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Abstract
Purpose: Evaluation of hypofractionated photon boost combined with 2-Gy fractions to 50 Gy 
locally or including the pelvic lymph nodes, in prostate cancer with high-risk features.

Patients and Methods: 20 Gy in 4 daily fractions was delivered to prostate using a rectal retraction 
rod, increasing the distance to rectum, on average 3 mm. Another 50 Gy was given locally or 
including the pelvic nodes. Advanced imaging was used for primary staging and localization of 
biochemical relapse. Endpoints were biochemical, local and regional relapse-free, distant metastasis-
free survival, and progression-free, prostate cancer-specific and overall survival.

Results: 255 patients with N0M0 disease were treated: 160 (63%) stage T3/T4 and 119 (47%) ISUP 
group 4-5. The majority, 184 (96%) patients, in the high- and very high-risk groups received long-
term Androgen Deprivation Therapy (ADT). Of the 93 high- and 98 very high-risk patients, 47 
(51%) and 72 (73%) received pelvic node irradiation, included at the doctor’s discretion. Median 
follow-up was 51 months (IQR 24 to 84). The 5-year PSA relapse-free survival was 90%, 88%, and 
71% for intermediate, high, and very high-risk patients, respectively. Pelvic lymph node irradiation 
improved and ISUP group 4 to 5 impaired all tumor efficacy measures. Worsening of symptoms 
from the urinary and gastrointestinal tract evaluated in 135 patients was mild to acceptable.

Conclusion: Use of a rectal retractor rod for a hypofractionated photon boost was effective and 
appropriate for selected patients. Elective pelvic node irradiation improved all tumor efficacy 
measures in very high-risk patients being on long-term ADT, probably explained by the low 
sensitivity to ADT experienced by the far majority of this cohort having Gleason score 9 to 10. 
Radiation-induced genitourinary and gastrointestinal side effects were moderate.

Keywords: Prostate cancer; Hypofractionated radiotherapy; Rectal retraction rod; Photon 
boost; Clinical outcome

Highlights
• Hypofractionated photon boost with 4 fractions of 5 Gy using a rectal retraction rod prior

to 50 Gy locally or including pelvic lymph nodes in high- and very high-risk prostate cancer has high 
efficacy and acceptable tolerance.

• Pelvic lymph node irradiation improved all tumor efficacy measures, especially for ISUP
group 4 to 5 grades.

• The 5-year PSA relapse-free survival was 90%, 88%, and 71% for intermediate-, high-, and
very high-risk patients, respectively.

Introduction
Treatment of patients with locally advanced prostate cancer and high-risk features is a challenge; 

aspects such as age, comorbidities, performance status, anatomy of the patients, prostate volume, 
and existing local symptoms, need to be considered. Radiotherapy techniques allowing substantial 
dose escalation to the prostate target volume have been developed and include brachytherapy 
or proton boost in combination with external beam radiotherapy, and radiotherapy delivered 
with stereotactic techniques or with simultaneous integrated boost. Application of radiopaque 
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markers within prostate reduces the margin needed for setup errors, 
permitting higher doses to the Planning Target Volume (PTV). Still, 
dose escalation is limited by normal tissues adjacent to the target 
volume, such as the urethra, bladder, and rectum.

Since 1995 High-Dose Rate Brachytherapy (HDR-BT) as a boost 
of 2 fractions with 10 Gy combined with 50 Gy in 2-Gy fractions 
has been the preferred modality for localized prostate cancer at our 
department [1]. In 2002 we introduced a proton boost of 4 daily 5-Gy 
fractions as an alternative to the brachytherapy boost [2]. For a safer 
application of the proton boost we developed a method in which the 
distance between the prostate and rectum is increased by retraction of 
the rectum in the dorsal direction [2-5].

Some years later we initiated the use of this device to deliver a 
photon boost of 4 daily 5-Gy fractions as another option to the 
brachytherapy or proton boost. Thus, we chose the same physical dose 
and fractionation for the photon boost as for the proton boost. Here 
we report the outcome of the hypofractionated photon boost using 
rectum retraction followed by 50 Gy locally, or including regional 
lymph nodes, as one of our standard regimes for radiotherapy of 
localized prostate cancer.

Material and Methods
Patients and prescribed doses

Between 2007 and 2021, patients with histologically confirmed 
prostate cancer, T1-T4N0M0, unsuitable for brachytherapy or proton 
boost received a photon boost of 20 Gy in 4 daily fractions followed 
by a one-week rest, and then 50 Gy in 2-Gy fractions. Assuming α/β 
=3 Gy or 1.5 Gy, the Equivalent Dose in 2-Gy fractions (EDQ2) is 82 
Gy or 87 Gy. Elective pelvic node treatment was covered by the 50-Gy 
volume.

