In patients with mediastinal lymphomas, 3D-PBT 
causes a significantly lower radiation dose in the lung, oesophagus, 
heart and coronary vessels when compared with conventional RT.

Department of Radiation Oncology, MD Anderson Cancer-Center, 
1515 Holcombe Blvd, Houston, USA. PMID: 20643518 PubMed

PROTON THERAPY FOR MAXILLARY SINUS 
CARCINOMA

Bhishamjit S. Chera, MD; Robert Malyapa, MD, PhD; Debbie Louis, 
Cmd.; William M. Mendenhall, MD.; Zuofeng Li, DSc. Donald C. 
Lanza, MD; Daniel Yenng, PhD and Nancy P. Mendenhall, MD

Comparison of the dose volumes of three-dimensional conformal 
proton therapy (3DCPT) versus intensity-modulated radiation 
therapy (IMRT) for paranasal maxillary sinus carcinoma T4 N0.

Findings: Both forms of therapy, DCPT and also the IMRT, sat-
isfactorily covered the target volume. 3DCPT reduced the mean 
and integral radiation dose on all normal tissues. Neither form of 
therapy exceeded the tolerance dose of the left ophthalmic nerve.

University of Florida Department of Radiation Oncology and 
University of Florida Proton Therapy Institute, University of Florida, 
Jacksonville Florida. Am J Clin Oncol 32 / 3 p 296

PHASE 2 STUDY OF HIGH-DOSE PROTON 
THERAPY WITH CONCURRENT CHEMOTHER-
APY FOR UNRESECTABLE STAGE III NONSMALL 
CELL LUNG CANCER

Joe Y. Chang, MD, PhD; Ritsuko Komaki, MD; Charles Lu, MD; 
Hong Y. Wen, MS; Pamela K, Allen, PhD; Anna Ssao, MD; Mi-
chael Gillin, PhD and James D. Cox, MD

The authors sought to improve the effective toxicity of conventional 
concurrent chemotherapy for Stage III bronchial carcinomas by em-
ploying an escalated radiation dose in the tumour. They reported on 
the early results of a Phase II study into a high-dose proton therapy 
with concurrent chemotherapy with regard to side-effects, therapy 
failure and survival rates. (Cancer 2011, 117:4707-13.)

Findings: High-dose proton therapy with concurrent chemother-
apy is well tolerated and the median survival rate of 29.4 months 
is encouraging for Stage III NSCLC. 

University of Texas, MD Anderson Cancer Center, Houston Texas
PMID: 21437893 PubMed
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Germany's Radiation Protection Ordinance (StrlSchV) 

contains dedicated sections on trials and studies, 

which means “...the emphasis [is] on the acquisition 

of scientific knowledge”. Two sections are devoted 

to these studies. The Federal Office for Radiation 

Protection (BfS) has, in addition, defined extensive 

procedures according to which the studies have to be 

conducted. These are, for example, approved by dedi-

cated BfS Ethics Commissions. 

The RPTC has currently introduced two studies into 

this complex and protracted process, namely “Proton 

therapy in patients with locally advanced pancreatic 

carcinomas” and “Hypofractionated stereotactic pro-

ton therapy of prostatic carcinomas”. The studies are 

currently going through the approval process. In the 

case of radiation therapy for pancreatic carcinomas, 

the transition to studies only means a marginal opti-

misation for patients at the RPTC, but the study into 

treating prostatic carcinomas represents a massive 

improvement. The treatment time would be reduced 

decisively, to only five radiation treatment sessions. 

Avoiding the recovery phases of the carcinoma be-

tween the individual, currently lower-dosed sessions 

also decisively reduces the overall radiation dose for 

the surrounding areas. 

