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Abstract 
 
Bengt Johansson 2010. Long-term outcome research on PDR brachytherapy with 
focus on breast, base of tongue (BOT) and lip cancer. Örebro studies in Medicine 
42. 81 pp. 
 
Brachytherapy (BT) with continuous low dose rate (LDR) has been used for 100 
years and is considered as the radiotherapy method able to deliver a dose in the 
shortest time with high efficacy and low risk of side effects. The drawbacks are 
need for patient isolation and radiation exposure of the staff during the treat-
ment. 

Brenner and Hall published the radiobiology concept for pulsed dose rate 
(PDR) in 1991.  Short (10-20 minutes), hourly pulses of high dose rate (HDR) 
given to the same dose, with same overall treatment time will virtually simulate 
continuous LDR. At the same time new afterloading machine technology became 
available, where a single millimetre sized radiation 192Iridium source sequentially 
moves through the applicator in small individually timed steps. The advantages 
are that the radiation dose can be optimized along the applicator and with no 
radiation exposure of the staff and no need for patient isolation more than during 
the pulse. This work deals with four different aspects of PDR BT 

An experimental comparison of measured absorbed doses outside a left sided 
breast target on a body equivalent Alderson phantom was made.  Five external 
beam radiotherapy (EBRT) whole breast treatments to 50 Gy versus five acceler-
ated partial breast irradiations (APBI) by PDR BT to 50 Gy were studied. The 
absorbed doses were measured in 67 different positions inside the body phantom 
by thermoluminescence dosimeters. The result shows that dose points distant to 
the left breast will have 1-1.4 % of the prescribed dose with no difference be-
tween EBRT and PDR BT. Organs at risk in short distance (<5 cm) to the target 
(such as parts of the left lung, heart muscle and the right breast) will have signifi-
cantly less dose by PDR BT. In conclusion PDR BT has dosimetric advantages 
close to the target compared to EBRT and cannot do more damage to remote or-
gans. 

PDR APBI as the adjuvant RT treatment to breast conserving surgery after 
early breast cancer was studied. Between 1994-2004 we treated 50 women and 
51 breasts. The median age of the population was 53 (40-72) years. The cases 
were radically resected, unifocal T1-2N0-1M0 tumours. PDR BT was given to a 
dose of 50 Gy for 5 days directed to the operated sector of the breast. The median 
treated volume was 160 cm3, constituting in median 31 % of the breast volume. 
The treatment is called accelerated because total treatment time is 5 days com-
pared to 5 weeks for EBRT. After a median follow-up of 130 months (>10 years) 
we noted 5 (10 %) local recurrences in the treated breast. Four of these recur-
rences were outside the treated volume. Three women (6 %) developed cancers in 
the other breast. Early side effects were mild and less than with EBRT. As late 
side effects we found mild to moderate local fibroses in the treated volume. A 
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cosmetic evaluation was done by both the patient and a nurse and was found to 
be lower than in other published data (56 % = good to excellent). The 10 years 
local failure rate is similar to the result from a large Swedish randomized study on 
whole breast radiotherapy to 50 Gy. The study indicates that PDR BT is highly 
effective. 

A combination of EBRT (40.8 Gy) and PDR boost (35 Gy) to T1-4N0-3M0, 
base of tongue (BOT) cancer, treated during 1994-2007 was analyzed. The study 
is the first with PDR and second largest with BT worldwide. A number of 83 pa-
tients with a median age of 60 (38-82) years were included. BT was given to a 
mean volume of 58 ccm 2 days after the neck dissection. Median follow-up was 
54 months. At 5 years we found 89 % local tumour control, 95 % neck control, 
80 % disease free survival and an overall survival of 65 %. Late side effects were 
13 % minor transient soft tissue necrosis and 12 % long lasting or permanent 
soft tissue- or osteoradio-necrosis. The results are among the best published 
worldwide. An extensive quality of life analysis was done on 45 patients at last 
follow-up and showed limited, persistent xerostomia and dysphagia. The global 
quality of life was rated good in 75 % of the patients. 

The last study presented was PDR mono-brachytherapy (55-60 Gy) to cancer 
of the lip (T1-3N0M0). The study included 43 patients with a median age of 74 
(37-92) years. The treatment time was 5.5-6 days and the mean treated volume 
was 15 ccm. The median follow-up time was 54 (1-158) months. Five year Kap-
lan-Meier data showed, local control 94 %, disease free survival 86 % and over-
all survival 59 %. An early side effect was a strong radiation mucositis and der-
matitis, which healed in 1 month. Late side effects were uncommon and the 
cosmetic appearance and the lip function were found to be normal. Our data in 
total and per T-stage was compared to a European survey from 1993 on 2794 
patients treated by LDR BT. The results are similar and are a strong indication of 
equal efficacy between PDR and LDR. 
 
 
 
Keywords: PDR, brachytherapy, outcome, partial breast irradiation, base of 
tongue cancer, lip cancer, quality of life, dosimetry. 
Bengt Johansson, Department of Oncology, Örebro University Hospital, SE-
70185 Örebro, Sweden 
E-mail: bengt.johansson@orebroll.se
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Sammanfattning 
 
Bengt Johansson 2010. Långsiktig klinisk forskning gällande PDR brachyterapi 
med fokus på bröst-, tungbas- och läppcancer. 
 
Brachyterapi (BT) (intern strålbehandling på kort distans) med kontinuerlig be-
strålning med låg dosrat (LDR) har använts i mer än ett sekel och utgör den 
strålbehandlingsmetod som kan leverera en behandling på kortast tid och med 
hög tumörkontroll och liten biverkningsrisk. Nackdelarna är patientisolering un-
der behandlingen samt strålexponering av personal. 

Brenner och Hall publicerade 1991 radiobiologiska beräkningar för pulsad 
dosrat (PDR) där korta pulser med hög dosrat (HDR) givna under ca. 10 min. var 
timme simulerar kontinuerlig LDR. Den totala behandlingstiden och dosen är 
oförändrad. Omkring 1990 lanserades maskiner som med millimeterprecision 
kan efterladda en millimeterstor strålkälla sekventiellt i små tidsstyrda steg i tidi-
gare inopererade metallnålar eller plastkatetrar i en tumör. Detta medför att 
stråldosen kan finjusteras i varje position. Ingen strålexponering av personal fö-
rekommer längre. Föreliggande avhandling avser fyra olika aspekter av PDR be-
handling. 

I en experimentell jämförande studie på ett vävnadsekvivalent kroppsfantom 
utfördes 5 st. externa strålbehandlingar (EBRT) till 50 Gy mot hela vänster bröst 
samt 5 st. partiella bröstbestrålningar med PDR till 50 Gy. Doser i 67 olika punk-
ter i fantomet motsvarande olika organ uppmättes med thermoluminescens dosi-
metrar. Resultaten visar att organ på långt avstånd från vänster bröst fick 1-1,4 
% av given dos. Vi finner här ingen skillnad mellan PDR och EBRT. I organ med 
kort avstånd (<5 cm) till vänster bröst (vänster lunga, hjärtmuskel, höger bröst) 
finner vi signifikant lägre doser med PDR. Sammanfattningsvis påvisades dosi-
metriska fördelar med brachyterapi. 

Partiell bröstcancerbestrålning (PDR-APBI) som tilläggsbehandling till bröstbe-
varande kirurgi studerades på 50 kvinnor och 51 bröst som behandlades 1994-
2003. Medianåldern var 53 (40-72) år. Tumörstadium var T1-2N0-1M0. PDR 
brachyterapi gavs till dosen 50 Gy i den sektor av bröstet där risken för återfall 
fanns. I median behandlades 160 ccm, motsvarande 31 % av den totala bröstvo-
lymen. Behandlingstiden var 5 dygn jämfört med konventionell EBRT där be-
handlingen tar 5 veckor. Efter en medianuppföljningstid på 130 månader (>10år) 
noterades 5 st. (10 %) återfall i det behandlade bröstet, 4 av dessa låg utanför 
den behandlade volymen. Tre kvinnor (6 %) utvecklade cancer i det andra brös-
tet. De tidiga sidoeffekterna av behandlingen var mindre än med EBRT. Som sena 
sidoeffekter noterades lokal ärrbildning i området. Det kosmetiska utfallet skat-
tades av både patient och onkologisjuksköterska och var lägre än i andra publice-
rade arbeten (56 % = ¨bra – utmärkt¨). Förekomsten av lokala återfall efter 10 år 
är identisk med en större publicerad svensk studie med EBRT. 

Kombination av EBRT och dostillskott med PDR utförda på T1-4N0-3M0 
tungbascancer 1994-2007. Studien är den näst största i världen med brachyterapi 
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och den första gällande PDR på tungbascancer. Den omfattar 83 patienter med 
medianålder 60 (38-82) år. EBRT gavs till dosen 40,8 Gy följt av 35 Gy PDR 
(medelvolym på 58 ccm) och ev. halskörtelutrymning i samma ingrepp. Median-
uppföljningstiden är 54 månader. Efter 5 år noterades 89 % lokal tumörläkning, 
95 % lymfkörtelkontroll, 80 % sjukdomsfri överlevnad samt 65 % total överlev-
nad. Sidoeffekter var 13 % övergående mindre mjukdelsnekroser samt 12 % 
långvariga eller bestående mjukdels- eller osteoradionekroser. Resultaten är bland 
de bästa publicerade i världen. En omfattande livskvalitetsstudie utfördes på 45 
patienter vid sista kontakt och visar mindre bestående besvär såsom muntorrhet 
och lättare sväljningsbesvär. Den globala livskvaliteten var god hos 75 % av pati-
enterna. 

Den sista presenterade studien avser behandling av läppcancer T1-3N0M0 med 
enbart PDR brachyterapi 1995-2007. Serien omfattade 43 patienter med median-
åldern 74 (37-92) år. Behandlingstiden var 5,5-6 dygn och medelbehandlingsvo-
lymen 15 ccm. Medianuppföljningstiden är 55 (1-158) månader. Fem års Kaplan-
Meier data för lokal tumörläkning var 94 %, sjukdomsfri överlevnad 86 % och 
total överlevnad 59 %. Som tidig sidoeffekt noterades en stark men övergående 
strålreaktion som läkte efter ca. 1 månad. Sena sidoeffekter är ovanliga och det 
kosmetiska utseendet och funktionen är närmast helt normaliserade. Våra data 
jämförs totalt och per T-stadium med den största europeiska sammanställningen 
från 1993 omfattande 2794 patienter med LDR BT. Resultaten är identiska och 
utgör ett starkt indicium på att PDR är lika effektiv som LDR. 
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α/β A tissue constant reflecting fractionation response to radiotherapy 
APBI    Accelerated partial breast irradiation 
BED    Biologic effective dose 
BOT    Base of tongue 
BT    Brachytherapy 
Ca    Cancer 
C4    Cervical vertebra number 4 
cLDR   Continuous low dose rate 
ccm=cm3  Cubic centimetre 
cm    Centimetre 
CT    Computer Tomography 
D     Dose 
d     Day 
DCIS    Ductal cancer in situ, a pre-malignant breast tumour. 
DIFF    Difference 
DFS    Disease free survival 
DNR    Dose non-uniformity ratio 
EBRT   External beam radiotherapy 
E-dose   External beam radiotherapy dose 
ESTRO   European Society for Therapeutic Radiology and Oncology 
EQD2   Equal dose to 2 Gray per fraction 
et.al    And co-workers 
fig.    Figure 
FU    Follow-up 
GBq    Giga-Becquerel, a unit for radiation source activity. 
GEC    European group of brachytherapy 
Gy    Gray, a unit for radiation absorbed dose. 
h     Hour 
HeLa   Henrietta Lacks cervical cancer cell line for experiments 
HDR    High dose rate 
ICRU   International Commission on Radiation Units and Measurements 
IMRT   Intensity modulated radiotherapy 
L     Left 
L4     Lumbar vertebra number 4 
LC    Local tumour control 
LDR    Low dose rate 
LENT   Late (radiation) effects (on) normal tissue 
m     Metre 
MDR   Medium dose rate 
mGy    Milli-Gray 
MV    Mega voltage 
mm    Millimetre 
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1  Background 
 
1.1  Brachytherapy today 
 
1
 

.1.1 The place of brachytherapy in clinical radiotherapy 

Brachytherapy (BT) is a radiation therapy where the radiation energy is given in 
direct contact with the tumour target (¨brachy¨ = Greek for short distance). This is 
in contrast to the most common radiation method, external beam radiotherapy 
(EBRT) (=teletherapy, ¨tele¨=distance to) where the radiation energy is given from 
a source distant (80-100 cm) from the tumour target. 

It is estimated that brachytherapy is indicated in about 5 % of incident cancer 
cases 117. In a national survey of all radiotherapy (RT) practice in Sweden 1992 94 
and 2001 the following figures were found 66 (see table 1). 

Table 1.National survey on radiotherapy practice in Sweden. 

_________________________________1992__________2001______ 
Cancer incidence        41138    45482 
Proportion having any RT     32 %    43 % 
Proportion RT with curative intent  50 %    54 % 
Number of patients having BT   883     1283 
Proportion having BT       2.1 %    2.8 % 

A European survey on pattern of care with brachytherapy was performed in 1997 
and 2002 31. Answers from 36 (85 %) of 43 countries where at least 50 % of the 
centres responded were analysed. In summary 450 (42 %) of 1064 RT centres 
provided brachytherapy. During 2002, 41130 patients were treated with BT on 
these centres. There was a 10 % average increase in BT patients between 1997 
and 2002. The most common treatment sites of all brachytherapy in the Euro-
pean Community countries were gynaecology (53 %), prostate (16 %), breast (10 
%), head/neck (5 %) and bronchus (<5 %). The number of cancer cases in 2002 
in Europe (Russia not included) according to the GLOBOCAN 42 database was 
2433250. From this data together, it is estimated that 1.7 % of the incident can-
cer cases would be treated by BT in Europe. The true estimate is probably higher 
(3 %?) since the survey did not cover all centres and countries. The figures are 
similar to the Swedish estimate. 
 
1.1.2 Cost of brachytherapy 
 
In the Swedish Council on Technology Assessment in Health Care (SBU) prospec-
tive survey of radiotherapy practice in 1997 and 2001 the cost of radiotherapy 
was analysed 77. 

The total cost for cancer care for the year 2000 was 7300 million SEK accord-
ing to the 2001 survey. The annual total estimated cost of EBRT was 427 million 
SEK, thus, 5.6 % of the health care cost for cancer. The total investment for 
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EBRT was 497.5 million SEK. Annual cost for brachytherapy was estimated to 
41 million SEK and the past investment to 53 million SEK 

In summary, brachytherapy accounts for 0.5 % of total cancer costs and about 
9 % of the cost of radiotherapy. 

1
 

.1.3 Global market of brachytherapy afterloading machines 

In the coming chapter of history of brachytherapy (1.2) it is shown that BT prac-
tice moved to more safe sources like 192Iridium and from manual to machine af-
terloading. Following data has been found concerning the number of afterloading 
machines. 

Table 2. Market on afterloading machines. * Estimated data from numbers provided by the Nu-
cletron Company by permission. The Nucletron market share set to 85 % in Europe and 75 % 
worldwide.

Geographical area     Number of machines  Proportion of PDR units 
Sweden (own data)     16         41 % 
United Kingdom 73     50         not stated 
USA 96         925        *<1 %   
Western Europe97     *550        *10 % 
Worldwide97       *2400       *5 % 
 

16

1.2 History of brachytherapy 
 
The discovery of radioactivity and Radium by Henri Becquerel and Marie and 
Pierre Curie, awarded with the Nobel Prize 1903 and 1911 and the discovery of 
artificial radioactivity by Irene Curie and Frederick Joliot awarded with the No-
bel Prize 1935, were the main scientific fundaments for brachytherapy 82.  

Figure 2. A remarkable family and female concentration of Nobel Prize winners. 
Pierre and Marie Curie and their daughter Irene (from Wikipedia).  

1.2.1 The Radium period (1900-1950) 
 
The first Radium brachytherapy was performed in Paris by Danlos and Bloch 
1901 to a patient with lupus vulgaris 70. The first successful, documented cancer 
brachytherapy published by Goldberg and London in St. Petersburg 1903 was of 
a basal cell carcinoma 70. The first textbook on Radium brachytherapy was pub-
lished in 1910. All dosage of brachytherapy was based on empirical, simplified 
rules used in different schools of brachytherapy like the Stockholm-, the Man-
chester- and the Paris schools. The main use was in gynaecology with intracavi-
tary applications. There were also techniques for interstitial and surface BT.  

The main issues of radium BT were the shielding problems with radiation ex-
posure to the medical staff, the bulky and fixed shape of the sources and the risk 
of hazardous leakage of radioactive 222Radon gas from the applicators.  

The competition from evolving EBRT with high energy X-rays, allowing treat-
ment of deep tumour locations, led to decline in Radium brachytherapy after the 
second World War 74. 

1
 

.2.2  The Manual afterloading period (1950-1995) 

The discovery of artificial radioactivity by Irene and Frederick Joliot later led to 
the use of 192Iridium in France and USA 1957. Iridium can be made in very thin 
Platinum-coated metal strings or capsules, and Iridium is now the most used ra-
dionuclide in BT. The concept of afterloading was introduced by Henschke in 
New York 1959 and is a principle where inactive applicators like plastic tubes or 
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needles are placed in the tumour and later loaded manually in a quick procedure 
in a shielded room 82. The Paris system has been the dominating rule how to im-
plant and calculate the dose in this kind of treatments 18. Manual afterloading 
was introduced 1978 in Oslo, 1987 in Gothenburg and 1991 in Orebro. 

Still the manual method implied some radiation exposure to the staff and isola-
tion of the patient during the treatment. The possibility of dose optimization was 
very limited since continuous linear Iridium sources were used. 

 
 

Figure 3 and 4. Lead- and hand shielding during manual afterloading in Orebro 1992. 

1.2.3  The Machine afterloading period (1960-present) 
 
In order to avoid radiation exposure to the staff the idea to let a machine do a 
remote afterloading was raised. Rune Wahlstam at Radiumhemet, Stockholm 
constructed the first and only Radium afterloading machine around 1960 70 . The 
early machines were used mainly in intracavitary, gynaecological applications due 
to a relatively large diameter of the 60Cobalt sources and the applicators 71. Ma-
chine afterloading with the Cathetron™ was introduced 1968 in Orebro. 

18

 
 
 
 

Figure 5. A Cathetron BT in external ear duct in Orebro. 

A big step forward, was the ¨stepping source¨ technique, implemented around 
1990, where one single miniature (diameter=1 mm) Iridium source in the end of a 
wire is stepping through the applicators. This is now the standard of modern 
brachytherapy. 

1
 

.2.4 Three-dimensional dose planning period (2000-present) 

Most dose planning before this era was performed with a two-dimensional tech-
nique from orthogonal radiographs. The treated volume could be reconstructed 
and analyzed in three dimensions but anatomy was not integrated. Gradually CT 
based 3D dose planning was introduced where both the isodoses and anatomy 
were seen (see fig. 6). New tools for dose optimization are now introduced and 
old dosimetry systems like the Paris system are not needed any more 50. 

 
 
 
 
 
 
 
 

 

Figure 6. 3D based dose planning on a tongue implant with anatomy and doses superim-
posed. 
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1.3 Physics and radiobiology of brachytherapy 
 
Some features are common to all types of brachytherapy 28. The radiation dose is 
applied in a limited volume into the tumour (interstitial BT), inside the tumour 
(intracavitary BT) or on the tumour (surface BT) with a rapid dose fall off to-
wards the surrounding normal tissues and organs at risk (OAR). The dose within 
the target is inhomogeneous. The prescribed dose is delivered as a minimum tar-
get dose and there are certain volumes that will receive higher doses (see fig. 7). 
Some parts of the tumour will have an amount of ¨over-kill¨ that might be effec-
tive to overcome hypoxia and radioresistance. The hyperdose volumes receiving 
twice the prescribed dose (V200) also cause a risk for tissue necroses if they are 
large or confluent.  

 
 
 
 
 
 

 
 
 
 
 

Figure 7. The dose profiles between (dotted line) and through (solid line) the catheter 
planes in an implant, showing the inhomogeneous dose pattern. 200, 100, 50 % isodose 
lines around the six catheters. 