Patient selection criteria
Reasons not to offer brachytherapy were extensive extracapsular 

tumor growth and Seminal Vesicle (SV) involvement, prostate 
volume more than 60 cc or prostate width larger than 5.5 cm, or 
contraindications to spinal anesthesia. These patients were usually 
suitable for proton boost. Exceptions were high age, comorbidity, 
performance status, and existing urinary and intestinal symptoms. 
For these more fragile patients we considered delivery of the photon 
boost as an alternative, giving a somewhat lower dosage than the 
proton boost caused by the higher Relative Biological Effectiveness 
(RBE) of 1.1 for protons.

Radiotherapy
Patient immobilization and pre-imaging

Prior to pre-imaging, 4 radiopaque markers were placed within 
the prostate gland for verification of its position during treatment. 
Patients underwent two CT scans using a Brilliance CT Big Bore 
(Philips, Netherlands) with 3-mm slice thickness in supine position: 
The first with standard immobilization without the rectal retractor 
rod, which directly was followed by a scan with the retractor in place. 
The cylindrically shaped retractor, 20 mm in diameter and 110 mm 
in length, was made of water-equivalent plastic (Scanflex, Sweden). 
Prior to CT imaging laxative was performed and gas was removed by 
suctioning with the retractor in place. The retractor, fixed onto a plate 
with leg supports, was inserted into rectum for retraction in dorsal 
direction. The retraction distance was limited by the discomfort of the 
patient; on average 3 mm was reached between the CTV and the outer 
contour of the rectal wall.

Details about the use and advantages of the rectal retraction rod 
were described previously by us [3,5]. The benefit of using a rectal 
retraction rod was recently confirmed in two studies, showing that 
such an advice significantly reduced the rectum dose and rectal 
toxicity [6,7].

Target volumes and risk organs
MR imaging was used to increase the accuracy in target 

delineation for the boost and 50-Gy dosages. The Clinical Target 
Volume (CTV) included only the prostate in intermediate-risk, the 
prostate and the proximal part (1.5 cm) of the SV in high-risk, and the 
whole SV for T3b/T4 tumors. Pelvic lymph nodes included common 
iliac, external- and internal iliac nodes, and pre-sacral nodes covered 
up to the L4-L5 space or aortic bifurcation; a 7-mm margin was added 
to CTV in all directions.

The boost PTV was defined as CTV with a 6-mm margin added in 
all directions except near rectum, where 3 mm was applied. The CTV 
for the 50-Gy dosage was either the prostate gland with proximal 
part of the SV, or the prostate including the SV, or SV plus pelvic 
lymph nodes. The PTV was defined as CTV with a margin of 10 to 15 
mm added laterally and ventrally, and 7 mm to 10 mm in the cranial, 
caudal, and dorsal directions. The larger PTV margin was motivated 
by less accurate positioning of the 50-Gy target volume compared 
with the boost treatment. The rectal retractor rod reduced the motion 
and filling of rectum, reducing the intra-fraction movements of the 
prostate [3]. The bladder, rectum, and bowel bag were outlined as 
organs at risk.

Treatment planning and dose delivery 
Oncentra or Monaco treatment planning system (Elekta, Sweden) 

was used. The boost was planned and delivered with the rectal 
retractor rod. The treatment including the boost was given in supine 
position. 3D-conformal or Intensity-Modulated (IM)RT was used for 
local prostate treatment. Patients allocated, at the doctor’s discretion, 
for irradiation of the pelvic nodes received IMRT with seven fixed 
beam directions, or two full arcs of Volumetric Modulated Arc 
Therapy (VMAT) including the prostate gland and SV. The 3D CRT 
was delivered with a 3- or 5-field technique and 10- or 15-MV X-rays, 
and IMRT or VMAT with 6-MV X-rays. The treatment plans were 
subjected to adequate quality assurance to ensure that the total dose 
was kept under defined tolerance levels (Table 1). The doses were 
prescribed for the center of the prostate volume.

Radiotherapy treatment
The radiotherapy treatment was delivered with an Elekta Precise 

or Elekta Versa HD linear accelerator. The patients were immobilized 
as during the CT-simulation, and the rectal retractor rod was used 
during the 4 boost fractions. Patients were positioned using tattooed 
skin markers. The position of the target volume was verified with 
Cone-Beam CT (CBCT) or 2D orthogonal megavoltage imaging using 
the radiopaque markers for the boost fractions, and a combination of 
markers and bony anatomy for the daily 2-Gy fractions to the 50-Gy 
volume.

Staging and follow-up
We used both NCCN and ISUP risk classifications [8,9]. The 

NCCN classification, version 1.2016, is based on a four-tiered 
Gleason grouping, T stage and initial PSA. The ISUP proposal is 
based on a five-tiered Gleason grouping: Group 1: Gleason Score (GS) 
≤ 6, Group 2: GS 3+4, Group 3: GS 4+3, Group 4: GS 8, and Group 5: 
GS 9-10. MR of the pelvis was used for regional lymph node staging. 
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Besides bone scan and CT abdomen/thorax, high-and very high-risk 
patients were staged with whole body MRI, 11C-acetate PET/CT and 
18F-NaF PET/CT and 68Ga-PSMA-11 (PSMA) PET/CT [10-13].

