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Abstract

For high risk prostate cancer, the treatment volumes and even dose levels are
still a controversial issue. The aim of this study is to evaluate the dosemetric
parameters and acute toxicity of dose-escalated whole pelvis (WP) Intensity
Modulated Radiation Therapy (IMRT) and volumetric modulated arc therapy
(VMAT) prostate boost following neoadjuvant and concomitant with androgen
deprivation therapy in high-risk prostate cancer patients. This analysis included
73 high-risk prostate cancer patients treated with WP-IMRT followed by boost
to the prostate by VMAT to total dose of 80 Gy; between January 2014 and Oc-
tober 2016. Androgen deprivation therapy (ADT) was given for all patients be-
fore and during radiation therapy. Drawing the dose volume histograms
(DVHs) was done for planning target volumes (PTVs), including Prostate PTV
& nodal PTV, and organs at risk including rectum, bladder, femoral heads, and
bowel bag for the plans. Acute radiation toxicities were reported during the
radiation course and the following 3 months. The DVH analysis showed good
coverage of PTVs and organs at risk doses were acceptable. No recorded acute
Grade 2 3 toxicity. Acute grade 1 toxicity for Gastrointestinal (GI) and Geni-
tourinary (GU) were 65% and 35% respectively, while Grade 2 toxicity was 30%
for both. The Proctitis and frequency were the commonest acute toxicity and
were maximal during the 5th week of radiation therapy. Dose escalation in two
phases utilizing Simultaneous integrated boost (SIB) combined with ADT in
high risk prostate cancer patient is feasible and associated with acceptable acute
GI and GU toxicity.
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1. Introduction

Dose-escalated radiation therapies (80 Gy and higher) in high-risk prostate
cancer patients have demonstrated improvement in outcome and biochemical
disease-free survival [1] [2] [3]. In a Phase III trial, The Radiation Therapy On-
cology Group (RTOG) showed improved progression-free survival (PES) for
high-risk prostate cancer patients treated with Whole Pelvis Radiation Therapy
(WPRT) compared with prostate-only radiation therapy (PORT) [4]. Also, an
updated analysis of the same study demonstrated improvement of PSA control
and PFS at 10 years with added neoadjuvant hormonal therapy to WPRT [5].
Hence, there is increased interest in radiation dose escalation combined with
androgen deprivation in high risk prostate cancer patients [6] [7]. An ongoing
GETUG-AFU-18 phase III trial is evaluating the impact of dose escalation in
combination with 3-year androgen deprivation treatment on 5-year biochemical
or clinical control in high-risk prostate cancer patients [8]. Dose escalation can be
achieved with either 3-Dimensional Conformal Radiation Therapy (3-DCRT) or
with intensity-modulated Radiation Therapy (IMRT). Previous studies demon-
strated the superiority of IMRT over the conventional radiation techniques for
WPRT in sparing of organs at risk [9] and superior target coverage [10]. In an
analysis using SEER data showed that patients treated with IMRT were less likely
to have physician reported gastrointestinal morbidity compared to those treated
with 3-DCRT but more likely to have erectile dysfunction [11]. Furthermore, re-
cent clinical trials confirmed that WP-IMRT had acceptable rates of acute toxicity
[12] [13] [14]. IMRT permits the use of different total doses and different dos-
es/fraction to different volumes within the irradiation field, utilizing the “simulta-
neous integrated boost” (SIB) technique. Consequently, the IMRT-SIB technique
allows different doses to the prostatic area and the pelvic lymph nodes. However,
in the context of dose escalation to the prostate, dosimetric and clinical results
from the literature comparing WP IMRT with PO IMRT are still limited. In a
planning study, Guckenberger demonstrated similar toxicity risks for rectum,
bladder and small bowel in both WP IMRT and PO IMRT [15]. Volumetric Mod-
ulated Arc Therapy (VMAT) Provides excellent dose distribution with less treat-
ment time and monitor units. Planning studies on dosimetric comparison of the
prostate only demonstrated that VMAT provided equal or better target coverage
and normal tissue sparing over IMRT [16] [17] [18].