We hope to soon obtain approval for the studies, 

which have been submitted.
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HigHly Hypofractionated proton  
tHerapy of prostatic carcinomas

1.1 aim of tHe study

Radiation therapy is a primary therapy option for 

locally demarcated prostatic carcinomas in all risk 

groups. Modern radiation therapy techniques allow 

doses to be increased with the aim of controlling 

tumours more effectively, but with an increased risk 

of side-effects caused by the therapy itself. The in-

dividual doses usually administered in conventional 

photon-based radiation therapy of prostatic carcino-

mas amount to 1.8 Gy to 2.0 Gy. An increase in the 

overall dose therefore entails extending the therapy 

to as much as 9  weeks, representing both an addi-

tional burden for patients in terms of time and also 

causing them indirect extra costs. 

Proton radiation therapy possesses special physi-

cal properties which make it superior to traditional 

radiation therapy with photons. One such property 

is that the majority of the energy is delivered in the 

final millimetres of the range of the beam. Tissue 

located beyond this point does not receive any ra-

diation energy. This means that a very precise dose 

distribution in the target area can be achieved with 

protons, thus allowing effective protection of sensi-

tive neighbouring organs. The enhanced physical 

protection of the neighbouring organs means that 

the individual dose per fraction can be increased, 

which in turn makes it possible to shorten the overall 

treatment period. 

The first results from clinical research into radiation 

treatment of localised prostatic carcinomas with 

conventional photon therapy show that much 

shorter therapy plans with a greatly increased radia-

tion dose per session (5 fractions and overall doses 

of 35 to 37 Gy) are clinically feasible and do not pre-

sent any disadvantages for the patient. 

Based on these results, the tolerance of much shorter 

proton therapy with a far higher individual dose 

(hypofractionation) in the treatment of locally de-

marcated prostatic carcinomas is to be prospectively 

investigated in this study. 

1.1.1 Aim

1.1.1.1 Primary aim

The present study is aimed at investigating tolerance 

of highly hypofractionated proton therapy of locally 

demarcated prostatic carcinomas. 

1.1.1.2 Secondary aim

•	 PSA	recurrence-free	survival

•	 Survival	free	of	metastases

•	 Overall	survival	

•	 Acute	toxicity

•	 Examination	of	life	quality	

1.1.2 Background, scientific state of knowledge

1.1.2.1 Therapy options

Prostatic carcinomas are the most frequent form of 

malignant tumour found in European men and are re-

sponsible for over 20% of cancer diagnoses in men1.

In the treatment of prostatic carcinomas, radiation 

therapy plays an important role, alongside surgery, as 

a primary therapy option. It can be administered in 

the form of percutaneous radiation therapy alone or 

in the form of brachytherapy (in LDR or HDR proce-

dures). 

1.1.2.2 Proton therapy

In recent years, radiation therapy of prostatic carcino-

mas with protons has gained increasing importance. 

Protons are positively charged particles which form 

part of the nucleus of an atom. One property of pro-

tons is that the majority of the energy is delivered in 



114

  StudieS at the RPtC

the final millimetres of the range of the beam. Tis-

sue located beyond this point does not receive any 

radiation energy. A very precise dose distribution in 

the target area can be achieved with protons, thus al-

lowing effective protection of sensitive neighbouring 

organs. 

Existing prospective studies with regard to proton 

therapy for prostatic carcinomas show excellent tu-

mour control, low side-effect rates and few effects on 

quality of life2,3. 

1.1.2.1 Hypofractionated radiation therapy of 
prostatic carcinomas

The outcomes of treatments with radiation therapy 

can be optimised by either shifting the dose-effect 

curve for the destruction of the tumour to lower 

doses or shifting the dose-effect curve for damage to 

normal tissue to higher doses. 

In the case of hypofractionation, as compared with 

conventional fractionation, the prescribed total dose 

is divided into a smaller number of fractions with a 

larger dose (>2.0 Gy). 

Due to the specific biology of prostatic carcinomas, 

this therapeutic approach is particularly significant 

in radiation therapy and can lead to the therapeutic 

range being widened. 

