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Abstract

Purpose To evaluate the influence of overall treatment time (OTT) in disease control, acute, and long-term side effects with
moderate hypofractionated external beam radiotherapy (RT) for prostate cancer (PCa) delivered either twice- or thrice-a-week.
Methods 157 patients with localized PCa were treated consecutively with 56 Gy in 4 Gy/fraction delivered either twice (86
patients, from 2003 to 2010, group-1) or thrice a week (71 patients, from 2010 to 2017, group-2) using IMRT or VMAT
techniques. Gastrointestinal (GI) and genitourinary (GU) toxicities were scored according to the CTCAE v3.0 grading scale.
Median follow-up was 110 and 56 months for groups 1 and 2, respectively.

Results At 6 weeks, patients treated thrice-a-week experienced higher acute > grade-2 GU toxicity compared to those treated
twice a week (25.4% vs 5.8%, p=0.001) even though none presented > grade-3 GU or GI toxicity in the thrice-a-week
group. The 5-year > grade-2 late GU toxicity-free survival was higher in group-1 (95.9 +£2.3%) than in group-2 (81.5+4.9%,
p=0.003), while no differences in > grade-2 late GI toxicity-free survival were observed between both groups (97.5+1.7%
vs. 97+2.1% for groups 1 and 2, respectively). The 5-year biochemical relapse-free survival (bRFS) was not different for
patients treated twice compared to those treated thrice-a-week (80.6 +4.5% vs. 85.3 +£4.8%, respectively, p=0.441), as
much as for patients treated in > 5 weeks vs. those treated in <5 weeks (81.3 +4.4% vs. 84.4 +5.1%, respectively, p=0.584).
Conclusions In this retrospective hypothesis-generating analysis, less vs. more than 5 weeks OTT may increase acute and
late GU toxicities without significantly improving bRFS in patients treated to high effective doses (>80 Gy) with moderate
hypofractionated RT. Prospective trials evaluating the impact of OTT on hypofractionated schedules for PCa are warranted.
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Introduction accelerated repopulation of surviving clonogenic tumor cells

(Withers et al. 1988; Perez et al. 1995; Murphy et al. 2016;

Moderate hypofractionated external beam radiation therapy
(EBRT) has been proposed in the last few years as an alter-
native to standard fractionation for prostate cancer. Indeed,
reports on non-inferiority phase III randomized trials have
shown comparable results regarding outcome and toxicity
with either fractionated regimens (Dearnaley et al. 2016;
Incrocci et al. 2016; Lee et al. 2016).

In fast growing tumors, a protracted overall treatment
time (OTT) may be detrimental for tumor control due to
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Koukourakis et al. 1996; Graf et al. 2003). For prostate can-
cer, an alleged slowly growing cancer, the impact of OTT
remains an open and unresolved issue (Haustermans et al.
1997). Although a too long OTT (e.g., > 9 weeks) may have
a detrimental effect on long-term disease control with con-
ventional fractionation, the impact of OTT on outcome has
never been specifically explored in the setting of moderated
hypofractionation regimens for prostate cancer. Further-
more, changes in dose per fraction and OTT have shown to
impact treatment tolerance as a consequence of healthy tis-
sue repair and cell repopulation during the acute phase. This
may also interfere with the healing process and determine,
later on, different degrees of late toxicity severity.

Since 2003, patients with localized prostate cancer and
a reduced risk of pelvic nodal involvement [i.e., <20%,
Roach index (Roach et al. 1994)] were treated with moderate
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hypofractionation delivering 56 Gy in 4 Gy/fractions, twice
weekly. We assumed at that time that accelerated repopula-
tion of prostate cancer cells might be marginal at least dur-
ing the usual 7 weeks of treatment (Kountouri et al. 2016;
Zilli et al. 2011). In 2010, however, several reports suggested
that, indeed, tumor cell repopulation, especially in low- and
intermediate-risk tumors, might be significant with OTTs
longer than 4-5 weeks (Miralbell et al. 2012; Thames et al.
2010). Considering this, we decided to reduce the OTT from
7 to less than 5 weeks (i.e., 14 x4 Gy/fraction delivered
thrice instead of twice weekly).