The aim of current study is to assess the dosimetric parameters and acute tox-
icity of dose-escalated WP-IMRT and VMAT prostate boost combined with
neoadjuvant and concurrent androgen deprivation therapy in high risk patients

of prostate cancer.
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2. Materials and Methods
2.1. Patients

The study included a cohort of 73 high-risk prostate cancer patients treated in
two hospitals with WP-IMRT followed by prostate boost by VMAT to total dose
of 80 Gy between January 2014 and October 2016. All patients had locally ad-
vanced disease with no distant metastasis and not suffering from other malig-
nant disease. In this analysis, we aimed at evaluation of the dosimetric parame-
ters for the dose escalation and its impact on the acute toxicity when combined
with androgen deprivation therapy. Recording the grades of acute toxicity for
this combined treatment modality was our primary outcome. All patients were
diagnosed by trans-rectal ultrasound-guided core biopsy, 12 cores were obtained
for each patient. High-risk was defined as ¢T3/4 NO MO, according to the 2010
American Joint Committee on Cancer staging classification [19], and/or a Glea-
son score of >8 and/or a pretreatment PSA concentration of 220 ng/ml. The lo-
cal institutional ethics committee of Fakeeh Hospital approved the study. Patient
characteristics are shown in Table 1. All patients received androgen deprivation
therapy (ADT), starting 4 - 6 months before Radiation Therapy (RT) and con-

tinued for a total period of 224 months.

2.2. Simulation Organ Contouring and Planning

Computed tomography (CT) was acquired in the supine position, with 2-mm
slices thickness from the dome of diaphragm to about 5 cm below the ischial tu-
berosities. Immobilization was obtained using Headrest, kneefix and feetfix
(CIVCO Medical Solutions, Coralville, IA). Before CT simulation patients were
instructed to have a comfortably filled bladder, by drinking one litter of water,
and an empty rectum. The CT data set was transferred to the Eclipse ver. 13.6
treatment planning system (Varian Medical Systems, Palo Alto, CA). The pros-
tate clinical target volume (CTV) was defined as the entire prostate and the se-
minal vesicles, and any visible tumor extension. The prostate planning target
volume (PTV) was generated by adding 10-mm margin to the prostate CTV in
all dimensions, except posteriorly, where a 6-mm margin was used. Based on the
consensus recommendations of the RTOG [20], the nodal CTV consisted of a
0.7-cm expansion volume on the obturator vessels, the common iliac, external
and internal iliac vessels, while excluding adjacent bone, muscle, bowel and
bladder. The nodal CTV commenced at the level of L5 to S1 interspace, with vo-
lumes of the external iliac nodal stopping at the top of the femoral head and the
obturator nodal volumes stopping just above the symphysis pubis. The presacral
nodes were included in the nodal CTV down to S3-S2 interspace. The nodal
PTV was defined by adding 0.3-mm expansion of the nodal CTV. For the pros-
tate boost, the CTV included the prostate and proximal 6 - 8 mm of the seminal
vesicles. The PTV boost was generated by adding 6 mm margin to the CTV
boost except 5 mm posteriorly. Contouring of the (Organs at Risk) OAR fol-

lowed the RTOG pelvic normal tissue contouring guidelines [21]. The rectum
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Table 1. Patients characteristics.

Character Value Percent
Age
Median 65
Range 57 - 86
Performance status
0 43 58.9
1 30 41.1

Gleason score

<6 7 9.6
7 23 31.5
=8 43 58.9

Biopsy core %

<50% 15 20.6
>50% 58 79.4
PSA (ng/ml)
Median 28
Rang 13 - 300
Clinical Stage
T1 14 19.2
T2 7 9.6
T3 44 60.3
T4 8 11
Diabetes 29 39.7
Anticoagulant therapy 14 19.2
Androgen deprivation therapy (ADT)
<24 months 59 80.8
>24 months 14 19.2

