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ABSTRACT

Background: The purpose of this study was to comparatively evaluate an efficacy and toxicity profile of hypofractionated
radiotherapy (67.5 Gy in 25 fractions) to conventionally fractionated radiotherapy (78 Gy in 39 fractions) in prostate cancer
patients with intermediate and high-risk disease.

Materials and methods: From January 2015 to December 2018, 168 patients were randomized to hypofractionated radia-
tion treatment and conventional fractionated radiation treatment schedules of volumetric modulated arc therapy (VMAT) to
the prostate and seminal vesicles. All the patients also received androgen deprivation therapy (ADT) and radiation therapy
started after ADT.

Results: The median (range) follow-up was 51 (31-63) and 53 (33-64) months in the hypofractionated and conventionally
fractionated regimes, respectively. The 3-year biochemical no evidence of disease (bNED) rates were 86.9% and 73.8% in
the hypofractionated and conventionally fractionated groups, respectively (p = 0.032, significant). The 3-year bNED rates in
patients at a high risk [i.e., pretreatment prostate-specific antigen (PSA) > 20 ng/mL, Gleason score > 8, or T > 2 c], were 87.9%
and 73.5% (p = 0.007, significant) in the hypofractionated and conventionally fractionated radiotherapy groups, respectively.
No statistically significant difference was found for late toxicity between the two groups, with 3-year grade 2 gastrointestinal
toxicity rates of 19% and 16.7% and 3-year grade 2 genitourinary toxicity rates of 15.5% and 11.9% in the hypofractionated
and conventionally fractionated radiotherapy groups, respectively.

Conclusion: Hypofractionated schedule is superior to the conventional fractionation schedule of radiation treatment in
terms of bNED in intermediate and high grade prostate cancer patients. Also, the late toxicity is found to be equivalent be-
tween the two treatment groups.
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Introduction es of death from cancer in men worldwide [1].

Since the entry of prostate specific antigen testing,

Prostate cancer is the second most common prostate cancer is diagnosed in a localized stage.
cancer worldwide and it is among the leading caus- Management options include external beam ra-
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diotherapy (EBRT), surgery, brachytherapy and ac-
tive surveillance (in low risk cases only). EBRT is
the appropriate treatment modality for intermedi-
ate and high risk prostate cancer patients and it has
achieved long term disease control. Different tri-
als have provided evidence of improvement in bio-
chemical control after dose escalated EBRT with
dose of 78 Gy in 2 Gy conventional fractionation
schedule, but at the cost of increased gastrointes-
tinal and genitourinary toxicity; which makes fur-
ther dose escalation not preferable [2-5]. Various
studies showed a low a/f3 ratio for prostate cancer in
the range of 1 to 3 Gy, which is lower than bladder
and rectum [6-9]. Hence, hypofractionated EBRT
could be used to enhance the therapeutic ratio
with increased biological effective dose but with-
out increasing the toxicity [7, 10, 11]. There is data
available with hypofractionated radiation delivered
to high total equivalent doses as in CHHiP trial,
HYPRO trial, trial by Regina Elena and many more
[12-21]. Hypofractionated radiation is less un-
comfortable for elderly prostate cancer patients
and is more cost effective with shorter waiting pe-
riods and less frequent hospital visits for patients.
Various trials depicted results in favor of hypofrac-
tionated radiation [11, 15-26]. Some of the trials
were carried out before the studies indicating a low
a/f3 ratio for prostate cancer and did not provide
any conclusive evidence with regard to outcomes
and toxicities [24, 27]. This study was designed to
comparatively evaluate the efficacy and toxicity
profile of hypofractionated radiotherapy to con-
ventionally fractionated radiotherapy in interme-
diate and high-risk prostate cancer patients.

Materials and methods

Study design and sample size

This was a prospective, phase III randomized
controlled trial framed to randomize intermedi-
ate and high risk prostate cancer patients to either
67.5 Gy in 25 fractions in 5 weeks (5 fractions per
week) at 2.7 Gy per fraction (Group 1, hypofrac-
tionated radiation) or 78 Gy in 39 fractions in 7.4
weeks at 2.0 Gy per fraction (Group 2, convention-
al fractionated radiation). Assuming an o/p value
of 2 Gy, the two groups were hypothesized to be
isoeffective for tumor control. With regard to late
complications, hypothesizing that the same dose
would be absorbed by the organs at risk (OARs)

assuming an a/f value of 3 Gy for normal tissue,
this hypofractionated radiation regimen should
be equivalent to an EQD2 (equivalent dose at
2.0 Gy/fraction) of 76.95 Gy. EQD2 was calculated
based on the linear quadratic radiobiological mod-
el of Fowler et al. [28]. From the data available in
the literature, the 3-year toxicity rates of Grade 2
or higher late rectal toxicity were estimated to be
approximately 29% and 12% after 80 or 75 Gy,
respectively, for 2 Gy per fraction [29-31]. On
the basis of an 80% power to detect a significant
difference (p < 0.05, two-sided), 84 patients were
required in each group (168 total).