In this study, we aimed to evaluate retrospectively the tox-
icity and outcome of patients bearing prostate cancer with
low metastatic potential treated with the same dose (56 Gy in
14 fractions) but two different fractionation regimens: twice
vs. thrice weekly.

Materials and methods

From 2003 to 2017, a total of 157 patients with localized
prostate cancer were sequentially treated in two associated
institutions (Geneva, n =44 and Barcelona, n=113) with
curative EBRT using a moderate hypofractionated schedule.
Patients included in this study were clinically staged cT1c to
c¢T3a cNO cMO (2010 American Joint Committee on Cancer
staging system) with a lymph node risk of <20% (Roach
et al. 1994). All patients underwent a digital rectal exami-
nation (DRE) and pretreatment prostate-specific antigen
(PSA) determination. Multiparametric contrast-enhanced
pelvic magnetic resonance imaging (MRI) was performed
at diagnosis in 140 (89%) of 157 patients and bone scans
were performed in patients with a Gleason score (GS) of 7,
a PSA level > 10 ng/mL, or both.

Patient and tumor characteristics are described in Table 1.
Except for the GS, the two fractionation groups were well
balanced with no differences regarding the patients’ prog-
nostic characteristics. Differences in GS values between
groups may be explained by the inverse-stage migration
phenomenon with higher GS observed in recent years (Leyh-
Bannurah et al. 2018).

From 2003 to 2010, 86 patients (54.8%) were treated
twice weekly with 56 Gy in 4 Gy/fraction (14 X4 Gy) and
a median OTT of 46 days (range 38—90 days). Since 2010
throughout 2017, the same fractionation schedule was deliv-
ered thrice weekly to 71 patients (45.2%) and a median OTT
of 30 days (range 29-40). Assuming an a/f value for pros-
tate cancer of 1.2 Gy (Vogelius and Bentzen 2018), the two
groups received an equivalent normalized total dose in 2 Gy/
fraction (NTD, g,) of 91 Gy. However, considering an OTT-
based increase of a/f to 2.7 Gy if 0.31 Gy are lost daily
(Vogelius and Bentzen 2018), the corresponding equivalent
NTD, g, for the two fractionation regimens were 82.5 Gy
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Table 1 Patient and tumors characteristics (n=157)

Characteristics 2x/weekly 3x/weekly p-value
Patients [n (%)] 86 (54.7) 71 (45.2)
Age (years)
Median (range) 68 (51.2-86) 71(47.9-82.4) 0.121
PSA at diagnosis (ng/ml)
Median (range) 7.8 (1.5-30) 8.3 (1.2-25.3) 0.185
<10 70 (81.3) 47 (66.1)
10-20 15(17.2) 20 (28.6)
>20 1(1.1) 4(5.7)
AJCC cT stage
Tx 1(1.1) - 0.760
Tl 41 (47.6) 33 (46.4)
T2 30 (34.5) 21 (30)
T3a 14 (16.1) 17 (24.3)
NCCN risk group (MRI
based for T3)
Low 14 (16.3) 507 0.089
Intermediate 45 (52.3) 34 (47.9)
High 27 (31.4) 32 (45.1)
Gleason score
<6 57 (75) 20 (29) 0.0001
7 29 (33.7) 51(71.8)

ADT androgen deprivation therapy, AJCC American Joint Committee
on Cancer, MRI magnetic resonance imaging, NCCN National Com-
prehensive Cancer Network, PSA prostate-specific antigen

and 87.4 Gy for the twice- and the thrice-weekly schedules,
respectively.