Prostate-Specific Antigen (PSA) was assessed every 3 to 4 months 
the first 2 years, then every 6 months up to 5 years, and thereafter 
yearly until death. Biochemical failure was defined according to the 
RTOG-ASTRO Phoenix criteria as PSA nadir plus 2 ng/mL or more 
[14]. Upon PSA relapse and if tumor recurrence or metastasis were 
suspected, advanced imaging (as described above) was performed 
to discover the location of any disease relapse, to separate local 
from regional failures and in turn from distant metastases. Risk of 
microscopic lymph node involvement was estimated by the Roach 
formula [15].

Definition of endpoints
Tumor efficacy measures include probability of being PSA-

relapse free, local- and regional-relapse free, or distant-metastasis 
free, and also prostate cancer–specific survival, progression-free, and 
overall survival. The probability of being PSA-relapse free, local and 
regional-relapse free, or distant-metastasis free, was estimated with 
censoring at the date of death or last assessment. In the analysis of 
local relapse, the event occurred in the prostate or SV, and for regional 
relapse only lymph node metastases in the pelvis were considered. 
For prostate cancer-specific survival, patients were censored at the 
date of death from non-prostate causes or at the last day of follow-up. 
Progression-free survival, recently proven to be a surrogate endpoint 
for Overall Survival (OS) in patients with localized prostate cancer, 
included events of PSA progression, local and regional relapse, distant 
metastasis or death from any cause, whichever occurred first [16].

Statistics and outcome analyses
The Kaplan-Meier method was used to estimate the probability 

of being event-free from the date of radiotherapy start. Treatment 
groups were compared by use of the log-rank test. Multivariate 
analyses were performed using Cox proportional-hazards models; 
the variables were ISUP grade, initial PSA, T stage, pelvic node 
treatment, ADT, age, and NCCN risk groups. Outcome analyses 
were presented for both the NCCN and ISUP risk classification [9]. 
Statistical analyses were performed by use of the JMP® 16.1.0 software 
package. The Swedish Ethical Review Authority approved the analysis 
of treatment outcomes, Dnr 2021-06314-02.

Results
Totally 255 patients with prostate cancer, T1-4N0M0, were 

treated and subject to advanced imaging on suspicion and signs of 
disease progression. The patient characteristics are listed in Table 
2. The median follow-up was 51 months (IQR 24 to 84). Androgen-
Deprivation Therapy (ADT) with a Gonadotropin-Releasing 
Hormone Receptor (GnRHR) agonist was given with initial flare 
protection as neoadjuvant and concomitant to radiotherapy for about 
4 months only or followed by adjuvant ADT to 194 patients (76%). 
Ten (16%) intermediate- and 184 (96%) high- and very high-risk 
patients received ADT for median times of 4 months (IQR 3.4 to 6.0) 
and 32 months (IQR 17 to 36), respectively. Both the prescription of 
ADT and for how long was determined by the responsible physician 
in discussion with the patient’s will and tolerability.

Of the 93 high- and 98 very high-risk patients, 47 (51%) and 72 
(73%) received pelvic node irradiation, respectively. These patients 
were somewhat younger with median age of 69 years (range 51-82) 
compared to 72 years (range 57-83) (p=0.006), and had higher initial 

PSA with median 15 ng/mL (range 2-217) compared to 11.5 ng/
mL (range 2.5-182) (p=0.02), than the patients treated locally. The 
calculated risk of lymph node involvement for patients allocated to 
nodal treatment was higher than for those only treated locally: median 
36% (range 13-173) compared to 20% (range 3-150) (p<0.001).

Figure 1: Outcomes according to NCCN risk groups. a:  PSA relapse-free.

HR 93 63 50 30 18 7

IM 64 45 32 14 9 6

VHR 98 66 42 20 12 6

Figure 1b: Regional relapse-free.

HR 93 65 52 33 22 8

IM 64 45 35 14 10 6

VHR 98 75 49 26 16 5

Figure 1c: Distant metastasis-free.

HR 93 64 51 31 19 7

IM 64 47 37 14 10 6

VHR 98 71 46 24 14 7
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PSA relapse
Forty-two patients (16%) developed PSA relapse: Six (9%), eleven 

(12%), and twenty-five (26%) with intermediate, high-, and very high-
risk tumors. PSA-relapse-free survival was dependent on NCCN risk 
category (p=0.004) and is presented in Figure 1a and Table 3.

VMAT to pelvic nodes (p=0.014), ISUP group 4-5 (p=0.008), 
T-stage T3b/T4 (p=0.011) and initial PSA>20 ng/mL (p=0.002) 
influenced the risk of biochemical relapse (Table 4).

