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Abstract

Radiotherapy has experienced an extremely rapid development in recent years. Important improvements such as the intro-
duction of multileaf collimators and computed tomography (CT)-based treatment planning software have enabled three
dimensional conformal external beam radiation therapy (3DCRT). The development of treatment planning systems and
technology for brachytherapy has been very rapid as well. Development of accelerators with integrated on-board imaging
equipment and technology, for example image-guided radiation therapy (IGRT) has further improved the precision with
reduced margins to adjacent normal tissues. This has, in turn, led to the possibility to administer even higher doses to the
prostate than previously. Although radiotherapy and radical prostatectomy have been used for the last decades as curative
treatment modalities, still there are no randomized trials published comparing these two options. Outcome data show that

the two treatment modalities are highly comparable when used for low- and intermediate-risk prostate cancer.
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Several randomized trials have shown that a dose-
response relationship exists for curative radiotherapy
of prostate cancer. A comprehensive summary of these
are found in a recent meta-analysis of Viani et al. [1].
Most outcome data are reported with respect to the
D’Amico risk classification [2]. In patients with inter-
mediate-and high-risk prostate cancer doses in the
range of 70-72 Gy are generally not sufficient to
achieve ablation of the tumor [3-7]. These tumors
require radiation doses in the range of 78 Gy and
above [1]. There also appears to be a dose-response
relationship even in low-risk prostate cancer, i.e. these
tumors also need dose escalation [1].

Dose escalation is currently being used with dif-
ferent approaches at different centers. The majority
of these use external radiation therapy alone based
on modern technologies such as intensity modulated
radiation therapy (IMRT) and IGRT, enabling radi-
ation doses in the range of 78-81 Gy, or even higher,
with conventional fractionation combined with
selected radiation boost regimens [1].

Other centers use a combination of 3DCRT,
IMRT or IGRT in combination with high dose-rate
(HDR) brachytherapy, the latter technique used in
the context of radiation boost [8—12]. Such com-
bined therapy achieves doses > 116 Gy [8]. Two
randomized studies have compared the effect of
external beam radiotherapy alone with external beam
radiotherapy plus HDR brachytherapy boost [13,14].
Early data from one of these studies have been pub-
lished [14]. These show the benefit of combination
external beam radiotherapy plus HDR brachyther-
apy. However, the external radiation therapy alone
utilized a lower biological dose compared with the
combination therapy concept. This hampers the com-
parison. A systematic review with meta-regression
analysis has recently been carried out in which obser-
vational studies on external beam radiation therapy
(EBRT), seed implantation brachytherapy, and HDR
brachytherapy were included [15]. The selection for
EBRT included only studies with cohorts treated
with at least 75 Gy. The conclusions drawn from this
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analysis are that the combination of external beam
radiotherapy and HDR brachytherapy results in a
superior biochemical control as well as overall sur-
vival [15]. However, there is still a need for random-
ized controlled trials comparing the outcome of
radiation therapies with different dose fractionation
schedules, radiation boost techniques and total doses
to the prostate and organs at risk.

Neoadjuvant, concomittant and adjuvant
endocrine therapy

The value of combination treatment — radiotherapy
and endocrine therapy — has been studied in multiple
randomized trials [16,17]. These have in various
degrees shown the benefit of this concept with respect
to local control, distant metastasis-free survival,
disease-free survival, cancer specific mortality and
overall survival. However, it is important to take some
factors in consideration. The majority of trials have
exclusively included patients with high-risk disease, i.e.
patients with locally advanced and/or poorly differenti-
ated cancer and/or high risk of lymph node metastatic
disease. Radiotherapy was generally given at doses that,
with today’s knowledge, are not sufficient to achieve
cure. Radiation was in most studies given with whole
pelvic fields to 50 Gy and a subsequent radiation boost
to the prostate [16]. One of the major arguments
against the combination concept (radiotherapy com-
bined with endocrine treatment) is that the radiother-
apy used de facto needed androgen deprivation therapy
to compensate, in part, for the inadequate radiation
doses that could be achieved with the radiation therapy
techniques used at that time. Some observational stud-
ies support the assumption that hormonal neoadjuvant
and adjuvant treatment can be excluded from the
curative treatment provided that adequate radiation
therapy is given [18].The concept of neoadjuvant, con-
comittant and adjuvant endocrine treatment will most
certainly be challenged by the concept of curative
treatment with high-dose radiotherapy as monother-
apy (dose-escalated 3DCRT or IMRT/IGRT) or with
combination therapy (BDCRT/IMRT/IGRT plus
HDR brachytherapy boost) to the primary tumor.