was contoured from the level of the ischial tuberosities to the recto-sigmoid
flexure, and the whole bladder was contoured from its apex to the dome. Both
femoral heads were delineated to the level of the ischial tuberosities. The bowel
bag was contoured as the entire volume of peritoneal space down to level of S1.
The treatment plan was given in two phases. In the first phase, the nodal PTV
and the prostate PTV received 48.6 Gy and 54 Gy, respectively, both in 27 frac-
tions. IMRT with a simultaneous integrated boost (SIB) technique was selected
in phase one treatment. Nine co-planner fields are aligned equal-spaced in 360°
around the patient (0, 40, 80, 120, 160, 200, 240, 280, and 320). Planning risk
volumes PRVs were created for rectum and bladder to exclude from the high
dose region. Other helping contours (Ring structures with 0.3 cm internal mar-
gin and 3 cm external margin) were created around the nodal and prostate PTVs
separately for better control the dose fall off beyond each PTV. A set of dose
constrains were defined for the PTVs and the OARs, and no normalization me-
thod was selected for any IMRT plan. Two lower limits were defined for each
PTV as 100% and 97% of the volume and prescribed to 95% and 100% of the
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dose; also two upper limits, 2% and 0.1% of the volume were defined as 101%
and 103% of the prescribed dose respectively. By using these constrains and
through the interactive optimization process, the mean and median dose for
each PTV is usually kept equal to the corresponding prescribed dose. Smoothing
Objectives were also used to have smoother fluence in the x-direction to ensure
minimal MU factor. In the second phase, the prostate PTV received 26 Gy in 13
fractions using double-arc VMAT clock wise and counter clockwise (CW &
CCW). Control points for each arc were adjusted to give at least 1.5 angle step
resulting in 178 control points. Variable collimator angle was defined for each
arc to minimize the tongue and groove effect. Both phases were optimized using
photon optimization algorithm (PO) newly developed in Eclipse V16.0.03.
Treatment Plans were considered acceptable when > 95% of the PTV received >
95% of the prescribed dose. For the OAR dose volume constraints were: Rectal
mean dose less than 50 Gy, minimal dose of 70 Gy (V70Gy) less than 15% and
V50Gy less than 45%; and V70Gy less than 25% and V50Gy less than 50% for
the bladder. For the femoral heads, the maximal point dose was less than 55 Gy
and minimal dose to 2% (D2%) less than 50 Gy. For the bowel bag, V45Gy was
less than 195 ml. The dose calculation was performed using the anisotropic ana-
lytic algorithm (AAA, version 16.0.03) and a voxel size of 0.25 x 0.25 x 0.25 cm’.

2.3.Image Guidance

Online image-guided radiotherapy, patients were treated with a Trajology treatment
unit (Varian Medical Systems, USA). Daily KV image guidance with On Board
Imaging (OBI) and bi-weekly cone beam CT (CBCT) was performed in all pa-
tients. In the initial set up, the patients were immobilized in Headrest, kneefix
and feetfix; the skin marks on the patient were used after applying shift. Ortho-
gonal kilovoltage radiographs of the patients were then obtained using the OBI
and registered to the reference digitally reconstructed radiographs (DRR) gener-
ated from the planning CT. Once the bone registration was well adjusted, CBCT

images were also performed and used to obtain the target/soft tissue registration.

2.4. Dosimetric Analysis

Dose-volume histograms (DVHs) were constructed for the prostate PTV, nodal
PTV, rectum, bladder, femoral heads, and bowel bag in each plan. Parameters
chosen for measuring dosimetric quality of treatments were D95% and D2% for
the prostate PTV and for nodal PTV were mean dose and D95%. For the rectum
and bladder, the analysis included the (Maximum Dose) D max, mean dose,
V75Gy, V70Gy, V65Gy and V50Gy. For the bowel bag and femoral heads
V45Gy and D max were measured respectively.

2.5. Acute Radiation Toxicity

All patients were checked weekly during radiation therapy and two weeks fol-
lowing radiation then monthly thereafter. Acute toxicity is reported during radi-

ation and in the first 3 months following treatment using the Common Termi-
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nology Criteria for Adverse Events (CTCAE) version 4.0 adverse event scoring
system. Dosimetric data for organs at risk in patients experienced Grade 1 or less

toxicity were compared with those experienced Grade 2 toxicity.

