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The purpose of our work was to analyse the effect of conformal (3D)
radiotherapy on local prostate cancer control and disease-free survival.

We analysed 36 patients aged from 45 to 86 years with T2 prostate
tumours. Hormonal therapy was started before conformal radiotherapy
using a SATURN-43 linear accelerator and the TARGET planning sys-
tem. Irradiation was administered with 2 Gy per day to a total dose of
63-74 Gy to the prostate.

The early treatment results are available. In 35 (93%) patients a
decrease in prostate volume was observed. Also, a significant prostate-
specific antigen (PSA) decrease was confirmed. In general, metastases in
the study group were determined in 6 pts and local progression in 2 pts.

Acute 1-2 grade radiotherapy reactions were observed in 23 pts
(58%). The most frequent acute reactions were cystitis, disuria, diar-
rhoea. Cystitis was reliably more frequent when the total dose was =66
Gy (p = 0.03).

Late (grade 3-4) complications (radiation ulcer of urinary bladder
and rectum) were observed in 6 pts (16%). In 3 of 21 patients (14%)
late complications were detected when the total dose was <65 Gy and
in 3 of 12 patients (20%) when the total dose was 266 Gy. Disease-free
survival was 17 months, time to progression was 18.2 * 1.9 months.

Our data confirm a significant decrease of PSA and prostate volume
after 3D conformal radiotherapy treatment. The small number of pa-
tients and short follow-up period are insufficient to determine the ef-
fects of therapy in local prostate tumour.
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INTRODUCTION

state cancer influences the prognosis of patients ma-
naged by radical radiotherapy for prostate carcino-

Prostate cancer is one of the most frequent cancers
in men. Over the last years the incidence of prosta-
te cancer in Lithuania has rapidly increased from
565 to 963 cases (1).

The main treatment methods still are prostatec-
tomy and radical radiotherapy. The standard radio-
therapy method such as ®Co and 2D planning gives
no desirable results. Results are better when com-
bined methods — hormonal therapy and modern 3D
conformal radiotherapy — are employed (2, 3).

Cancer of the prostate is a hormone-dependent
cancer in the treatment of which the role of hormo-
ne therapy has recently been recognized. There are
some data that neoadjuvant hormonal therapy as the
initial treatment procedure in localy advanced pro-

ma (4).

Resent clinical trials have shown that external
irradiation combined with an LH-RH analogue, with
or without an antiandrogen, used 2-4 months befo-
re irradiation or from the first day of irradiation,
improved either disease-free survival, local recurren-
ce-free survival, metastatic-free survival or overall
survival (p < 0.001) in patients with poorly diffe-
rentiated tumour (5).

The main purpose of radiotherapy is to reduce
tumor volume, improve local control, reduce local
recurrence, local morbidity and metastases. This
strategy has the advantage of not requiring radia-
tion dose escalation with the attendant risk of mor-
bidity (6).
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Eradicating the local disease in prostate cancer
through the use of irradiation can be maximized by
careful targeting and by application of the largest
safety tolerable dose. Both of these goals are faci-
litated by 3-dimensional treatment planning which
allows accurate targeting of radiation and allows
complex field configuration and block designs (7).

Over the past 3 years we have been treating our
patients with a 3D conformal technique, conforming
the high dose volume more closely to the shape of
the target tissue. The goal of the treatment techni-
que is adequate target coverage with maximal spa-
ring of critical normal structures.

The ongoing work is the first attempt in Lithua-
nia to estimate the results of three-dimensional (3D)
conformal radiotherapy. This paper discusses our
preliminary results in local control and adverse ef-
fects of radiotherapy in patients with adenocarcino-
ma of the prostate.

MATERIALS AND METHODS

The cases of the first 36 patients treated with a
linear accelerator from November 1999 to Decem-
ber 2001, with the diagnosis of adenocarcinoma of
the prostate, without evidence of dissemination have
been analysed. According to UICC-TNM Classifi-
cation of Malignant Tumours, in all 36 patients were
established T,N M, (II stage) prostate tumours.

The pre-treatment work-up included history, phy-
sical examination, evaluation of serum prostatic acid
phosphatase, chest X-ray, prostate and pelvic com-
puted tomography (CT) and ultrasound (US) exa-
mination, complete blood count with serum asparta-
te transaminase and alanine transaminase (Table 1).

Lymph node evaluation was carried out by ultra-
sound and computed tomography. Ten patients with
obstructive urinary symptoms underwent transurethral
resection (TURP) of the prostate.