Local relapse
Only four (2%) patients were diagnosed with local failure in the 

prostate by imaging. These patients had very-high risk disease: One 
ISUP group 4 and three ISUP group 5; two patients had stage T3b 
and the other two had stage T4. All four patients had initial PSA>20 
ng/mL.

Regional relapse
Sixteen (6.3%) patients had regional lymph node relapse: Four 

(6.3%), one (1.1%), and eleven (11.2%) with intermediate-, high-, and 
very high-risk tumors. Of these13 patients had not received pelvic 
node treatment; 3 patients had relapse within the irradiated volume. 
The 4 intermediate-risk patients had unfavorable features and no 
pelvic treatment. Regional relapse-free survival was dependent on 
NCCN risk category (p=0.013) and is presented in Figure 1b and 
Table 3. VMAT to pelvic nodes influenced the risk for pelvic node 
relapse (p=0.018) (Table 4).

Distant metastasis
Twenty-eight (11%) patients had distant metastases: One (1.6%) 

intermediate-, eight (8.6%) high-, and nineteen (19.4%) very high-risk 
patients. Distant-metastasis free survival was dependent on NCCN 
risk category (p<0.001) and is presented in Figure 1c and Table 3. 
VMAT to pelvic nodes (p=0.049), initial PSA (p=0.012), T3b/T4-
stage (p=0.022) and ISUP group 4-5 (p=0.014) influenced the risk of 
distant metastases (Table 4).

Prostate cancer-specific survival
Twenty-three (9.0%) patients died from prostate cancer: One 

(1.6%) intermediate-, six (6.4%) high- and sixteen (16.3%) very 
high-risk patients. Prostate cancer-specific survival was dependent 
on NCCN risk category (p=0.038) and is presented in Figure 1d and 
Table 3. VMAT to pelvic nodes (p=0.012), ISUP group 4-5 (p=0.011), 
initial PSA>20 ng/mL (p=0.035), and T3b/T4 stage (p=0.015) affected 
prostate cancer-specific survival (Table 4).

Progression-free survival
Totally seventy-four (29%) events were registered: Thirteen (20%), 

Figure 1d: Prostate cancer-specific survival.

HR 93 68 56 36 26 11

IM 64 48 41 19 13 8

VHR 98 83 63 33 24 13

Figure 1e: Progression-free survival.

HR 93 66 54 32 20 10

IM 64 46 37 19 12 7

VHR 98 69 51 26 17 9

Figure 1f: Overall survival.

HR 93 68 56 45 26 11

IM 64 48 41 19 13 8

VHR 98 83 63 33 24 13

Figure 2: Outcomes according to elective irradiation to the pelvic lymph 
nodes for very high-risk patients. a: PSA relapse-free survival.

No 26 17 14 9 8 3

Yes 72 51 28 9 5 6
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twenty-seven (29%), and thirty-four (35%) with intermediate-, high-
, and very high-risk tumors, respectively. Progression-free survival 
was dependent on NCCN risk category (p=0.031) and is presented in 
Figure 1e and Table 3. VMAT to pelvic nodes (p=0.021), ISUP group 
4-5 (p=0.054), and PSA>20 ng/mL (p=0.017) affected progression-
free survival (Table 4).

Overall survival
Totally fifty-three (20.7%) deaths were registered: Seven (11%), 

twenty-one (23%), and twenty-five (26%) in the intermediate-, 
high-, and very high-risk group, respectively. Overall survival 
stratified by NCCN risk groups is presented in Figure 1f and Table 
3. NCCN risk category affected overall survival; in comparison with
the intermediate-risk, the high-risk (p=0.030) and very high-risk 
(p=0.011) patients had impaired overall survival, while VMAT to 
pelvic nodes improved overall survival (p=0.039) (Table 5).

The multivariate analysis with age, NCCN risk group, ADT and 
pelvic lymph node treatment as covariates showed no impact of 
age and ADT (Table 5). Regional lymph node treatment improved 

Figure 2b: Prostate cancer-specific survival.

No 26 25 20 15 12 7

Yes 72 56 41 19 12 6

Figure 2c: Overall survival.

No 26 25 20 14 11 7

Yes 72 58 43 19 13 7

Planning objectives for boost treatment

Rectum Bladder

 V17.2 Gy ≤ 15% V19.2 Gy ≤ 15%

V14.9 Gy ≤ 20% V17.2 Gy ≤ 25%

V12.3 Gy ≤ 25% V14.9 Gy ≤ 35%

V9.4 Gy ≤ 35% V12.3 Gy ≤ 50%

Tolerancedoses for summation

Rectum Bladder

V75 Gy ≤ 15% V80 Gy ≤ 15%

V70 Gy ≤ 20% V75 Gy ≤ 25%

V65 Gy ≤ 25% V70 Gy ≤ 35%

V60 Gy ≤ 35% V65 Gy ≤ 50%

Table 1: Planning objectives for boost treatment.