Prostatic carcinoma cells possess a relatively long 

doubling time of 40 days on average4. These findings 

accord with clinical experience of the slow growth of 

prostatic carcinomas. Furthermore, prostatic carci-

noma cells are capable of repairing sub-lethal damage 

caused by radiation with low individual doses (1.2  - 

1.7 Gy). Brenner and Hall have provided evidence in 

their radiobiological models that prostatic carcinoma 

cells react very sensitively to changes in the dose 

per fraction5. If an increase in dosage is undertaken 

via hypofractionation, this is advantageous from the 

perspective of tumour biology, as the proportion of 

dying cells increases. At the same time, organs at risk 

(bladder, bladder neck, prostatic urethra and rectum) 

are spared because, unlike prostatic carcinoma cells, 

they react less sensitively to changes in fractionation. 

The alpha/beta value in the linear-quadratic model is 

a measure of the fractionation sensitivity of tumours. 

Based on data gained from nearly 6,000 patients, the 

alpha/beta value for prostatic carcinomas is esti-

mated to be 1.4 Gy6. In contrast, the alpha/beta value 

for late complications of the rectum (the critical or-

gan in terms of external beam irradiation of prostatic 

carcinomas) is 3 Gy7. These differences in fractiona-

tion sensitivity mean that, with prostatic carcinomas, 

hypofractionation can be used to reduce side-effects 

and increase the control of tumours.

Hypofractionation therefore has the potential to im-

prove the therapeutic range with a higher level of 

tumour control, and the same or possibly fewer side-

effects, because the organs at risk are spared. A key ad-

vantage of hypofractionation is also the shorter treat-

ment period due to the smaller number of fractions.

1.1.2.2 Clinical studies of stereotactic hypofrac-
tionation of prostatic carcinomas with photons

Data is available from several Phase II studies in 

which patients were administered hypofractionated 

irradiation with only 5  fractions and overall doses 

of 35 to 37 Gy (in some cases up to 40 Gy). These 

radiosurgery treatments were usually performed 

with high-precision systems, particularly Cyberknife, 

which enables high-precision dose administration 

by means of robotic guidance, but also with linear 

accelerator-based systems. 

The outcomes are promising and reveal, after 1 to 

3.5  years, a biochemical freedom from recurrence 

of 93%  -  100% and side-effect rates (≥  Level 2) 

of 5%  -  15% with very low rates of severe Level 3  

side-effects (0% - 5%). 

1.1.2.3 Clinical studies of stereotactic hypofrac-
tionation of prostatic carcinomas with protons

As far as we are aware, there is currently only one 

study, in the USA, in which hypofractionation of pro-

static carcinomas with protons is being investigated 

within the framework of a prospectively randomised 

study. In this study, which has been launched by 

the Proton Collaborative Group, a hypofractionated 

scheme (5 x 7.6 Gy (RBE), overall dose: 38 Gy (RBE)), 

is prospectively compared with a conventional 

scheme (44 x 1.8 Gy (RBE), total dose 79.2 Gy (RBE)). 
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In total, it is intended that 192 patients will take part 

in the study, with the recruitment phase having com-

menced in November 2010. The primary study end-

point is “freedom from failure”; secondary endpoints 

are toxicity in the gastrointestinal and genito-urinary 

tract, the rate of impotence, quality of life and over-

all survival. The study is planned to end in Decem-

ber 2021. 

1.2 nature of tHe study

The study is a mono-centric single-arm Phase II study. 

The population of the study encompasses all patients 

with localised prostatic carcinomas for whom local-

ised proton therapy of the prostate is indicated. All 

the patients are undergoing treatment at the RPTC. 

1.2.1 Research project with potential benefits for the 

participant

Based on the unique physical properties of protons, it 

is to be assumed that stereotactic hypofractionation 

by means of protons represents a genuine therapy 

option for patients with localised prostatic carcino-

mas. In particular, the shorter treatment time appears 

to be advantageous for such patients. 