Eligibility and risk definition

Between January 2015 and December 2018,
185 patients diagnosed as adenocarcinoma pros-
tate with intermediate and high risk were enrolled
for the study. But 17 patients were not included in
the study as they were lost to follow up. Total 168
patients were included in the present study. Inclu-
sion criteria were as follows: (1) histopathological
proven adenocarcinoma prostate with intermediate
and high risk; (2) age < 80 years; (3) no distant me-
tastases; (4) no prior pelvic radiotherapy; (5) no
prior hormonal therapy; (6) no contraindication
to hormonal therapy; (7) no history of pelvic sur-
gery other than transurethral resection of the pros-
tate (TURP); (8) no evidence of ulcerative colitis;
(9) no pelvic lymph node >1 cm at the computed
tomography (CT) or magnetic resonance imaging
(MRI) evaluation; (10) no prior malignant tumors;
(11) World Health Organization performance sta-
tus less than or equal to 2; (12) comply with follow
up; and (13) written informed consent.

Intermediate risk was defined as clinical stage
T2b to T2c, Gleason score (GS) of 7 or grade
group 2-3/5, and pretreatment PSA level (iPSA)
of 10-20 ng/mL. High risk was defined as clin-
ical stage T3a, GS of 8-10 or grade group 4-5/5,
and iPSA > 20 ng/mL. The study protocol was ap-
proved by the institutional ethics committee. De-
tailed informed consent was obtained from all pa-
tients.

Treatment regimens
All patients received androgen deprivation ther-
apy (ADT). ADT consisted of the nonsteroidal an-
tiandrogen bicalutamide at a dose of 50 mg per day
orally, and subcutaneous luteinizing hormone-re-
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leasing hormone (LHRH) analogue depot, which
was started seven days after oral ADT, and further
doses administered three and six months thereat-
ter. ADT duration was 6 months in intermediate
risk cases and 24 months in high risk cases.

Radiotherapy was started six to eight weeks after
the first dose of LHRH analogue depot. For sim-
ulation and treatment, patients were immobilized
in a supine position by using a personalized pelvic
thermoplastic mold. Planning CT scan of the pelvis
was performed from mid-abdomen to 3 cm below
the ischial tuberosities at 3 mm intervals. The plan-
ning CT data was transferred to the Eclipse treat-
ment planning system version 13.6 on Novalis Tx
Linear Accelerator (Varian Medical Systems, Palo
Alto, CA) for contouring. Prostate, seminal vesi-
cles, rectum (from the level of sigmoid flexure to
anus), bladder, penile bulb, testis and femoral heads
were contoured. The clinical target volume (CTV)
included prostate and seminal vesicles. CTV to
planning target volume (PTV) expansion margin
was taken as 1 cm, except at the prostate-rectum in-
terface where a 0.6 cm margin was used to decrease
the rectum involvement. Patients were treated with
volumetric modulated arc therapy. The prescrip-
tion dose was 67.5 Gy in 25 fractions at 2.7 Gy per
fraction in the hypofractionated radiation group
and 78 Gy in 39 fractions at 2 Gy per fraction in
conventional fractionated radiation group, respec-
tively. The following dose constraints were used;
V65 Gy < 25% and V40 Gy < 50% for the bladder
wall, and V65 Gy < 17% and V40 Gy < 35% for
the rectal wall [32]. Dose constraints for organs at
risk were: bowel — V68% < 17 cc, femoral heads
— V100% < 70% and V68% < 50%.