2.6. Statistical Analysis

An unpaired Student’s t test was used to compare mean values of each dosime-
tric parameter. Chi-square analysis was used for toxicity profile analysis. All sta-
tistical analyses were performed using the software SPSS version 22.0 (SPSS Inc.,
Chicago, IL, USA). All reported P-values are two-tailed and P < 0.05 was consi-

dered statistically significant.

3. Results

All Patients received the prescribed dose with no interruption of treatment due
to acute radiation toxicity. Androgen deprivation therapy (ADT) was given for
all patients before and during radiation therapy. Seven patients continued their
ADT post radiation to complete 24 months. The dose distribution in both axial
and coronal plans for one patient is shown in Figure 1. The dosimetric values
for the PTVs and Organs at risk (OAR) are illustrated in Table 2. All the

(®)
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Figure 1. Dose distributions for composite plan. Axial computed tomography (CT) im-
ages of the (a) the pelvic lymph nodes (b) pelvis at the level of the prostate gland. Coronal
CT showing the prostate gland and the pelvic lymph nodes (c). Dose color wash is from
46 Gy (dark blue) to ~81 Gy (red).

Table 2. Dosimetric parameters.

Parameter Unit Mean * SD
Prostate PTV Volume (cm?) 101.4 (23.8)
Dinean (Gy) 80
Doy, (Gy) 81.5+0.8
Doso (Gy) 79.4+0.7
Nodal PTV Volume (cm?®) 672.5+118.4
Dinean (Gy) 52.1+2.1
Doss (Gy) 48.6 £ 0.9
Rectum Volume (cm?®) 112.3 £72.9
Dy, (Gy) 788+ 1.3
Viogy (%) 103£56
Viscy (%) 143 £6.9
Visogy (%) 327+12
Visay (%) 472+122
Vaogy (%) 97.9+53
Bladder Diean (Gy) 50217
Doy (Gy) 80.4+ 1.2
Visogy (%) 4.6 +4.9
Visay (%) 9.8+59
Viogy (%) 143+73
Viscy (%) 19.5+9.7
Left femoral head D,y (Gy) 428 +33
Right femoral head D,y (Gy) 434426
Bowel bag Visy (em?®) 118.8 £ 54.6
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dosimetric parameters were satisfactory and acceptable. No grade 3 or 4 toxici-
ties were reported and the genitourinary tract toxicities were more frequent in the
patient during radiation therapy. In Figure 2, about 75% of patients developed
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Figure 2. Incidence of acute gastrointestinal (GI) and genitourinary (GU) toxicity by grades.
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grade 2 acute GUT toxicities and 30% developed Grade 2 GIT toxicities. Among

the GUT toxicities frequency occurred in all treated patients with 51 (70%) pa-

tients developed Grade 2 (Table 3). Also, all patients developed Proctitis and 15

(20.5%) of them developed Grade 2 Proctitis. Acute diarrhea was reported in 65

patients and 48% of patient developed grade 1 diarrhea. The grade of toxicities

increased gradually with progress of radiation therapy weeks. In Figure 3 and

Table 3. Acute toxicity profile and grades.

Grade 0 Grade 1 Grade 2
Toxicity
No. % No. % No. %
GI 5% 65% 30%
Proctitis 0 58 79.5 15 20.5
Diarrhea 8 11 35 48 30 41
GU 34% 36% 30%
Frequency 0 22 30.1 51 69.9
Incontinency 37 50.7 28 38.4 8 11
Retention 59 80.8 14 19.2 0
Urinary tract pain 8 11 28 38.4 37 50.7
Urgency 22 30.1 36 49.3 15 20.5
GI: Gastrointestinal; GU: Genitourinary.
Toxicity
100 grade
Mo.00
[@1.00
O2.00
80—
e 60
c
[
o
-
@
o
40
20
0—
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
weeks

Figure 3. Prevalence of frequency grades during weeks of radiation therapy.
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Figure 4 the frequency increased in incidence and grade and became maximum
(Grade 2) during the 5th week and continued till 8th week of radiation therapy.
Acute diarrhea reached its maximum prevalence during the 5th week then de-
creased after that due to the end of whole pelvic irradiation. When the Grade of
toxicity <1, Grade 2 was compared in correlation with the different dose levels to
the rectum, bladder and bowel bag (Table 4). There was no significant correla-
tion with any dose level and the grade of toxicity.

