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Background. The aim of this retrospective study was to analyse results of the two-dimensional (2D) uterine cervix can-
cer freatment at the Institute of Oncology Ljubljana from 1998 fill 2002, before the three-dimensional (3D) approach
was introduced in our clinical practice.

Methods. Ninety-eight patients with the following FIGO stage distribution were analysed: 10% 1B, 7% lIA, 37% IIB, 4% llIA
and 42% llIB. The influence of age, haemoglobin level, histology, grade, stage, lymph node status, cumulative point
A dose, and an overall freatment time on the survival and local control (LC) were evaluated. Acute and late side
effects were assessed.

Results. Five and 8-year overall survival (OS), disease specific survival (DSS) and LC rate were as follows: 47.2% and
43.0%, 54.7% and 53.4%, 74.9% and 72.5%, respectively. Point A dose and histology of the tumour influenced OS, posi-
five lymph nodes DSS and point A dose LC rate. Probability of grade three and four late complications in the first five
years was 7.1% for gastrointestinal tract and 3.3% for genitourinary system and vagina.

Conclusions. Point A dose was independent predictor of OS and LC rate, lymph node status predicted DSS, while

histology of the tumour influenced OS.
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Introduction

Brachytherapy (BT) in combination with external
beam radiotherapy (EBRT) and chemotherapy
plays a key role in the definitive treatment of lo-
cally advanced uterine cervix cancer.!

In the field of EBRT, sectional imaging has been
widely implemented into the treatment planning
process during recent decades. Three-dimensional
(38D) conformal computed tomography (CT) based
EBRT, employing megavoltage linear accelerators
and customized shielding, nowadays represents a
generally accepted approach to irradiation in the
majority of tumours. Modern EBRT techniques,
including intensity modulated radiotherapy and
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emerging new approaches, allow for increased
dose conformity and a tight control over dose dis-
tribution in the irradiated tissues.

However, as far as gynaecological BT is con-
cerned, treatment planning in the majority of insti-
tutions worldwide is currently still based on a two-
dimensional (2D) approach, utilizing a geometrical
system of points, defined on two orthogonal pelvic
radiographs with the applicator in place.*!! In cer-
vix cancer BT, this approach refers mainly to dose
prescription at point A®%, while the dose to organs
at risk (OAR) is most often reported at points as
suggested by the International Commission on
Radiation units and measurements (ICRU) Report
38 or their alternatives.”® Due to the absence of
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visual information on spatial interrelations be-
tween the applicator, the target volume and or-
gans at risk, which differ from patient to patient,
application to application and even within one
application, the 2D approach is characterized by
uncertainties regarding dose delivery to the irra-
diated tissues. In addition, the definition of point-
related target and normal tissue dose constraints is
controversial due to the steep dose gradient, dose
inhomogeneity and non-contiguous high dose re-
gions over the irradiated volume.” It is therefore
clearly more appropriate and reliable to correlate
the effects of radiation on tissues with doses, ab-
sorbed in certain volumes, rather than at specific
points.'>!® These correlations have been enabled by
introduction of 3D sectional imaging into BT treat-
ment planning.'>1417

Nevertheless, a large amount of evidence that
supports the correlation between conventional ra-
diography based point doses and the clinical out-
come exists.”8121417:25

At the Institute of Oncology Ljubljana we have
been performing 2D radiography based uterine
cervix cancer BT until 2006. Subsequently, 3D MRI
assisted BT treatment planning has been system-
atically implemented and currently represents our
standard treatment approach.?*?” When introduc-
ing a new method of planning, prescribing, record-
ing and reporting the treatment, it is essential to
have a thorough knowledge and understanding of
existent traditional institutional techniques. Only
by a careful analysis of long standing experience
and by linking conventional dosimetric and clini-
cal parameters to the sectional imaging based data,
it is possible to avoid potentially hazardous devia-
tions from 2D approach and to fully exploit the
benefits of 3D sectional imaging based BT.

This report summarizes a single institutional
experience with 2D radiography based treatment
planning in uterine cervix cancer radiotherapy in
a time period between 1998 and 2002. After 2002,
3D conformal CT-based EBRT was systematically
introduced in our clinical practice.