Study endpoints and follow up

In this study, treatment outcomes were compared
in terms of biochemical control of prostate cancer,
late gastrointestinal (GI) and genitourinary (GU)
toxicity. Late toxicity was evaluated using the Ra-
diation Therapy Oncology Group/European Or-
ganization for Research and Treatment of Cancer
criteria [33]. The American Urology Association
symptom index for benign prostatic hyperplasia
(BPH) was used to evaluate obstructive/irritative
urinary symptoms [34]. Late toxicity was evalu-
ated using clinical Late Effects in Normal Tissues
Subjective, Objective, Management and Analytic
scale [35]. Late toxicity was defined as rectal or uri-

nary symptoms occurring or persisting 6 months
or more after the end of radiotherapy. bNED (bio-
chemical no evidence of disease) was defined as
time interval from the first day of radiotherapy to
the biochemical relapse/rising PSA level, according
to the Phoenix definition of nadir PSA +2 ng/mL
[36]. Monitoring of the patients was done weekly
during radiation treatment and then one month af-
ter the end of radiation, then three monthly for 3
years and six monthly thereafter. PSA levels were
not assessed during radiation. However, PSA levels
were assessed one month after radiation and at each
visit thereafter according to the follow up schedule.
At each visit, a history regarding treatment relat-
ed morbidity was obtained, and the worst toxicity
was recorded for each patient. In case of suspect-
ed clinical local or distant failure and/or increased
PSA level, patients underwent PET CT scan to de-
tect the disease relapse or progression.

Statistical analysis

Overall outcomes and patterns of biochemical
and clinical recurrence were analyzed according to
the intention-to-treat principle. Actuarial curves of
the biochemical failure, late toxicity and distant re-
currence were calculated by the Kaplan-Meier prod-
uct-limit method. The comparison of the actuarial
curves was evaluated by the Log-Rank test. Tests
for statistical significance were performed with
the chi-square and t-test for categorical and con-
tinuous variables, respectively. Shapiro-Wilk test
was used to check normal distribution of the vari-
ables. Hazard ratios were estimated by applying
the Cox proportional hazard model. All times were
calculated from the day of radiotherapy beginning.
The advantages of hypofractionated radiation for
subgroup of the patients with different prognostic
factors were estimated by Forest Plot of the hazard
ratios (HR) and 95% confidence interval (CI). SPSS
software version 26 was used for statistical analysis.

Results

The baseline characteristics regarding age, clinical
(c) T stage, PSA level and Gleason score appeared to
be balanced between the two arms (as outlined in
Tab. 1). Median follow up from the beginning of
radiotherapy was 51 (range, 31-63) and 53 (range,
33-64) months for the hypofractionated and con-
ventional arms, respectively. A total of 168 patients
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Table 1. Baseline characteristics of the patients treated with hypofractionated or conventional radiotherapy

Hypofractionated Conventional p-value
Number of patients 84 84 1.0000
Age [years]
Median (range) 66 (49-74) ‘ 64 (48-72) ‘ 0.7734
T stage
Tla 03 (3.7%) 03 (3.7%)
T1b 08 (9.5%) 09 (10.7%)
Tlc 05 (5.6%) 06 (7.2%)
T2a 19 (22.7%) 20 (23.9%)
0.8521
T2b 21 (25.0%) 22 (26.2%)
T2c 17 (20.2%) 13 (15.5%)
T3a 08 (9.6%) 09 (10.7%)
T3b 03 (3.7%) 02 (2.4%)
PSA concentration [ng/mL]
<10 28 (33.3%) 27 (32.1%)
10-20 37 (44.0%) 36 (42.9%) 0.8632
> 20 19 (22.7%) 21 (25.0%)
Gleason score
<6 29 (34.5%) 28 (33.3%)
7 36 (42.9%) 35 (41.7%) 0.8743
8-10 19 (22.7%) 21 (25.0%)
Risk group
Intermediate 51 (60.7%) 50 (61.9%)
. 0.8645
High 33(39.3%) 34 (38.1%)
Comorbidities (HTN/DM) 36 (42.9%) 34 (40.5%) 0.7743
Prostate volume [cm®]
<50 38 (45.2%) 40 (47.6%)
0.7665
>50 46 (54.8%) 44 (52.4%)

PSA — prostate specific antigen; HTN — hypertension; DM — diabetes mellitus

were included and analyzed in the study. The dose in
the hypofractionated arm was converted to EQD2
for smooth comparison between the two arms.