Patients were treated to the prostate and seminal vesi-
cles (SV) if the estimated risk of SV invasion was > 15%
(Diaz et al. 1994). Intensity-modulated radiotherapy (IMRT,
n=130), dynamic arc (n=4), or volumetric-modulated arc
(VMAT, n=23) techniques were used (Zilli et al. 2011;
Kountouri et al. 2016). Image-guided techniques evolved
over years from an offline treatment verification protocol
with bone matching on portal images in the early years to
the use of intra-prostatic fiducials and cone-beam CT with
soft-tissue matching. While in the majority of the patients
(92%) treated in the twice-weekly group daily reposition-
ing was performed with bone matching on portal images,
fiducial markers and/or cone-beam CT were used for image
guidance in all patients treated thrice weekly. In both institu-
tions, for patients treated in the twice-weekly group, prostate
motion and stability of rectum and bladder volumes were
verified with a weekly repositioning control CT scan under-
taken before every second fraction (Barcelona) or only in
patients with rectal volumes > 60 cc at simulation (Geneva)
(Kountouri et al. 2016; Zilli et al. 2011).

Neo-adjuvant and concomitant androgen deprivation
therapy (ADT) was given for 6 months to intermediate-risk
patients and at least 9 months of additional adjuvant ADT
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for high-risk patients. ADT preceded by 2-3 months EBRT.
The usual regimens consisted of oral bicalutamide 50 mg
g.d. for 30 days and subcutaneous or intra-muscular injec-
tions of slow-releasing LH-RH analogs every 3 months. A
larger proportion of patients treated thrice weekly received
ADT (47/71 patients, 67%) compared with those treated
twice weekly (14/86 patients, 16%) (p <0.001).

Status-check visits were done once a week during the
treatment period. Follow-up visits, started 6 weeks after
treatment completion, were performed every 4 months dur-
ing the first year and every 6 months thereafter. PSA meas-
urement, digital rectal examination, and toxicity evaluation
were assessed at each visit by the attending physician. Acute
(up to 3 months after RT completion) and late genitouri-
nary (GU) and gastrointestinal (GI) toxicity were assessed
using the Common Terminology Criteria for Adverse
Events version 3.0 grading scale. Biochemical failure was
defined according to the Phoenix consensus criteria (PSA
nadir + 2 ng/ml) (Roach et al. 2006). Local failures were con-
firmed by either prostate biopsies, 18F-choline/C11-acetate
positron-emission tomography (PET)/CT imaging, or both.
The follow-up period for the whole cohort was 67 months
(range 1.5-172). Patients treated twice weekly had a longer
follow-up (median of 110 months, range 4.5-172) compared
to the thrice times a week group (median of 56 months,
range 1.5-91).

GU and GI late toxicity-free and biochemical relapse-free
survival rates (bRFS) with standard deviations were esti-
mated using the Kaplan—-Meier method, with the log-rank
method to compare groups. Multivariate regression analy-
ses were performed to identify potential factors contributing
to biochemical failure (NCCN risk classes, Gleason score
<3+4 vs. 443, PSA at diagnosis, ADT use, and median
OTT <42 vs. > 42 days). Demographic and patient char-
acteristics were compared by means of Student’s ¢-tests for

continuous variables. Chi-square test and Fisher test were
used to compare categorical data. Statistical significance
was defined as p-value <0.05. All analyses were performed
using the SPSS statistical package (IBM SPSS statistics
version 22). The study was approved by the local ethical
committee (Commission cantonale d’éthique de la recherche
CCER, project number 2018-00614).

Results
Acute toxicity

All patients completed treatment without interruptions.
Acute toxicity scores are summarized in Table 2. At RT
completion, patients treated thrice weekly presented with a
higher rate of grade-2 GU side effects compared to patients
treated bi-weekly (47.9% vs. 32.6%, respectively). Grade-2
GU toxicity was mostly managed with @ — 1 blockers, non-
steroidal anti-inflammatory drugs, or both. Only one case
of grade-3 GU toxicity was observed in the twice weekly
group. Six weeks after RT completion, patients treated thrice
a week also presented with a higher rate of grade-2 GU tox-
icity compared with patients treated twice a week (25.4%
vs. 5.8%, p=0.001).