1.2.1.1 Inclusion criteria

•	 	Histologically	confirmed,	locally	demarcated	pros-

tatic carcinoma 

•	 Stage:	cT1-2c,	N0,	M0

•	 Gleason	Score:	≤ 7

•	 PSA:	<	30	ng/ml

•	 Age:	>	50	years

•	WHO	Performance	Status:	≥ 2 

1.2.1.2 Exclusion criteria:

•	 	Previous	irradiation	therapy	in	the	pelvic	region

•	 	Contraindications	 against	 implantation	 of	 gold	

markers (e.g. allergy to gold)

•	 	Legal	incapacity	or	lack	of	informed	consent

•	 Hip	prosthesis

1.2.1.3 Study procedure and related measures

Proton therapy is the definitive and sole therapy in 

this protocol. No surgical measures are undertaken 

(apart from implantation of markers). No anti- 

hormonal therapy is planned.

In addition to a clinical examination and taking 

the patient history, the pre-therapeutic diagnos-

tic steps include further investigation by means of  

PSMA-PET-CT and MRI. As further preparatory 

measures, gold markers are inserted into the prostate 

and a spacer between the prostate and the anterior 

rectum wall. 

1.2.1.3.1 Spacer between prostate and anterior 
rectum wall

In order to enlarge the distance between the anterior 

rectum wall and the prostate, and subsequently in 

order to reduce the radiation dose at the rectum wall, 

a “spacing hydrogel” is applied between the posterior 

prostatic surface and the anterior rectal wall. 

1.2.1.3.2 Gold markers

In order to ensure the precision of the irradiation, the 

position of the prostate needs to be identified defini-

tively. All patients therefore have several gold markers 

implanted into the prostate. This is done transrectally 

(with antibiotic protection) under local anaesthesia 

and with ultrasound imaging. 

1.2.1.3.3 Filling of the rectum

In order to ensure a consistent filling of the rectum, 

intestinal evacuation must be performed with Micro-

klist enema prior to the planning CT and each irradia-

tion fraction.

1.2.1.4 Dose prescription

The prescribed dose is 37.5 Gy (RBE) in 5 fractions, i.e. 

7.5 Gy (RBE) per fraction. Radiation therapy is admin-

istered daily on 5 consecutive days. 
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1.2.1.5 Examinations during proton therapy

The patient is seen by his doctor daily during the 

5-day treatment and the tolerance of the treatment 

is assessed. Prior to each session of radiation therapy, 

an x-ray image is taken at the treatment table in order 

to verify the positioning is correct. 

At the end of the treatment, the side-effects which 

have occurred during the treatment are recorded, 

based on the NCI Score CTC V4. 

1.2.1.6 Follow-up

The follow-up examinations are undertaken in accord-

ance with the guidelines and the Radiation Protection 

Ordinance.

The following exams are to be conducted:

•	 PSA	value	after	3 months,	thereafter	2x	annually

•	 	Gathering	and	recording	of	the	tolerance,	based	on	

chronic consequences of radiation treatment ac-

cording to RTOG/EORTC (firstly after 3 months, 

then after 6, 12, 24, 36, 48 and 60 months)

 - Urological symptoms

 - Gastrointestinal symptoms

•	 	Quality	 of	 life	 by	means	 of	 EORTC-QLQ-C30	 and	

EPIC Score 

 - Prior to the therapy beginning

 -  6, 12, 24, 36, 48 and 60 months after the therapy 

has ended
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proton tHerapy in patients witH locally 
advanced pancreatic carcinomas

1.1 aim of tHe study

Proton radiation for treating patients with pancreatic 

carcinomas at the RPTC up to now involved individual 

treatment of single patients in the form of compas-

sionate use. 

Based on our experience to date and the existing 

literature, there are sufficient indications that proton 

therapy in the treatment of locally advanced pancre-

atic carcinomas constitutes an advance in medical 

treatment and an improvement of the current stand-

ard. In the present study, therefore, the results of pro-

ton therapy in treating locally advanced pancreatic 

carcinomas are to be tested prospectively in a larger 

and homogeneous patient population.