Patients and methods
Patients and tumours

Ninety-eight patients with histologically con-
firmed uterine cervix cancer and complete medical
records that were treated with curative intent with
radiotherapy +/- chemotherapy at the Institute of
Oncology Ljubljana in the period from January 1998
till December 2002 were enrolled and retrospec-

tively analysed. The investigators followed recom-
mendations of the Helsinki Declaration (1964, with
later amendments) and of the European Council
Convention on Protection of Human Rights in Bio-
Medicine (Oviedo 1997).

Mean patient age was 60.1 (23 to 85) years. Pre-
treatment patient work-up consisted of gynaeco-
logical examination (all patients), chest radiogra-
phy (98%), cystoscopy (42%), proctoscopy (32%),
intravenous urography (19%), abdominal ultra-
sound (45%) and computed tomography (17%).
Each patient was examined by at least three inde-
pendent examiners, two gynaecologists and one
radiation oncologist.

FIGO stage distribution was as follows: 10% IB,
7% 1A, 37% 1B, 4% IIIA and 42% IIIB.

The predominant histological type was squa-
mous cell carcinoma (SCC), representing 92% of
all tumours, followed by adenocarcinoma (3%)
and other histologies (5%). The tumours were well,
moderately and poorly differentiated in 10, 25 and
30%, respectively.

Treatment

The mean interval between the first presentation
and the beginning of the treatment was 24 days
(range 1-60). All patients were treated with a com-
bination of EBRT +/- concurrent chemotherapy and
BT. Mean overall treatment time was 52 days + 11
days.

EBRT was delivered following conventional ra-
diography-based simulation at a 5-15 MV linear ac-
celerator in 99% and at a Cobalt-60 device in 1% of
patients. A mean dose applied via pelvic fields was
40 Gy (20-60 Gy) (2 Gy per fraction, five fractions
weekly). A four field technique was applied in 10%
and the technique of two opposite fields in 90%.

Paraaortic radiotherapy (mean dose: 32 Gy;
range: 20-40 Gy) was carried out in four (4.1%) pa-
tients with positive paraaortic (n = 3) and interiliac
(n=1) lymph nodes, as determined by ultrasound
or CT.

Six (6.0%) patients received chemotherapy
(weekly cisplatin, 40 mg/m?) concurrent with
EBRT.

Following completion of EBRT, low dose rate
(LDR) brachytherapy with ¥Cs source was ap-
plied. A Henschke-type metallic applicator consist-
ing of an intrauterine tandem and a pair of vaginal
ovoids was utilized. In 95 (97%) patients, one inser-
tion was performed. Three (3%) patients received
two insertions after an interval from one to four
weeks. Following insertion, two orthogonal pel-
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vic radiographs with the applicator in place were
taken. A mean nominal dose of 25 Gy (range 12-36
Gy) was prescribed to point A. Treatment planning
was carried out using our in-house developed soft-
ware application, and was based on the informa-
tion obtained from the orthogonal radiography.
Nominal doses at the ICRU-points for the rectum
(ICRU-R) and bladder (ICRU-B) were calculated
and recorded.®

For the purpose of adding doses from EBRT
and BT, it was assumed that the EBRT dose to
Manchester point A, point B (3 cm lateral to point
A) and to the ICRU points for the bladder and rec-
tum equalled the prescribed EBRT dose. In this
study, at time of BT, the rate of dose delivery by
the '¥Cs source was not equal to the reference dose
rate (0.5 Gy/h). In addition, the dose rate was not
equal for all patients due to a gradual decrease of
137Cs source activity with time. Therefore, to enable
meaningful comparisons of individual treatments,
cumulative (EBRT + BT) biologically equivalent
doses (EQD2) to the Manchester point A, point B
and ICRU points for the bladder and rectum were
calculated using the linear quadratic model (refer-
ence EBRT dose per fraction = 2 Gy, reference BT
dose rate = 0.5 Gy/h, a/p for the tumour = 10 Gy,
o/p for the organs at risk = 3 Gy, sublethal damage
repair half time = 1.5h).” During treatment plan-
ning, we aimed at keeping the biological equiva-
lent dose at the ICRU-R and ICRU-B points below
our departmental limits of 70 Gy. No attempt was
made to assess the dose to other organs at risk (i.e.
sigmoid colon, small bowel and vagina).