No differences were observed between the two fractiona-
tion groups at the end of RT regarding GI toxicity. Grade-3
or more GI events have never been reported. Six weeks after
RT grade-2 toxicity was < 3% in both groups.

Late toxicity
No differences in 5-year toxicity-free survival were observed

in grade 3 or more GU toxicity between both groups
(95+4.9% vs. 94.7 £ 5.1% for patients treated 2X- vs. 3X

Table2 Acute genitourinary

A ; Grade?® GU p-value GI p-value
(GU) and gastrointestinal (GI)
toxicities at the end of EBRT 2x/week 3x/week 2x/week 3x/week
(2A) (n=157) and at 6 weeks
after EBRT (2B) (n=156) (a)
0 23 (26.7%) 11 (15.5%) 0.139 54 (62.8%) 37 (52.1%) 0.119
1 34 (39.5%) 26 (36.6%) 21 (24.4%) 28 (39.4%)
2 28 (32.6%) 34 (47.9%) 11 (12.8%) 6 (8.5%)
3 1(1.2%) - - -
4 _ _ _ _
(b)
0 66 (76.7%) 37 (52.1%) 0.001 78 (90.7%) 61 (85.9%) 0.586
1 15 (17.4%) 15 (21.1%) 6 (7.0%) 8 (11.3%)
2 5(5.8%) 18 (25.4%) 2(2.3%) 1(1.4%)
3 _ _ _ _
4 _ _ _ _

4Common Terminology Criteria for Adverse Events version 3.0
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per week, respectively, p=0.986). On the contrary, the
5-year > grade 2 late GU toxicity-free survival was higher
in group-1 (95.9+2.3%) compared to group-2 (81.5+4.9%,
p=0.003) (Fig. 1). Late GU toxicity mostly consisted of
obstructive symptoms, urgency, and macrohematuria. As
far as GI toxicity is concerned, no differences in 5-year
> grade-2 GI toxicity-free survival rates were observed
between patients treated twice a week vs. patients treated
thrice weekly (97.5+1.7% vs. 97 £2.1%, p=0.766). The
most common GI > grade-2 toxicity was rectal bleeding.

Outcome

Thirty-two patients presented with a biochemical failure
(24 and 8 patients in the twice- and thrice-weekly groups,
respectively). The 5-year bRFS rates for patients treated
twice and thrice weekly were 80.6 +4.5% and 85.3 +4.8%,
respectively (p =0.441) (Fig. 2). None of the covariates
evaluated for a potential correlation with biochemical fail-
ure reached a statistical significance on multivariate Cox
analysis. By stratifying patients based on OTT, the 5-year
bRFS remained similar in patients treated in >5 weeks
(81.3+4.4%) vs. patients treated in <5 weeks (84.4+5.1%)
(p=0.584) (Fig. 3).

The 5-year local failure-free and distant metastasis-free
survival figures for the twice- and thrice-weekly treatment
groups were 86.7+4.0% vs. 94.1 +£3.3% (p=0.120) and
95.8+2.4% vs. 85+5.3% (p=0.121), respectively. At last
follow-up, 13 out of 157 patients passed away. The cause of
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Late > grade-2 genitourinary toxicity free-survival
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death was unknown in three patients though was unrelated to
prostate cancer in nine. One patient died from a septic shock
secondary to a urinary infection in a post-radiation atonic
bladder with ureteral reflux. The 5-year overall survival rate
for the whole cohort was 97.3 +1.5%.