Since the applicators are fixed to the tumour, body movement is not the same 
problem as in EBRT. Some authors claim that radiobiology of brachytherapy 
only is a matter of the physical dose delivery in a limited tumour volume and that 
different dose rates for treatment delivery do not matter 71, 100 if isoeffective doses 
are calculated. 

20

Brachytherapy can be delivered in three different dose rates 28: 
a) cLDR = LDR = low dose rate. The radioactive sources are continuously placed 
in the tumour for 2-7 days depending on the dose delivered at a rate of 0.4-2 
Gy/h, typically 10 Gy/d. Historically this has been considered as the dose delivery 
with the most optimal therapeutic window and the shortest overall treatment 
time.  
b) MDR = medium dose rate. The radiation dose is delivered continuously in a 
shorter time than LDR at a rate of 2-12 Gy/h, typically 10 Gy/h 
c) HDR = high dose rate. The dose is delivered sequentially with one stepping 
source at a rate of >12 Gy/h, typically 10 Gy/min. 

Since the stepping source technique makes the handling of sources and radia-
tion protection easy and allows dose optimization (every dwell position is indi-
vidually timed) this technology will probably dominate in the coming years. 

1
 

.3.1  The Pulsed dose rate (PDR) concept 

The first radiobiological calculation and idea for PDR from Brenner and Hall was 
published in 1991 10. The idea was to ¨merge the best of two worlds¨ with the 
long-term experience of LDR BT (short treatment time, high tumour control rate, 
few side effects) and modern stepping source HDR technology (perfect radiation 
protection, optimized source distribution, improved patient care). Their work was 
based on calculations on known data on α, β, T1/2 (for repair of sublethal dam-
age) for different human tumour cell-lines derived from published in vitro and in 
vivo experiments 10. The conclusion was that if the treatment is given with one 
10-minute pulse of 0.4 Gy every hour and the same overall treatment time and 
total dose by PDR BT, this is virtually equal to LDR BT. This equality builds on 
the assumption that the tumour has a short T1/2 and the late responding normal 
tissue has a long T1/2. However, the knowledge of human T1/2 is uncertain and 
under debate 21. 
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1
 

.3.1  The Pulsed dose rate (PDR) concept 

The first radiobiological calculation and idea for PDR from Brenner and Hall was 
published in 1991 10. The idea was to ¨merge the best of two worlds¨ with the 
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1.3.2 PDR radiobiology experiments 
 
The PDR radiobiology experiments can be classified in three different categories: 
1) Calculations and mathematical simulations of radiation effects on tumour and 
normal tissues with assumptions of different α, β, T1/2.  
In conclusion these calculations show that equality between cLDR and PDR is 
reasonable if the pulsed fraction is small <1-2-3 Gy and the period time between 
pulses is < 3 hours 20, 22, 86, 98, 118. Uncertainties concerning the value of T1/2 and if 
the repair of sublethal damage is mono or bi-phasic 108 are pointed out. A longer 
period time may lead to a reduced late normal tissue complication rate. 

2) In vitro cell culture experiments.  
Cervix and two types of breast cancer cells 13, V79 and HeLa cell cultures 24, 26, 
ovarian radiosensitive/resistant cancer cells and human fibroblast cells 75 were 
studied in vitro. This confirmed similarity of LDR and PDR radiation cellular 
response but differential responses were seen on different cell types, some might 
be adaptive and some sensitized. 

3) In vivo animal experiments on radiated, implanted tumour or normal tissues. 
The studies showed similar late effects on rat rectal mucosa confirmed with pulse 
dose <1.5 Gy, pulse period 1-2 h and cLDR 5 and equal effects were seen on mice 
jejunum stem cell with 1 hour pulsing 59. PDR fractionation was somewhat more 
effective than cLDR on an implanted sarcoma rat system 95. Different cell cycle 
progressions and effect of low and high doses of PDR compared to cLDR on a 
rat-prostate cancer cell system was reported 35, 37. 
In summary these calculations and experiments confirm the basic concept but 
some cell dependent response variations might be expected if pulse period is 1-2 
hours and pulse dose < 1Gy. 

1.4  PDR technology 
 
1
 

.4.1  The Machine perspective 

The PDR-machine is able to deliver a 3.7 GBq 192Iridium source (3 mm length, 1 
mm diameter) welded to the end of a wire to a computer-controlled, defined posi-
tion in the interstitial implant with millimetre precision. The time for each stop in 
the implant is related to the dose delivered and also computer-controlled with a 
0.1 sec precision. Every source movement in the transfer tubes and implant appli-
cators is preceded by an inactive check wire run. If there is an unexpected resis-
tance or blocking to the movement there will be a treatment interruption and a 
resulting error code. 

The welding between the driving wire and the source is critical to avoid a 
source breakage inside the patient. Due to source decay the Iridium source is ex-
changed every 3 months after a considerable number of source movements in  
different treatments. The equipment has a backup battery in the occasion of an 
electrical power failure. 
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Figure 8. Dose-distribution around 5 stepping source (dwell) positions. 
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Figure 9. The PDR treatment situation, a) the implant, b) patient transfer tubes to the 
quick connector at an abdominal belt, c) afterloading machine with the transfer tubes. 

23



23

1.3.2 PDR radiobiology experiments 
 
The PDR radiobiology experiments can be classified in three different categories: 
1) Calculations and mathematical simulations of radiation effects on tumour and 
normal tissues with assumptions of different α, β, T1/2.  
In conclusion these calculations show that equality between cLDR and PDR is 
reasonable if the pulsed fraction is small <1-2-3 Gy and the period time between 
pulses is < 3 hours 20, 22, 86, 98, 118. Uncertainties concerning the value of T1/2 and if 
the repair of sublethal damage is mono or bi-phasic 108 are pointed out. A longer 
period time may lead to a reduced late normal tissue complication rate. 

2) In vitro cell culture experiments.  
Cervix and two types of breast cancer cells 13, V79 and HeLa cell cultures 24, 26, 
ovarian radiosensitive/resistant cancer cells and human fibroblast cells 75 were 
studied in vitro. This confirmed similarity of LDR and PDR radiation cellular 
response but differential responses were seen on different cell types, some might 
be adaptive and some sensitized. 

3) In vivo animal experiments on radiated, implanted tumour or normal tissues. 
The studies showed similar late effects on rat rectal mucosa confirmed with pulse 
dose <1.5 Gy, pulse period 1-2 h and cLDR 5 and equal effects were seen on mice 
jejunum stem cell with 1 hour pulsing 59. PDR fractionation was somewhat more 
effective than cLDR on an implanted sarcoma rat system 95. Different cell cycle 
progressions and effect of low and high doses of PDR compared to cLDR on a 
rat-prostate cancer cell system was reported 35, 37. 
In summary these calculations and experiments confirm the basic concept but 
some cell dependent response variations might be expected if pulse period is 1-2 
hours and pulse dose < 1Gy. 

1.4  PDR technology 
 
1
 

.4.1  The Machine perspective 

The PDR-machine is able to deliver a 3.7 GBq 192Iridium source (3 mm length, 1 
mm diameter) welded to the end of a wire to a computer-controlled, defined posi-
tion in the interstitial implant with millimetre precision. The time for each stop in 
the implant is related to the dose delivered and also computer-controlled with a 
0.1 sec precision. Every source movement in the transfer tubes and implant appli-
cators is preceded by an inactive check wire run. If there is an unexpected resis-
tance or blocking to the movement there will be a treatment interruption and a 
resulting error code. 

The welding between the driving wire and the source is critical to avoid a 
source breakage inside the patient. Due to source decay the Iridium source is ex-
changed every 3 months after a considerable number of source movements in  
different treatments. The equipment has a backup battery in the occasion of an 
electrical power failure. 

22

 
Figure 8. Dose-distribution around 5 stepping source (dwell) positions. 
 

a 

b

c

Figure 9. The PDR treatment situation, a) the implant, b) patient transfer tubes to the 
quick connector at an abdominal belt, c) afterloading machine with the transfer tubes. 

23



24

1.4.2 The Clinical perspective 
 
There are some problems to be solved in the clinical treatment situation (see fig. 
9). The patient must wear the interstitial implant (a) and the transfer tubes with 
the connector (b) during the whole treatment. The implant must be stable and 
non-kinked during the treatment. Only one patient can be connected to the ma-
chine during the treatment time. The PDR afterloader is therefore a low capacity 
machine. All PDR users have to decide on what pulse schedule to be used. To 
reduce the number of connections per day, reduce the risk of treatment errors and 
let the patient be disconnected somewhat longer time we gave one 0.83 Gy pulse 
every second hour. That is 12 pulses per day. The time for each pulse depends on 
the dose per pulse, actual source strength, the number of dwell positions within 
the target volume and the distance between the applicators. Typically the pulse 
time is between 5 and 20 minutes. There are many possibilities how to choose 
and design different PDR schedules. Office hour (daytime) schedules have been 
proposed and used, where one extra treatment day needs to be added 11, 99. The 
period time and dose per fraction may also be changed 98. 

In general, most classical techniques for interstitial BT can be used in the PDR 
situation, but some changes in the practice have to be performed like avoiding 
tight loops (risk of kinking). Furthermore, the outlet of the plastic catheters 
should project caudally to horizontally to avoid kinking. The catheters should not 
be cut too short (>5-10 cm) so that the connectors do not come too close to the 
skin outlet. 

1
 

.4.3 The Patient perspective 

The patient can move freely (even go outside the room), have all kind of medical 
and surgical nursing and have visitors between the pulses. There might be some 
discomfort from the implant and the weight of the short transfer tubes 16. The 
patient must be careful in the sleeping position to avoid kinking of the implanted 
plastic tubes. Patients with perineal implants usually have to stay in bed during 
the whole treatment time. 

Pulsing during nighttime might lead to disturbed sleep. This can result in an in-
creased risk of confusion in elderly patients 80. In the PDR experience from Ore-
bro (1993-2009) of more than 600 patients we had to stop the complete treat-
ment only once due to confusion in a patient with chronic alcohol abuse. 

1
 

.4.4 The Staff perspective 

Perfect radiation protection is an important feature concerning PDR BT. Since 
typical PDR treatment schedules are performed during both days and nights the 
most optimal placement of a PDR unit is on a ward with 24 hours service. The 
treatment setup is exactly the same as in a HDR treatment. All treatment parame-
ters are programmed and checked by the physicist and brachytherapist at the first 
pulse. The ward nurses then supervise the whole treatment and connect and dis-
connect the patient. During the treatment there might be a risk for treatment in-
terruptions due to technical problems originating from the software or the source 
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cable movement in the transfer- or the implant tubes. All these problems will re-
sult in error codes, which can be found in an error code manual giving the operat-
ing nurse instructions how they are solved. The nurse solves the majority (>95 %) 
of the errors. A typical PDR treatment is therefore less labour intensive than a 
HDR treatment concerning the physicist and brachytherapist. 

1.4.5 Safety perspectives 
 
There are different regulations on how to run a PDR treatment in USA and 
Europe. In the US a doctor must be in the hospital during the whole treatment. In 
Europe a doctor and a medical physicist must be on call (in our hospital reaching 
the patient within 30 and 60 minutes, respectively) during the treatment in case of 
an emergency situation. The worst scenario is if the source or source cable is 
caught in the patient. At our hospital a special training programme is offered all 
staff in charge of PDR treatments to handle an emergency situation. Different 
radiation monitor systems are also used to alarm if unexpected radiation levels 
remain in the room after the pulse. We have so far never experienced a real emer-
gency situation. 

 
 
 
 
 
 
 
 
 

Figure 10. Different radiation monitor systems at the door of the treatment room. 
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1.5 Early clinical results from PDR brachytherapy 
 
Since PDR fractionation was based on a rather theoretical concept the first rec-
ommendation was to use it as a limited dose supplement (boost) in addition to 
EBRT to a larger volume. The first clinical experience originates from 1990-1992 
55, 104. Orebro was the first centre in the Nordic countries to introduce PDR in 
December 1993. 

1.5.1 PDR and gynaecologic tumours 

Four publications on PDR boost using intracavitary or interstitial applications in 
pelvic tumours (mostly cervical cancer), 0.4-0.6 Gy pulse/h, were published 1997-
1999 16, 46, 89, 104. With a median follow-up of 14-25 months, treatment related tox-
icity was acceptable and low (RTOG Grade III-IV = 6.5-9.8 %). Local and pelvic 
control rates were promising, between 73 and 91 %. The group of patients was 
mixed, some with advanced and recurrent disease. Substantial toxicity was ob-
served in recurrent and large volume tumours 46. 

1
 

.5.2 PDR and anal cancer 

A series of patients treated with a PDR boost of 25 Gy was published in a paper 
from Copenhagen 88. Local control rate was high (88 %) but toxicity considerable 
with necroses in 13/17 patients. This was due to an improper BT technique not 
following the rules of the Paris system. A similar French study reported no unex-
pected complications compared to cLDR 27. A more mature multicentric study 
from France on 71 patients with PDR boost of 17.8 (10-25) Gy, 0.7 Gy/pulse 
every hour, showed an excellent local control rate of 90 %. Grade III complica-
tion according to the LENT/SOMA scale was 14 % 12 after a median follow-up 
time of 28.5 months. 

1.5.3 PDR and breast cancer 
 
Treatment results from a PDR boost of 20 Gy (1 Gy/ pulse every 1.8 h) in addi-
tion to 50 Gy EBRT was published from Heidelberg 25. After a median follow up 
of 30 months the local failure rate was only 1.5 % and with no side effects. Irra-
diation of chest wall recurrences was performed with a surface mould and a split-
course PDR treatment of 20 Gy in two fractions with a four weeks gap between. 
After a median follow-up of 17 months 82 % was in complete remission 23. In the 
case of reirradition some telangiectasia and atrophy was noted. These publica-
tions have been updated showing similar long-term results 34, 36. 
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1.5.4 PDR and Head/Neck cancer 
 
The first publication was published from Rotterdam on PDR boost and mono-
brachytherapy of cancers in the tonsil and soft palate. Nineteen patients were 
treated with PDR  (2 Gy/pulse, 4-8 pulses/day) and 19 patients with hyperfrac-
tionated HDR BT (3 Gy twice a day). Local control rate was 87 % and the toxic-
ity was acceptable 55. A combination of PDR 55 Gy and hyperthermia and che-
motherapy on recurrent head and neck cancers was published from Erlangen 101. 
After two years median follow-up 80 % were local tumour free. Soft tissue ne-
croses were seen in 5 %. In a report from Gdansk 2007 on patients with head 
and neck cancer 121, the majority of the patients (n=32) had PDR BT alone to 60-
70 Gy (0.6-1 Gy/pulse, 1 pulse/h). Among these 94 % obtained local tumour con-
trol after a median follow-up of 22 months. Soft tissue or bone necroses were 
seen in 15.9 %. 
 
1
 

.5.5 PDR and feasibility reports 

Two papers had a special focus on the feasibility of the PDR procedure. The 
French multicentric trial 80 with 30 patients concluded that some modification of 
implant technique and the weight of the transfer tubes were necessary. In total 7 
of 30 patients could not complete the planned treatment due to bad tolerance or 
technical problems like kinking of the implanted catheters. In the experience from 
Geneva on 24 patients only one treatment was delayed due to technical problem 
16. Again a suggestion of some modification of implant technique was given.  

In conclusion, early experience on PDR brachytherapy in the mentioned publi-
cations was published with 1-2.5 years follow-up and showed treatment effects 
similar to cLDR brachytherapy with respect to tumour control and treatment tox-
icity. Most publications are heterogeneous in treatment indications (boost or full 
dose BT), tumour stages (limited or advanced, primary or recurrent) and tumour 
locations. All publications recommend further systematic clinical studies on long-
term outcome of PDR brachytherapy. Dale et al. in British Journal of Radiology 
1998 also emphasized this in a radiobiology article. 

¨Because the clinical introduction of pulsed brachytherapy techniques has been 
based on theoretical assumptions, the modelling predictions may require care-
ful empirical modification in the clinic. The results from the departments, 
which pioneer pulsed brachytherapy, are thus awaited with interest¨ 15.  
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2 Aims 
 
The specific aims of this thesis are: 

1 )  to explore the radiation exposure to different anatomical compartments 
near and distant to a target with adjuvant PDR BT and external beam radiother-
apy in a model system with a left sided breast cancer. 
 
2 )  to obtain long-term clinical results concerning local tumour outcome and 
side effects in three different treatment scenarios (see fig. 11). 
- An intermediate dose level, adjuvant PDR treatment to a large volume target. 
- A low dose level PDR boost treatment to an intermediate volume target. 
- A high dose level PDR mono-brachytherapy to a small volume target. 

Figure 11. PDR treatment scenarios with respect to treated anatomical site, volume and 
dose. 
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3 Materials and methods 
 
3
 

.1 Paper I 

Paper I is an experimental work with radiation dose measurement on a female 
Alderson phantom. The Alderson phantom has been in use for radiation dose 
measurements in radiology and radiotherapy since 30 years 91. The incitement of 
performing this study was to investigate what the radiation dose to remote and 
close volumes of the body is in a situation with a left sided breast cancer compar-
ing conventional external beam radiotherapy with tangential field and accelerated 
partial breast irradiation (APBI) with PDR brachytherapy. The experimental 
situation is shown in fig. 12. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. The experimental setup used in the study of a female Alderson phantom with 
the mounted silicon mammary glands. 
 

A total of 67 thermoluminescence (TL) dosimeters were placed in different ana-
tomical positions in every 5 cm slice of the phantom (see fig. 13). Every TL do-
simeter was individually calibrated. Five treatments of 1 Gy each with brachy-
therapy and external beam radiotherapy were given and analyzed. The set- up of 
the treatment and measure points were identical in the five treatments and the 
different radiation methods. 
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Figure 13. A view of the phantom with holes for TL dosimeters. 

The treated volume for brachytherapy (144 ccm) was very similar to our real 
clinical situation with a mean treated volume of 166 ccm. The EBRT technique 
was the standard used in clinical practice during the 1990’s (isocentric tangential 
fields, 6 MV photons). Today, radiotherapy departments commonly use multileaf 
collimation of organs at risk, like the myocardium. 

3.2 Papers II-IV 
 
Papers II-IV are clinical outcome studies generated from our PDR brachytherapy 
database covering more than 600 patients. All patients were treated and followed 
up in a uniform clinical practice. No patients were lost for follow-up. Most pa-
tients were followed at our own outpatient clinic but some at other hospitals. All 
follow-up data were retrospectively reviewed from medical records. 

3.2.1 The Adjuvant PDR APBI cohort 1993-2003 
 
Our inclusion criteria were: unifocal, invasive T1-T2 tumours, all histology types, 
no indication for lymph node irradiation, radical surgery and no signs of exten-
sive cancer in situ. There was a natural clinical indication for APBI in 60 % of the 
patients. EBRT treatments were given to 18 patients with a cancer in the contra-
lateral breast. Three patients were disabled and had problems to receive EBRT. 
Three patients had radiation before to the actual breast (mantel irradiation for 
Mb Hodgkin). Seven patients were included for logistic reasons (travel distances, 
busy schedule). A summary of the cohort is given in tables 3 and 4. The target 
was defined as a radius of 3 cm around the point where tumour was located 
(judged from clinical examination, mammography and preoperative examination) 
through the whole breast thickness. A dose of 50 Gy (0.83 Gy/ pulse ≈ 20 min 
every second hour) with PDR BT was administered for 5 days.  