1.1.1 Aim

Improvement of the local control rate and overall 

survival in patients with locally advanced pancreatic 

carcinomas by means of proton therapy in combina-

tion with gemcitabine with simultaneous reduction of 

the toxicity rate. 
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1.1.1.1 Primary aim

Recording of acute and chronic toxicity.

1.1.1.2 Secondary aim

Examination of life quality 

Radiological response rate

Recurrence-free survival

Overall survival

1.1.2 Background, state of scientific knowledge

In Germany, just under 13,000  people develop a 

pancreatic carcinoma each year. In the ranking list of 

deaths due to cancer, pancreatic carcinomas are in 

fourth place for both men and women. Pancreatic car-

cinomas statistically represent an illness contracted in 

older age. However, the age-specific incidence already 

increases from the age of 45, and from the age of 75 

it reaches values of 80 up to > 100/100,000. Ductal 

adenocarcinoma and its variants make up 85% - 90% 

of all pancreatic neoplasms. 

Malignant tumours of the exocrine pancreas are clas-

sified according to the current WHO classification 

[WHO (2000) Pathology and Genetics of Tumours 

of the Digestive System. IARC Press, Lyon].

70% of tumours are located in the head of the pan-

creas, 20% in the body and 10% in the tail region. The 

head of the pancreas extends as far as the left edge 

of the superior mesenteric vein, while tumours of the 

uncinate process are subsumed. Tumours of the body 

of the pancreas extend from the left edge of the supe-

rior mesenteric vein to the left edge of the aorta, and 

pancreas tail tumours are located left of the aorta.

On diagnosis, pancreatic carcinomas frequently pre-

sent with growth beyond the organ, with infiltration of 

the peripancreatic soft tissue. This particularly involves 

invasion of the adventitia of the large vessels, especially 

the superior mesenteric vein and/or the portal veins.

Factors which contribute to an unfavourable progno-

sis comprise perineural infiltration and, as with other 

tumours, lymphatic vessel and venous invasions. In 

addition, intra-epithelial spread can frequently be 

found along the pancreatic duct (carcinoma in situ), 

usually extending less than 2 cm beyond the area of 

the invasive tumour.

The average survival time of untreated patients with 

pancreatic carcinomas is 3  months, while survival 

rates following radical surgery are between 10 and 

20  months. Overall, a 5-year survival rate of about 

3%-4% is to be assumed. Patients with tumours which 

are restricted to the pancreas and less than 3 cm in 

diameter have a better prognosis than patients with 

larger tumours or infiltration of the retroperitoneum. 

The most favourable prognosis is for patients with R0 

resection. This means that the retroperitoneal resec-

tion edges, in particular, are of the greatest prognostic 

importance. Recurrences most frequently begin in 

the retroperitoneal soft tissue and more rarely in the 

lymph nodes or liver metastases.

1.1.2.1 Therapy options

Pancreatic carcinomas are frequently classified as 

being operable, marginally operable or non-operable.

A clinical challenge is posed by patients with locally 

advanced tumours in which no metastasis has yet 

occurred, but which are classified as marginally or 

non-operable. They have to be treated with alterna-

tive procedures. The standard therapy to date has 

been chemotherapy with gemcitabine, 5-FU and 

oxali platin. 

1.1.2.2 Rationale for intensified local radiation 
therapy

Radiation therapy plays an important role in the 

treatment of inoperable locally advanced pancreatic 

carcinomas1,2. Even if older studies are inconsistent, 

a Phase III study by the Eastern Cooperative Oncol-

ogy Group (ECOG) showed a survival advantage of 

combined radiochemotherapy when compared with 

chemotherapy alone2. Although the study had to be 

terminated prematurely due to slow patient recruit-

ment, an improvement in median survival from 9.2 to 

11.1 months by means of the combined radiochemo-
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therapy was demonstrated. The results of this study, 

together with the knowledge that uncontrolled local 

tumour growth represents the cause of death in 30% 

of patients3, lend support to the assumption that in-

tensification of local therapy improves survival rates. 