Table 2 shows the dose-volume characteristics
of both treatment arms in terms of D98%, D50%
and D2% (% of the prescribed dose delivered to
98%, 50% and 2% of PTV). The recorded dose-vol-
ume characteristics for the bladder and rectum were
V87.5% and V62.5%, which represent the percent of
the organ volumes receiving 87.5% (59 and 68 Gy)
and 62.5% (42 and 49 Gy), respectively, of the pre-
scribed dose in the two treatment arms.

Table 3 shows the number of patients
and disease status in both of the arms. A nadir PSA
(nPSA) < 0.5ng/mL was achieved in 159 (94.6%)
patients, 82 (97.6%) patients in the hypofraction-
ated arm and 77 (91.7%) in the conventional arm
(p = 0.0814). bNED came out to be significantly

different for patients in the hypofractionated arm
versus conventional arm, with 3 year bNED rates
of 86.9% and 72.6% (p = 0.0235), respectively. This
difference was even larger in high risk prostate
cancer patients, with 3 year bNED rates of 87.9%
and 70.6% (p = 0.002), respectively, in the hypofrac-
tionated and conventional arms. Local recurrence
was seen in 2.4% patients in the hypofractionated
arm and 4.8% in the conventional arm (p = 0.4126,
NS). Distant metastasis was seen in 5.9% patients in
the hypofractionated arm and 8.3% in the conven-
tional arm (p = 0.5512, NS). 3-year relapse free sur-
vival is 88.1% in the hypofractionated arm and 81%
in the conventional arm, respectively. Overall, sur-
vival at 3 years was 96.4% in the hypofractionated
arm and 94% in the conventional arm, respectively.

Figure 1 shows Forest Plot of the hazard ratios
(HR) and 95% confidence interval (CI) for hypot-
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Table 2. Dose-volume characteristics of hypofractionated and conventional radiotherapy arms

Hypofractionated Conventional p-value
Rectum wall
Total volume + o [cc] 46 + 14 44 +12 0.8423
Va5 (Gy) £ 0 (%) 306 29+5 0.2378
Va0 (GY) £ 0 (%) 45+9 42+8 0.1634
Bladder wall
Total volume + o [cc] 38+12 42+14 0.1826
Ver5 (Gy) + 0 (%) 36+8 34+ 11 0.1754
Va0 (Gy) = 0 (%) 41+ 11 45+13 0.1334
PTV
Total volume + o [cc] 181+ 39 184 + 41 0.5145
Degs, = 0 (% prescribed dose) 89% + 1% 88% + 1% 0.5937
Dsos £ 0 (% prescribed dose) 100% + 1% 100% + 1% 0.2172
D.y, + 0 (% prescribed dose) 105% + 1% 105% + 1% 0.4745

PTV — planning target volume; cc — cubic centimeter; Gy — gray

Table 3. Outcomes in hypofractionated and conventional arms after a median follow up of 51 and 53 months respectively

Total n (%) Hypofractionated Conventional p-value
nPSA < 0.5 ng/mL 159 (94.6%) 82 (97.6%) 77 (91.7%) 0.0814
3 year bNED 134 (79.8%) 73 (86.9%) 61 (72.6%) 0.0235
Biochemical failure 23 (13.7%) 09 (10.7%) 14 (16.7%) 0.2634
Local recurrence 06 (3.6%) 02 (2.4%) 04 (4.8%) 0.4126
Metastases 12 (7.1%) 05 (5.9%) 07 (8.3%) 0.5512
Death from other causes 05 (2.9%) 02 (2.4%) 03 (3.6%) 0.6454
Death from tumor 03 (1.8%) 01 (1.2%) 02 (2.4%) 0.5663
nPSA — nadir prostate specific antigen; bNED — biochemical no evidence of disease
PSA<20 ¢ @ !
PSA>20 -+ | @
GS<7 - [ L
GS>7 —@—
cT<T2c | ¢ @ f
I=T2c {+—@§—+
PSA<20andGS <7 - I 9 !
PSA=200rGS>7 | ——@——
0 0.5 1.0 15 2.0 25 3.0
QOdds ratios

Figure 1. Forest plot of biochemical no evidence of disease hazard ratios (HRs) and 95% confidence intervals (Cls) for

subgroup of patients with various prognostic factors. PSA — prostate specific antigen; GS — Gleason score
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ractionated radiation for different prognostic fac-
tors. A HR < 1 indicates decreased risk of biochem-
ical failure in the hypofractionated arm. The HR
of bNED of the hypofractionated arm relative to
the conventional arm was HR = 0.654 (95% CI:
0.23-0.88). Hypofractionation came out to be more
beneficial in patients with high risk group, such as
PSA > 20, GS > 7 or both, T > T2c. In multivariate
Cox proportional hazard analysis, PSA and GS > 7
proved to be independent prognostic factors.