32 33

Tables 3 + 4. Clinical data for 50 patients treated for 51 breast cancers, one with bilat-
eral cancers. 
______________________________________
   
Patient characteristics     n  %      
Age:  median=53 (40-72) years 
<= 50 years       17  33 
>50 years        34  67 
                                    
TN-stage: 
T1N0         37  74 
T1N1           4    8 
T2N0            8  16 
T2N1             2    4 
 
Histology: 
Ductal        34  67 
Ductal+limited DCIS        6  12 
Lobular            3    6 
Tubular / Tubuloductal      7  14 
Ductal+Lobular          1    2 
Adjuvant hormone treatment  10  20 
Adjuvant chemotherapy      6  12 
 

______________________________

Tumour characteristics:   n  % 
Size:       median=15 (5-42) mm 
5-10 mm        16  31 
11-20 mm       25  49 
>20 mm        10  20 
Grade: 
Low          14  27 
Medium         19  37 
High          18  35 
Receptor status: 
Positive        40  78 
Negative          8  16 
Unknown         3    6     
 
Microscopical margin: 
≤2 mm but clear     17  33 
3-10 mm        18  35 
>10 mm        5  10 
Clear, not measured    11  22 
 

   

 

 

The cohort was followed with clinical examinations and regular mammography. 
An independent nurse and the patient made a cosmetic scoring at last follow-up. 
Adverse events were recorded. We paid extra attention to find signs and timing of 
fat tissue necroses (coarse and bizarre calcifications on post-treatment) on mam-
mography images. We present updated 10 years follow-up data. Fig. 14 shows a 
typical treatment situation. 
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Tables 3 + 4. Clinical data for 50 patients treated for 51 breast cancers, one with bilat-
eral cancers. 
______________________________________
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mography images. We present updated 10 years follow-up data. Fig. 14 shows a 
typical treatment situation. 
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Figure 14. An APBI treatment situation 
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3.2.2 The Base of tongue (BOT) PDR-boost cohort 1994-2007 
 
This group of patients represents 83 % of all BOT cancers in the registry of Head 
and Neck Cancer Centre of Orebro University Hospital during this period. The 
characteristic of the material is shown in table 5. 

Table 5. Clinical data for 83 patients treated for BOT cancer. 

_______________________________________ 
Patient characteristics     n  %     
Age median 60 (38-82) years 
Male          64  77 
Female         19  23 
 
TN-stage: 
T1N0          1  1  
T1N+          7  8    
T2N0          6  7 
T2N1          35  42   
T3N0          4  5 
T3N+          10  12 
T4N0          4  5 
T4N+          16  19 
 
Stage 
I-II           7  8 
III-IV          76  92  
 
Histology: 
Squamous cell carcinoma    81  98 
Adenoidcystic carcinoma    2  2 
 
Grade: 
Low           9  11 
Medium          35  42 

High           39  47  

__________________________________________ 

BOT cancer is a disease usually rather advanced at presentation. Of the patients 
in our material 82 % had lymph node metastases, well comparing to other publi-
cations like Mendenhall et al. 63 who had 84 % and Lee et al. 54 with 85 %. Also 
the local tumour stage is rather advanced. The T3-T4 stage was seen in 43% of 
our patients compared to 51 % in a study from Gainesville 63 and 48 % in Boston 
29. Thus, the treatment strategy must focus both on an effective local and regional 
treatment. That is why EBRT is given to both bilateral neck lymph node areas 
and local tumour and BT is a supplement (boost) to the local area. In order to 
keep the overall treatment time short and increase the local PDR boost dose we 
used 40.8 Gy EBRT dose (1.7 Gy twice daily in 2.5 weeks) and 2-3 weeks later a 
PDR boost of 35 Gy (0.83 Gy every second hour for 3.5 days). Neck surgery was 
performed at the same time as the brachytherapy implant. Thus, the total treat-
ment time was 5.5-6.5 weeks with this schedule used in 89 % of the study popu-
lation. Some of our referring centres used an EBRT dose of 50 Gy (2 Gy/day for 5 

35



35

 

Figure 14. An APBI treatment situation 

34

3.2.2 The Base of tongue (BOT) PDR-boost cohort 1994-2007 
 
This group of patients represents 83 % of all BOT cancers in the registry of Head 
and Neck Cancer Centre of Orebro University Hospital during this period. The 
characteristic of the material is shown in table 5. 

Table 5. Clinical data for 83 patients treated for BOT cancer. 

_______________________________________ 
Patient characteristics     n  %     
Age median 60 (38-82) years 
Male          64  77 
Female         19  23 
 
TN-stage: 
T1N0          1  1  
T1N+          7  8    
T2N0          6  7 
T2N1          35  42   
T3N0          4  5 
T3N+          10  12 
T4N0          4  5 
T4N+          16  19 
 
Stage 
I-II           7  8 
III-IV          76  92  
 
Histology: 
Squamous cell carcinoma    81  98 
Adenoidcystic carcinoma    2  2 
 
Grade: 
Low           9  11 
Medium          35  42 

High           39  47  

__________________________________________ 

BOT cancer is a disease usually rather advanced at presentation. Of the patients 
in our material 82 % had lymph node metastases, well comparing to other publi-
cations like Mendenhall et al. 63 who had 84 % and Lee et al. 54 with 85 %. Also 
the local tumour stage is rather advanced. The T3-T4 stage was seen in 43% of 
our patients compared to 51 % in a study from Gainesville 63 and 48 % in Boston 
29. Thus, the treatment strategy must focus both on an effective local and regional 
treatment. That is why EBRT is given to both bilateral neck lymph node areas 
and local tumour and BT is a supplement (boost) to the local area. In order to 
keep the overall treatment time short and increase the local PDR boost dose we 
used 40.8 Gy EBRT dose (1.7 Gy twice daily in 2.5 weeks) and 2-3 weeks later a 
PDR boost of 35 Gy (0.83 Gy every second hour for 3.5 days). Neck surgery was 
performed at the same time as the brachytherapy implant. Thus, the total treat-
ment time was 5.5-6.5 weeks with this schedule used in 89 % of the study popu-
lation. Some of our referring centres used an EBRT dose of 50 Gy (2 Gy/day for 5 

35



36

weeks) combined with a PDR boost of 30 Gy. The overall treatment time for this 
group (11 % of the patients) was 8-9 weeks. 

The patient is connected to the machine for 10-15 minutes every second hour 
and can move freely, having all kind of medical/surgical care and visits between 
the pulses (see fig. 15). We have developed an implant technique very suitable for 
oropharyngeal tumours like BOT cancer. The technique is modified from a 
method described by Vikram et al. 1981 116. It is practical to implant, remove and 
is reliable together with PDR brachytherapy (see fig. 16 and 17). 

The follow-up (median 54 (2-68) months) was done in clinical practice and in-
cluded regular visits with clinical examinations, endoscopies and at least one ex-
amination in anaesthesia. In case of any deviating events we performed necessary 
radiology examinations, biopsy and extra examination in anaesthesia. A clinical 
follow-up for five years was mandatory and after this we kept contact with the 
patient by telephone. At last follow-up on all living patients a nurse did an inter-
view concerning quality of life and late radiation effects. We also performed from 
the medical records a special analysis of the timing of all necrotic events. 

Figures 15-17. A BOT patient disconnected from the machine (left). A lateral (middle) 
and a cranial (right) view of the implant technique used in BOT cancers. 
 
3.2.3 The lip cancer PDR monotherapy cohort 1995-2007 
 
This is an interesting group of patients because PDR BT to full dose is the only 
treatment, 60 Gy in 6 days (0.83 Gy/pulse) to macroscopic tumour and 55 Gy in 
5.5 days (0.83 Gy /pulse) to non-radically resected tumours. Table 6 shows the 
patient characteristics. Usually we implant 4 catheters in local anaesthesia. Fig. 18 
and 19 show a typical implant and dose plan.  
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Figures 18-19. A CT plan of a four catheter implant with the protective 3 mm plastic 
sheet on the lower lip, dose plan in the midline of the lip. 100 % isodose is shown in 
white (fig. 18 left) and in blue (fig. 19 right). 
 
Table 6. Clinical data for 43 patients treated for lip cancers. 
__________________________________________ 
Patient characteristics       n  %     
Age median 74 (37-92) years 
Male           26  60 
Female          17  40 
 
TN-stage: 
T1N0           22  51  
T2N0           16  37  
T3N0            5  12  
 
Histology: 
Squamous cell carcinoma     38  89 
Adenoidcystic carcinoma      4   9 
Basal cell carcinoma       1   2 
 
Grade (squamous cell carcinoma): 
Low            23  60 
Medium           12  32 
High            3   8 
 
Treatment set-up 
Primary macroscopical      23  53 
Primary microscopical      11  26 
Recurrent macroscopical      7  16 
Recurrent microscopical      2  5  
 
Localisation 
Lower lip          34  79 
Upper lip           7  16 
Lip commisure         2   5 
__________________________________________ 
 

The follow-up was done on the outpatient clinic at our hospital until complete 
tumour regression and healing of the lip. Later, the patients were followed at our 
or the referring hospitals. All medical records were reviewed. Some late follow-up 
was done by telephone contacts. 
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3.3 Statistics 
 
All events in papers II-IV were documented in the medical records. Local failure 
dates were based on date of pathology reports. Other dates of clinical events were 
based on medical or radiology/endoscopy reports. The statuses of deceased pa-
tients were reviewed from autopsy reports if available or last medical report be-
fore death. No patients were lost for follow-up. 

Table 7. Overview of statistical methods used in papers I-IV. 

Method / tool       paper:  I    II    III    IV  
Descriptive           X    X    X    X 
t-Test for independent samples    X 
SPSS 6.1 for Windows       X 
Kaplan-Meier              X    X    X 
Wilcoxon rank-sum test           X    X 
Student’s t-test              X  
Spearman correlation            X 
Stata/SE 8.2 for Windows          X 
Log-rank test                   X 
Cox regression                  X 
χ2  test                     X 
Stata/SE 10.1 for Windows              X    X 

Paper I 
We used the t-Test for independent samples to create 95 % confidence interval 
and a p-value for the mean difference (the dose from EBRT minus the dose from 
PDR BT) in each dosimeter point. 
 
Paper II 
The Kaplan-Meier technique was used to analyse local control, disease free sur-
vival and overall survival. Wilcoxon rank-sum test was used to evaluate any rela-
tion between cosmetic outcome (in an ordinate scale) and dosimetry parameters. 
Student’s t-test was used to evaluate fat tissue necroses (yes/no) and relationship 
to dosimetry parameters. Spearman’s correlation was used to analyse relationship 
between grade of fibroses and treated volume. 
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Paper III 
The Kaplan-Meier technique was used to analyse local control, disease free sur-
vival and overall survival. The log-rank test was used for a univariate analysis of 
pre-treatment factors (T-stage, tumour grade, overall treatment time, pre-
treatment haemoglobin level, active smoking) and treatment outcome. Cox re-
gression was used similarly for a multivariate analysis. To see any relation be-
tween (no, minor, major) necroses and dosimetry parameters we performed Wil-
coxon rank-sum test. The χ2 - test was used to evaluate any impact of active 
smoking on necrotic events. 
Paper IV 
The Kaplan-Meier technique was used to analyse local control, disease free sur-
vival and overall survival. 
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4 Results 
 
4
 

.1 The phantom study-Paper I 

We reported the doses measured from 50 Gy EBRT (E-dose) and 50 Gy PDR BT 
(P-dose) in three different compartments, the bone marrow axis (femoral bone, 
pelvic bone, vertebral columna), internal organs and the near target region. Table 
8 shows a selection of the mean measured doses in 5 measure points from each 
compartment. 
 
Table 8. Measured doses and percentages of 50 Gy EBRT and BT. Difference between E-
dose and P-dose, and significance level of the difference.

Measure point    E-dose  %   P-dose  %   diff (E-P)  p____ 
Right femoral head  0.04   0.08  0.04   0.08  0     N.S 
Left femoral head  0.06   0.12  0.05   0.01  0.01    <0.01 
L4        0.14   0.28  0.10   0.20  0.04    <0.01 
Th6       0.53   1.06  0.64   1.28  -0.11    <0.01 
C4        0.23   0.46  0.33   0.66  -0.10    <0.01 
Right ovary     0.05   0.01  0.05   0.01  0     N.S 
Left ovary     0.08   0.16  0.06   0.12  0.02    <0.01 
Right kidney    0.13   0.26  0.10   0.20  0.03    <0.01 
Left kidney     0.23   0.46  0.20   0.40  0.03    <0.01 
Pituary      0.14   0.28  0.20   0.40  -0.06    <0.01 
L lung 6 cm depth  3.20   6.40  2.06   4.12  1.14    <0.01 
L lung 3 cm depth  46.30   92.60  4.20   8.40  42.10    <0.01 
L lung surface    47.20   94.40  8.90   17.80  38.30    <0.01 
Cardiac ventricle   22.40   84.80  2.10   4.20  20.3    <0.01 
Right breast    0.81   1.62  0.31   0.62  0.50    <0.01  
 
In summary, there is a low absorbed radiation dose to remote areas relative to the 
target for both techniques (maximum about 1 % = 0.5 Gy of prescribed dose). 
The differences between the techniques in remote areas are small. BT gives some-
what less dose in the caudal part and somewhat more dose in the cranial part of 
the body. 

Due to the different physical dose distribution from an external beam and an 
internal implant there is significantly less dose from BT in near target region 
down to 5 cm depth (left lung, cardiac muscle and contralateral breast, fig. 20). 
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Figure 20. The absorbed doses in organs close to the target like the left lung, cardiac 
muscle and right breast (black=EBRT, white=BT). 

When comparing dose points in paired organs from PDR BT, we always find a 
slightly higher value on the left side. In the experimental setting (see fig. 12) we 
always had the transfer cables at the left side. The only factor giving the extra 
dose of 0.2-0.1=0.1 Gy in the left kidney is dwell time dose rate contribution 
from the source in the implant in the left breast, which is more close to the left 
kidney, and the contribution from the 120 transit movements that occur in the 
cables.  Our conclusion is that the contributions from transfer cables on left sided 
measure points are small. We will se in chapter 5.1 how that compares with other 
publications.  

The transfer cables together with the free length of applicator catheters have 
been considered as problems in the PDR technology. An adaptation of the im-
plant technique to PDR BT and good care of the patient during the treatment 
time are important factors to bring down the risk of having machine error and 
interruptions during the treatment. Our data from early years of practice in all 
PDR- and BOT- implants show in fig. 21 and 22 the occurrence of treatment er-
rors. 
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Figure 21. The cumulative proportion treatment interruptions for 7399 given pulses re-
corded in a logbook for all PDR brachytherapy 1993-1999. 

 
Figure 22. The differentiated proportion treatment interruptions per year for pulses in 
BOT implants during 1994-2003. 

4
 

.2 The clinical series – Papers II-IV 

Our intention in these papers was to keep the treatment indications and tech-
niques rather uniform and do a careful clinical follow-up. The results give a de-
tailed view of doses, dosimetric and volumetric parameters according to the ICRU 
58 recommendations 44. We also present clinical outcome stratified with respect 
to the TNM classification to make comparison to other materials possible 109. 
Treatment side effects were classified as early (within 3 months) or late (after 3 
months). We present the late side effects according to LENT/SOMA system, 
which is proposed as an international standard. Self-reported quality of life pa-
rameters reported by the patients are also presented. 

4.2.1 Dosimetric and volumetric findings 
 
Table 9 gives a summary of all information about dosimetry and volumes in the 
three clinical series. Table 10 gives information how our typical dose levels com-
pare to conventional EBRT and cLDR doses. 
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Figure 21. The cumulative proportion treatment interruptions for 7399 given pulses re-
corded in a logbook for all PDR brachytherapy 1993-1999. 

 
Figure 22. The differentiated proportion treatment interruptions per year for pulses in 
BOT implants during 1994-2003. 
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.2 The clinical series – Papers II-IV 
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Treatment side effects were classified as early (within 3 months) or late (after 3 
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Table 9. Mean dosimetric and volumetric data in the treated series. 
 

Variable            Breast  BOT  Lip    

Estimated BOT tumour volume (cm3)    -  15   - 

Estimated Breast volume (cm3) n=38   579  -   - 

Treated volume (TV)  (cm3)      159  58   15 

Treated volume range (cm3)      53-300 17-134 3-56 

Volume ratio (treated vol./breast vol.)   0.34  -   - 

150 % isodose volume (cm3)      33    17    4  

200 % isodose volume (cm3)(% of TV)   12 (8)  7 (12)  2 (13) 

DNR (=V150%/V100%) 93      0.21  0.29  0.26 

Quality index (QI) 107         2.1   1.7   1.6 

Uniformity index (UI) 3       1.8   1.5   1.5 

Instantaneoues dose rate (Gy/h)     3.2   6.0   12.8 

Pulse average dose rate (Gy/h)     0.417  0.417  0.417 

RAKR, reference air kerma rate (mGym2/h) 2.4   2.3   1.8 

TRAK, total reference air kerma (mGy)  0.65  0.34  0.15 

Table 10. Used PDR doses compared to standard fractionation of cLDR and EBRT       
(2 Gy/fraction) (t ½ =1 h.) 
 

Dose (Gy) Fractionation  BED (α⁄β=10) EQD2 (α⁄β=10) BED (α⁄β=3) EQD2 (α⁄β=3) 

60  PDR      68.2    56.8    87.2   52.3 

60  cLDR      68.6    57.2    88.5   53.1 

50  PDR      56.8    47.3    72.6   43.6 

50   cLDR      57.1    47.6    73.7   44.2 

50   EBRT (2 Gy/d)   60.0    50.0    83.3   50.0 

35   PDR      39.7    33.1    50.7   30.4 

35   cLDR      39.9    33.3    51,5   30.9     

40.8 EBRT (1,7 Gy twice/d) 47.8    39.8    64.3   38.6    

4.2.2 Clinical tumour effect data 
 
The most important endpoint to determine local tumour effect of radiotherapy is 
long-term local tumour control. Disease-free survival (DFS) is also an important 
endpoint, which also points out other events from the disease, such as the risk for 
lymph node and distant metastases. Patient selection is important to have an op-
timal balance between local effect and DFS. Overall survival (OS) is dependant on 
the outcome of the cancer treatment but is also affected by the risk of death in 
other serious diseases and fatal side effects from the treatment. DFS at 2 years has 
been suggested as the best measure of treatment effects in Head and neck tumours 
65, 67  
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Table 11 and figures 23-25 give summary of the clinical outcome in the patient 
series. 

Table 11. Reported five-year treatment outcome data. 
 

Series   LC   DFS   OS  Lymph node failure  Distant metastases 

APBI   96 %  88 %   88 %   4 %     12 % 

BOT   89 %  80 %   65 %   5 %     6 % 

Lip   94 %  86 %   59 %   7 %     2 % 

 

Figure 23. Kaplan-Meier plot of local control (dotted), DFS (grey) and OS (black) in the 
APBI series. 

 
Figure 24. Kaplan-Meier plot of the outcome in the BOT boost series. 
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Figure 25. Kaplan-Meier plot of the outcome in the Lip cancer series.  

The APBI series is here updated (median follow-up=130, range 33-178 months, 
n=42) with a 10-year actuarial local control rate of 90 %. Interestingly, we no-
ticed only one local failure (a multicentric lobular recurrence) within the treated 
brachytherapy volume. All other failures occurred in other areas of the treated 
breast. The annual local failure rate was 1 % per year in the ipsilateral breast. We 
noticed 3 patients (6 %) who developed contralateral breast cancer. 

In the BOT series we found in total 9 local failures. Seven of them were T4 tu-
mours. The majority of the local failures (77 %) were seen within 15 months af-
ter the treatment.  

In the Lip cancer material we had two local failures, one T1N0-case after 4 
months and one T2N0-case after 28 months. Both patients were free from tu-
mour after salvage surgery. The median follow-up time was 54 (1-158) months. 

4
 

.2.3 Early side effects from PDR brachytherapy 

The early reaction to radiation is an inflammatory event. The severity is depend-
ent on radiation dose level and if a surface mucosa is involved. After PDR treat-
ment we noticed a reaction onset after approximately 1 week, maximum after 2 
weeks and healing after 3-4 weeks. In the case of APBI the reacting volume is in-
side the breast and the patients usually feel slight tenderness and erythema in the 
skin. A postoperative infection treated by antibiotics was seen in 5 patients (10 
%). 

The BOT patients experienced an increase in dysphagia and mucosal pain dur-
ing the acute reaction between 1-4 weeks. No event of infection was seen.Due to 
the high dose given to Lip cancer patients the acute reaction was intense. We rou-
tinely gave a topical steroid and antibiotic cream, 3 times daily the first 4 weeks 
after treatment to give the patient relief. In the case of Lip cancer we have found 
the principle of temporary shielding to be of great value. To eliminate acute reac-
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tion we asked the patient to keep the mouth slightly open and keep a 3 mm plas-
tic sheet between the treated lip and the frontal gingiva, when the patient was 
awake. After this there were no reaction at all to the other lip and the 
neighbouring gingival. 
                              