Adjuvant and early salvage radiotherapy

The value of adjuvant radiotherapy after radical
prostatectomy has been investigated in three large
randomized trials [19-21]. Two of these have shown
overall survival benefit in the order of 10%, while the
third [21] is not yet mature for overall survival
evaluation. All studies showed, in comparison to no
postoperative radiotherapy, statistically significant
differences in disease-free survival, metastasis-free
survival, local progression and cancer-specific

Curative radiation therapy in prostate cancer 99

mortality at advantage for radiotherapy. The question
whether the postoperative treatment is best served in
a strictly adjuvant setting or if this treatment could
also well be given as early salvage radiotherapy has
to be answered. Randomized studies on this concept
are under way. The majority of centers have not yet
adopted adjuvant radiotherapy into their clinical rou-
tine practice. The main reason for this is that the
results from the adjuvant trials have not been obtained
until quite recently. At least half of the patients expe-
riencing recurrence after radical prostatectomy
(about 30%) should be considered for early salvage
radiotherapy. Still there are no conclusive data on
optimal fractionation schedule and the total dose
needed in this setting. Questions also remain regard-
ing the efficacy of salvage radiotherapy in patients
who never reach undetectable prostate-specific anti-
gen (PSA) after surgery and/or have already reached
a PSA level over 1 ng/ml before salvage radiation
therapy and/or with tumor invasion of seminal vesi-
cles at surgery. Pending the results from prospective
trials the nomogram by Stephenson and coworkers
is useful when discussing the benefit and possible
side-effects of salvage radiotherapy for patients
experiencing recurrent disease [22].

Treatment of locally advanced disease — the
SPCG7/SFUOQOS3 trial

The treatment of choice in patients with locally
advanced prostate cancer has over the years been
endocrine therapy, either as castration therapy or
treatment with antiandrogen as monotherapy. This
paradigm was challenged in the Scandinavian SPCG7/
SFUO3 randomized phase III trial comparing endo-
crine therapy with and without local radiotherapy,
followed by castration on progression [23]. The trial
recruited 875 patients with locally advanced prostate
cancer (T3; 78%; PSA < 70; NO; MO0) between Feb-
ruary 1996 and December 2002. The patients were
randomly assigned to endocrine treatment alone
(three months of total androgen blockade followed by
continuous endocrine treatment using flutamide), or
to the same endocrine treatment combined with cura-
tive radiotherapy. The primary endpoint was prostate-
cancer-specific survival, and analysis was by intention
to treat. After a median follow-up of 7.6 years, 79
men in the endocrine alone group and 37 men in the
endocrine plus radiotherapy group had died of pros-
tate cancer. The cumulative incidence at 10 years for
prostate-cancer-specific mortality was 23.9% in the
endocrine alone group and 11.9% in the endocrine
plus radiotherapy group (difference 12.0%, 95% CI
4.9-19.1%), for a relative risk of 0.44 (0.30-0.66). At
10 years, the cumulative incidence for overall mortal-
ity was 39.4% in the endocrine alone group and
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29.6% in the endocrine plus radiotherapy group
(difference 9.8%, 0.8-18.8%), for a relative risk of
0.68 (0.52—-0.89). Cumulative incidence at 10 years
for PSA recurrence was substantially higher in men
in the endocrine-alone group (74.7% vs. 25.9%,
p < 0.0001; HR 0.16; 0.12-0.20). After five years,
urinary, rectal, and sexual problems were slightly
more frequent in the endocrine plus radiotherapy
group. The addition of local radiotherapy to endo-
crine treatment, thus, halved the 10-year prostate-
cancer-specific mortality, and substantially decreased
overall mortality in patients with locally advanced or
high-risk local prostate cancer.