Patient characteristics N=255

Age at diagnosis

Median (Min, Q1, Q3, Max) 71 yrs (51, 66, 74, 83)

T-stage

T1c 37 (15%)

T2a/T2b/T2c 58 (22%)

T3a 76 (30%)

T3b 58 (23%)

T4 26 (10%)

ISUP group (%)

1 (6) 8 (3%)

2 (GS 3+4) 76 (30%)

3 (GS 4+3) 52 (20%)

4 (GS 8) 32 (13%)

5 (GS9-10) 87 (34%)

NCCN risk group (%)

Intermediate risk 64 (25%)

High risk 93 (36%)

Very high risk 98 (39%)

Median PSA (ng/mL) (range) all patients 13 (2-217)

Intermediate risk 9,3 (2,5-19)

High risk 15 (2-125)

Very high risk 17 (2,4- 217)
Median Prostate volume (cc) (range) all 
patients 43 (13-134)

Intermediate risk 41 (20-107)

High risk 44 (13-110) 

Very high risk 42 (14-134)

Roach formula

Median (Min, Q1, Q3, Max) all patients 26.6 (2.7, 17.3, 44.5, 173.2)

Intermediate risk 15.6 (2.8, 13.3, 17.9, 21.9)

High risk 24.5 (2.7. 18.6, 31,1, 102,5)

Very high risk 44.2 (14.1, 35.3, 58.0, 
173.2)

Roach formula; pelvicnode RT

Median (Min, Q1, Q3, Max) (%)

No 19.7, (2.8, 15.2, 31.8, 150.1)

Yes 35.8 (13.1 25,2, 51.1, 173.2)

Table 2: Patient characteristics.
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significantly all tumor efficacy measures in comparison with local 
treatment only: for the very high-risk patients the 5-year PSA-
progression free survival was 76% vs. 56% (p=0.006), regional relapse-
free survival 96% vs. 68% (p<0.001), prostate-specific survival 91% vs. 
78% (p=0.004), progression-free survival 73% vs. 48% (p=0.006), and 
overall survival 87% vs. 73% (p=0.03). The Kaplan-Meier estimates 
for the very high-risk group illustrate the benefit of adding elective 
pelvic node radiotherapy for PSA relapse free-, prostate cancer–
specific and overall survival (Figures 2a-2c).

Adverse effects
The first 135 patients treated with photon boost under rectal 

retraction were assessed for toxicity by the physician and through a 
patient self-administrated questionnaire pretreatment and at follow-
up visits. Using the RTOG scale [17], we report the pretreatment 
Genitourinary (GU) and Gastrointestinal (GI) symptoms, and the 
prevalence of GU and GI adverse events at the last follow-up visit, to 
allow comparisons with those toxicity data on elective pelvic nodal 
radiotherapy recently published (presented in the discussion).

Pretreatment, genitourinary symptoms GU Grades 0, 1, 2, and 3 
were reported in 54 (40%), 23 (17%), 53 (39%) and 5 (4%) patients, 
respectively, while at the last follow-up Grades 0, 1, 2, and 3 were 
reported in 6 (12%), 43 (32%), 64 (47%) and 12 (9%) patients (Figure 
3a). Pretreatment gastrointestinal symptoms GI Grades 0, 1, 2 were 
reported in 96 (71%), 29 (21%), and 10 (8%) patients, and at the latest 
follow-up Grades 0, 1, and 2 were reported in 60 (44%), 43 (35%), and 

5 years 10 years

Net probability of being PSA relapse-free NCCN risk group

Intermediate risk 0.898 (0.788-0.954) 0.798 (0.605-0.911)

High risk 0.882 (0.794-0.936) 0.730 (0.568-0.848)

Veryhigh risk 0.708 (0.604-0.794) 0.559 (0.422-0.688)

Net probability of being regional relapse-free NCCN risk group

Intermediate risk 0.930 (0.827-0.974) 0.868 (0.682-0.952)

High risk 1.0 - -

Veryhigh risk 0.875 (0.788-0.929) 0.795 (0.657-0.886)

Net probability of being distant metastasis-free NCCN risk group

Intermediate risk 1.0 - -

High risk 0.942 (0.866-0.976) 0.752 (0.568-0.875)

Veryhigh risk 0.783 (0.685-0.857 0.641 (0.496-0.764)

Progression-freesurvival NCCN risk group

Intermediate risk 0.811 (0.660-0.832) 0.622 (0.447-0.771)

High risk 0.757 (0.695-0.889) 0.509 (0.378-0.639)

Veryhigh risk 0.659 (0.560-0.745) 0.470 (0.357-0.599)

Prostate cancer specific survival NCCN risk group

Intermediate risk 1.0 - -

High risk 0.967 (0.901-0.989) 0.833 (0.669-0.924)

Veryhigh risk 0.875 (0.796-0.926) 0.677 (0.530-0.795)

Overall survival NCCN risk group 

Intermediate risk 0.907 (0.807-0.958) 0.770 (0.581-0.889)

High risk 0.834 (0.746-0.896) 0.607 (0.470-0.729)

Veryhigh risk 0.822 (0.738-0.883) 0.532 (0.396-0.663)

Table 3: Kaplan–Meier’s estimates at 5 and 10 years after start of radiotherapy 
with 95% confidence limits in parentheses, per NCCN risk group. Of note, the 10-
year estimates are uncertain due to the relatively short median follow-up.