Figure 26+27. An acute reaction on the lower lip (left) and a typical long-term cosmetic 
outcome on the upper lip (right). 
 
4.2.4 Late side effects from PDR brachytherapy 

As described in chapter 1.3 brachytherapy will result in some tissue necrosis 
events caused by the dose escalation strategy in the treatment schedules and the 
small hyperdose volumes (double to the prescribed dose) around the applicators. 
In the case of APBI we found 10 (20 %) patients with fat tissue necroses, 5 pa-
tients had only symptomatic (local erythema, tenderness, non-suppurative secre-
tion), 4 were asymptomatic (mammography finding) and one patient had both 
symptoms and mammography findings. The symptomatic patients had an early 
onset (1-2 months) in contrast to the asymptomatic patients, where mammogra-
phy signs were seen late (60-100 months). Dosimetry parameters showed no cor-
relation to fat tissue necroses or fibrosis.  Local moderate and strong fibrosis were 
seen in 18 % and 8 %, respectively. Fig. 28 shows time schedule how the fat tis-
sue necroses develop over time based on a review of clinical and mammography 
signs shown in fig. 29. 
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Figure 28. A scatter-plot of fat tissue necroses over time (black= clinical signs, grey= 
mammography signs). Number of months to necrosis onset is given for ten different pa-
tients. 

 
Figure 29. A mammography example of a fat tissue necrosis (oil cysts and coarse wall 
calcifications). 
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The most common late side effect of breast APBI BT was local fibrosis. Figure 30 
shows a grading of local fibrosis. 

Figure 30. A LENT-SOMA grading of local fibrosis after PDR APBI BT (n=43). 
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Among the BOT patients we noticed 11 (13 %) minor and transient soft-tissue 
necroses, which resolved after a period of antibiotics. Four (5 %) patients experi-
enced more longer lasting and severe soft tissue necroses. An osteoradionecrosis 
occurred in 6 (7%) patients, leading to surgical reconstruction or expectancy. The 
mean time to the necrotic onset was 12 months and the mean duration was 12 
months. The treated volume showed a significant correlation to necrotic events. 
Active smoking was related to major necroses. Fig. 31 and 32 demonstrate the 
time schedule how necroses appear and disappear in 21 patients. 

Figure 31. Scatter-plot of necroses after BOT cancer BT for the individual patient (black= 
necroses which healed, grey= necroses without healing). 
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Figure 32. The sum of patient BOT necroses over time. 

There were very few late side effects in the Lip cancer group. One patent had an 
osteoradionecrosis, but also a bone-invasive recurrence in the same area. One 
patient had a small, transient soft tissue necrosis. 
 
4.2.5 Other patient related findings 
 
In the breast cancer study both the patient and a nurse assessed the cosmetic out-
come according to the Harvard criteria (¨excellent¨=no visible signs, ¨good¨, ¨fair¨ 
and ¨bad¨) 90. Figure 33 shows the outcome at last clinical follow-up. 
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Figure 33. The cosmetic appearance rated by the patient n=43(left) and by a nurse n=37 
(right). 

Brachytherapy given too close to the skin resulting in telangiectasia is one impor-
tant radiotherapeutic reason for bad cosmetic outcome (see fig. 34). We tried to 
estimate the cause of bad or fair cosmetic outcome shown in figure 35. 
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An oncology nurse performed a structured interview at last clinical follow-up or 
telephone contact concerning 5 issues from the symptom module of the LENT-
SOMA scoring system on all living patients in the BOT cancer group. Figures 36-
40 summarize the outcome. 

Figure 36. Problems to swallow (dysphagia) (n=45), eight patients required a feeding 
tube or gastrostomia in the BOT series. 
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Figure 34. The LENT-SOMA
grading of telangiectasia, n=37 

Figure 35. Estimated cause of lower
cosmetic outcome, n=36. 
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Figure 37. Taste alterations in the BOT series (n=45) 
 

62%

27%

11%

No trismus

Noted, but
unmeasurable

Preventing
normal eating

 
Figure 38. Problem to open the mouth (trismus) (n=45) in the BOT series. 
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Figure 39. Chronic pain after the treatment (n=45) in the BOT series. 
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Figure 40. Problems with dry mouth (xerostomia) (n=45) in the BOT series. 

BOT cancer treatment is a demanding treatment for the patient, including both 
EBRT and a surgical procedure with BT-implant and neck operation. The re-
corded mean weight loss during the treatment was 17 kg that recovered to a 
weight loss of 8 kg at last follow-up. The WHO performance scaling at last fol-
low-up is shown in fig. 41. 
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Figure 41. The WHO performance at last follow-up (n=45) 

We asked the patients to assess their global quality of life on a VAS (visual analo-
gous scale) at last follow-up; ranging from ¨0¨=worst conceivable quality of life to 
¨10¨=best conceivable quality of life. Fig. 42 shows the result. 
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Figure 42. Patient global quality of life on VAS scale from 0-10 (n=44) in the BOT series. 
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Finally, we asked the patients retrospectively if they had any experience of Lher-
mitte symptoms in the lower extremities the months following the treatment. 
Lhermitte symptoms are coming from transient radiation myelitis. The EBRT 
dose to the medulla was limited to 43 Gy and we estimate the extra dose contri-
bution from the PDR BT to about 10 % of the given dose=3.5 Gy. Fig. 43 shows 
the result. 
 

 
Figure 43. Lhermitte signs from a retrospective reporting (n=44) in the BOT series. 
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In the lip cancer cohort we noticed a very good cosmetic outcome in general. 
Some problems with later parodontitis were noted in 7 % of the patients. Some 
irregularity in the lip surface from the biopsy site or from asymptomatic fibrosis 
led to some reports of saliva leakage in 14 % of the patients. 
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Figure 42. Patient global quality of life on VAS scale from 0-10 (n=44) in the BOT series. 
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5 Discussion 
 
5
 

.1 The PDR phantom study 

The Alderson phantom has been used for experimental radiation dose measure-
ment for many years and has also been validated with Monte Carlo calculations 
62, 103. When using new radiotherapy methods adjuvant, it is important to know 
both the benefits and eventual harmful effects of the treatment. This study shows 
the core principle of brachytherapy with high dose volume conformed to the tar-
get with steep dose fall towards organs at risk. During the early era of breast con-
serving surgery and postoperative EBRT large studies observed increased cardiac 
mortality after radiotherapy of left sided breast cancer 14, 92. In our experimental 
model we found a >90 % reduction of the radiation dose to the myocardium. It is 
important to point out that with modern, improved EBRT techniques these nega-
tive cardiac effects can be minimized 68. The other issue in this study is the radia-
tion dose to remote areas of the body. Around a BT implant radiation dose is de-
creasing rapidly according to the inverse square law. In EBRT radiation is coming 
from leakage in the accelerator head and internal and external scatter 43. Our 
study showed that the distant absorbed dose is similar between the two methods 
and about 1-1.4 % of the prescribed dose. Thus, we have no reason to believe 
that adjuvant PDR BT is more dangerous than conventional EBRT. The trend of 
slightly more dose to cranial organs and slightly lower dose by BT in the caudal 
part of the body is explained by absence and presence of tissue attenuation, re-
spectively. We have not found any study that compares with our extensive meas-
urement in many body positions. Similar measurements and calculations for cer-
tain body locations for BT 52, 114 and EBRT 17, 52, 111, 112 have been published and are 
in agreement with our data. In a recent publication 106 ranking of five EBRT and 
five PDR APBI dose plans was done with means of calculations of normal tissue 
complication probability (NTCP). The conclusion was that PDR was mostly su-
perior to EBRT in respect of sparing normal tissues.  

Transit dose from the stepping source consists of exit and entry of the moving 
source and inter-dwell position movements in the implant. The speed of the 
source movement is 500 mm/s and the inter-dwell transit dose is <0.5 % 64, 119 due 
to a compensation in the dosage algorithm. The entrance and exit transit doses 
are usually of small importance, <2 % of the dose, but might be of significance if 
the dwell times in the target are short and a large number of pulses are given in 
many applicators. In a report 120 in 2005 from Nucletron BV a table for transit 
doses outside the target on different depths is available. A dose of 0.004 Gy/pulse 
is expected with a 10 catheters PDR treatment at 5 cm depth to the transfer ca-
bles. This gives a dose of 0.06 Gy extra at 10 cm depth with 60 pulses, which is 
less than half of our extra dose to the left kidney. 

A publication from Amsterdam 51 on the treatment error frequency of 1300 
PDR treatments showed that the frequency depends on the treatment location 
with a variation between 0.6 % and 14.9 % and that most of the errors occur 
during the nighttime. Their report corresponds well to our data where we now 
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5
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have an error frequency of about 3 % on all treatments and 1 % on BOT treat-
ments, mostly during the night (see fig 44).  The nursing staff solved the majority 
of the errors. 

Figure 44. Example of machine errors due to kinking of catheters (left) or friction due to bends in 

the transport cables (middle). Our data showing that errors occur mostly during nighttimes be-

tween 21 hours and 5 hours (right). 

5.2 The PDR-APBI study 
 
The fundaments for partial breast irradiation are that the majority of the local 
recurrences occur in the sector of the surgery 56, 69 and that the recurrence rate in 
other sectors of the breast is similar to the incidence rate in the contralateral 
breast, reflecting that these recurrences are new cancers that develop despite ad-
juvant whole breast irradiation 115. Pathology studies looking carefully for small 
areas of cancer cells in and around the surgical volume found remaining cancer 
cells in 9 % within a distance of 3 cm from the T1-T2 tumour boundary 41.  

Several early publications of APBI had an unacceptable high local failure rate 
due to improper coverage of the volume at risk or bad patient selection 83 There 
are now 3 studies with extended follow-up (table 12). 

Table 12. Results of 3 contemporary APBI studies with 10 years follow-up. 

Institution   n BT technique median FU 5 y LC 10 y LC excellent/good cosmesis  

WBH Detroit 4  199 LDR/HDR 9.6 years  97.8  95.0   98% 

Budapest 84   45  HDR   11.1 years 95.6  90.7   78% 

Orebro 48    51  PDR   10.8   96.0  90    56% 

 

Patient selection is a critical issue in APBI. On one hand it is possible to select a 
population with no or very low risk for local recurrence. On the other hand a 
population may have a high risk for recurrence and be of multicentric nature. 

In a recent publication from the European Group of Brachytherapy (GEC-
ESTRO)85 (where we are co-authors) on guidelines for APBI, three indication 
groups have been identified based on worldwide extensive published phase II data 
on APBI (see table 13). See also how our material compares to this. 
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Table 13. Risk groups in the GEC-ESTRO guidelines for APBI and the Orebro grouping.

        Group A    Group B     Group C 

Local recurrence risk  low      intermediate     high 

Indication for APBI   good     acceptable    contraindicated 

Age (years)     >50     40-50      <40 

Histology      All but not lobular  All       - 

DCIS in tumour    not allowed   allowed     - 

Tumour grade    any     any      - 

T Stage      T1, T2 ≤3 cm  T1, T2≤3 cm    T2-4>3 cm 
Surgical margin    clear ≥2 mm   close <2 mm    positive 

Multifocality     unifocal    yes within 2 cm   yes beyond 2 cm 

Extensive intraductal ca not allowed   not allowed    present 

Lymph vessel invasion  not allowed   not allowed    present 

Hormon receptor status any     any      - 

Lymph node metastases N0      N1 <4/6     Nx or N2 ≥4 

Orebro APBI series   18 patients   30 patients    3 patients 

The three patients in group C had tumours >30 mm. None had local recurrence 
but one had distant metastases due to positive lymph node disease. 
Two patients in group B had local failures; one was a true in-field recurrence of a 
lobular cancer the other patient had an elsewhere recurrence after 2 years. 
Surprisingly, three elsewhere, local failures occurred in group A and also five pa-
tients who developed a metastatic disease. 

It is obvious that we were treating a cohort with mostly an intermediate risk 
profile. In spite of this the local recurrence frequency is within 1 % per year simi-
lar to the large Swedish randomized trial with 8.8 % local failure rate at 10 years 
56. Both our local failure rate in the treated breast and in the contralateral breast 
(6 %= 0.5 % per year) are according to the expected natural course of breast 
cancer. 

Fat tissue necroses are mostly a passing symptomatic or an asymptomatic event 
that can cause a differential diagnostic problem in mammography against a true 
local recurrence. Our occurrence (20 %) after 7 years is similar with respect to 
time difference to what is published from Erlangen 79 (15.2 %) after 3 years. We 
noted a bi-phasic occurrence where the symptomatic arrived early (1-6 months) 
and the late asymptomatic and mammograpic came later on (6-8 years). The early 
one might be hard to distinguish from other side effects after the treatment. Our 
time course for fat tissue necroses does not fit to Erlangen data, with a median 
onset after 2 years. 

Our rates of grade 2-3 fibrosis (26 %) and telangiectasia (22 %) after 7 years 
were higher than published from Erlangen 31 after 3 years (7.7 and 4.6 %, respec-
tively)  probably depending on the time course and the fact that we only per-
formed a 2-dimensional dose planning (see fig. 45). 
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Fig 45. Telangiectasia on the left breast due to a too superficial APBI dose, a fair cosmetic re-
sult (left). An excellent cosmetic result on the left breast (right) 

Our published cosmetic outcome is lower (56 % ¨excellent-good¨) compared to 
other studies. The rating by the patient and a nurse (shown in fig. 33) agrees well. 
An open question is how different groups define ¨excellent¨. ¨Excellent¨ in our 
definition was ¨no signs of the treatment and equal appearance to the untreated 
breast¨. We treated larger volumes than the other European groups but not larger 
than the American study groups. Surgical factors, such as no cavity-closing suture 
and postoperative deformation, might explain some parts. The fact that we used 
2-dimensional dose planning without full control of the skin dose might be an-
other explanation. With later 3D planning we noticed better cosmetic outcome. 

In summary, our study showed a very high local efficacy of adjuvant PDR BT. 
Only 1 (2 %) in-field local recurrence occurred. In spite of our very early clinical 
experience of the APBI concept our inclusion of patients has been reasonable in 
the light of the new European recommendations. The limitations of our results 
concerning cosmetic outcome and fibroses and telangiectasia may depend on our 
early ad-hoc strategy and old-fashioned 2-dimensional dose planning. A future 
development is a total integrated strategy for APBI including adaptation of the 
surgical technique (reducing the resected cavity, clips marking), pathology evalua-
tion (resection margins according to the clips) and pre- and post- CT based dose 
planning (delineation of target with respect to the clips, cavity and pathology re-
port). 

APBI can be given with different techniques like 3D conformal/IMRT EBRT, 
interstitial BT, intracavitary BT (MammoSite™ see fig. 46), and intra-operative X-
rays/electrons. All methods are described in a critical systematic review published 
in 2009 78. EBRT techniques have the best potential for wide spread use. A BT 
technique offers the best sparing of normal tissue in the breast and surrounding 
organs at risk, which is clearly demonstrated in paper I 47. BT also has the highest 
potential for acceleration with short overall treatment time. The BT methods are 
not wide spread and require some expertise. The finding that breast carcinomas 
sensivity to dose/fraction (α/β) is 4.0 (1.0-7.8) Gy speaks in favour of hypo-
fractionation 78. The European randomized GEC-ESTRO study comparing 50 Gy 
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EBRT with interstitial BT with HDR 32 Gy/PDR 50 Gy stopped the inclusion 
2009 at 1170 included patients, the results are awaited. Five other phase III stud-
ies on APBI with different treatment techniques are ongoing. 

Figure 46. Principle of treatment with intracavitary BT using MammoSite™. 
 
Based on the extensive phase II experience and the European and American 
guidelines 2,  APBI might be used in the clinic today with a proper patient selec-
tion. 
 
5.3 The BOT cancer PDR boost study 
 
BOT cancer is a rather uncommon cancer form, but with increasing incidence. In 
2007 there were 46 patients reported to the Swedish Cancer Registry 72. Random-
ized trials are lacking due to rareness of the disease. There are three different 
treatment traditions: EBRT/IMRT only, EBRT + BT boost and surgery + post 
operative EBRT. The treatments have shifted towards RT methods instead of sur-
gery because the base of tongue has a critical role in life with swallowing, speak-
ing and breathing functions 30, 49. Two publications have compared the sur-
gery/EBRT strategy with combined EBRT/ BT and found a similar local tumour 
control rate but worse quality of life (QOL) for the surgery group 38, 110. BOT 
cancers are rather advanced at presentation (41% were T3-4N0-3), a common 
finding in all publications. That might be a reason why it is hard to find surgical 
series with stratified data per T stage. The largest surgical publication comes from 
Pittsburgh 30 on 87 patients. Despite quite good local control they found poor 
functional outcome for advanced tumours. 

Another debate is whether EBRT techniques can give enough dose to cure the 
largest, most advanced tumours 19. BT offers a possibility to give a higher local 
dose without compromising risk organs like the mandible/mandibular joint, the 
parotid gland and the pharyngeal swallow muscles. 

One feature with our study is that we can state exactly how representative our 
treatment strategy was. Thus, 83 % of all patients in our registry of the Head and 
Neck Oncology Centre had the actual treatment. 
Table 14 gives a summary of our and other published series. 
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Our strategy was to limit the nominal EBRT dose to 40.8 Gy and do acceler-
ated hyper-fractionation (1.7 Gy twice per day, 6 hours separation) to shorten the 
overall treatment time and increase local effect. Altered EBRT fractionation has 
in a meta-analysis 9 been shown to give a significant benefit in loco-regional con-
trol rate and survival. The other part in our strategy is to increase the BT boost 
dose that is shown 113 to increase local control rate. The Boston strategy 49 was 
the opposite way (EBRT dose 61 Gy and LDR BT dose 17 Gy) with an overall 
local control rate of 78 %, in spite of a low proportion of T4 cases. 

Our neck lymph node control rate is favourable (95 %) and similar to results 
from Memorial Sloan-Kettering Cancer Centre (96 %) 54 and better than the re-
sults from Pittsburgh (86 %) 30. In our pathology neck specimen, 41 % was free 
from tumour cells, thus neck surgery cannot be omitted.  The Memorial material 
showed a higher proportion (70 %) of sterilized neck nodes, but their dose was 
60 Gy to the neck. This fact points out that our 40.8 Gy is effective but is at a 
lower dose level. With this in mind, our conclusion is that the PDR boost dose to 
the primary tumour is extremely effective with respect to our high reported over-
all local control rate (89 %). 
 
Table 14. Clinical outcome data from 12 different institutions on BOT cancer treat-
ments. N= number of patients. M=method of treatment (E=external beam, 
L/P/H=LDR/PDR/HDR-brachytherapy boost. S=surgery). %T4 = percentage of T4 in 
study population. 5yS= overall five-year survival. nd=not done 

               ______local control (%)_____            

Institution          n  M  %T4  T1  T2   T3 T4  All  5yS  

Gainesville, FL 63     217 E  19     96  91  81  38  79  50 

Curie Inst., Paris France 45   166 E  20  96  57  45  23  44  27 

IGR, Paris France 57    108 E+L 0  85  50  69  nd  64  26 

Pittsburgh, PA 30     87  S+P 23  100 97  96  85  nd  49 

Orebro, Sweden      83  E+P 24  100 98  93  65  89  65 

Mayo, Rochester, MN 76   79  S+E 0  84  87  76  nd  82  51 

Long Beach, CA 87     70  E+L 17  100 88  75  67  83  35 

MSKCC, NY 40      68  E+L 3  87  93  82  100 89  87 

MDA, Houston TX 58    54  E  2  100 96  67  nd  85  59 

Stanford, CA 29      42  E+L 24  83  85  89  70  82  66 

Boston, MA 49      40  E+L 12  ....74....  ....85....  78  62   

NIO, Budapest, Hungary 105  30  E+H 53  -  100 83  50  68  56 

 
A drawback of BT and dose escalated radiotherapy is that we are balancing on 
the tissue limits of tolerance, with a risk of necroses. Our analysis shows that 
most necroses occur between 1-2 years after the treatment. The minor necroses 
are healed after some months and give the patients some discomfort and need of 
antibiotic treatment. From the dosimetry data we found a correlation between 
treated volumes of BT and a borderline correlation with Quality index. This was 
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also found in the largest publication on PDR and different Head and Neck can-
cers from Erlangen 102. Continued smoking after the treatment was related to the 
risk of major necroses. This points out that both patient and dosimetry factors 
are connected to necrotic events. Our study was performed during the 2-
dimensional dose-planning era. Only 6 patients have been planned with 3D CT 
based dose planning after 2006. Since 3D planning was implemented we have not 
seen any major necroses. 