Discussion

Although there are studies that suggest the existence of
clinically significant tumor cell repopulation in low-risk
and intermediate-risk prostate cancers (with a 4-5-week lag-
time and an effective clonogen doubling time of 12 days)
(D’Ambrosio et al. 2008; Gao et al. 2010), we have been
unable to show any significant difference in the outcome
after delivering the same dose with different OTTs. As
expected, we observed, however, that a more protracted OTT
was associated with better recovery from acute toxicity and
higher long-term GU toxicity-free survival figures. Results
of our series are noteworthy because to our knowledge this
is the first attempt to investigate the question of OTT with
two hypofractionated RT regimens differing exclusively in
the weekly number of fractions though delivering the same
total dose and dose/fraction.

The influence of OTT has been and still is a controversial
issue. In the 1990s, unlike Lai et al., who did not observe
any correlation between OTT and outcome, Amdur et al.,
reported worse local control rates with OTT of > 8 weeks
compared to patients treated in <8 weeks (Amdur et al.
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Fig.1 Late grade >2 genitourinary toxicity-free survival for patients treated twice weekly vs. thrice weekly
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Fig.2 Biochemical relapse-free survival rates for patients treated twice weekly vs. thrice weekly

1990; Lai et al. 1990, 1991). More recently, other studies
explored the same issue and failed to observe any influ-
ence of OTT on biochemical control (Horwitz et al. 1997,
Dong et al. 2018). Indeed, in a cohort of 470 patients similar
results were observed by Horwitz et al., for patients treated
either in <7, 8-9, or >9 weeks (Horwitz et al. 1997).
Recently, Dong et al., reported on 1728 men treated with
dose escalation (>74 Gy in 1.8 or 2 Gy per fraction) (Dong
et al. 2018). In their series, unintentional treatment breaks
were not associated with outcome independently from risk
groups.

The negative results of the above quoted studies are ques-
tioned by others suggesting a detrimental impact of OTT.
In a larger single institution study on 1796 men treated with
EBRT with 76 Gy (median dose), D’Ambrosio et al., cre-
ated the concept of “non-treatment day ratio” (NTDR) (i.e.,
number of non-treatment days divided by the total elapsed
days of EBRT) and observed that a NTDR >33% was a
significant predictor for bRFS but only for low-risk patients
(D’Ambrosio et al. 2008). Similar results were confirmed in
a multicenter cohort of 4839 men treated between 1987 and
1995 for which OTT impacted negatively long-term bRFS
in low- and intermediate-risk patients treated with doses of
70 Gy or higher (Thames et al. 2010).

An artefactual increase of the a/f value of prostate can-
cer cells from 1.4 Gy to >2.7 Gy (95% CI 1.6-3.8) has
been estimated due to an OTT longer than the 4-5-week
lag-time secondary to an accelerated repopulation of clo-
nogenic cells (Miralbell et al. 2012; Vogelius and Bentzen
2018). This might translate in our series in a decrease of
the biologically effective dose from 91 to 87.4 Gy and
82.5 Gy for the thrice-weekly and twice-weekly treat-
ment schedules, respectively (Vogelius and Bentzen
2018). Despite the potential outcome impact of this 5-Gy
difference between the two schedules, the similarity of
bRFS results at 5 years in our series may be probably
explained by a dose—response saturation effect observed
with > 80 Gy effective dose (Vogelius and Bentzen 2018),
even if a longer follow-up is probably needed to confirm
these results.

The potential negative impact of long OTT on repopu-
lation may be balanced by the delivery of higher EBRT
doses (Perez et al. 2004). Indeed, the addition of a single
4 Gy fraction to the 14 x4 Gy (i.e., 60 Gy total dose) in a
twice-weekly schedule improved 5-year bRFS compared to
patients treated to 56 Gy also twice weekly (Kountouri et al.
2016). However, the 60 Gy total dose, turned to be equiva-
lent to 87.6 Gy (OTT-corrected NTD, g, ), very similar than

@ Springer



1586 Journal of Cancer Research and Clinical Oncology (2019) 145:1581-1588
=
10 _,,_‘T —
| < 5weeks
bt i H—
08 1 +4
L > 5 weeks
¢ M
ﬁ*_q

06 H——————H——H
(7
L
14
o

04

02

p=0.584
00
0 12 24 3 48 60 72 84 9 108 120 132 144 156 168 180 192 204
Months

OTT<5 67 63 53 38 32 24 7 2
weeks
oTT>5 8 87 79 67 60 52 48 43 39 31 21 13 9 7

weeks
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the 87.4 Gy (OTT-corrected NTD, g,) for patients treated
to 56 Gy thrice weekly.