Earlier attempts to increase the radiation dose were 

limited by the severe toxicity involved, especially in 

the small intestine. Modern radiation techniques such 

as IMRT made it possible to increase the dose in the 

tumour and improve local tumour control, although 

the rate of severe complications is still very high. In a 

dose escalation study by the University of Michigan, 

the radiation dose was increased from 50 to 60  Gy 

in 25  fractions with the simultaneous administration 

of 600  mg/m2 gemcitabine. Dose-limiting toxicity 

was reached at 55 Gy with a rate of gastrointestinal 

side-effects ≥  Level 3 of 24%. 7 patients experienced 

strong nausea and vomiting, 2 patients gastrointesti-

nal haemorrhages and 1 patient a perforation of the 

small intestine. Despite the high rate of side-effects, 

the study showed that the increase in dose led to the 

prognosis being improved. The median survival time 

was 14.8  months and the 2-year survival rate 30%. 

These results are significantly better when compared 

with the historic data of Study Group 4 (median sur-

vival: 11.2 months; 2-year survival 13%). The high-dose 

radiation therapy also produced an improvement in 

the 2-year local control rate from 38% (Murphy) to 

59%. As an important secondary finding of the study, 

it was shown that in 12 of the total of 50  patients, 

the tumour shrank in such a way that surgery was 

possible after administration of the high-dose radia-

tion therapy, and in 10 patients a complete resection 

(R0) was achieved. Median survival in this group was 

32 months. 

In summary, intensification of local therapy by means 

of high-dose radiochemotherapy and the use of 

high-conformal irradiation techniques mean that a 

significant improvement can be achieved in the local 

control of locally advanced pancreatic carcinomas. 

This consequently leads to the prevention or delaying 

of complications resulting in death. The rate of severe 

gastrointestinal complications is, however, still too 

high and must be improved. 

1.1.2.3 Rationale for the concomitant administra-
tion of gemcitabine

Gemcitabine is one of the most potent radiation- 

sensitising chemotherapy agents. Experimental re-

sults show synergism of the two therapy modalities 

with sim ultaneous administration. Phosphorylation of 

gemcitabine monophosphate to the active cytotoxi-

cally effective gemcitabine triphosphate, produces 

a fall in intracellular d-ATP concentration. Low intra-

cellular concentration of d-ATP means high radiation 

sensitivity, and occurs 16 to 24 hours after exposure to 

gemcitabine.

The combination of gemcitabine with radiation ther-

apy in treating locally advanced pancreatic carcinomas 

was tested in the ECOG Phase III study already cited 

above2. In this study, 74  patients were randomised 

with weekly 1,000  mg/m2 gemcitabine for 6  weeks 

plus a one-week break and a further 5 four-week treat-

ment cycles (3 weeks with gemcitabine followed by a 

break of one week) or with 600 mg/m2 gemcitabine 

(once a week for 5 weeks) plus radiation treatment.

The median survival time in the first group (gemcit-

abine alone) amounted to 9.2 months, and in the sec-

ond group to 11.1 months (gemcitabine plus radiation 

therapy). 

Third- and fourth-degree toxicities occurred very often 

in both groups (77% and 79% respectively). The most 

frequent occurrences were fatigue and gastrointestinal 

side-effects. Fourth- and fifth-degree toxicities were 

more frequent with gemcitabine plus radiation therapy 

(41% versus 9%). In both arms, the life quality of the 

patients declined up to the sixth week. 

In summary, the additional radiation therapy extended 

survival significantly by 2  months in comparison to 

gemcitabine alone with comparable quality of life.

1.1.2.4 Rationale for proton therapy

Protons are positively charged particles which form 

part of the nucleus of an atom. One property of pro-

tons is that the majority of the energy is delivered in 
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the final millimetres of the range of the beam. Tissue 

located beyond this point does not receive any beam 

energy. A very precise dose distribution in the target 

area can be achieved with protons, thus allowing ef-

fective protection of sensitive neighbouring organs. 