Our study has the most extensive QOL evaluation and is the first done accord-
ing to the LENT-SOMA system. The majority (87 %) of our patients were fully 
active, corresponding well to data from Harrison 39 where 70-80 % of the pa-
tients could carry on with their work. Some xerostomia and dysphagia problems 
correspond to other published data but were measured with another grading sys-
tem 38, 110. Two publications from the Gothenburg University 33 are dealing with 
longitudinal QOL measures and noticed that many patients had a decrease in 
QOL and some pain the first months after the treatment. We did not perform this 
longitudinal evaluation but agree to their conclusions based on our clinical ex-
perience. Severe chronic pain is not common according to our data. 

In conclusion, our data on BOT cancer is among the best published data 
worldwide. Side effects from the treatment are acceptable but can be even better 
in the future. PDR brachytherapy proves to be at least as effective as LDR. 

 
5
 

.4 The Lip cancer, PDR mono-brachytherapy study 

Lip cancer is in contrast to BOT cancer a more common disease with 152 new 
cases in Sweden in 2007 72. Lip cancer is predominately discovered at an early 
local stage and metastatic disease is rare. Surgery is probably the most common 
and easy way to treat small tumours. Our study cohort represents 64 % of the 
patients in the registry of the Head and Neck Oncology Centre of Orebro Univer-
sity Hospital. We cannot be sure if the registry is covering all cases in our health 
care region since some patients may have been treated by small surgical proce-
dures at the different hospitals without registration. Our own indication for BT 
are tumours >10 mm, where a resection might give a bad cosmetic and functional 
result, and all tumours on the upper lip and commisure area. We also treated 
cases with recurrence after surgery (31 %) and not radically resected primary tu-
mours (26 %). Post-operative radiotherapy is shown to be important after non-
radical surgery 6. The study population was rather old with a median age of 74 
years. Like most overall survival curves in head and neck cancer there is signifi-
cant mortality due to age and other morbidity during the observation period 65, 67. 
When we compared our results with other publications we required long-time 
follow-up and data stratified on T stage (see table 18). 
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Our strategy was to limit the nominal EBRT dose to 40.8 Gy and do acceler-
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Table 14. Clinical outcome data from 12 different institutions on BOT cancer treat-
ments. N= number of patients. M=method of treatment (E=external beam, 
L/P/H=LDR/PDR/HDR-brachytherapy boost. S=surgery). %T4 = percentage of T4 in 
study population. 5yS= overall five-year survival. nd=not done 

               ______local control (%)_____            

Institution          n  M  %T4  T1  T2   T3 T4  All  5yS  

Gainesville, FL 63     217 E  19     96  91  81  38  79  50 

Curie Inst., Paris France 45   166 E  20  96  57  45  23  44  27 

IGR, Paris France 57    108 E+L 0  85  50  69  nd  64  26 

Pittsburgh, PA 30     87  S+P 23  100 97  96  85  nd  49 

Orebro, Sweden      83  E+P 24  100 98  93  65  89  65 

Mayo, Rochester, MN 76   79  S+E 0  84  87  76  nd  82  51 

Long Beach, CA 87     70  E+L 17  100 88  75  67  83  35 

MSKCC, NY 40      68  E+L 3  87  93  82  100 89  87 

MDA, Houston TX 58    54  E  2  100 96  67  nd  85  59 

Stanford, CA 29      42  E+L 24  83  85  89  70  82  66 

Boston, MA 49      40  E+L 12  ....74....  ....85....  78  62   

NIO, Budapest, Hungary 105  30  E+H 53  -  100 83  50  68  56 

 
A drawback of BT and dose escalated radiotherapy is that we are balancing on 
the tissue limits of tolerance, with a risk of necroses. Our analysis shows that 
most necroses occur between 1-2 years after the treatment. The minor necroses 
are healed after some months and give the patients some discomfort and need of 
antibiotic treatment. From the dosimetry data we found a correlation between 
treated volumes of BT and a borderline correlation with Quality index. This was 
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also found in the largest publication on PDR and different Head and Neck can-
cers from Erlangen 102. Continued smoking after the treatment was related to the 
risk of major necroses. This points out that both patient and dosimetry factors 
are connected to necrotic events. Our study was performed during the 2-
dimensional dose-planning era. Only 6 patients have been planned with 3D CT 
based dose planning after 2006. Since 3D planning was implemented we have not 
seen any major necroses. 

Our study has the most extensive QOL evaluation and is the first done accord-
ing to the LENT-SOMA system. The majority (87 %) of our patients were fully 
active, corresponding well to data from Harrison 39 where 70-80 % of the pa-
tients could carry on with their work. Some xerostomia and dysphagia problems 
correspond to other published data but were measured with another grading sys-
tem 38, 110. Two publications from the Gothenburg University 33 are dealing with 
longitudinal QOL measures and noticed that many patients had a decrease in 
QOL and some pain the first months after the treatment. We did not perform this 
longitudinal evaluation but agree to their conclusions based on our clinical ex-
perience. Severe chronic pain is not common according to our data. 

In conclusion, our data on BOT cancer is among the best published data 
worldwide. Side effects from the treatment are acceptable but can be even better 
in the future. PDR brachytherapy proves to be at least as effective as LDR. 

 
5
 

.4 The Lip cancer, PDR mono-brachytherapy study 

Lip cancer is in contrast to BOT cancer a more common disease with 152 new 
cases in Sweden in 2007 72. Lip cancer is predominately discovered at an early 
local stage and metastatic disease is rare. Surgery is probably the most common 
and easy way to treat small tumours. Our study cohort represents 64 % of the 
patients in the registry of the Head and Neck Oncology Centre of Orebro Univer-
sity Hospital. We cannot be sure if the registry is covering all cases in our health 
care region since some patients may have been treated by small surgical proce-
dures at the different hospitals without registration. Our own indication for BT 
are tumours >10 mm, where a resection might give a bad cosmetic and functional 
result, and all tumours on the upper lip and commisure area. We also treated 
cases with recurrence after surgery (31 %) and not radically resected primary tu-
mours (26 %). Post-operative radiotherapy is shown to be important after non-
radical surgery 6. The study population was rather old with a median age of 74 
years. Like most overall survival curves in head and neck cancer there is signifi-
cant mortality due to age and other morbidity during the observation period 65, 67. 
When we compared our results with other publications we required long-time 
follow-up and data stratified on T stage (see table 18). 
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Table 15. Clinical outcome in different series using brachytherapy on lip cancer.  
Percentage, local control rate at 5 years for different tumour stages. 
* At median follow-up. 
 

Studie       BT   n  FU(m)  T1  T2  T3   all_ 

GEC-ESTRO 1983 28  LDR  1267 60   98.4 96.6 90   96.6 

GEC-ESTRO 1993 28  LDR  2794 60   95  91.8 81   94  

Orebro study    PDR  43  54   95  94  100  95 

Valencia 32 *     HDR  39  18   100 83  75 (T4) 87 

 
The GEC-ESTRO questionnaire was sent to 23 hospitals performing LDR BT, 
1983 and 1993 and generated a large study population 60. Our PDR result is 
clearly similar to the outcome in the GEC-ESTRO survey. This result has been 
obtained with PDR dose somewhat lower than what is recommended in the 
European guidelines for brachytherapy of head and neck cancers 61. The reason 
we lowered the total dose is due to the use of second hour pulses of 0.833 Gy. 
Presently there are no such long term data on HDR BT, Valencia published their 
results with 1.5 years follow up. Except for an intense local radiation reaction 
late side effects are rare with our treatment. 

There is a long experience of LDR mono-brachytherapy showing a very high 
local tumour control rate ≥90 % and this is emphasized in our study. Squamous 
cell carcinomas, T1N0 and T2NO with a tumour diameter ≤ 40 mm and a dis-
tance > 5 mm from bone, can be treated by BT alone 7, 8, 28, 53, 61, 81.  

To give a broader view of this we looked into our BT registry between 1995 
and 2009 and found 124 cases with Squamous cell carcinoma on different sites 
that were treated with full dose (60Gy) by PDR (see table 16). Some few were 
recurrences for reirradiation. 

Table 16. Mono-BT PDR (60 Gy) on Squamous cell carcinomas treated in Orebro 1995-
2009. Proportion (%) with local tumour control. 

Site    number  LC   % 

Lip    58    53   91 

Nasal vestibule 19    18   95 

Skin    16    15   94 

Tongue   10    7   70 

Bucca    7    4   57 

BOT    7    4   57 

Anal    3    3   100 
Tonsilla   2    2   100 

Floor of mouth 1    1   100 
Soft palate  1    1   100 

Total    124   108  87  

Again we confirm similar treatment results as with historical LDR experience. 
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6 Main findings and conclusions 
 
Based on the papers underlying this thesis, the following conclusions can be 
drawn: 

PDR brachytherapy and EBRT to equal dose levels, give a similar and low 
absorbed dose to organs distant to the target. Thus, brachytherapy is also 
a safe way for adjuvant treatment. 

Brachytherapy is usually beneficial regarding lower doses to organs at risk, 
but the magnitude of the benefit is depending on the individual anatomy 
and treatment set-up. 

Adjuvant use of PDR in accelerated partial breast irradiation has similar 
long-term effectiveness as LDR and HDR ABPI and also as whole breast 
EBRT when proper patient selection is performed. 

Boost BT by PDR is shown to have an excellent long-term outcome both 
in terms of local tumour control and patient performance in BOT cancer. 

PDR mono-brachytherapy in lip cancer is highly effective and strongly in-
dicates a similar effect as continuous LDR brachytherapy. 

The ¨Orebro PDR schedule¨ (0.833 Gy/pulse every second hour) consis-
tently and prospectively used in all our studies is shown to be practical, 
safe and effective. 

Local tissue necroses is one important drawback of brachytherapy. Efforts 
to avoid them are of fundamental importance. Three-dimensional image 
based dose planning is an important tool to limit the risk of necroses. Indi-
vidual, known and unknown, patient related factors are also involved. 
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7  Methodological shortcomings & future directions 
 
Paper I 

The results concerning doses distant to the target is probably valid for 
measurements between different radiation methods. Dose measurements 
close to the target are influenced by a strong dose gradient and very sensi-
tive to distances and individual anatomy. Our phantom had an anatomy 
that maybe exaggerated dose differences between the methods. 
In clinical practice modern 3D image based dose planning system may 
simulate doses to different organs in the choice between different treat-
ment methods according to images from the actual patients anatomy. 

 
Papers II-III-IV 

All data in these studies are generated from regular daily clinical practice. 
We have been very strict in the use of a single PDR schedule and fixed 
dose levels during the years. 
The level of evidence is low (2b-3)1 for these selected case series. Both BOT 
and lip cancer are rare diseases and no randomized trials are done. It is 
however striking how similar the outcomes are between different pub-
lished papers. 
Breast cancer is a common disease and randomized trials are possible and 
now ongoing. When we started APBI this strategy was not possible. Ran-
domized, well powered, studies in APBI need a high number of patients 
(1000-1500 for non-inferiority studies and 1500-2000 patients for equiva-
lence studies)78. 
We could have done more longitudinal observations with another planning 
from the beginning like photo documentation of breast cosmesis after sur-
gery and at different times after the treatment. Also QOL parameters in 
BOT cancers could have been followed over time. 

All our studies were performed with 2D dose planning. Technology is now 
improved and 3D dose planning is pointed out to be a tool to improve BT 
standardisation and local tumour dose coverage and to reduce doses to or-
gans at risk and the frequency of necroses. 

67



67
66

7  Methodological shortcomings & future directions 
 
Paper I 

The results concerning doses distant to the target is probably valid for 
measurements between different radiation methods. Dose measurements 
close to the target are influenced by a strong dose gradient and very sensi-
tive to distances and individual anatomy. Our phantom had an anatomy 
that maybe exaggerated dose differences between the methods. 
In clinical practice modern 3D image based dose planning system may 
simulate doses to different organs in the choice between different treat-
ment methods according to images from the actual patients anatomy. 

 
Papers II-III-IV 

All data in these studies are generated from regular daily clinical practice. 
We have been very strict in the use of a single PDR schedule and fixed 
dose levels during the years. 
The level of evidence is low (2b-3)1 for these selected case series. Both BOT 
and lip cancer are rare diseases and no randomized trials are done. It is 
however striking how similar the outcomes are between different pub-
lished papers. 
Breast cancer is a common disease and randomized trials are possible and 
now ongoing. When we started APBI this strategy was not possible. Ran-
domized, well powered, studies in APBI need a high number of patients 
(1000-1500 for non-inferiority studies and 1500-2000 patients for equiva-
lence studies)78. 
We could have done more longitudinal observations with another planning 
from the beginning like photo documentation of breast cosmesis after sur-
gery and at different times after the treatment. Also QOL parameters in 
BOT cancers could have been followed over time. 

All our studies were performed with 2D dose planning. Technology is now 
improved and 3D dose planning is pointed out to be a tool to improve BT 
standardisation and local tumour dose coverage and to reduce doses to or-
gans at risk and the frequency of necroses. 

67



68
68

8  Acknowledgements 
 
I want to express my gratitude to all who have contributed to this thesis. 
Also an acknowledgement to all 176 patients treated and followed through the 
years (1114 patient-years). I am so glad that most of you won the fight against 
cancer! 

My special thanks go to: 

Jan Persliden, professor in Medical Physics, my main supervisor and tutor, for 
gently pushing me forward in research during the years. 

Lennart Hardell, professor in Oncology, my co-supervisor, for your advice, 
excellent and rapid proof reading and friendship during this work. Also special 
thanks for support during some tough times. 

Gunnar Westman, associate professor in Oncology, former head of the 
department, for inspiring me to go into the world of brachytherapy and research. 

Leif Karlsson, medical physicist, my most important and indispensable co-worker 
in brachytherapy developments, clinical work and research during the years. 
Thanks for all friendship during work and worldwide travel. Sorry if I brought 
you in too much work instead of fishing! 

My PDR team: Lotta Blomé (R.N), Essie Persson (M.Sci and co-writer), Ulf 
Granlund (M.Sci) and Leif Karlsson for making tricky things working. 

All colleagues at the Department of Oncology, for friendship, support and work 
with the patients. Special thanks to Johan Reizenstein (co-writer) and Bengt 
Ehrnström for valuable discussions and advice in the field of Head and Neck 
Oncology and Radiotherapy. 

All former and present, nurses, secretaries and staff members at the Department 
of Oncology for being dear friends and important parts in the ¨cancer fighting 
team¨ in Orebro. Special thanks to Berit Jonsson (R.N), Kerstin Kruse (R.N), 
Tony Larsson (R.N) Peter Jansson (R.N and ¨computer-dr¨), Iréne Larsson 
(secretary), Terence Kearey for kind help in my projects. 

Michael Carlberg (statistician) for help to bring all the data in order, even 
reachable in minutes from Brazil. 

All staff at Head and Neck Cancer Centre of Orebro University Hospital for 
multidisciplinary cooperation around the BOT and Lip cancer patients. Special 
thank to Mathias von Beckerath as a co-writer. 

69



69
68

8  Acknowledgements 
 
I want to express my gratitude to all who have contributed to this thesis. 
Also an acknowledgement to all 176 patients treated and followed through the 
years (1114 patient-years). I am so glad that most of you won the fight against 
cancer! 

My special thanks go to: 

Jan Persliden, professor in Medical Physics, my main supervisor and tutor, for 
gently pushing me forward in research during the years. 

Lennart Hardell, professor in Oncology, my co-supervisor, for your advice, 
excellent and rapid proof reading and friendship during this work. Also special 
thanks for support during some tough times. 

Gunnar Westman, associate professor in Oncology, former head of the 
department, for inspiring me to go into the world of brachytherapy and research. 

Leif Karlsson, medical physicist, my most important and indispensable co-worker 
in brachytherapy developments, clinical work and research during the years. 
Thanks for all friendship during work and worldwide travel. Sorry if I brought 
you in too much work instead of fishing! 

My PDR team: Lotta Blomé (R.N), Essie Persson (M.Sci and co-writer), Ulf 
Granlund (M.Sci) and Leif Karlsson for making tricky things working. 

All colleagues at the Department of Oncology, for friendship, support and work 
with the patients. Special thanks to Johan Reizenstein (co-writer) and Bengt 
Ehrnström for valuable discussions and advice in the field of Head and Neck 
Oncology and Radiotherapy. 

All former and present, nurses, secretaries and staff members at the Department 
of Oncology for being dear friends and important parts in the ¨cancer fighting 
team¨ in Orebro. Special thanks to Berit Jonsson (R.N), Kerstin Kruse (R.N), 
Tony Larsson (R.N) Peter Jansson (R.N and ¨computer-dr¨), Iréne Larsson 
(secretary), Terence Kearey for kind help in my projects. 

Michael Carlberg (statistician) for help to bring all the data in order, even 
reachable in minutes from Brazil. 

All staff at Head and Neck Cancer Centre of Orebro University Hospital for 
multidisciplinary cooperation around the BOT and Lip cancer patients. Special 
thank to Mathias von Beckerath as a co-writer. 

69



70

The staff at the Breast Cancer Unit at Departments of General Surgery / 
Pathology / Radiology for cooperation around the APBI patients. Special thank to 
associate professor Göran Liljegren for good advice and co-writing. 
 
All staff, nurses and anaesthesiologists at different operating units at the Orebro 
University Hospital during a lot of implant procedures. 
 
Margareta Landin and all staff at the Medical Library for all kind help during 
many years. 
 
All colleagues and friends all over Sweden and also some centres in Norway, 
Denmark and Iceland for showing trust in me by referring patients for treatments. 
 
Joel Johansson (PhD student in Cosmology and Astrophysics) for proof reading. 
 
 
 
 
 
 
 
My mother, Gertud for making me possible! 
 
 
My precious children, Emma-Li and Joel and my wonderful wife Annica, always 
supporting me and making my life happy. I love you! 
 
 

This work was supported by grants from: The Weiderman Donation, Svenssons 
Memorial Foundation, Orebro University and the Orebro County Council 
Research Committee. 
 

 

 

70

9  References 

1. Agency for Health Care Policy and Research. Clinical Practice Guidelines 
Development: Methodological Perspectives. Washington DC: US Depart-
ment of Health and Human Services, Public Health Service; 1992. 

2. American Society of Breast Surgeons. Consensus statement for Accelerated 
Partial Breast Irradiation  [Internet]. 2008 [cited  2010 6 Mar].  Available 
from: 
http://www.breastsurgeons.org/statements/PDF_Statements/APBI_statemen
t_revised_100708.pdf. 

3. Anderson LL. A "natural" volume-dose histogram for brachytherapy. Med 
Phys 1986;13(6):898-903. 

4. Antonucci JV, Wallace M, Goldstein NS, Kestin L, Chen P, Benitez P, 
Dekhne N, Martinez A, Vicini F. Differences in patterns of failure in pa-
tients treated with accelerated partial breast irradiation versus whole-
breast irradiation: a matched-pair analysis with 10-year follow-up. Int J 
Radiat Oncol Biol Phys 2009;74(2):447-52. 

5. Armour EP, White JR, Armin A, Corry PM, Coffey M, DeWitt C, Marti-
nez A. Pulsed low dose rate brachytherapy in a rat model: dependence of 
late rectal injury on radiation pulse size. Int J Radiat Oncol Biol Phys 
1997;38(4):825-34. 