4. Discussion

In patients with high-risk prostate cancer treatment volumes and even dose le-
vels are still controversial issue [22]. Some investigators showed no difference
between PORT and WPRT [23]. However, a major limitation of their study was
the relatively small dose delivered of 72 Gy. A large phase III trial (RTOG 0924)
is ongoing to answer the question of survival benefit of dose escalation WPRT
combined with ADT in high risk patients [24]. Whole pelvic irradiation is often
recommended in this setting, raising concerns about an increase in radiation
toxicity to the organs at risk. The new technical developments such as
SIB-IMRT, VMAT combined with IGRT have allowed radiation oncologists to
achieve a better protection of risk organs while providing higher dose conformi-
ty to target volumes. In our study, all patients received ADT and dose escalation
was done through 2 phases while maintaining the standard dose fractionation

rang (1.8 - 2 Gy) in order to obtain the highest possible cell killing effects. Dose

Toxicity

100 grade

Mo.o0

[1.00

[2.00
80
40
20
0—
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[=2]
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Figure 4. Prevalence of Proctitis grade during weeks of radiation therapy.
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Table 4. Comparison of dose values to the rectum, bladder, and bowel bag stratified by
toxicity grades.

Grade<1 Grade 2
Parameter Unit Mean + SD Mean + SD P Value
Rectum
Dy, (Gy) 789+13 78.7 £ 1.1 0.5
Visay (%) 62+4.4 54+4.6 0.5
Viogy (%) 10.5+5.3 9.5+5.7 0.7
Visay (%) 143+6.5 14.1+69 0.8
S (%) 329+11.2 32.1+123 0.8
Visay (%) 474122 46.7 £ 10.5 0.8
S (%) 97.5+55 98.8 +3.7 0.3
Bladder
Dinean (Gy) 49.1+66 511469 0.5
Dy, (Gy) 803+ 1.2 80.6 + 0.9 0.3
Viogy (%) 41+45 45+52 0.7
Visgy (%) 9.75+ 5.5 100 6.1 0.8
Viogy (%) 22.7 +22.6 183+158 0.4
Visay (%) 189 8.9 20.8 + 10.1 0.4
Bowel bag
Visey (cm®) 115.9 +23.1 125.9 +34.7 0.5

escalation can be obtained in single phase by SIB to WPLNs with hypofractiona-
tion regimen to the prostate. However, the efficacy and late toxicity of this regi-
men still need investigations [25]. Furthermore, despite the total dose to the pel-
vis (50 - 52 Gy) with a/B 1.5 Gy, it is unlikely to eradicate subclinical or detecta-
ble LNs metastases that could have a different radiobiological behavior from the
primary lesion, being more aggressive and showing a more cellular replication
and metastatic potential. Based on this hypothesis, the a/f ratio to be taken in
consideration for LN metastases is likely to be 1.8 - 2 Gy. We chose the SIB-IMRT in
phase I for the pelvic LNs and the prostate as this technique generated concave
dose distributions and delivered radical doses to the pelvic nodes and prostate
gland while reducing the dose to surrounding organs at risk. The same finding
was reported before by Yoo et al [26] in a dosimetric study comparing the
treatment plans of ten patients with PTV including prostate, seminal vesicles,
and lymph nodes. They showed that IMRT reached better dose sparing for
bladder, rectum, and small bowel than did VMAT. On the other hand, Riou et
al. [27] indicated a clinically and statistically significant reduction in doses deli-
vered to the bladder, rectum, and small bowel when using VMAT in simultane-
ous integrated boost plans. However, this study used the single-phase SIB for