This is the only trial that has, so far, shown an
overall survival benefit in patients with localized
prostate cancer and, in light of these data, endocrine
treatment plus radiotherapy should be implemented
as the new evidence based (level 1) standard treat-
ment in patients with locally advanced disease [23].

Unanswered questions and developmental
areas within radiation therapy of prostate
cancer

As mentioned above, the early radiotherapy trials
included treatment with whole-pelvic fields with a
subsequent radiation boost to the prostate [16].
However, with the introduction of conformal radia-
tion therapy techniques during the 1990s and that
only patients with low risk for metastatic disease or
patients with NO disease were accepted for curative
treatment, whole-pelvic radiotherapy was abandoned
in most centers. With the knowledge of the short-
comings of surgical lymph node staging [24] there is
now a re-awakening of adjuvant radiation treatment
of regional lymph nodes, especially with the advent
of conformal techniques such as IMRT and intensity
modulated arc therapy (IMAT) [25] and in patients
with high risk (> 15%) of having lymph node meta-
static disease [26—29]. With these techniques it is
now possible to administer radiotherapy to the
regional lymph nodes in a more conformal manner,
minimizing unwanted radiation dose to organs at risk
such as bladder and bowel.

Another area that has attracted much of atten-
tion recently is radiobiology of prostate cancer and
radiation dose fractionation. Ample data exist to
show that this tumor differs from several others by
a low level o/ value, speaking in favor of hypofrac-
tionation [8,30]. Several studies have now been
designed on this concept. Arcangeli et al. have
recently published data from the first randomized
trial [31]. This is not yet mature for evaluation of
treatment effect — other than freedom from PSA
recurrence — but the data show that the toxicity of
the hypofractionation schedule used is acceptable

[31]. A Swedish-Danish randomized hypofraction-
ation trial has recruited over 400 patients with inter-
mediate-risk prostate cancer patients comparing
EBRT 2 Gy per fraction to 78 Gy with 6.1 Gy in 7
fractions to 42.1 Gy (Widmark, personal communi-
cation). It is important to note that the hypofraction-
ation concept is based on the assumption that
prostate cancer is often a slowly proliferating malig-
nancy. However, some tumors also harbor poorly
differentiated cancer cells which may not be suitable
for hypofractionation [32,33]. The outcome of ongo-
ing and future trials will, hopefully, clarify which
patients benefit from hypofractionation.

Radiotherapy versus radical prostatectomy

Prostate cancer is different from many other malig-
nancies in that it is one of the few cancers in which
radiotherapy is a major curative treatment option pri-
mary treatment. Radical prostatectomy is the other
curative treatment modality and patients are therefore
asked to participate in the decision-making between
these two options. Paradoxically, there are still no
comparative, randomized studies on the concept
radiotherapy versus surgery as primary treatment in
prostate cancer — a situation which not seldom con-
tributes to a frustrating situation for the patient as
well for his partner when choosing therapy. Active
monitoring is a valid option for patients with low-risk
(T1lc, Gleason score =3 +3 =6 and PSA =10)
prostate cancer. The first study on this theme is the
ProtecT (Prostate testing for cancer and Treatment)
trial undertaken in the UK, in which men with clini-
cally localized prostate cancer were randomized to
radiotherapy, radical prostatectomy or active monitor-
ing [34]. This study has recruited extremely well and
has now been closed for inclusion according to pro-
tocol. Over 1500 participants agreed to randomiza-
tion (63% of those eligible) with annual follow-up at
over 90%. The first results are expected in 2015 and
overall survival data will be obtained in due course.
In patients with intermediate- and high-risk pros-
tate cancer the main options, radiotherapy and sur-
gery, remain. One Swedish randomized trial
(neoadjuvant endocrine therapy plus radical prostate-
ctomy versus neoadjuvant endocrine therapy plus
external beam radiotherapy with HDR brachytherapy
boost) included 89 patients with HRQoL as main
end-point. The data will be published in 2011.To our
knowledge, no other prospective randomized trials
comparing these modalities are being undertaken.