6. Babington S, Veness MJ, Cakir B, Gebski VJ, Morgan GJ. Squamous cell 
carcinoma of the lip: is there a role for adjuvant radiotherapy in improving 
local control following incomplete or inadequate excision? ANZ J Surg 
2003;73(8):621-5. 

7. Beauvois S, Hoffstetter S, Peiffert D, Luporsi E, Carolus JM, Dartois D, 
Pernot M. Brachytherapy for lower lip epidermoid cancer: tumoral and 
treatment factors influencing recurrences and complications. Radiother 
Oncol 1994;33(3):195-203. 

8. Bourgier C, Coche-Dequeant B, Fournier C, Castelain B, Prevost B, Le-
febvre JL, Lartigau E. Exclusive low-dose-rate brachytherapy in 279 pa-
tients with T2N0 mobile tongue carcinoma. Int J Radiat Oncol Biol Phys 
2005;63(2):434-40. 

9. Bourhis J, Overgaard J, Audry H, Ang KK, Saunders M, Bernier J, Horiot 
JC, Le Maitre A, Pajak TF, Poulsen MG, O'Sullivan B, Dobrowsky W, 
Hliniak A, Skladowski K, Hay JH, Pinto LH, Fallai C, Fu KK, Sylvester R, 
Pignon JP. Hyperfractionated or accelerated radiotherapy in head and 
neck cancer: a meta-analysis. Lancet 2006;368(9538):843-54. 

10. Brenner DJ, Hall EJ. Conditions for the equivalence of continuous to 
pulsed low dose rate brachytherapy. Int J Radiat Oncol Biol Phys 
1991;20(1):181-90. 

71



71

The staff at the Breast Cancer Unit at Departments of General Surgery / 
Pathology / Radiology for cooperation around the APBI patients. Special thank to 
associate professor Göran Liljegren for good advice and co-writing. 
 
All staff, nurses and anaesthesiologists at different operating units at the Orebro 
University Hospital during a lot of implant procedures. 
 
Margareta Landin and all staff at the Medical Library for all kind help during 
many years. 
 
All colleagues and friends all over Sweden and also some centres in Norway, 
Denmark and Iceland for showing trust in me by referring patients for treatments. 
 
Joel Johansson (PhD student in Cosmology and Astrophysics) for proof reading. 
 
 
 
 
 
 
 
My mother, Gertud for making me possible! 
 
 
My precious children, Emma-Li and Joel and my wonderful wife Annica, always 
supporting me and making my life happy. I love you! 
 
 

This work was supported by grants from: The Weiderman Donation, Svenssons 
Memorial Foundation, Orebro University and the Orebro County Council 
Research Committee. 
 

 

 

70

9  References 

1. Agency for Health Care Policy and Research. Clinical Practice Guidelines 
Development: Methodological Perspectives. Washington DC: US Depart-
ment of Health and Human Services, Public Health Service; 1992. 

2. American Society of Breast Surgeons. Consensus statement for Accelerated 
Partial Breast Irradiation  [Internet]. 2008 [cited  2010 6 Mar].  Available 
from: 
http://www.breastsurgeons.org/statements/PDF_Statements/APBI_statemen
t_revised_100708.pdf. 

3. Anderson LL. A "natural" volume-dose histogram for brachytherapy. Med 
Phys 1986;13(6):898-903. 

4. Antonucci JV, Wallace M, Goldstein NS, Kestin L, Chen P, Benitez P, 
Dekhne N, Martinez A, Vicini F. Differences in patterns of failure in pa-
tients treated with accelerated partial breast irradiation versus whole-
breast irradiation: a matched-pair analysis with 10-year follow-up. Int J 
Radiat Oncol Biol Phys 2009;74(2):447-52. 

5. Armour EP, White JR, Armin A, Corry PM, Coffey M, DeWitt C, Marti-
nez A. Pulsed low dose rate brachytherapy in a rat model: dependence of 
late rectal injury on radiation pulse size. Int J Radiat Oncol Biol Phys 
1997;38(4):825-34. 

6. Babington S, Veness MJ, Cakir B, Gebski VJ, Morgan GJ. Squamous cell 
carcinoma of the lip: is there a role for adjuvant radiotherapy in improving 
local control following incomplete or inadequate excision? ANZ J Surg 
2003;73(8):621-5. 

7. Beauvois S, Hoffstetter S, Peiffert D, Luporsi E, Carolus JM, Dartois D, 
Pernot M. Brachytherapy for lower lip epidermoid cancer: tumoral and 
treatment factors influencing recurrences and complications. Radiother 
Oncol 1994;33(3):195-203. 

8. Bourgier C, Coche-Dequeant B, Fournier C, Castelain B, Prevost B, Le-
febvre JL, Lartigau E. Exclusive low-dose-rate brachytherapy in 279 pa-
tients with T2N0 mobile tongue carcinoma. Int J Radiat Oncol Biol Phys 
2005;63(2):434-40. 

9. Bourhis J, Overgaard J, Audry H, Ang KK, Saunders M, Bernier J, Horiot 
JC, Le Maitre A, Pajak TF, Poulsen MG, O'Sullivan B, Dobrowsky W, 
Hliniak A, Skladowski K, Hay JH, Pinto LH, Fallai C, Fu KK, Sylvester R, 
Pignon JP. Hyperfractionated or accelerated radiotherapy in head and 
neck cancer: a meta-analysis. Lancet 2006;368(9538):843-54. 

10. Brenner DJ, Hall EJ. Conditions for the equivalence of continuous to 
pulsed low dose rate brachytherapy. Int J Radiat Oncol Biol Phys 
1991;20(1):181-90. 

71



72

11. Brenner DJ, Schiff PB, Huang Y, Hall EJ. Pulsed-dose-rate brachytherapy: 
design of convenient (daytime-only) schedules. Int J Radiat Oncol Biol 
Phys 1997;39(4):809-15. 

12. Bruna A, Gastelblum P, Thomas L, Chapet O, Bollet MA, Ardiet JM, 
Gerard JP, Peiffert D. Treatment of squamous cell anal canal carcinoma 
(SCACC) with pulsed dose rate brachytherapy: a retrospective study. Ra-
diother Oncol 2006;79(1):75-9. 

13. Chen CZ, Huang Y, Hall EJ, Brenner DJ. Pulsed brachytherapy as a sub-
stitute for continuous low dose rate: an in vitro study with human carci-
noma cells. Int J Radiat Oncol Biol Phys 1997;37(1):137-43. 

14. Cuzick J, Stewart H, Rutqvist L, Houghton J, Edwards R, Redmond C, 
Peto R, Baum M, Fisher B, Host H, et al. Cause-specific mortality in long-
term survivors of breast cancer who participated in trials of radiotherapy. 
J Clin Oncol 1994;12(3):447-53. 

15. Dale RG, Jones B. The clinical radiobiology of brachytherapy. Br J Radiol 
1998;71(845):465-83. 

16. de Pree C, Popowski Y, Weber D, Nouet P, Rouzaud M, Kurtz JM. Feasi-
bility and tolerance of pulsed dose rate interstitial brachytherapy. Int J 
Radiat Oncol Biol Phys 1999;43(5):971-6. 

17. Diallo I, Lamon A, Shamsaldin A, Grimaud E, de Vathaire F, Chavaudra J. 
Estimation of the radiation dose delivered to any point outside the target 
volume per patient treated with external beam radiotherapy. Radiother 
Oncol 1996;38(3):269-71. 

18. Dutreix A. Can we compare systems for interstitial therapy? Radiother 
Oncol 1988;13(2):127-35. 

19. Foote RL, Parsons JT, Mendenhall WM, Million RR, Cassisi NJ, Stringer 
SP. Is interstitial implantation essential for successful radiotherapeutic 
treatment of base of tongue carcinoma? Int J Radiat Oncol Biol Phys 
1990;18(6):1293-8. 

20. Fowler JF. Why shorter half-times of repair lead to greater damage in 
pulsed brachytherapy. Int J Radiat Oncol Biol Phys 1993;26(2):353-6. 

21. Fowler JF. Are half-times of repair reliably shorter for tumors than for late 
normal-tissue effects? Int J Radiat Oncol Biol Phys 1995;31(1):189-90. 

22. Fowler JF, Van Limbergen EF. Biological effect of pulsed dose rate brachy-
therapy with stepping sources if short half-times of repair are present in 
tissues. Int J Radiat Oncol Biol Phys 1997;37(4):877-83. 

23. Fritz P, Hensley FW, Berns C, Schraube P, Wannenmacher M. First ex-
periences with superfractionated skin irradiations using large afterloading 
molds. Int J Radiat Oncol Biol Phys 1996;36(1):147-57. 

72

24. Fritz P, Weber KJ, Frank C, Flentje M. Differential effects of dose rate and 
superfractionation on survival and cell cycle of V79 cells from spheroid 
and monolayer culture. Radiother Oncol 1996;39(1):73-9. 

25. Fritz P, Berns C, Anton HW, Hensley F, Assman J, Flentje M, von 
Fournier D, Wannenmacher M. PDR brachytherapy with flexible implants 
for interstitial boost after breast-conserving surgery and external beam ra-
diation therapy. Radiother Oncol 1997;45(1):23-32. 

26. Fritz P, Frank C, Weber KJ. [In vitro studies of PDR brachytherapy]. 
Strahlenther Onkol 1998;174(7):365-74. 

27. Gerard JP, Mauro F, Thomas L, Castelain B, Mazeron JJ, Ardiet JM, Peif-
fert D. Treatment of squamous cell anal canal carcinoma with pulsed dose 
rate brachytherapy. Feasibility study of a French cooperative group. Ra-
diother Oncol 1999;51(2):129-31. 

28. Gerbaulet A, Pötter R, Mazeron J-J, Meertens H, Van Limbergen E, edi-
tors. The GEC ESTRO Handbook of Brachytherapy. Brussels: ESTRO; 
2002. 

29. Gibbs IC, Le QT, Shah RD, Terris DJ, Fee WE, Goffinet DR. Long-term 
outcomes after external beam irradiation and brachytherapy boost for 
base-of-tongue cancers. Int J Radiat Oncol Biol Phys 2003;57(2):489-94. 

30. Gourin CG, Johnson JT. Surgical treatment of squamous cell carcinoma of 
the base of tongue. Head Neck 2001;23(8):653-60. 

31. Guedea F, Ellison T, Venselaar J, Borras JM, Hoskin P, Poetter R, Heeren 
G, Nisin R, Francois G, Mazeron JJ, Limbergen EV, Ventura M, Taillet 
M, Cottier B. Overview of brachytherapy resources in Europe: a survey of 
patterns of care study for brachytherapy in Europe. Radiother Oncol 
2007;82(1):50-4. 

32. Guinot JL, Arribas L, Chust ML, Mengual JL, Garcia Miragall E, Carras-
cosa M, Escolar PP, Crispin V, Guardino C. Lip cancer treatment with 
high dose rate brachytherapy. Radiother Oncol 2003;69(1):113-5. 

33. Hammerlid E, Mercke C, Sullivan M, Westin T. A prospective quality of 
life study of patients with oral or pharyngeal carcinoma treated with ex-
ternal beam irradiation with or without brachytherapy. Oral Oncol 
1997;33(3):189-96. 

34. Harms W, Krempien R, Hensley FW, Berns C, Wannenmacher M, Fritz P. 
Results of chest wall reirradiation using pulsed-dose-rate (PDR) brachy-
therapy molds for breast cancer local recurrences. Int J Radiat Oncol Biol 
Phys 2001;49(1):205-10. 

35. Harms W, Peschke P, Weber KJ, Hensley FW, Wolber G, Debus J, Wan-
nenmacher M. Dose-dependent differential effects of low and pulsed dose-

73



73

11. Brenner DJ, Schiff PB, Huang Y, Hall EJ. Pulsed-dose-rate brachytherapy: 
design of convenient (daytime-only) schedules. Int J Radiat Oncol Biol 
Phys 1997;39(4):809-15. 

12. Bruna A, Gastelblum P, Thomas L, Chapet O, Bollet MA, Ardiet JM, 
Gerard JP, Peiffert D. Treatment of squamous cell anal canal carcinoma 
(SCACC) with pulsed dose rate brachytherapy: a retrospective study. Ra-
diother Oncol 2006;79(1):75-9. 

13. Chen CZ, Huang Y, Hall EJ, Brenner DJ. Pulsed brachytherapy as a sub-
stitute for continuous low dose rate: an in vitro study with human carci-
noma cells. Int J Radiat Oncol Biol Phys 1997;37(1):137-43. 

14. Cuzick J, Stewart H, Rutqvist L, Houghton J, Edwards R, Redmond C, 
Peto R, Baum M, Fisher B, Host H, et al. Cause-specific mortality in long-
term survivors of breast cancer who participated in trials of radiotherapy. 
J Clin Oncol 1994;12(3):447-53. 

15. Dale RG, Jones B. The clinical radiobiology of brachytherapy. Br J Radiol 
1998;71(845):465-83. 

16. de Pree C, Popowski Y, Weber D, Nouet P, Rouzaud M, Kurtz JM. Feasi-
bility and tolerance of pulsed dose rate interstitial brachytherapy. Int J 
Radiat Oncol Biol Phys 1999;43(5):971-6. 

17. Diallo I, Lamon A, Shamsaldin A, Grimaud E, de Vathaire F, Chavaudra J. 
Estimation of the radiation dose delivered to any point outside the target 
volume per patient treated with external beam radiotherapy. Radiother 
Oncol 1996;38(3):269-71. 

18. Dutreix A. Can we compare systems for interstitial therapy? Radiother 
Oncol 1988;13(2):127-35. 

19. Foote RL, Parsons JT, Mendenhall WM, Million RR, Cassisi NJ, Stringer 
SP. Is interstitial implantation essential for successful radiotherapeutic 
treatment of base of tongue carcinoma? Int J Radiat Oncol Biol Phys 
1990;18(6):1293-8. 

20. Fowler JF. Why shorter half-times of repair lead to greater damage in 
pulsed brachytherapy. Int J Radiat Oncol Biol Phys 1993;26(2):353-6. 

21. Fowler JF. Are half-times of repair reliably shorter for tumors than for late 
normal-tissue effects? Int J Radiat Oncol Biol Phys 1995;31(1):189-90. 

22. Fowler JF, Van Limbergen EF. Biological effect of pulsed dose rate brachy-
therapy with stepping sources if short half-times of repair are present in 
tissues. Int J Radiat Oncol Biol Phys 1997;37(4):877-83. 

23. Fritz P, Hensley FW, Berns C, Schraube P, Wannenmacher M. First ex-
periences with superfractionated skin irradiations using large afterloading 
molds. Int J Radiat Oncol Biol Phys 1996;36(1):147-57. 

72

24. Fritz P, Weber KJ, Frank C, Flentje M. Differential effects of dose rate and 
superfractionation on survival and cell cycle of V79 cells from spheroid 
and monolayer culture. Radiother Oncol 1996;39(1):73-9. 

25. Fritz P, Berns C, Anton HW, Hensley F, Assman J, Flentje M, von 
Fournier D, Wannenmacher M. PDR brachytherapy with flexible implants 
for interstitial boost after breast-conserving surgery and external beam ra-
diation therapy. Radiother Oncol 1997;45(1):23-32. 

26. Fritz P, Frank C, Weber KJ. [In vitro studies of PDR brachytherapy]. 
Strahlenther Onkol 1998;174(7):365-74. 

27. Gerard JP, Mauro F, Thomas L, Castelain B, Mazeron JJ, Ardiet JM, Peif-
fert D. Treatment of squamous cell anal canal carcinoma with pulsed dose 
rate brachytherapy. Feasibility study of a French cooperative group. Ra-
diother Oncol 1999;51(2):129-31. 

28. Gerbaulet A, Pötter R, Mazeron J-J, Meertens H, Van Limbergen E, edi-
tors. The GEC ESTRO Handbook of Brachytherapy. Brussels: ESTRO; 
2002. 

29. Gibbs IC, Le QT, Shah RD, Terris DJ, Fee WE, Goffinet DR. Long-term 
outcomes after external beam irradiation and brachytherapy boost for 
base-of-tongue cancers. Int J Radiat Oncol Biol Phys 2003;57(2):489-94. 

30. Gourin CG, Johnson JT. Surgical treatment of squamous cell carcinoma of 
the base of tongue. Head Neck 2001;23(8):653-60. 

31. Guedea F, Ellison T, Venselaar J, Borras JM, Hoskin P, Poetter R, Heeren 
G, Nisin R, Francois G, Mazeron JJ, Limbergen EV, Ventura M, Taillet 
M, Cottier B. Overview of brachytherapy resources in Europe: a survey of 
patterns of care study for brachytherapy in Europe. Radiother Oncol 
2007;82(1):50-4. 

32. Guinot JL, Arribas L, Chust ML, Mengual JL, Garcia Miragall E, Carras-
cosa M, Escolar PP, Crispin V, Guardino C. Lip cancer treatment with 
high dose rate brachytherapy. Radiother Oncol 2003;69(1):113-5. 

33. Hammerlid E, Mercke C, Sullivan M, Westin T. A prospective quality of 
life study of patients with oral or pharyngeal carcinoma treated with ex-
ternal beam irradiation with or without brachytherapy. Oral Oncol 
1997;33(3):189-96. 

34. Harms W, Krempien R, Hensley FW, Berns C, Wannenmacher M, Fritz P. 
Results of chest wall reirradiation using pulsed-dose-rate (PDR) brachy-
therapy molds for breast cancer local recurrences. Int J Radiat Oncol Biol 
Phys 2001;49(1):205-10. 

35. Harms W, Peschke P, Weber KJ, Hensley FW, Wolber G, Debus J, Wan-
nenmacher M. Dose-dependent differential effects of low and pulsed dose-

73



74

rate brachytherapy in a radioresistant syngenic rat prostate tumour model. 
Int J Radiat Biol 2002;78(7):617-23. 

36. Harms W, Krempien R, Hensley FW, Berns C, Fritz P, Wannenmacher M. 
5-year results of pulsed dose rate brachytherapy applied as a boost after 
breast-conserving therapy in patients at high risk for local recurrence from 
breast cancer. Strahlenther Onkol 2002;178(11):607-14. 

37. Harms W, Weber KJ, Ehemann V, Zuna I, Debus J, Peschke P. Differential 
effects of CLDR and PDR brachytherapy on cell cycle progression in a 
syngeneic rat prostate tumour model. Int J Radiat Biol 2006;82(3):191-6. 

38. Harrison LB, Zelefsky MJ, Armstrong JG, Carper E, Gaynor JJ, Sessions 
RB. Performance status after treatment for squamous cell cancer of the 
base of tongue--a comparison of primary radiation therapy versus primary 
surgery. Int J Radiat Oncol Biol Phys 1994;30(4):953-7. 

39. Harrison LB, Zelefsky MJ, Pfister DG, Carper E, Raben A, Kraus DH, 
Strong EW, Rao A, Thaler H, Polyak T, Portenoy R. Detailed quality of 
life assessment in patients treated with primary radiotherapy for squamous 
cell cancer of the base of the tongue. Head Neck 1997;19(3):169-75. 

40. Harrison LB, Lee HJ, Pfister DG, Kraus DH, White C, Raben A, Zelefsky 
MJ, Strong EW, Shah JP. Long term results of primary radiotherapy 
with/without neck dissection for squamous cell cancer of the base of 
tongue. Head Neck 1998;20(8):668-73. 

41. Holland R, Veling SH, Mravunac M, Hendriks JH. Histologic multifocal-
ity of Tis, T1-2 breast carcinomas. Implications for clinical trials of breast-
conserving surgery. Cancer 1985;56(5):979-90. 

42. IARC. European cancer incidence and mortality by country, 
GLOBOCAN estimate 2002  [Internet].  [cited  2010 5 Mar].  Available 
from: http://www.dep.iarc.fr. 

43. ICRP. Protection of the patient in radiation therapy. A report of Commit-
tee 3 of the International Commission on Radiological Protection. Ann 
ICRP 1985;15(2):1-51. 

44. ICRU, editor. Dose and Volume Specification for Reporting Interstitial 
Therapy. Bethesda, Md: International Comission on Radiation Units and 
Measurements; 1997. 