Figure 3a: Gastrointestinal.

Figure 3b: Symptoms at baseline and adverse events at last follow-up visit.

28 (21%) patients (Figure 3b).

None of the patients experienced Grade >3 GU and Grade >2 GI 
acute or late adverse events during the follow-up period.

Discussion
Using photon boost and rectum retraction, 5-year PSA-relapse-

free survival was 90%, 88%, and 71%, for intermediate-, high-, and 
very high-risk patients. These figures are well in agreement with 93%, 
82%, and 70%, respectively, obtained with the same physical dose 
and fractionation in use of proton boost and rectum retraction, and 
including pelvic nodal treatment to the same extent and in similar 
proportions of patients [4]. The 5-year distant metastasis-free survival 
was 100%, 94%, and 78%, for intermediate, high-, and very high-risk 
patients using the photon boost, and 98%, 91%, and 80%, respectively, 
using the proton boost [4].

Pelvic node treatment to 50 Gy improved significantly all tumor 
efficacy measures, and had a more substantial impact than the 
duration of ADT. The benefit of including the regional lymph nodes 
was most evident for the very high-risk patients, as in our proton-
boost study [4].

ISUP group 4-5, initial PSA>20 ng/mL, and pelvic node treatment 
influenced progression-free survival. Furthermore, in the comparison 
with the NCCN risk groups, pelvic node irradiation improved overall 
survival. One reason to the strong impact we observed of 50 Gy to 
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the pelvic nodes for the very high-risk prostate cancer on all tumor 
endpoints might be a low sensitivity to ADT for Gleason score 9 to 
10 compared to Gleason score 8 [18]. A large proportion, 87 (89%) 
of the patients in the very high-risk group had Gleason score 9 to 
10, contributing to the fact that the duration of ADT was not of 
importance in our study.

Newly diagnosed patients had a meeting with the urologist 
and oncologist together for discussion of treatment options: 
Prostatectomy, radiotherapy, and hormone suppressive treatment 
only. Side effects and pros and cons of each modality were presented. 
None of the patients evaluated in this study were eligible for surgery 
or radiotherapy using proton or brachytherapy boost; however, their 
life expectancy motivated radical treatment.

The estimated risk of lymph node involvement for this cohort 
was high (median 27%), but all patients were diagnosed as being 
node negative despite advanced imaging. The median risk was 20 % 
(IQR 15 to 32) for patients treated locally and 36% (IQR 18 to 51) 
for patients with regional nodes included. The 16 patients with pelvic 
node relapse had a median risk of 45% (IQR 22 to 78); the 4 patients 
in the intermediate-risk group had unfavorable features, a risk of 
nodal involvement in the range of 15% to 20%, and no pelvic node 
treatment.

When judging adverse effects for the present cohort, aspects such 
as higher median age, more often comorbidity, and larger prostate 
volume than average must be considered; furthermore, the majority 
had aggressive histopathology and/or locally advanced disease 
contributing to pretreatment symptoms: 81 (60%) reported grade ≥ 
1 GU symptoms of which 5 scored grade 3. Therefore, higher degrees 
of adverse effects are expected than we actually observed at the last 
follow-up visits. Of the GU symptom-free patients, 22% remained so, 
and only 3% reported grade 3 adverse events. No GU grade 4 side 
effects occurred. Of the GI symptom-free patients, 56% remained 

Net probability of PSA relapse
Net probability of regional 

relapse
Net probability of distant 

metastasis
Prostate cancer-specific 

survival
Progressions-free survival Overall survival

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

ISUP/Gleason Grade Groups

ISUP 4-5 (n=119) 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) -

ISUP 1-2-3 
(N=136)

2.71 (1.29-8.06) 0.008 2.92 (0.82-10.4) 0.096 3.61 (1.30-10.1) 0.014 4.41 (1.31-13.7) 0.011 1.74 (0.99-3.09) 0.054 1.75 (0.91-3.40) 0.093

T stage

T1c/T2a,b,c 
(n=95)

1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) -

T3a (n=78) 3.22 (1.28-8.06) 0.012 1.51 (0.37-6.12) 0.557 4.46 (0.98-20.3) 0.053 4.88 (1.06-22.5) 0.042 1.26 (0.58-2.77) 0.542 1.13 (0.48-2.66) 0.772

T3b/T4 (n=82) 3.86 (1.35-11.0) 0.011 2.71 (0.57-12.9) 0.211 6.35 (1.29-32.1) 0.022 7.52 (1.47-38.4) 0.015 1.56 (0.83-3.00) 0.163 1.32 (0.65-2.67) 0.437

PSA ng/mL

<10 (n=100) 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) -

10-20 (n=68) 3.88 (1.52-9.93) 0.055 1.79 (0.35-9.15) 0.484 7.57 (1.71-33.6) 0.017 2.34 (0.65-8.34) 0.370 1.28 (0.66-2.47) 0.461 0.67 (0.26-1.59) 0.708

>20 (n=87)
4.94 
1.00

(1.81-13.5) 
(ref.)