Dosimetric studies with pancreatic carcinoma pa-

tients revealed a superiority of protons compared 

with photons, with significant dose reduction in the 

liver, kidneys and small intestine5,6. This means the 

volume dose (V20Gy) at the small intestine can be 

reduced from 47% with IMRT to 15.4% with protons, 

at the stomach from 20% to 2.3% and at the right 

kidney from 50.5% to 27.3%. 

Clinical data lend support to the administration 

of proton therapy in the treatment of pancreatic 

carcinomas. Hong et al. published the results of a 

Phase I study with hypofractionated proton therapy 

with concomitant administration of capecitabine 7.  

15 patients were treated with an increasing dose. No 

dose-limiting toxicity occurred with a dose of 25 Gy 

in 5 fractions over a week. Terashima et al. reported 

the results of the treatment of 50 patients with locally 

advanced pancreatic carcinoma with proton therapy 

and gemcitabine8. The majority of patients received 

a dose of 67.5 Gy in 25 fractions. After a median fol-

low-up observation period, 10% of the patients had 

developed ≥ Level 3 gastrointestinal side-effects. The 

local progression-free survival rate was 81.7% and 

the overall survival rate was 76.8%. 

Nichols et al. reported on 22  patients with locally 

advanced pancreatic carcinoma who received proton 

therapy with a dose of between 50.4 Gy and 59.4 Gy 

with an individual dose of 1.8 Gy in combination with 

capecitabine. Within a follow-up observation period 

of 11 months, 3 patients developed a Level 2 gastro-

intestinal toxicity, while no Level  3 toxicity was ob-

served9. 

Initial clinical experiences in-house at the RPTC in 

patients with locally advanced inoperable pancre-

atic carcinomas showed a good tolerance of proton 

therapy. The protocol established in our department 

is based on a moderate hypofractionated proton 

therapy (45 - 54 Gy (RBE) in 15 - 18 fractions with in-

dividual doses of 3.00 Gy (RBE). The chemotherapy 

consists of gemcitabine 300 mg and is administered 

once weekly.

The decision with regard to proton therapy was taken 

to date with all patients on the basis of individual 

compassionate use. As a result of this, the patient 

population is very heterogeneous and presents with 

different starting situations, such as post-chemother-

apy, post-surgery, in a metastasised condition or in 

the primary situation.

Despite the heterogeneity of the patients treated, a 

retrospective evaluation revealed very good toler-

ance of the proton therapy. All patients were able to 

complete the therapy without any significant acute 

toxicity. In the further course of treatment, no sig-

nificant toxicity occurred either. Only in one female 

patient did bleeding from the duodenum requiring 

trans fusion occur 7  months after the therapy had 

concluded, which corresponded to a Level 3 gastroin-

testinal side-effect. 

Local tumour control was achieved in all patients 

3 months after the therapy had been concluded. After 

12 months, 88% of the patients included in follow-up 

observation were locally under control.

1.2 nature of tHe study

The study is a mono-centric single-arm Phase II study. 

The population of the study encompasses all patients 

with locally advanced, inoperable pancreatic carcino-

mas for whom local proton therapy of the pancreas is 

indicated. All the patients are undergoing treatment 

at the RPTC. 

Based on the unique physical properties of protons, it 

is to be assumed that radiation treatment by means 

of protons represents a genuine therapy option for 

patients with localised pancreatic carcinomas. 
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1.2.1 Design of the study

1.2.1.1 Study population

Patients with histologically confirmed adenocarci-

noma of the pancreas in a locally advanced, primarily 

inoperable, non-metastasised stage (T4 N0 M0).