45. Jaulerry C, Rodriguez J, Brunin F, Mosseri V, Pontvert D, Brugere J, 
Bataini JP. Results of radiation therapy in carcinoma of the base of the 
tongue. The Curie Institute experience with about 166 cases. Cancer 
1991;67(6):1532-8. 

46. Jensen PT, Roed H, Engelholm SA, Rosendal F. Pulsed dose rate (PDR) 
brachytherapy as salvage treatment of locally advanced or recurrent gyne-
cologic cancer. Int J Radiat Oncol Biol Phys 1998;42(5):1041-7. 

74

47. Johansson B, Persson E, Westman G, Persliden J. Phantom study of radia-
tion doses outside the target volume brachytherapy versus external radio-
therapy of early breast cancer. Radiother Oncol 2003;69(1):107-12. 

48. Johansson B, Karlsson L, Liljegren G, Hardell L, Persliden J. Pulsed dose 
rate brachytherapy as the sole adjuvant radiotherapy after breast-
conserving surgery of T1-T2 breast cancer: first long time results from a 
clinical study. Radiother Oncol 2009;90(1):30-5. 

49. Karakoyun-Celik O, Norris CM, Jr., Tishler R, Mahadevan A, Clark JR, 
Goldberg S, Devlin P, Busse PM. Definitive radiotherapy with interstitial 
implant boost for squamous cell carcinoma of the tongue base. Head Neck 
2005;27(5):353-61. 

50. Kirisits C, Siebert FA, Baltas D, De Brabandere M, Hellebust TP, Berger 
D, Venselaar J. Accuracy of volume and DVH parameters determined with 
different brachytherapy treatment planning systems. Radiother Oncol 
2007;84(3):290-7. 

51. Koedooder K, van Wieringen N, van der Grient HN, van Herten YR, Piet-
ers BR, Blank LE. Safety aspects of pulsed dose rate brachytherapy: analy-
sis of errors in 1,300 treatment sessions. Int J Radiat Oncol Biol Phys 
2008;70(3):953-60. 

52. Kurtz JM, Russo M, Bieri S, Rouzaud M, Nouet P. Influence of modifica-
tions in breast irradiation technique on dose outside the treatment volume 
[abstract]. Int J Radiat Oncol Biol Phys 1995;32(Suppl 1):259. 

53. Le Scodan R, Pommier P, Ardiet JM, Montbarbon X, Malet C, Favrel V, 
Zrounba P, Poupart M, Ceruse P, Ferlay C, Clippe S. Exclusive brachy-
therapy for T1 and T2 squamous cell carcinomas of the velotonsillar area: 
results in 44 patients. Int J Radiat Oncol Biol Phys 2005;63(2):441-8. 

54. Lee HJ, Zelefsky MJ, Kraus DH, Pfister DG, Strong EW, Raben A, Shah 
JP, Harrison LB. Long-term regional control after radiation therapy and 
neck dissection for base of tongue carcinoma. Int J Radiat Oncol Biol 
Phys 1997;38(5):995-1000. 

55. Levendag PC, Schmitz PI, Jansen PP, Senan S, Eijkenboom WM, Sipkema 
D, Meeuwis CA, Kolkman-Deurloo IK, Visser AG. Fractionated high-
dose-rate and pulsed-dose-rate brachytherapy: first clinical experience in 
squamous cell carcinoma of the tonsillar fossa and soft palate. Int J Radiat 
Oncol Biol Phys 1997;38(3):497-506. 

56. Liljegren G, Holmberg L, Bergh J, Lindgren A, Tabar L, Nordgren H, Ad-
ami HO. 10-Year results after sector resection with or without postopera-
tive radiotherapy for stage I breast cancer: a randomized trial. J Clin On-
col 1999;17(8):2326-33. 

57. Lusinchi A, Eskandari J, Son Y, Gerbaulet A, Haie C, Mamelle G, Esch-
wege F, Chassagne D. External irradiation plus curietherapy boost in 108 

75



75

rate brachytherapy in a radioresistant syngenic rat prostate tumour model. 
Int J Radiat Biol 2002;78(7):617-23. 

36. Harms W, Krempien R, Hensley FW, Berns C, Fritz P, Wannenmacher M. 
5-year results of pulsed dose rate brachytherapy applied as a boost after 
breast-conserving therapy in patients at high risk for local recurrence from 
breast cancer. Strahlenther Onkol 2002;178(11):607-14. 

37. Harms W, Weber KJ, Ehemann V, Zuna I, Debus J, Peschke P. Differential 
effects of CLDR and PDR brachytherapy on cell cycle progression in a 
syngeneic rat prostate tumour model. Int J Radiat Biol 2006;82(3):191-6. 

38. Harrison LB, Zelefsky MJ, Armstrong JG, Carper E, Gaynor JJ, Sessions 
RB. Performance status after treatment for squamous cell cancer of the 
base of tongue--a comparison of primary radiation therapy versus primary 
surgery. Int J Radiat Oncol Biol Phys 1994;30(4):953-7. 

39. Harrison LB, Zelefsky MJ, Pfister DG, Carper E, Raben A, Kraus DH, 
Strong EW, Rao A, Thaler H, Polyak T, Portenoy R. Detailed quality of 
life assessment in patients treated with primary radiotherapy for squamous 
cell cancer of the base of the tongue. Head Neck 1997;19(3):169-75. 

40. Harrison LB, Lee HJ, Pfister DG, Kraus DH, White C, Raben A, Zelefsky 
MJ, Strong EW, Shah JP. Long term results of primary radiotherapy 
with/without neck dissection for squamous cell cancer of the base of 
tongue. Head Neck 1998;20(8):668-73. 

41. Holland R, Veling SH, Mravunac M, Hendriks JH. Histologic multifocal-
ity of Tis, T1-2 breast carcinomas. Implications for clinical trials of breast-
conserving surgery. Cancer 1985;56(5):979-90. 

42. IARC. European cancer incidence and mortality by country, 
GLOBOCAN estimate 2002  [Internet].  [cited  2010 5 Mar].  Available 
from: http://www.dep.iarc.fr. 

43. ICRP. Protection of the patient in radiation therapy. A report of Commit-
tee 3 of the International Commission on Radiological Protection. Ann 
ICRP 1985;15(2):1-51. 

44. ICRU, editor. Dose and Volume Specification for Reporting Interstitial 
Therapy. Bethesda, Md: International Comission on Radiation Units and 
Measurements; 1997. 

45. Jaulerry C, Rodriguez J, Brunin F, Mosseri V, Pontvert D, Brugere J, 
Bataini JP. Results of radiation therapy in carcinoma of the base of the 
tongue. The Curie Institute experience with about 166 cases. Cancer 
1991;67(6):1532-8. 

46. Jensen PT, Roed H, Engelholm SA, Rosendal F. Pulsed dose rate (PDR) 
brachytherapy as salvage treatment of locally advanced or recurrent gyne-
cologic cancer. Int J Radiat Oncol Biol Phys 1998;42(5):1041-7. 

74

47. Johansson B, Persson E, Westman G, Persliden J. Phantom study of radia-
tion doses outside the target volume brachytherapy versus external radio-
therapy of early breast cancer. Radiother Oncol 2003;69(1):107-12. 

48. Johansson B, Karlsson L, Liljegren G, Hardell L, Persliden J. Pulsed dose 
rate brachytherapy as the sole adjuvant radiotherapy after breast-
conserving surgery of T1-T2 breast cancer: first long time results from a 
clinical study. Radiother Oncol 2009;90(1):30-5. 

49. Karakoyun-Celik O, Norris CM, Jr., Tishler R, Mahadevan A, Clark JR, 
Goldberg S, Devlin P, Busse PM. Definitive radiotherapy with interstitial 
implant boost for squamous cell carcinoma of the tongue base. Head Neck 
2005;27(5):353-61. 

50. Kirisits C, Siebert FA, Baltas D, De Brabandere M, Hellebust TP, Berger 
D, Venselaar J. Accuracy of volume and DVH parameters determined with 
different brachytherapy treatment planning systems. Radiother Oncol 
2007;84(3):290-7. 

51. Koedooder K, van Wieringen N, van der Grient HN, van Herten YR, Piet-
ers BR, Blank LE. Safety aspects of pulsed dose rate brachytherapy: analy-
sis of errors in 1,300 treatment sessions. Int J Radiat Oncol Biol Phys 
2008;70(3):953-60. 

52. Kurtz JM, Russo M, Bieri S, Rouzaud M, Nouet P. Influence of modifica-
tions in breast irradiation technique on dose outside the treatment volume 
[abstract]. Int J Radiat Oncol Biol Phys 1995;32(Suppl 1):259. 

53. Le Scodan R, Pommier P, Ardiet JM, Montbarbon X, Malet C, Favrel V, 
Zrounba P, Poupart M, Ceruse P, Ferlay C, Clippe S. Exclusive brachy-
therapy for T1 and T2 squamous cell carcinomas of the velotonsillar area: 
results in 44 patients. Int J Radiat Oncol Biol Phys 2005;63(2):441-8. 

54. Lee HJ, Zelefsky MJ, Kraus DH, Pfister DG, Strong EW, Raben A, Shah 
JP, Harrison LB. Long-term regional control after radiation therapy and 
neck dissection for base of tongue carcinoma. Int J Radiat Oncol Biol 
Phys 1997;38(5):995-1000. 

55. Levendag PC, Schmitz PI, Jansen PP, Senan S, Eijkenboom WM, Sipkema 
D, Meeuwis CA, Kolkman-Deurloo IK, Visser AG. Fractionated high-
dose-rate and pulsed-dose-rate brachytherapy: first clinical experience in 
squamous cell carcinoma of the tonsillar fossa and soft palate. Int J Radiat 
Oncol Biol Phys 1997;38(3):497-506. 

56. Liljegren G, Holmberg L, Bergh J, Lindgren A, Tabar L, Nordgren H, Ad-
ami HO. 10-Year results after sector resection with or without postopera-
tive radiotherapy for stage I breast cancer: a randomized trial. J Clin On-
col 1999;17(8):2326-33. 

57. Lusinchi A, Eskandari J, Son Y, Gerbaulet A, Haie C, Mamelle G, Esch-
wege F, Chassagne D. External irradiation plus curietherapy boost in 108 

75



76

base of tongue carcinomas. Int J Radiat Oncol Biol Phys 
1989;17(6):1191-7. 

58. Mak AC, Morrison WH, Garden AS, Ang KK, Goepfert H, Peters LJ. 
Base-of-tongue carcinoma: treatment results using concomitant boost ra-
diotherapy. Int J Radiat Oncol Biol Phys 1995;33(2):289-96. 

59. Mason KA, Thames HD, Ochran TG, Ruifrok AC, Janjan N. Comparison 
of continuous and pulsed low dose rate brachytherapy: biological equiva-
lence in vivo. Int J Radiat Oncol Biol Phys 1994;28(3):667-71. 

60. Mazeron JJ, Richaud P. [Results of ionizing radiation treatment of 2274 
epidermoid epitheliomas of the lips]. Rev Stomatol Chir Maxillofac 
1983;84(5):305-6. 

61. Mazeron JJ, Ardiet JM, Haie-Meder C, Kovacs G, Levendag P, Peiffert D, 
Polo A, Rovirosa A, Strnad V. GEC-ESTRO recommendations for brachy-
therapy for head and neck squamous cell carcinomas. Radiother Oncol 
2009;91(2):150-6. 

62. Meli JA, Meigooni AS, Nath R. On the choice of phantom material for the 
dosimetry of 192Ir sources [published erratum appears in Int J Radiat On-
col Biol Phys 1988 Dec;15(6):1485]. Int J Radiat Oncol Biol Phys 
1988;14(3):587-94. 

63. Mendenhall WM, Stringer SP, Amdur RJ, Hinerman RW, Moore-Higgs 
GJ, Cassisi NJ. Is radiation therapy a preferred alternative to surgery for 
squamous cell carcinoma of the base of tongue? J Clin Oncol 
2000;18(1):35-42. 

64. Menon GV, Carlone MC, Sloboda RS. Transit dose contributions to intra-
cavitary and interstitial PDR brachytherapy treatments. Phys Med Biol 
2008;53(13):3447-62. 

65. Michiels S, Le Maitre A, Buyse M, Burzykowski T, Maillard E, Bogaerts J, 
Vermorken JB, Budach W, Pajak TF, Ang KK, Bourhis J, Pignon JP. Sur-
rogate endpoints for overall survival in locally advanced head and neck 
cancer: meta-analyses of individual patient data. Lancet Oncol 
2009;10(4):341-50. 

66. Moller TR, Brorsson B, Ceberg J, Frodin JE, Lindholm C, Nylen U, Per-
fekt R. A prospective survey of radiotherapy practice 2001 in Sweden. 
Acta Oncol 2003;42(5-6):387-410. 

67. Monnerat C, Faivre S, Temam S, Bourhis J, Raymond E. End points for 
new agents in induction chemotherapy for locally advanced head and neck 
cancers. Ann Oncol 2002;13(7):995-1006. 

68. Moran MS, Haffty BG. Radiation techniques and toxicities for locally ad-
vanced breast cancer. Semin Radiat Oncol 2009;19(4):244-55. 

76

69. Morrow M. Rational local therapy for breast cancer. N Engl J Med 
2002;347(16):1270-1. 

70. Mould R. Radium history mosaic. Warzaw: Nowotwory Journal of On-
cology; 2007. 

71. Nag S, editor. High Dose Rate Brachytherapy. New York: Futura Publish-
ing Company Inc.; 1994. 

72. National board of health and welfare. Cancer incidence in Sweden 2007  
[Internet]. Stockholm: Socialstyrelsen (the national board of health and 
welfare); 2008 [cited  2009 26 Aug].  Available from: 
http://www.socialstyrelsen.se/NR/rdonlyres/64AD2A81-FF9F-459F-B0CF-
CA955B7E8513/13410/200812516_rev2.pdf. 

73. National cancer services analysis team (NATCANSAT). UK RT equipment 
survey 2008  [Internet]. 2009 [cited  2010 9 Jan].  Available from: 
http://www.canceruk.net. 

74. Nickers P, Kunkler I, Scalliet P. Modern brachytherapy: current state and 
future prospects. Eur J Cancer 1997;33(11):1747-51. 

75. Niedbala M, Alsbeih G, Ng CE, Raaphorst GP. Equivalence of pulsed-
dose-rate to low-dose-rate irradiation in tumor and normal cell lines. Ra-
diat Res 2001;155(2):297-303. 

76. Nisi KW, Foote RL, Bonner JA, McCaffrey TV. Adjuvant radiotherapy for 
squamous cell carcinoma of the tongue base: improved local-regional dis-
ease control compared with surgery alone. Int J Radiat Oncol Biol Phys 
1998;41(2):371-7. 

77. Norlund A. Costs of radiotherapy. Acta Oncol 2003;42(5-6):411-5. 

78. Offersen BV, Overgaard M, Kroman N, Overgaard J. Accelerated partial 
breast irradiation as part of breast conserving therapy of early breast car-
cinoma: a systematic review. Radiother Oncol 2009;90(1):1-13. 

79. Ott OJ, Schulz-Wendtland R, Uter W, Pfahlberg A, Beckmann MW, Sauer 
R, Strnad V. Fat necrosis after conserving surgery and interstitial brachy-
therapy and/or external-beam irradiation in women with breast cancer. 
Strahlenther Onkol 2005;181(10):638-44. 

80. Peiffert D, Castelain B, Thomas L, Ardiet JM, Baillet F, Mazeron JJ. 
Pulsed dose rate brachytherapy in head and neck cancers. Feasibility study 
of a French cooperative group. Radiother Oncol 2001;58(1):71-5. 

81. Pernot M, Hoffstetter S, Peiffert D, Luporsi E, Marchal C, Kozminski P, 
Dartois D, Bey P. Epidermoid carcinomas of the floor of mouth treated by 
exclusive irradiation: statistical study of a series of 207 cases. Radiother 
Oncol 1995;35(3):177-85. 

77



77

base of tongue carcinomas. Int J Radiat Oncol Biol Phys 
1989;17(6):1191-7. 

58. Mak AC, Morrison WH, Garden AS, Ang KK, Goepfert H, Peters LJ. 
Base-of-tongue carcinoma: treatment results using concomitant boost ra-
diotherapy. Int J Radiat Oncol Biol Phys 1995;33(2):289-96. 

59. Mason KA, Thames HD, Ochran TG, Ruifrok AC, Janjan N. Comparison 
of continuous and pulsed low dose rate brachytherapy: biological equiva-
lence in vivo. Int J Radiat Oncol Biol Phys 1994;28(3):667-71. 

60. Mazeron JJ, Richaud P. [Results of ionizing radiation treatment of 2274 
epidermoid epitheliomas of the lips]. Rev Stomatol Chir Maxillofac 
1983;84(5):305-6. 

61. Mazeron JJ, Ardiet JM, Haie-Meder C, Kovacs G, Levendag P, Peiffert D, 
Polo A, Rovirosa A, Strnad V. GEC-ESTRO recommendations for brachy-
therapy for head and neck squamous cell carcinomas. Radiother Oncol 
2009;91(2):150-6. 

62. Meli JA, Meigooni AS, Nath R. On the choice of phantom material for the 
dosimetry of 192Ir sources [published erratum appears in Int J Radiat On-
col Biol Phys 1988 Dec;15(6):1485]. Int J Radiat Oncol Biol Phys 
1988;14(3):587-94. 

63. Mendenhall WM, Stringer SP, Amdur RJ, Hinerman RW, Moore-Higgs 
GJ, Cassisi NJ. Is radiation therapy a preferred alternative to surgery for 
squamous cell carcinoma of the base of tongue? J Clin Oncol 
2000;18(1):35-42. 

64. Menon GV, Carlone MC, Sloboda RS. Transit dose contributions to intra-
cavitary and interstitial PDR brachytherapy treatments. Phys Med Biol 
2008;53(13):3447-62. 

65. Michiels S, Le Maitre A, Buyse M, Burzykowski T, Maillard E, Bogaerts J, 
Vermorken JB, Budach W, Pajak TF, Ang KK, Bourhis J, Pignon JP. Sur-
rogate endpoints for overall survival in locally advanced head and neck 
cancer: meta-analyses of individual patient data. Lancet Oncol 
2009;10(4):341-50. 

66. Moller TR, Brorsson B, Ceberg J, Frodin JE, Lindholm C, Nylen U, Per-
fekt R. A prospective survey of radiotherapy practice 2001 in Sweden. 
Acta Oncol 2003;42(5-6):387-410. 

67. Monnerat C, Faivre S, Temam S, Bourhis J, Raymond E. End points for 
new agents in induction chemotherapy for locally advanced head and neck 
cancers. Ann Oncol 2002;13(7):995-1006. 

68. Moran MS, Haffty BG. Radiation techniques and toxicities for locally ad-
vanced breast cancer. Semin Radiat Oncol 2009;19(4):244-55. 

76

69. Morrow M. Rational local therapy for breast cancer. N Engl J Med 
2002;347(16):1270-1. 

70. Mould R. Radium history mosaic. Warzaw: Nowotwory Journal of On-
cology; 2007. 

71. Nag S, editor. High Dose Rate Brachytherapy. New York: Futura Publish-
ing Company Inc.; 1994. 

72. National board of health and welfare. Cancer incidence in Sweden 2007  
[Internet]. Stockholm: Socialstyrelsen (the national board of health and 
welfare); 2008 [cited  2009 26 Aug].  Available from: 
http://www.socialstyrelsen.se/NR/rdonlyres/64AD2A81-FF9F-459F-B0CF-
CA955B7E8513/13410/200812516_rev2.pdf. 

73. National cancer services analysis team (NATCANSAT). UK RT equipment 
survey 2008  [Internet]. 2009 [cited  2010 9 Jan].  Available from: 
http://www.canceruk.net. 

74. Nickers P, Kunkler I, Scalliet P. Modern brachytherapy: current state and 
future prospects. Eur J Cancer 1997;33(11):1747-51. 

75. Niedbala M, Alsbeih G, Ng CE, Raaphorst GP. Equivalence of pulsed-
dose-rate to low-dose-rate irradiation in tumor and normal cell lines. Ra-
diat Res 2001;155(2):297-303. 