0.002 
-

3.07 
1.00

(0.76-12.4) 
(ref.)

0.116 
-

8.20 
1.00

(1.57-42.5) 
(ref.)

0.012 
-

5.04 
1.00

(1.12-22.7) 
(ref.)

0.035 
-

2.00 
1.00

(1.13-3.55) 
(ref.)

0.017 
-

1.13 
1.00

(0.59-2.15) 
(ref.)

0.345 
-

RT to pelvic nodes

No (n=135) 1 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) -

Yes (n=120) 0.39 (0.18-0.83) 0.014 0.22 (0.06-0.77) 0.018 0.49 (0.21-0.81) 0.049 0.27 (0.10-0.75) 0.012 0.52 (0.30-0.91) 0.021 0.54 (0.28-1.05) 0.060

ADT (m)

<6 (n=86) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

6-32 (n=73) 0.97 (0.35-2.74) 0.967 0.40 (0.06-2.46) 0.326 2.13 (0.52-10.7) 0.272 1.29 (0.25-6.61) 0.756 0.83 (0.40-1.73) 0.623 0.93 (0.40-2.20) 0.939

> 32 (n=96) 0.83 (0.31-2.23) 0.716 0.68 (0.16-2.85) 0.606 1.80 (0.44-7.32) 0.408 2.19 (0.53-9.01) 0.267 0.81 (0.42-1.76) 0.691 0.96 (0.44-2.1) 0.931

Table 4: Hazard Ratios (HR) with 95% confidence limits (95% CI). Estimates from multivariate Cox proportional hazards models.

so at their last follow-up. No GI grade 3 symptoms occurred. In the 
proton boost study, the 5-year prevalence of grade 3 in pretreatment 
symptom-free patients was 2% and 0% for GU and GI symptoms, 
respectively.

The low toxicity in the use of VMAT for adjuvant purpose to 
the pelvic lymph nodes was confirmed in our report of the proton 
boost presenting incidence and prevalence of GU- and GI-toxicity 
up to 10 years, separating pretreatment symptom-free patients from 
those with grade 1 and grade 2. When the 50-Gy volume covered the 
common iliac region in high- and very high-risk patients, the acute 
and late bowel toxicity were not increased compared with 50 Gy to 
the prostate target only [4].

We only used the rectal retraction rod for delivery of the 
hypofractionated photon boost. The reasons were that the application 
of the rectal rod was more time consuming and caused some 
discomfort to the patient. Furthermore, we did not observe any 
significant increase in toxicity from pelvic nodal RT using 50 Gy 
compared with 50 Gy given only locally.

The benefit of pelvic node irradiation has been debated for a long 
time. A recent review explained why some older randomized studies 
failed to improve tumor curability by adding adjuvant pelvic node 
irradiation [19]: 1) the estimated risk of lymph node involvement 
should be high; 2) the upper boarder of the irradiated volume should 
reach the aortic bifurcation, and 3) the need of dose escalation to the 
prostate target to obtain local control. Of note, it was also concluded 
that the late urinary and intestinal toxic effects do not seem to increase 
compared with prostate-only radiotherapy.

The single-center POP-RT phase 3 study on high risk disease and 
a nodal risk of at least 20% (n=224) showed significant improvements 
after including pelvic nodes compared to not include, in 5-year 
biochemical control, 95% vs. 81%, and distant metastasis-free survival, 
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Net probability of PSA 
relapse

Net probability of 
locoregional relapse

Net probability of distant 
metastasis

Prostate cancer- specific 
survival

Progressions-free survival Overall survival

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

NCCN risk groups

Intermediate 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) -

High 1.71 (0.47-6.18) 0.408 3.39 (0.24-56.0 0.339 4.55 (0.41-50.6) 0.216 8.05 (0.79-81.5) 0.077 1.99 (0.85-2.58) 0.114 3.12 (1.11-8.77) 0.030

Very high 4.69 (1.22-17.9) 0.024 12.7 (1.55-104) 0.017 11.9 (1.03-136) 0.046 24.2 (2.31-252) 0.007 3.01 (1.19-7.67) 0.019 4.04 (1.37-12.0) 0.011

Ageat diagnosis (years)

<70 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) -

>70 0.58 (0.30-1.13) 0.111 0.33 (0.13-1.24) 0.087 0.36 (0.16-0.79) 0.062 0.26 (0.06-0.42) 0.011 0.97 (0.59-1.61) 0.907 1.55 (0.86-2.76) 0.138