Follow up

Acute treatment side effects were assessed dur-
ing the treatment and recorded descriptively in
the patient chart. For the purpose of this study the
Radiation Therapy Oncology Group (RTOG) cri-
teria?® were employed in an attempt to retrospec-
tively assign corresponding RTOG toxicity levels
to individual cases, according to the descriptions
in the patient charts. The haemoglobin level was
recorded before, during and after the treatment.

Chronic side effects were evaluated at the time
of each follow-up visit after the treatment and are
reported here according to LENT-SOMA scale.?”
Follow-up investigations were performed respect-
ing our institutional guidelines.3-3

Overall survival (OS), disease specific survival
(DSS) and local control (LC) actuarial rates were
defined as the period from the date of biopsy to the
date of death, disease related death and first docu-
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mented evidence of disease progression or recur-
rent tumour in true pelvis, respectively.

Statistical analysis

The data were analysed using SPSS 13.0 statisti-
cal software package (version 13 for Windows,
Copyright© SPSS Inc., Chicago, Illinois). All statis-
tical tests were double-sided; differences at p <0.05
were considered statistically significant.

T-test was used to assess the statistical signifi-
cance of differences between values of continuous
variables. Kaplan-Meier method was applied to
calculate actuarial survival and LC rates. Patients
without recurrence were censored at time of the last
follow-up, visit or death. Surviving patients were
censored at time of the last follow-up. Frequencies
of different grades of acute and chronic toxicity
were calculated. Using the univariate statistical
analysis, the influence of FIGO stage, age, nodal
status, haemoglobin level, histological type, grade,
cumulative EQD2 at point A and overall treat-
ment time on the survival and LC rates were as-
sessed by using a log-rank test. Variables such as
age, haemoglobin level and overall treatment time
were analysed as quantitative variables using arbi-
trary cut points (Hb <100 g/l, Hb > 100 g/, overall
treatment time < 50 days and > 50 days, age < 60,
> 60 years). A multivariate analysis, based on the
Cox form of the proportional hazards regression
model, was performed to test possible predictive
variables (method enters probability to enter 0.05,
probability to remove 0.1).

Results
Dosimetric data

Cumulative (EBRT + BT) EQD2 at Manchester
point A, B, ICRU-R and ICRU-B points are present-
ed in Table 1. There were no statistically significant
differences in the mean EQD2 delivered at point
A between patients with different FIGO stages
(Figure 1). The point A EQD2 was below 60 Gy in
26.0 %, between 60 and 80 Gy in 70.0 % and above
80 Gy in 5.0% of patients, respectively. The mean
cumulative EQD2 at ICRU-B and ICRU-R point
was 56.9 Gy (range 37.5-79.3) and 62.2 (range 38.3-
82.5), respectively.

Survival and local control

The mean follow-up was 77 months (range 2-162
months). The 5-year OS and DSS rates were 47.2%



Zobec Logar HB et al. / Radiotherapy for uterine cervix cancer

TABLE 1. Cumulative (EBRT + BT) biologically equivalent doses
(EQD2) at Manchester point A, point B and ICRU points for the
bladder and rectum (ICRU-B and ICRU-R)

Point EQD2 mean [range] (GY)
A 66.5 [38.7 - 93.6]
B 60.1 [24.2 - 69.0]
ICRU-B 56.9 [37.5-79.3]
ICRU-R 62.2 [38.3 - 82.5]

and 54.7%. As expected, the 5-year OS rate was
significantly lower for metastatic disease (patients
with positive paraaortic lymph nodes and distant
relapse), as for nonmetastatic disease (5.6% versus
54.7%, p = 0.000). OS, DSS and LC rates for differ-
ent FIGO stages at five end eight years are repre-
sented in Figures 2 to 4.

The overall LC rate at five years was 74.9%. Six
out of 98 patients (6%) had residual disease at the
first follow-up (2 stage IIB, 1 stage IIIA and 3 stage
IIB). Two patients developed distant metastases
during the treatment (both stage IIIB). All of these
patients died.

Twenty-seven (28.0%) out of 98 patients de-
veloped a relapse, 11 (11%) in pelvis, 15 (15%) at
distant sites and one (1%) in pelvis and distant
sites simultaneously. A central pelvic relapse was
observed in eight (8%) and a side wall relapse in
three patients (3%). Seven patients were secondar-
ily treated with salvage surgery or radiotherapy,
but none of them survived.