Discussion

There are very good reasons to expect that the role
of radiation therapy will increase in coming years,



warranting further randomized studies in this area.
Healthcare authorities have an important task in sup-
porting and commissioning such trials to provide
sufficient evidence to guide practice and improve
patient outcomes. Strong growth is expected in the
areas of dose escalation, both with external beam
radiation therapy as monotherapy and combination
treatment with external therapy and brachytherapy.
In all dose escalation protocols, the need for mini-
mizing the margins of surrounding normal tissue is
imperative. The need for improved positioning is
becoming increasingly important. The trend toward
higher fractions per dose, hypofractionation, will
remain, highlighting the need for adequate visualiza-
tion of the prostate and its positioning with tech-
niques such as IGRT. The need for IMRT will
increase for treatment of regional lymph nodes in
patients with high-risk disease.

The trend towards higher radiation doses to the
prostate and the balance between efficacy and toxic-
ity will place increasing demands on technical devel-
opments, their adequate use and understanding of
their limitations.

Data from the early 1990s have clearly shown that
radiotherapy doses of 70 Gy and below are in the
majority of cases insufficient for eradication of the
cancer [3-7,35], and four randomized trials compar-
ing 64-70 Gy with 74-80 Gy have shown improved
outcome with dose escalation [36—39]. Several stud-
ies have thereafter shown a correlation between
residual cancer and the risk of local progression,
metastatic disease and increased cancer-specific
mortality [3,40-42]. This has also recently been
shown in a biopsy study from the above mentioned
SPCG-7 trial in which residual cancer was verified
in 22% of patients after more than three years and
that this presence was associated with the above
negative factors including increased cancer-specific
mortality [43]. Notable is that the residual cancer
was poorly differentiated (Gleason sum 8) in all
patients with recurrent disease [43]. Data from our
own experience have shown that residual cancer is
associated with poor overall survival (Ljung et al.,
unpublished).

The difficulties of implementing prospective ran-
domized studies in radiation therapy as well as sur-
gery are obvious, especially for the fact that at least
8-10 years of follow-up is needed to detect significant
differences in overall survival. The difficulties in com-
paring outcome data from non-randomized studies,
especially from different centers, are even more obvi-
ous, not only because of patient selection but also
because different definitions have been used over the
years to define biochemical free survival. The difficul-
ties are compounded by the fact that PSA levels not
only reflect residual disease within the prostate but
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also metastatic progression, particularly in patients
with intermediate- and high-risk prostate cancer. An
alternative endpoint would be to utilize transrectal
ultrasound (TRUS)-guided biopsy mapping of the
prostate two to three years after completion of radio-
therapy, especially when comparing the outcome of
different doses and dose fractionation schedules.
Analysis of residual cancer is, by definition, a surro-
gate endpoint, but may have the potential of being
more accurate than serum-PSA in assessing local
radicality of a given radiation treatment.

The importance of randomized controlled trials
comparing modern radiation therapy and radical
prostatectomy cannot be stressed enough. The Pro-
tecT trial in the UK will provide important informa-
tion on the outcome and potential side-effects of
these two modalities in comparison with active mon-
itoring. However, it will take many years before
mature data on overall survival become available.
In the meantime it is important to continue the
prospective evaluation of new radiation therapies
and surgical treatment concepts in large and well
conducted randomized controlled trials.
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sible for the content and writing of the paper.
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