Radiation-induced toxicity and OTT have been mostly
explored in extreme hypofractionated schedules. Deliver-
ing 37.25 Gy in five fractions, King et al., observed a sig-
nificantly higher rate of rectal toxicity by treating on five
consecutive days compared to an every-other-day (EOD)
schedule (King et al. 2009). More recently, the PATRIOT
trial, a multicenter Canadian phase II study, investigated
the impact of OTT on quality of life in low- and intermedi-
ate-risk prostate cancer patients treated with 40 Gy in five
fractions by randomizing patients between EOD and once-
a-week schedule (Quon et al. 2018). Patients treated once
weekly showed an improved acute bowel and urinary quality
of life outcome compared to men treated EOD with the same
dose (Quon et al. 2018).

Although, no differences were observed at the end of the
EBRT between patients treated two or three times weekly
in our study, a higher rate of persistent grade-2 GU toxicity
was observed at 6 weeks and later on in patients treated with
the more accelerated regimen. These findings are supported
by results of a UK phase I/II dose-escalation IMRT study
treating the whole pelvis and prostate with conventional
2 Gy fractions or moderate hypofractionation (60 Gy to the
prostate with 47 Gy to the pelvic lymph nodes with daily
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fractions of 3 Gy and 2.35 Gy) delivered four or five times
per week (Reis Ferreira et al. 2017). Acute GU and GI toxic-
ities as well as late GI side effects were significantly reduced
by extending the OTT over 4-5 weeks. Furthermore, GU
and GI acute grade-2 toxicities were slightly higher in the
accelerated arm of a randomized phase III hypofractionated
Belgian trial comparing 56 Gy in 16 fractions of 3.5 Gy over
4 weeks to 67 Gy in 25 fractions of 2.68 Gy over 5 weeks
(Fonteyne et al. 2018).

Looking at differences in repositioning techniques among
the two cohorts, no impact of image guidance on urinary
toxicity was observed in our study between patients treated
in less vs. more than 5-week OTT. Considering that patients
experiencing the higher GU side effects were those treated
with IGRT techniques, it may be speculated that the time
factor may outweigh the impact of repositioning techniques
on GU toxicity occurrence after moderate hypofractionation.

Limitations of this study stem first in its retrospectivity
analyzing a small cohort of patients over a 14-year period.
Moreover, marked differences of median follow-up inter-
vals between both groups of patients introduce additional
bias especially in the evaluation of long-term disease con-
trol, although the occurrence of the grade-2 toxicities in the
thrice-weekly group was mostly observed during the first
3 years following the irradiation. Furthermore, inherent
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heterogeneities in tumor characteristics (i.e., a significantly
higher number of patients with a GS 7 in the thrice-a-week
treatment group), differences in treatment techniques (i.e.,
possibly more accurate, for patients treated thrice-a-week),
and no prospective quality of life and patient-reported out-
come evaluation should all be considered additional pitfalls
potentially weakening the reliability of the results presented
in this report.

Conclusions

Less vs. more than 5 weeks OTT may increase acute and
late GU side effects without significantly improving bRFS
in patients treated with high effective doses (> 82 Gy) with
moderate hypofractionated RT for prostate cancer. Never-
theless, the role of OTT on long-term outcome and toxicity
of prostate cancer patients treated with hypofractionation
deserves further prospective evaluation. Based on radiobio-
logical modeling and the differential a/f ratio for prostate
cancer cells in the presence of a time factor, efforts to find an
optimal balance between OTT reduction and toxicity profile
should be attempted when delivering moderate hypofrac-
tionation schedules.
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