The first sites of distant relapse were paraaortic
lymph nodes in six, lung in four, liver in three, su-
praclavicular nodes in two and bone in one patient.
For patterns of recurrence see Table 2.

The overall LC rate at eight years was 72.5%.
After eight years of the follow up one more stage
ITA patient developed a central pelvic relapse. One
stage IIIB patient developed a distant relapse (par-
aaortic lymph nodes and lung) after 9.2 years of the
follow up.

All three patients with positive paraaortic
lymph nodes died within 14 months from the time
of diagnosis. The only patient with enlarged lymph
nodes, who survived to the time of analysis, was
the one with positive interiliacal nodes.

Point A dose had an important role in LC and
survival. The 5-year OS rate was 32.1% if the dose
to point A was less than 65 Gy and 56.3% when
point A dose was 65 Gy or more (p = 0.005). The
same was true for DSS and LC. The 5-year DSS was
48.4% for the lower dose and 69.1% for the higher
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FIGURE 1. Cumulatfive EQD2 delivered at point A in different FIGO stages. Black
horizontal lines represent mean values of EQD2 for each FIGO stage. The height of
the box is equal to the interquartile range (IQR), which is the range within which the
middle 50% of the ranked data are found. The whiskers indicate the range of the

data. Dots represent extreme values.

dose (p = 0.08). LC rate was 40.2% for the lower
dose versus 84.0% for the higher dose (p = 0.03).
The proportion of local recurrences was lower with
a higher point A dose (Figure 5). Above 75 Gy no
local recurrence was registered.

The histological type of the tumour influenced
OS, which was better for SCC than for adenocarci-
noma or adenosquamous carcinoma (46.3 vs. 0%;
p < 0.005). Positive lymph nodes were associated
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FIGURE 2. Overall survival according to FIGO stage.
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FIGURE 3. Disease specific survival according fo FIGO stage.

with a drop in 5-year DSS. If the lymph nodes were
negative DSS was 64.5%, vs. 18.8% in case of posi-
tive iliac or paraaortic lymph nodes (p = 0.01).

Variables such as age, grade, stage, haemoglobin
level and overall treatment time didn’t influence
survival and LC.

In the multivariate analysis, point A dose re-
tained its independent prognostic value for the OS
(p = 0.03, hazard ratio (HR) = 0.5, confidence inter-
val (CI) = 0.3-0.9).

Acute and late side effects

Acute gastrointestinal toxicity was reported in
twelve (12.2%) patients. In general it was mild,
with grade 1, 2 and 3 proctitis appearing in eight

(8.3%) two (2.0%) and two (2.0%) patients, respec-
tively. Acute urinary side effects were reported
only in four (4.0%) patients, grade 1 in two (2.0%),
and grade 3 in one (1.0%) patient. Only one patient
(1.0%) experienced grade 4 acute toxicity.

The mean initial haemoglobin level was 120 (82-
152) g/1, fell to 111 (59-150) g/l during the treatment
and rose again after the treatment to a mean level of
120 (83-155) g/l in the next four months. The differ-
ence between initial and nadir haemoglobin levels
was statistically significant (p < 0.005). Transfusion
received 14.9% of the patients and erythropoietin re-
ceived 3.1% of the patients on chemotherapy. There
was no statistically significant difference in survival
and LC in patients with a low haemoglobin level.

Chronic gastrointestinal side effects were report-
ed by fifteen (15.3%) patients with eight (8.2%) ex-
periencing grade 1, one (1.0%) grade 2, two (2.0%)
grade 3 and four (4.1%) grade 4 late gastrointesti-
nal toxicity. One patient developed a rectovaginal
fistula, two patients developed ileus, anus praeter
was formed in one patient.

Ten (10.2%) patients experienced late genitouri-
nary tract toxicity: four (4.1%) grade 1, four (4.1%)
grade 2 and two (2.0%) grade 4. Incontinence, hae-
maturia, rise of serum creatinine level and mild hy-
dronephrosis were the most common chronic geni-
tourinary side effects. Rise of creatinine level and
mild hydronephrosis developed independently of
chemotherapy.

Twelve (12.2%) patients experienced late vaginal
toxicity, five (5.1%) grade 1, five (5.1 %) grade 2,
one (1.0%) grade 3 and one (1.0%) grade 4. Vaginal
stenosis represented the most commonly reported
complication.