RT to pelvic nodes

No 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) - 1.00 (ref.) -

Yes 0.49 (0.20-0.88) 0.046 0.24 (0.07-0.86) 0.028 0.54 (0.23-1.23 0.011 0.32 (0.12-0.83) 0.010 0.61 (0.35-1.07) 0.049 0.45 (0.23-0.90) 0.039

ADT (months)

<6 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

6-32 0.75 (0.22-2.12) 0.654 1.31 (0.84-2.04) 0.227 1.22 (0.49-9.71) 0.301 0.55 (0.09-3.13) 0.502 0.67 (0.29-1.52) 0.339 063 (0.24-1.64) 0.344

>32 1.22 (0.42-3.61) 0.711 0.71 (0.44-1.15) 0.166 2.19 (0.23-6.31) 0.814 1.42 (0.38-5.29) 0.598 0.88 (0.43-1.79 0.727 0.91 (0.42-1.99) 0.919

Table 5: Hazardratios (HR) with 95% confidence limits (95% CI). Estimates from multivariate Coxproportional hazardsmodels.

96% vs. 89% [20]. No difference in GU- and GI grade 3 toxicity was 
observed. In this trial, dose escalation to the prostate was delivered 
with or without pelvic nodal irradiation, including the common iliac 
nodes to 50 Gy in 2-Gy fractions. ADT was given for a minimum of 
2 years.

Recently, three non-randomized studies have reported on 
prophylactic pelvic node treatment. In a single center study (224 
patients) with unfavorable intermediate-, high- and very high-risk 
disease including the pelvic lymph nodes, the 5-year biochemical 
control was 94%, 95%, and 83%, respectively. The prevalence of grade 
≥ 3 GU-toxicity was 7% and GI-toxicity 3% at the last follow-up visit. 
Long-term hormone suppression was given. Dose escalation was 
delivered to the prostate and pelvic lymph nodes received an EDQ2 
of 50 Gy (α/β=3 Gy) [21].

In a large (812 patients) prospective non-randomized multicenter 
study, which applied a high-dose-rate brachytherapy boost without 
or with elective pelvic lymph node irradiation for intermediate- and 
high-risk disease, the 5-year biochemical control was 90% vs. 91%, 
and 77% vs. 84%, respectively. ADT was given for 24 months. The 
regional nodes received 46 Gy in 2-Gy fractions without any increase 
in late toxicity [22].

In another prospective non-randomized multicenter study on 
230 high-risk patients, various boost techniques were applied for 
dose escalation to prostate, and pelvic nodes received an EDQ2 of 
45 Gy (α/β=3 Gy). ADT was prescribed for 2 to 3 years. The 5-year 
biochemical control was 85% and distant metastasis-free survival 
93%. The prevalence of grade ≥ 3 GU-toxicity was 2% and GI-toxicity 
was 0.4% at the last follow-up visit [23].

Altogether, in these 4 studies published recently on dose 
escalation to the prostate including pelvic node treatment as add-on 
to long-term hormone suppression, 5-year PSA-relapse free survival 
for high-risk patients was 95%, 95%, 84%, and 85%; the best outcomes 
were associated with an EDQ2 of 50 Gy and the lower figures with an 
EDQ2 of 45 Gy to 46 Gy to the pelvic nodes.

These results suggest a benefit of including regional lymph nodes 
in a comparison with a meta-analysis on prostate-only radiotherapy, 

concluding that for high-risk patients optimal dose escalation 
reaches at most a 5-year PSA-relapse free survival of 81% after local 
therapy only [22]. In the current study we report 88% when 50 Gy 
included the pelvic nodes in half of the high-risk patients receiving 
the photon boost to the prostate. Distant metastasis-free survival for 
high-risk patients at 5 years reported in two of the studies above were 
96% and 93%, compared to 94% in our study. Late and persistent 
genitourinary and intestinal toxicity was consistently reported as 
low, and no substantial increase was registered upon pelvic node 
treatment compared with prostate-only.

The main strength of our study is the use of extensive advanced 
imaging, both in staging and for identification of the relapse site 
upon PSA failure. Short comings are the retrospective data, lack of 
biopsies to confirm tumor relapse, and the relatively short follow-up. 
The choice of treatment concerning ADT and elective pelvic nodal 
treatment at the doctor’s discretion was accepted because of the lack 
of definitive guidelines for these two treatment approaches.

Conclusion
A hypofractionated photon boost under rectum retraction 

was effective and appropriate for selected patients. Combined with 
50 Gy to the pelvic lymph nodes as add-on to long-term hormone 
suppression for high-and very high-risk prostate cancer, resulted 
in satisfactory disease control with moderate radiation-induced 
side effects. A reason to the strong impact we observed of 50 Gy to 
the pelvic nodes for the very high-risk prostate cancer on all tumor 
endpoints might be a low sensitivity to ADT for the far majority 
having Gleason score 9 to 10 in this cohort.
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