1.2.1.2 Inclusion criteria

•	 	Histologically	or	cytologically	confirmed	

 adenocarcinoma of the pancreas

•	 Tumour	diameter	≤ 7 cm

•	 	Proof	of	inoperability	by	means	of	radiological	crite-

ria or surgical exploration

•	 	No	distant	metastases,	based	on	the	following	

 minimum criteria: 

 – Whole-body FDG-PET-CT

 – CT of thorax and abdomen, MRI of the abdomen

•	 General	state	ECOG	0-2	

•	 	Full	differential	blood	count	not	older	than

 14 days, corresponding with the following criteria:

 –  Neutrophils lymphocytes absolute: 

  ≥ 1,500 cells/mm3

 – Thrombocytes: ≥ 100,000 cells/mm3

 – Haemoglobin: ≥ 8.0 g/dl

•	 Laboratory	parameters,	not	older	than	14	days:	

 –  CA 19-9 (in the case of a stent having been 

implanted due to bile duct obstruction, the CA 

19-9 is to be measured following stent implan-

tation)

	 –	Creatinine:	<	2	mg/dl

	 -	Bilirubin	<	2	mg/dl

 – GOT and GPT ≤ 2.5 x ULN

•	 	Written	consent	to	participate	in	the	study

•	 	Women	 in	child-bearing	age	and	men	must	prac-

tise adequate contraception during the study and 

for 6 months following it. 

•	 	Women	in	child-bearing	age	must	present	a	nega-

tive pregnancy test which is not older than 30 days.

1.2.1.3 Exclusion criteria

•	More	than	one	primary	lesion

•	 	Earlier	invasive	tumour	illness	shorter	than	3	years

•	 	Earlier	systemic	therapy	for	the	treatment	of	a	pan-

creatic carcinoma

•	 	Earlier	 abdominal	 radiation	 therapy	 overlapping	

with the current radiation fields

•	 	Metal	in	the	radiation	field	or	path.	Any	in-situ	me-

tallic stent must be exchanged for a plastic stent 

beforehand

•	 Severe	accompanying	illnesses:

 –  Current bacterial or fungal infection for which 

antibiotics have to be taken

 –  Hepatic insufficiency with clinically manifest bili-

rubinaemia and/or coagulation defects

•	 Distant	metastases

•	 	Limited	legal	capacity	(as	defined	in	law)

•	 Lack	of	compliance	on	the	part	of	the	patient

•	 	Pregnancy	 and	 breast-feeding	 (contraceptive	

measures are to be taken in the case of women of 

child-bearing age)

•	 	Comorbidities	which	do	not	allow	proton	therapy

•	 	Infiltration	 of	 the	 tumour	 into	 the	 duodenum	 or	

other structures of the gastrointestinal tract

1.2.1.4 Study procedure

Before the study begins, all patients are assessed 

with regard to the possibility of surgical remediation 

of the tumour. 

The pre-therapeutic diagnostic steps include, in addi-

tion to a clinical examination, further investigation by 

means of radiological procedures including FDG-PET-

CT and an MRI of the abdomen (liver). Labora tory 

chemical analyses include blood/differential blood 

count, liver/kidney function parameters. 

During the concomitant proton/gemcitabine therapy, 

weekly checks are carried out on blood count, liver/

kidney function parameters and CRP. These checks 

would also be performed routinely within the frame-

work of concomitant radiotherapy. 

To evaluate the toxicity for the gastrointestinal tract, 

an endoscopy of the stomach and small intestine is 

optionally carried out before proton therapy, 12 weeks 

after and 12 months after the proton therapy. 



121

StudieS at the RPtC  

To assess the success of the therapy, PET-CT and MRI 

of the tumour region are to be performed 6 weeks af-

ter the treatment has concluded. 

Follow-up is carried out (as has also been usual 

outside of study protocols to date) initially every 

3 months and includes checks on laboratory param-

eters by PET-CT/MRI.

In terms of scope and the individual examinations re-

quired, all the examinations planned therefore accord 

with those which are also usually conducted outside 

the planned study. 

Recording of life quality and endoscopy after the ther-

apy has been concluded are the only parameters which 

are not usually carried out as a matter of routine.
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