The probability of developing late side effects of
any grade in first five years was 16.6% for gastro-
intestinal tract, 15.7% for genitourinary system and
22.3% for the vagina. The probability of grade three
and four late side effects in the first five years was

TABLE 2. Pattern of progression and relapse according to FIGO stage. The numbers represent numbers of patients which equals to per cent of patients

Stage 1B A 1B A 111} Total
Total number 10 7 36 4 41 98
Local progression 2 1 3 6
Distant progression 2 2
Pelvic relapse (central/ side wall) 1 (1/0) 4 (3/1) 1(1/0) 5 (3/2) 11 (8/3)
Distant relapse 2 1 4 1 7 15
Pelvic and distal relapse 1 1
Overall failure 2 2 11 3 17 35

No evidence of disease 8 5 25 1 24 63
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7.1% for gastrointestinal tract and 3.3% for genitou-
rinary system and vagina.

The mean interval before developing the late
complication of any grade was 27.6 months (range
6-96 months) for gastrointestinal, 28.7 months
(range 3-65 months) for genitourinary and 27.2
months (range 5-53 months) for late vaginal squeal.
The mean interval before developing a serious late
complication (grade 3 and 4) was 26.5 (range 3-94
months) for gastrointestinal tract, 21.5 months
(range 16-27) for genitourinary tract and 21.5
months (range 16-27 months) for the vaginal com-
plications.

Discussion

In the present study we evaluated historical data of
combined EBRT and 2D LDR BT in the treatment
of uterine cervix cancer. All the data were collected
in a retrospective manner and only patients who
received combined EBRT and BT treatment were
included. There was no stage IVA disease patient
treated with a combined therapy in the study. The
weakness of the study was also uneven distribu-
tion of patients in different FIGO stages, especially
a low number of stage IIA and IIIA patients, which
was less than 10%.

The 5-year OS and DSS rates for all 98 patients
were 47.2% and 54.7%. OS rate for stage IB was
only 40.0%, which was lower than expected and
lower than the reported survival rates for more
advanced disease.®®** Mean age of patients with
stage IB disease was higher when compared to
the whole group (68.8 +13.4 years compared to
60.1+14.2 years), so other age related comorbid-
ity factors may have caused lower OS rate. In five
out of ten patients in stage IB the death was not
associated with primary disease, one patient died
of breast cancer, two of metastatic disease due to
uterine cervix cancer.

Five-year OS and DSS rates for stage IIA were
44.0% and 55.6%, with LC rate of 66.7%. Low LC
rate (50.0%) was also observed in stage IIIA with
DSS rate of 50.0%. The Vienna group reported
100.0% and 52.7% pelvic control rate for stage IIA
and IITA at three years, respectively, while Perez et
al. reported a pelvic failure rate of 0-28% in stage
ITA disease and 32-50% in stage III disease at ten
years.*> Barillot et al. reported 14.5% 5-year pelvic
failure rate in stage IIA disease and 40% in stage
IIIA disease.* We believe that rather high pelvic
failure rates in these stages (33.3% in stage IIA,
50.0% in stage IIIA), were mainly due to the exten-
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FIGURE 4. Local control according to FIGO stage.

sion of the disease in the vagina and poor cover-
age of the primary tumour with the standard ap-
plicator at BT. This could have resulted in lower
DSS and OS rates as it would be expected for these
two stages.’> Also the number of patients in both
stages (seven in stage IIA, four in stage IIIA) was
not big enough to make any definite conclusions.

LC rate in stage IIIB group, also the largest group
of patients, was very good (72.4%). The Vienna
group reported 69.1% LC rate at three years, while
Ferrigno et al. reported 62 % in stage II and III pa-
tients and 58% in stage III at five years.>44! In the
study of Barillot et al. the incidence of local failure
at five years in stage IIIB was 48.5%.% The possible
reason for high LC in stage IIIB and low LC rate in
other stages (IIA and IIIA) can be explained by the
lack of diagnostic procedures (CT and MRI) used
to determine TNM stage.