The histological confirmation was obtained in all
cases. The initial diagnosis of prostate cancer had

Table 1. Carcinoma of prostate: pre-treatment investi-
gation

Investigation Patients %
Chest XR 34 97
Bone scan 20 57
Cystoscopy 5 15
Pelvis CT 36 100
Ultrasound 36 100
Alkaline phosphatase 27 77
Acid phosphatase 27 77
TURP 10 27

been established by a needle biopsy alone in 26 pa-
tients (72%), in another 10 patients (28%) a TURP
was performed before treatment.

Histologic grade G1 was established in 8 patients,
G2 in 17 patients and G3 in 11 patients.

The distribution of patients by PSA level and
histologic grade (G) is shown in Table 2. There was
a significant correlation between PSA level and poor-
ly differentiated histology. In 35 patients the Glea-
son score was established. For 19 patients the 2-6
Gleason score, for 16 patients the 7-10 Gleason sco-
re were established.

For all patients hormonal therapy was adminis-
tered without any clinical evidence of distant meta-
stases. The main hormonal therapy regime was Trip-
torelini with Bicalutamidi. (Table 3). Hormonal the-
rapy was started prior to initiation of radiotherapy
and was continued throughout the irradiation. After
completion of radiotherapy all patients received an-
drogen depletion treatment. The average time of an-
drogen ablation was 8 months (range, 4-15 months).

All patients were irradiated with high energy pho-
tons (15-25 MV) produced by a SATURN-43 linear
accelerator with the distance of 100 cm from the
source to the axis of treatment. Radiotherapy was
planned on simulator. All patients had split-course
radiotherapy with four-field (box) technique. As a

Table 2. Distribution of patients according to PSA level
and grade

PSA ng/ml G1 pts. G2 pts. G3 pts.
<4 - 2 -
> 4 <10 2 7 3
> 10 < 20 5 2 -
> 20 1 6 8
Total 8 17 11
% 22 47 31

Table 3. Distribution of patients according to hormo-
notherapy

LH-RH . Number
analogue Antiestrogen of patients

Goserelini Biculatomidi 5
Triptorelini Biculatomidi 16
Triptorelini Ciproteroni 7
Goserelini Ciproteroni 1
Triptorelini - -
Goserelini - 1
Orchiectomy Ciproteroni

Total 36
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Table 4. Distribution of patients according to total do-
ses
Number Dose on Dose on seminal

of patients prostate(Gy) vesicle (Gy)

13 63 60

3 65 62

5 67 64

13 69 66

1 72 68

1 74 70

rule, treatment was interrupted for 2-3 weeks after
36-40 Gy.

Before irradiation, a CT scan was performed on
a flat couch with the patient in the treatment posi-
tion from the level of L5-S1 to ischial tuberosities.
The 1.0 cm cuts were made. Skin marks were pla-
ced on the patient to guide placement during simu-
lation and CT.

The planned total dose delivered to the prostate
was 63-74 Gy in daily increments of 2 Gy, five ti-
mes per week. Fifteen (42%) patients received do-
ses to the prostate in the range of 69-74 Gy, and
21 (58%) patients were treated with lower doses
(63-67 Gy) (Table 4). Generally, the reasons for
lower doses of radiation were acute complications.

The planned target volume was defined as pro-
state and the seminal vesicle (Fig. 1 a, b, ¢, d). In
the case when PSA level was higher than 20 ng/ml
or the Gleason score above 7, the elective irradia-
tion of pelvic lymph nodes to the total dose of 40—
45 Gy was introduced. Treatment volume during the
course of irradiation was reduced. After 40-45 Gy
lymph nodes were excluded from irradiation fields,
followed by a boost to the prostate only to 20-28
Gy in 10-14 fractions.

The boost included the entire prostate and semi-
nal vesicles plus 1 cm margin, except at the prosta-
te-rectum interface where a 0.5-0.8 cm margin was
used to decrease the risk of rectal toxicity (8, 9).

The parameters for optimization included a spe-
cified dose to the planned target volume (PTV) and
critical structures. The dose distribution closely con-
formed to the shape of prostate and created a rapid
dose fall-off through the bladder and rectum (Fig. 2
a, b, ¢). For our patients the parameters to desired
dose distribution included dose uniformity 95% to
the PTV and limits of 70-80% to the rectal and
bladder wall, respectively.

Using the Beams Eye View (Fig. 3) display, the
four-field pelvis blocks are designed to encompass
the prostate, seminal vesicles (Fig. 4 a, b).