dose calculation rather than two phases like our study and the Yoo study. Also,
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in the single-phase SIB, the dose per fraction for the PLNs was about 1.5 Gy and
the aim of the study was to decrease the dose to OAR mainly. For the phase II
(boost), we used the VMAT technique as it offered more dose homogeneity and
conformity to the prostate and seminal vesicles with less treatment time and so
decrease the chance of interfactional movements. The acute toxicity rates re-
ported in the current study were compared favorably with those reported in
other series that employed dose escalation WP-IMRT. Bayley ef al, [14] reported
grade II GI and GU toxicity of 31% and 44% respectively with total dose of 79.8
Gy/42 fractions. Also, Deville et al, [28] reported 50% grade II toxicity for both
GI and GT. On the other hand, Ishii et al, [29] reported fewer incidences of
grade II toxicity for both GI and GU (16% and 13%) respectively; utilizing
SIB-VMAT technique with total dose 78 Gy/39 fractions. None of our patients
developed acute grade III toxicity indicating that dose escalation with this
two-phase technique is very feasible in high risk prostate cancer. Some reports
showed association between acute toxicity and development of subsequent late
complications [30] [31]. Therefore, the acceptably low incidence of acute toxicity
in the current study might contribute to decreasing the late side effects in further
follow-up. In the current study, there was no correlation between the acute tox-
icity and the dosimetric parameters. The same finding was also observed by oth-
er investigators [29] [32] and [33]. This lack of correlation between toxicity and
dosimetric variables could be due to the low dosimetric parameters and low fre-
quencies of the severe acute toxicities. In this study, daily image guidance with
OBI KV and biweekly CBCT was practiced in all patients. Ferjani et al [34]
demonstrated that pelvic SIB-IMRT for both PLNs and the prostate, with a
planning margin to the prostate of 6 - 8 mm and a planning margin of 5 mm to
the PLN, would result in good aligning to the prostate soft tissue on daily CBCT,
but aligning to the pelvic bone would result in underdosing to the prostate in
one-third of fractions. For that reason, we used 7 mm margin for PLNs, 10 mm
as PTV margin for the prostate in phase one and 6 mm for boost. Also, all pa-
tients were adapted to have comfortably full bladder and rectum evacuated be-
fore each radiation treatment session to decrease the chance of prostate mobility.
In the current study, IG was done without fiducial markers (FMs) and image
registration was done based on both boney marks and soft tissues. Chung et al.
[35] reported 13% of acute GI and GU toxicity based on registration with intra-
prostatic fiducial markers that allowed for smaller margins and subsequently
lower acute toxicity to the bladder and rectum. All patients were given neoadju-
vant hormonal therapy for 4 - 6 weeks prior to radiation and concomitant with
radiation therapy. There is evidence that androgen deprivation has favorable
impacts on both local (prostate) disease and distant metastatic disease [36].
Mercader et al. [37] reported a T-cell infiltration of the prostate induced by ADT
and a consequent increase in apoptosis. Furthermore, in an updated analysis of
RTOG 94-13 phase III trial, Lawton et al. showed an unexpected interaction be-

tween ADT and radiation, which could be due to an immunomodulation in-
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duced by the AD, resulting in improved PFS of patients with 15% risk of nodal
involvement [4] [5].

The limitations of our study include the small number of patients in the anal-
ysis and the short follow-up period to assess the late toxicity of this technique.
However, the acceptably low incidence of acute toxicity and absence of grade III
toxicity would predict a low incidence of chronic toxicity. Furthermore, the role
of combined dose escalation and ADT in high risk prostate cancer patients and
its effect on overall survival (OS) needs to be assessed in the future by phase III

randomized study.

5. Conclusion

The use of dose escalation in two phases combined with ADT in high risk pros-
tate cancer patient is feasible and associated with acceptable acute GI and GU
toxicity. Daily Image guidance is effective to ensure adequate coverage of both

LNs and prostate with good sparing of risk organs.
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Abbreviations

ADT: Androgen Deprivation Therapy;

CTV: Clinical Target Volume;

CTCAE: Common Terminology Criteria for Adverse Events;
DVHs: Dose Volume Histograms;

IMRT: Intensity Modulated Radiation Therapy;

GI: Gastrointestinal;

GU: Genitourinary;

OAR: Organs at Risk;

OS: Overall Survival;

PES: Progression Free Survival;

PORT: Prostate Only Radiation Therapy;

PSA: Prostatic Specific Antigen;

VMAT: Volumetric Modulated Arc Therapy;

WP: Whole Pelvis;

(3-DCRT): 3-Dimintional Conformal Radiation Therapy.
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