Point A dose showed to be an important factor
determining not only LC rate but also OS rate. If the
dose was lower than 65 Gy, the 5-year survival rate
was 32.2% and LC rate 59.8%, on the other hand if
the dose was equal or higher than 65 Gy, OS was
55.1 % and LC rate as high as 89.2%. A rather high
LC rate can be partly explained by the lack of stage
IVA patients in the study. The Vienna group re-
ported on OS and pelvic control rate at three years
of 40% and 60% for stage IVA, and of 58.2% and
77.6% for all patients, respectively.’® Perez et al. in-
cluded 20 patients in stage IVA disease. There were

Radiol Oncol 2013; 47(3): 280-288.
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FIGURE 5. Proportion of local recurrences as a function of the point A dose. Point A
dose is divided in ten dose classes with a class interval of 4 Gy.

no-long term survivors among them. The overall
incidence of pelvic recurrences in stage IVA was
72%, and of distant metastases 55%, respectively.®
Barillot et al. reported 5-year OS rate of 23% and
local failure rate of 100% in stage IV, and of 68% in
all stages, respectively.®

Dose is an important factor for the tumour cure.
The optimal dose for the tumour is balanced with
the dose to critical organs - sigmoid colon, rectum
and bladder. The mean dose to point A in our pa-
tients was 66.5 Gy, while the mean dose to organs
at risk was below our departmental constraints.
Gastrointestinal late toxicities developed in 15.3%,
6.1% were grade 3 and 4 late reactions. Probability
of grade three and four late side effects in the first
five years was 7.1% for gastrointestinal tract. This is
comparable with the Vienna group, which reported
the incidence of 6.1% at three years.®® Lorvidhaya
reported 7% combined grade 3 and 4 late compli-
cation rate for bowel and bladder.*? Based on our
own experience with MRI based planning in BT
and according to the literature, the dose to the rec-
tum (D2cc) is usually lower than the dose to other
critical organs.!>1327434 Most of the published se-
ries report a higher dose to the sigmoid colon than
to the rectum. In other words, late gastrointestinal
toxicities could be mainly correlated to the high
dose to the sigmoid colon rather than to the dose
to the rectum.® In historical cases the dose to the
sigmoid was not registered, so the correlation be-
tween the dose to the rectum and late toxicities
is not straightforward. However, many studies
that compared ICRU doses to critical organs and
dose-volume histogram parameters (D2cc) proved
a good correlation between ICRU dose and D2cc,
especially for the rectal ICRU dose.*4

Radiol Oncol 201 3; 47(3): 280-288.

Serious late bladder complications (grade 3 and
4) were rather rare and reported only in 2% of pa-
tients. Vaginal late toxicities grade 3 and 4 were
also not as common as reported in the literature,
probably because they were not systematically and
prospectively recorded.”® Vaginal late side effects
are not commonly reported in the literature.®# The
Vienna group is one of the few who provide data
on vaginal morbidity after definitive radiotherapy.
They reported a 30.6% grade 3 and 4 vaginal com-
plication rate.®

Fifteen out of 27 patients with recurrent disease
developed relapse at distant sites. One of the rea-
sons for a big proportion of distant failures could
be, that CT/MRI were not yet systematically used in
uterine cervix cancer patients at that time and only
a minority of patients (6%) received concurrent
chemotherapy with EBRT. The causes for omitting
chemotherapy were advanced age, hydronephro-
sis, afunction/hypofunction of one or both kidneys,
raised creatinin level and other comorbidities. A
more systematic introduction of concurrent chem-
otherapy at our Institute started only after the year
2000.! It can be speculated that with the more wide
implementation of sensitizing chemotherapy into
the primary treatment of advanced disease distant
failures can be further reduced and the survival
improved.®** Histology, point A dose and pres-
ence of positive lymph nodes proved to be criti-
cal factors that affect prognosis. Other variables
such as age, grade, stage, overall treatment time
and tumour size also influenced the survival and
LC in other studies.’% Their relevance was not
confirmed in our study. The tumour size was not
tested as the covariate in this study because it was
not systematically monitored.

Conclusions

Results of the combined treatment (conventional
2D EBRT + LDR BT) of uterine cervix cancer at the
Institute of Oncology Ljubljana were evaluated.
2D based BT approach was associated with good
rates of LC in stage IIIB disease, which was the
largest group in our study. Variables, influencing
prognosis were histology, point A dose and lymph
node status. Improved LC and reduced morbidity
rates may be expected in the era of the systematic
implementation of MRI-based adaptive BT at our
department. Treatment results could be further im-
proved with the development of new (individually
tailored) applicators to enable the adequate dose-
coverage of advanced tumours.
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