Fig. 1. Typical target volume delineation in four-field tre-
atment technique
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Fig. 2. Three-dimentional dose distribution for the standard
four-field technique in the treatment of prostate cancer

Fig. 3. Standard three-dimensional beams-eye view of rep-  Fig. 4. Digitally reconstructed anterior-posterior and late-
resenting structures and fields of irradiation ral treatment fields for prostate patients
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RESULTS

Short-term results of 36 patients are available. All
patients completed neoadjuvant hormonal therapy as
planned. The average duration of neoadjuvant hor-
mone therapy was 8 months. Treatment was not in-
terrupted for hormone toxicity. However, at the end
of radiotherapy 8 patients refused hormone, for the
reason of adverse effects. The common manifesta-
tions were hot flushes, gynecomastia and liver dis-
function.

After radiotherapy the prostate volume was mea-
sured repeatedly. Prostate volume measured by ultra-
sound or CT decreased in 35 patients, on average
by 30% (from 74.7 + 6.5 to 52 * 3.9 ml). These
values are statistically reliable (p = 0.012).

Serum PSA concentration decreased in all pa-
tients (from 28.8 * 5.3 ng/ml to 6.9 = 4.3 ng/ml).
Data on the time to PSA progression were available
for all patients. Progression was observed in 8 pa-
tients from 36 (22%). The mean time to PSA pro-
gression was 17 months.

Acute 1-2 grade radiotherapy reactions were ob-
served in 23 pts (64%). No patients were observed
to have acute grade 3-4 toxicity from radiotherapy.
Most frequent acute 1-2 grade reactions were cys-
titis, dysuria, diarrhoea (Table 5).

In the follow-up period late complications (hyd-
ronephrosis, radiation ulcer of urinary bladder or
rectum) were observed in 6 pts (16%). Grade 3-4
late reactions were observed in 3 from 21 pts (14%)
when the total dose was <65 Gy and in 3 from 12
pts (20%) when the total dose was 266 Gy. Ulcer
cystitis was reliably more frequent when the total
dose was 266 Gy (p = 0.03) (Table 6).

Table 5. Acute adverse effects developed after radiothe-
rapy

Acute reactions
D(éses, Cistitis | Rectitis Both Total %
. (pts) | (pts) | (pts) | (pts)
< 65 8 1 2 11 52
> 66 8 - 4 12 80
Total 16 1 6 23

Table 6. Late complications developed after radiotherapy

Late complications

Doses, Gy Ulcerus Ulcerus Total %
V. urinariae rectum

< 65 2 1 3 14

> 66 2 1 3 20

Total 4 2 6

Local tumour control was achieved in all (100%)
patients. In the follow-up period metastases were
determined in 6 pts and local progression in 2 pts.
Time to progression was 18 = 1.9 months (p =
= 0.0015).

Follow-up

Patients were seen every 3 months for the first year
and later after 4-6 months. At each visit the pa-
tients had a history and physical examination which
included routine blood work, a rectal digital exami-
nation as well as prior estimation for the PSA.

X-rays and bone scans were done as indicated
symptomatically. Routine prostate biopsies were not
done. The median follow-up was 14 months with
the range 6 to 26 month.

Relapse was defined as a clinical or radiological
evidence of progressive disease. Elevated levels of
PSA were also taken as an evidence of local or
distant relapse. Local failure was defined as a clini-
cal evidence of progressive disease in the prostate
or pelvic nodes more than 6 months after radiothe-
rapy. Distant relapse was determined by clinical or
radiographic evidence of haematogenous metastases.

Disease-free survival was calculated with respect
to presence or absence of abnormal PSA levels.

DISCUSSION

This report is the first in Lithuania and demonstra-
tes the clinical implementation of 3D-conformal ra-
diotherapy in a small group of patients with locali-
zed prostate cancer. The patients enrolled in our
study had local carcinoma of the prostate and were
treated with curative intent.

Now this treatment method replaces conventio-
nal radiotherapy. The main advantages of such a
treatment in prostate cancer are the better delinea-
tion of target volume and organs at risk. In this
way radiation dose conforms better to the tumour
and it is possible to increase the dose to the tu-
mour (10).

The use of 3D conformal radiotherapy with
neoadjuvant hormonal therapy was motivated by the
hope that hormonal therapy could “de-bulk” the
tumor volume (11, 12).

In our group, early and late side effects of tre-
atment were evaluated. The toxicity was evaluated
according to the RTOG morbidity scale. The avera-
ge total dose prescribed to the target volume was
66 Gy. In each case we kept the total dose below
60 Gy to 35% of the rectum volume.