76. Nisi KW, Foote RL, Bonner JA, McCaffrey TV. Adjuvant radiotherapy for 
squamous cell carcinoma of the tongue base: improved local-regional dis-
ease control compared with surgery alone. Int J Radiat Oncol Biol Phys 
1998;41(2):371-7. 

77. Norlund A. Costs of radiotherapy. Acta Oncol 2003;42(5-6):411-5. 

78. Offersen BV, Overgaard M, Kroman N, Overgaard J. Accelerated partial 
breast irradiation as part of breast conserving therapy of early breast car-
cinoma: a systematic review. Radiother Oncol 2009;90(1):1-13. 

79. Ott OJ, Schulz-Wendtland R, Uter W, Pfahlberg A, Beckmann MW, Sauer 
R, Strnad V. Fat necrosis after conserving surgery and interstitial brachy-
therapy and/or external-beam irradiation in women with breast cancer. 
Strahlenther Onkol 2005;181(10):638-44. 

80. Peiffert D, Castelain B, Thomas L, Ardiet JM, Baillet F, Mazeron JJ. 
Pulsed dose rate brachytherapy in head and neck cancers. Feasibility study 
of a French cooperative group. Radiother Oncol 2001;58(1):71-5. 

81. Pernot M, Hoffstetter S, Peiffert D, Luporsi E, Marchal C, Kozminski P, 
Dartois D, Bey P. Epidermoid carcinomas of the floor of mouth treated by 
exclusive irradiation: statistical study of a series of 207 cases. Radiother 
Oncol 1995;35(3):177-85. 

77



78

82. Pierquin B, Wilson JF, Chassagne D, editors. Modern Brachytherapy. New 
York: Masson; 1987. 

83. Polgar C, Strnad V, Major T. Brachytherapy for partial breast irradiation: 
the European experience. Semin Radiat Oncol 2005;15(2):116-22. 

84. Polgar C, Major T, Fodor J, Sulyok Z, Somogyi A, Lovey K, Nemeth G, 
Kasler M. Accelerated partial-breast irradiation using high-dose-rate inter-
stitial brachytherapy: 12-year update of a prospective clinical study. Ra-
diother Oncol 2010. 

85. Polgar C, Limbergen EV, Potter R, Kovacs G, Polo A, Lyczek J, 
Hildebrandt G, Niehoff P, Guinot JL, Guedea F, Johansson B, Ott OJ, 
Major T, Strnad V. Patient selection for accelerated partial-breast irradia-
tion (APBI) after breast-conserving surgery: Recommendations of the 
Groupe Europeen de Curietherapie-European Society for Therapeutic Ra-
diology and Oncology (GEC-ESTRO) breast cancer working group based 
on clinical evidence (2009). Radiother Oncol 2010. 

86. Pop LA, van den Broek JF, Visser AG, van der Kogel AJ. Constraints in 
the use of repair half times and mathematical modelling for the clinical 
application of HDR and PDR treatment schedules as an alternative for 
LDR brachytherapy. Radiother Oncol 1996;38(2):153-62. 

87. Puthawala AA, Syed AM, Eads DL, Gillin L, Gates TC. Limited external 
beam and interstitial 192iridium irradiation in the treatment of carcinoma 
of the base of the tongue: a ten year experience. Int J Radiat Oncol Biol 
Phys 1988;14(5):839-48. 

88. Roed H, Engelholm SA, Svendsen LB, Rosendal F, Olsen KJ. Pulsed dose 
rate (PDR) brachytherapy of anal carcinoma. Radiother Oncol 
1996;41(2):131-4. 

89. Rogers CL, Freel JH, Speiser BL. Pulsed low dose rate brachytherapy for 
uterine cervix carcinoma. Int J Radiat Oncol Biol Phys 1999;43(1):95-
100. 

90. Rose MA, Olivotto I, Cady B, Koufman C, Osteen R, Silver B, Recht A, 
Harris JR. Conservative surgery and radiation therapy for early breast 
cancer. Long-term cosmetic results. Arch Surg 1989;124(2):153-7. 

91. RSD rsd. The Alderson radiation therapy phantom (ART)  [Internet]. 2008 
[cited  2010 2010-03-09].  Available from: 
http://www.rsdphantoms.com/rt_art.htm. 

92. Rutqvist LE, Lax I, Fornander T, Johansson H. Cardiovascular mortality 
in a randomized trial of adjuvant radiation therapy versus surgery alone in 
primary breast cancer. Int J Radiat Oncol Biol Phys 1992;22(5):887-96. 

93. Saw CB, Suntharalingam N. Quantitative assessment of interstitial im-
plants. Int J Radiat Oncol Biol Phys 1991;20(1):135-9. 

78

94. SBU. A prospective survey of radiotherapy in Sweden. Acta Oncol 
1996;35 Suppl 6:47-56. 

95. Sethi T, Dixon B, Flynn A, Ash DV. Continuous, pulsed or single acute 
irradiation of a transplanted rodent tumour model. Radiother Oncol 
1997;43(2):203-9. 

96. Sewsing E. IMV 2007 market summary report-afterloaders USA. In: Nu-
cletron B.V.; 2007. 

97. Sewsing E. Global market- afterloaders. In: Nucletron B.V.; 2009. 

98. Sminia P, Schneider CJ, Koedooder K, van Tienhoven G, Blank LE, Gon-
zalez DG. Pulse frequency in pulsed brachytherapy based on tissue repair 
kinetics. Int J Radiat Oncol Biol Phys 1998;41(1):139-50. 

99. Sminia P, Schneider CJ, van Tienhoven G, Koedooder K, Blank LE, Gon-
zalez Gonzalez D. Office hours pulsed brachytherapy boost in breast can-
cer. Radiother Oncol 2001;59(3):273-80. 

100. Steel G, editor. Basic clinical radiobiology: Edward Arnold; 1993. 

101. Strnad V, Geiger M, Lotter M, Sauer R. The role of pulsed-dose-rate 
brachytherapy in previously irradiated head-and-neck cancer. Brachyther-
apy 2003;2(3):158-63. 

102. Strnad V, Melzner W, Geiger M, Zenk J, Waldfahrer F, Lotter M, Ott O, 
Seeger A, Iro H, Sauer R. Role of interstitial PDR brachytherapy in the 
treatment of oral and oropharyngeal cancer. A single-institute experience 
of 236 patients. Strahlenther Onkol 2005;181(12):762-7. 

103. Struelens L, Vanhavere F, Smans K. Experimental validation of Monte 
Carlo calculations with a voxelized Rando-Alderson phantom: a study on 
influence parameters. Phys Med Biol 2008;53(20):5831-44. 

104. Swift PS, Purser P, Roberts LW, Pickett B, Powell CB, Phillips TL. Pulsed 
low dose rate brachytherapy for pelvic malignancies. Int J Radiat Oncol 
Biol Phys 1997;37(4):811-7. 

105. Takacsi-Nagy Z, Polgar C, Oberna F, Somogyi A, Major T, Remenar E, 
Fodor J, Kasler M, Nemeth G. Interstitial high-dose-rate brachytherapy in 
the treatment of base of tongue carcinoma. Strahlenther Onkol 
2004;180(12):768-75. 

106. Teymournia L, Berger D, Kauer-Dorner D, Poljanc K, Seitz W, Aiginger H, 
Kirisits C. Comparison of PDR brachytherapy and external beam radia-
tion therapy in the case of breast cancer. Phys Med Biol 2009;54(8):2585-
95. 

107. Thomadsen BR, Houdek PV, van der Larse R, Edmundson G, Kolkman-
Deurloo IK, Visser AG. Treatment planning and optimisation. In: Nag S, 

79



79

82. Pierquin B, Wilson JF, Chassagne D, editors. Modern Brachytherapy. New 
York: Masson; 1987. 

83. Polgar C, Strnad V, Major T. Brachytherapy for partial breast irradiation: 
the European experience. Semin Radiat Oncol 2005;15(2):116-22. 

84. Polgar C, Major T, Fodor J, Sulyok Z, Somogyi A, Lovey K, Nemeth G, 
Kasler M. Accelerated partial-breast irradiation using high-dose-rate inter-
stitial brachytherapy: 12-year update of a prospective clinical study. Ra-
diother Oncol 2010. 

85. Polgar C, Limbergen EV, Potter R, Kovacs G, Polo A, Lyczek J, 
Hildebrandt G, Niehoff P, Guinot JL, Guedea F, Johansson B, Ott OJ, 
Major T, Strnad V. Patient selection for accelerated partial-breast irradia-
tion (APBI) after breast-conserving surgery: Recommendations of the 
Groupe Europeen de Curietherapie-European Society for Therapeutic Ra-
diology and Oncology (GEC-ESTRO) breast cancer working group based 
on clinical evidence (2009). Radiother Oncol 2010. 

86. Pop LA, van den Broek JF, Visser AG, van der Kogel AJ. Constraints in 
the use of repair half times and mathematical modelling for the clinical 
application of HDR and PDR treatment schedules as an alternative for 
LDR brachytherapy. Radiother Oncol 1996;38(2):153-62. 

87. Puthawala AA, Syed AM, Eads DL, Gillin L, Gates TC. Limited external 
beam and interstitial 192iridium irradiation in the treatment of carcinoma 
of the base of the tongue: a ten year experience. Int J Radiat Oncol Biol 
Phys 1988;14(5):839-48. 

88. Roed H, Engelholm SA, Svendsen LB, Rosendal F, Olsen KJ. Pulsed dose 
rate (PDR) brachytherapy of anal carcinoma. Radiother Oncol 
1996;41(2):131-4. 

89. Rogers CL, Freel JH, Speiser BL. Pulsed low dose rate brachytherapy for 
uterine cervix carcinoma. Int J Radiat Oncol Biol Phys 1999;43(1):95-
100. 

90. Rose MA, Olivotto I, Cady B, Koufman C, Osteen R, Silver B, Recht A, 
Harris JR. Conservative surgery and radiation therapy for early breast 
cancer. Long-term cosmetic results. Arch Surg 1989;124(2):153-7. 

91. RSD rsd. The Alderson radiation therapy phantom (ART)  [Internet]. 2008 
[cited  2010 2010-03-09].  Available from: 
http://www.rsdphantoms.com/rt_art.htm. 

92. Rutqvist LE, Lax I, Fornander T, Johansson H. Cardiovascular mortality 
in a randomized trial of adjuvant radiation therapy versus surgery alone in 
primary breast cancer. Int J Radiat Oncol Biol Phys 1992;22(5):887-96. 

93. Saw CB, Suntharalingam N. Quantitative assessment of interstitial im-
plants. Int J Radiat Oncol Biol Phys 1991;20(1):135-9. 

78

94. SBU. A prospective survey of radiotherapy in Sweden. Acta Oncol 
1996;35 Suppl 6:47-56. 

95. Sethi T, Dixon B, Flynn A, Ash DV. Continuous, pulsed or single acute 
irradiation of a transplanted rodent tumour model. Radiother Oncol 
1997;43(2):203-9. 

96. Sewsing E. IMV 2007 market summary report-afterloaders USA. In: Nu-
cletron B.V.; 2007. 

97. Sewsing E. Global market- afterloaders. In: Nucletron B.V.; 2009. 

98. Sminia P, Schneider CJ, Koedooder K, van Tienhoven G, Blank LE, Gon-
zalez DG. Pulse frequency in pulsed brachytherapy based on tissue repair 
kinetics. Int J Radiat Oncol Biol Phys 1998;41(1):139-50. 

99. Sminia P, Schneider CJ, van Tienhoven G, Koedooder K, Blank LE, Gon-
zalez Gonzalez D. Office hours pulsed brachytherapy boost in breast can-
cer. Radiother Oncol 2001;59(3):273-80. 

100. Steel G, editor. Basic clinical radiobiology: Edward Arnold; 1993. 

101. Strnad V, Geiger M, Lotter M, Sauer R. The role of pulsed-dose-rate 
brachytherapy in previously irradiated head-and-neck cancer. Brachyther-
apy 2003;2(3):158-63. 

102. Strnad V, Melzner W, Geiger M, Zenk J, Waldfahrer F, Lotter M, Ott O, 
Seeger A, Iro H, Sauer R. Role of interstitial PDR brachytherapy in the 
treatment of oral and oropharyngeal cancer. A single-institute experience 
of 236 patients. Strahlenther Onkol 2005;181(12):762-7. 

103. Struelens L, Vanhavere F, Smans K. Experimental validation of Monte 
Carlo calculations with a voxelized Rando-Alderson phantom: a study on 
influence parameters. Phys Med Biol 2008;53(20):5831-44. 

104. Swift PS, Purser P, Roberts LW, Pickett B, Powell CB, Phillips TL. Pulsed 
low dose rate brachytherapy for pelvic malignancies. Int J Radiat Oncol 
Biol Phys 1997;37(4):811-7. 

105. Takacsi-Nagy Z, Polgar C, Oberna F, Somogyi A, Major T, Remenar E, 
Fodor J, Kasler M, Nemeth G. Interstitial high-dose-rate brachytherapy in 
the treatment of base of tongue carcinoma. Strahlenther Onkol 
2004;180(12):768-75. 

106. Teymournia L, Berger D, Kauer-Dorner D, Poljanc K, Seitz W, Aiginger H, 
Kirisits C. Comparison of PDR brachytherapy and external beam radia-
tion therapy in the case of breast cancer. Phys Med Biol 2009;54(8):2585-
95. 

107. Thomadsen BR, Houdek PV, van der Larse R, Edmundson G, Kolkman-
Deurloo IK, Visser AG. Treatment planning and optimisation. In: Nag S, 

79



80

editor. High dose rate brachytherapy. A textbook. New York: Futura; 
1994. p. 79-145. 

108. Turesson I, Thames HD. Repair capacity and kinetics of human skin dur-
ing fractionated radiotherapy: erythema, desquamation, and telangiectasia 
after 3 and 5 year's follow-up. Radiother Oncol 1989;15(2):169-88. 

109. UICC. TNM Atlas. 4 th edition ed. Berlin Heidelberg New York: Springer-
Verlag; 1997. 

110. van de Pol M, Levendag PC, de Bree RR, Franssen JH, Smeele LE, Nijdam 
WM, Jansen PP, Meeuwis CA, Leemans CR. Radical radiotherapy com-
pared with surgery for advanced squamous cell carcinoma of the base of 
tongue. Brachytherapy 2004;3(2):78-86. 

111. van der Giessen PH. Calculation and measurement of the dose at points 
outside the primary beam for photon energies of 6, 10, and 23 MV. Int J 
Radiat Oncol Biol Phys 1994;30(5):1239-46. 

112. Van der Giessen PH, Bierhuizen HW. Comparison of measured and calcu-
lated peripheral doses in patients undergoing radiation therapy. Radiother 
Oncol 1997;42(3):265-70. 

113. Wendt CD, Peters LJ, Delclos L, Ang KK, Morrison WH, Maor MH, 
Robbins KT, Byers RM, Carlson LS, Oswald MJ. Primary radiotherapy in 
the treatment of stage I and II oral tongue cancers: importance of the pro-
portion of therapy delivered with interstitial therapy. Int J Radiat Oncol 
Biol Phys 1990;18(6):1287-92. 

114. Venselaar JL, van der Giessen PH, Dries WJ. Measurement and calculation 
of the dose at large distances from brachytherapy sources: Cs-137, Ir-192, 
and Co-60. Med Phys 1996;23(4):537-43. 

115. Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A, Agui-
lar M, Marubini E. Twenty-year follow-up of a randomized study compar-
ing breast-conserving surgery with radical mastectomy for early breast 
cancer. N Engl J Med 2002;347(16):1227-32. 

116. Vikram B, Hilaris BS. A non-looping afterloading technique for interstitial 
implants of the base of the tongue. Int J Radiat Oncol Biol Phys 
1981;7(3):419-22. 

117. Wilson JF, Chassagne D, Joslin C. International Clinical Trials in Radia-
tion Oncology. Brachytherapy trials. Int J Radiat Oncol Biol Phys 
1988;14(Suppl 1):S57-63. 

118. Visser AG, van den Aardweg GJ, Levendag PC. Pulsed dose rate and frac-
tionated high dose rate brachytherapy: choice of brachytherapy schedules 
to replace low dose rate treatments. Int J Radiat Oncol Biol Phys 
1996;34(2):497-505. 

80 81

119. Wong TP, Fernando W, Johnston PN, Bubb IF. Transit dose of an Ir-192 
high dose rate brachytherapy stepping source. Phys Med Biol 
2001;46(2):323-31. 

120. Üzümucü M, van der Laarse R. Transit dose effect. Official report. 
Veenendaal: Nucletron; 2005. 

121. Ziemlewski A, Zienkiewicz J, Serkies K, Badzio A. Preliminary report of 
pulsed dose rate brachytherapy in head-and-neck cancer. Strahlenther On-
kol 2007;183(9):512-6. 

 



81

editor. High dose rate brachytherapy. A textbook. New York: Futura; 
1994. p. 79-145. 

108. Turesson I, Thames HD. Repair capacity and kinetics of human skin dur-
ing fractionated radiotherapy: erythema, desquamation, and telangiectasia 
after 3 and 5 year's follow-up. Radiother Oncol 1989;15(2):169-88. 

109. UICC. TNM Atlas. 4 th edition ed. Berlin Heidelberg New York: Springer-
Verlag; 1997. 

110. van de Pol M, Levendag PC, de Bree RR, Franssen JH, Smeele LE, Nijdam 
WM, Jansen PP, Meeuwis CA, Leemans CR. Radical radiotherapy com-
pared with surgery for advanced squamous cell carcinoma of the base of 
tongue. Brachytherapy 2004;3(2):78-86. 

111. van der Giessen PH. Calculation and measurement of the dose at points 
outside the primary beam for photon energies of 6, 10, and 23 MV. Int J 
Radiat Oncol Biol Phys 1994;30(5):1239-46. 

112. Van der Giessen PH, Bierhuizen HW. Comparison of measured and calcu-
lated peripheral doses in patients undergoing radiation therapy. Radiother 
Oncol 1997;42(3):265-70. 

113. Wendt CD, Peters LJ, Delclos L, Ang KK, Morrison WH, Maor MH, 
Robbins KT, Byers RM, Carlson LS, Oswald MJ. Primary radiotherapy in 
the treatment of stage I and II oral tongue cancers: importance of the pro-
portion of therapy delivered with interstitial therapy. Int J Radiat Oncol 
Biol Phys 1990;18(6):1287-92. 

114. Venselaar JL, van der Giessen PH, Dries WJ. Measurement and calculation 
of the dose at large distances from brachytherapy sources: Cs-137, Ir-192, 
and Co-60. Med Phys 1996;23(4):537-43. 

115. Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A, Agui-
lar M, Marubini E. Twenty-year follow-up of a randomized study compar-
ing breast-conserving surgery with radical mastectomy for early breast 
cancer. N Engl J Med 2002;347(16):1227-32. 

116. Vikram B, Hilaris BS. A non-looping afterloading technique for interstitial 
implants of the base of the tongue. Int J Radiat Oncol Biol Phys 
1981;7(3):419-22. 

117. Wilson JF, Chassagne D, Joslin C. International Clinical Trials in Radia-
tion Oncology. Brachytherapy trials. Int J Radiat Oncol Biol Phys 
1988;14(Suppl 1):S57-63. 

118. Visser AG, van den Aardweg GJ, Levendag PC. Pulsed dose rate and frac-
tionated high dose rate brachytherapy: choice of brachytherapy schedules 
to replace low dose rate treatments. Int J Radiat Oncol Biol Phys 
1996;34(2):497-505. 

80 81

119. Wong TP, Fernando W, Johnston PN, Bubb IF. Transit dose of an Ir-192 
high dose rate brachytherapy stepping source. Phys Med Biol 
2001;46(2):323-31. 

120. Üzümucü M, van der Laarse R. Transit dose effect. Official report. 
Veenendaal: Nucletron; 2005. 

121. Ziemlewski A, Zienkiewicz J, Serkies K, Badzio A. Preliminary report of 
pulsed dose rate brachytherapy in head-and-neck cancer. Strahlenther On-
kol 2007;183(9):512-6. 

 



PAPER I