Generally, we used fields that encompassed the
prostate and seminal vesicles and pelvis lymph no-
des. Only 12 of 36 patients were irradiated without
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pelvic elective fields in the first part of treatment.
Probably the application of large fields is one of the
most important factors responsible for the fact that
we observed more side effects (64%) of our treat-
ment. The most pronounced side effects were dysu-
ria, increased frequency of urination, diarrhoea, ul-
cerus.

Doses above 70 Gy significantly increased local
tumor control. A relationship has been shown bet-
ween control of the tumor in the prostate by ra-
diotherapy and decreased risk of metastases (13).
In our cases 15 patients received total doses over
68 Gy (69-74 Gy), 21 patients received doses of
63-67 Gy.

It may be desirable to escalate the radiation do-
se to 70 Gy and beyond, but the price for such an
increased dose is an increased number of complica-
tions. The blader and the rectum are the two dose-
limiting structures that abut the prostate. Delivering
doses beyond 70 Gy doubled the rate of serious
complications from slightly over 6% (14).

For rectal complications, the RTOG has noted a
strong dose dependence. Rectal injury revealed a
dose-related 60% 2-year incidence of moderate or
severe proctitis among patients treated beyond 75
Gy. Thus, most clinicians are fearful of exposing
the prostate to beyond 70 Gy and many limit their
dose to 65 Gy to avoid serious morbidity (15). In
our analysis we determined late complications in 6
patients (16%).

Such a high rate of complications could be pro-
voked by an increased dose to urinary bladder and
rectum caused by using comparable large boost
fields, in which seminal vesicles and lymph nodes
were included (16).

CONCLUSIONS

In this work we discuss only early treatment results
and observed side effects during the course of ra-
diotherapy. In conclusion, the only clear consensus
about the effect of 3D conformal radiotherapy in
our study are the commonly observed reduction of
prostate volume and a high rate of late complica-
tions with increasing the total doses.

Because there is a strong relation among tumor
volume, seminal vesicle invasion and metastases, it
might be that the benefit of combined treatment, if
any, lies in decreasing the prostate volume and a
more precise dosage of radiotherapy, resulting in
better local control and possibly also in a shorter
time to progression and survival.

The follow-up is still too short to allow a defi-
nitive conclusion about 3D conformal radiotherapy
with respect to biochemical progression, disease-free
and overall survival. Further studies are necessary
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to define the exact positive role of hormonal thera-
py with 3D conformal radiotherapy. With increasing
numbers of patients we will be able to evaluate the
real significance of neoadjuvant hormonal therapy.
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YPATINGAI TIKSLI PROSTATOS VEZIO
SPINDULINE TERAPIJA PANAUDOJANT TRIMATI
(3D) PLANAVIMA: PRELIMINARUS REZULTATAI

Santrauka

Prostatos veézio atvejy pastaraisiais metais Lietuvoje spar-
Ciai daugéja. Pagrindiniu prostatos vézio gydymo metodu
licka radikali spindulin¢ terapija. Siuo metu pladiai nau-
dojamos standartinés spindulinés terapijos metodikos turi
nemazai trukumy, kurie nebeleidzia toliau gerinti tiesiogi-

nius ir atokius prostatos vézio spindulinio gydymo rezul-
tatus.

Tolimesnis progresas galimas tik panaudojus naujau-
sias ligoniy paruoSimo Svitinimui ir $vitinimo technologi-
jas. Sio tyrimo tikslas buvo jvertinti naujas spindulinés
terapijos galimybes panaudojant gydymui Siuolaiking tri-
mate spindulinés terapijos sistema bei linijini greitintuva.

Naujas spindulinés terapijos metodas leidzia daug tiks-
liau apibrézti planuojamus apsvitinti audiniy tarius, padi-
dinti $vitinimo dozes, apsaugoti sveikus aplinkinius audi-
nius. Tai pirmas bandymas Lietuvoje pritaikyti prostatos
vezio gydymui Siuolaikines Svitinimo technologijas ir at-
likti preliminary gydymo rezultaty jvertinima.

Neblogi tiesioginiai gydymo rezultatai teikia daug vil-
¢iy, taciau palyginti nedidelis ligoniy skaiius ir trumpas
stebejimo laikas neleidzia jvertinti gydymo efektyvumo. Bi-
tinas tolimesnis ligoniy stebéjimas ir atokiy gydymo re-
zultaty jvertinimas.

RaktaZodziai: prostatos vézys, spinduliné terapija, spin-
dulinés reakcijos
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