The 3 year rates of grade 2 or more late gastroin-
testinal toxicities were 19.1% and 16.7%, and geni-
tourinary toxicities were 15.5% and 11.9%, respec-
tively, in the hypofractionated and conventional
arms, with no significant difference. Grade 3 late
rectal / urinary toxicities were seen only in three
patients, one patient with rectal toxicity in the hy-
pofractionated arm and two patients with urinary
toxicity in the conventional arm. No grade 4 late
toxicities were observed.

Grade 2 acute toxicity was more commonly ob-
served in the hypofractionation arm (38%) in com-
parison to the conventional arm (33.3%), but not
statistically different (p = 0.459). In only one pa-
tient in each of the hypofractionated and conven-
tional arm, grade 3 acute toxicity was seen. Grade
4 acute toxicity was not seen.

Discussion

Various trials have been published to explore
the results of hypofractionated radiation thera-
py delivering 77 to 82 Gy (EQD2) to the prostate,
and the dose was calculated assuming a/{ value of
1.5 Gy [12, 14]. In many of these studies, follow
up of the patients was relatively short and grade
two or more rectal late toxicities were in the range
of 6-9%, and these were lower than the average
26-28% which is demonstrated by conventional ra-
diation therapy delivering 78 Gy to the primary [3,
30]. Two randomized studies which compared hy-
pofractionated radiation to conventional radiation
therapy found no statistically significant difference
in the results in terms of bNED rates and late tox-
icities [24, 27].

The present study was designed to evaluate
the tumor control while reducing the late rectal
complications, assuming a/{ value of 1.5 Gy for tu-
mor of prostate and 3 Gy for the late responding
normal tissue. Grade 2 or more late rectal toxicity

was approximately 29% after 80 Gy of conventional
fractionated radiation [29-31]. But grade 2 or more
late urinary and rectal toxicities came out to be
not statistically significant between the two arms.
The bNED was higher in the hypofractionated arm
than the conventional arm, which was statistically
significant (p = 0.023). The three-year incidence of
grade 2 or more late rectal toxicities of 11.9-15.5%
in this study was significantly lower than 25-35%
rates previously demonstrated by phase three trials
delivering 78 Gy at conventional fractionation of
2 Gy, and came out to be higher than 6%-9% rates
published by prior hypofractionated radiation tri-
als in literature [3, 12, 30]. Lehrer et al. demonstrat-
ed that late grade 2 or more genitourinary toxici-
ty were 19.4% for the conventionally fractionated
and 20.4% in the hypofractionated arm which is
slightly higher than the present study [15].
HYPRO trial showed 19% grade 3 or more
late genitourinary toxicity in the hypofractionat-
ed arm, which is slightly higher than the present
study, and 13% in the conventional arm, which is
lower than the present study [16]. 3-year relapse
free survival was 93.6% in the hypofractionated
arm and 93.7% in the conventional arm, which is
slightly higher than the present study [16]. CH-
HiP trial demonstrated grade 2 or more bowel
and bladder toxicity as 13.7% and 9.1% in conven-
tional arm and 11.9% and 11.7% in hypofraction-
ated arm, which are in line with the present study
[17]. A study from Italy revealed 10-year freedom
from biochemical failure and 10-year overall sur-
vival as 72% and 75% in the hypofractionated arm
and 65% and 64% in the conventional arm, respec-
tively, which are in line with the present study fa-
voring the hypofractionation arm [18]. PROFIT
trial by Catton et al. demonstrated that the hypof-
ractionated radiation regimen was not inferior to
conventional radiation and was not associated with
increased late toxicity [19]. A study by Fox Chase
Cancer Centre demonstrated the 10-year local re-
currence rate of 4.7% and 4% in the conventional
and hypofractionated arm, respectively, and simi-
lar rates reported in the present study. The 10-year
biochemical and/or clinical disease failure was seen
in 25.9% in the conventional arm and 30.6% in
the hypofractionated arm, which was higher than
the present study. This might be due to the fact that
3-year biochemical failure rates were reported in
the present study whereas 10-year rates were re-
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ported in the above mentioned study [20]. Study
from MD Anderson Cancer Centre demonstrated
that the 8-year failure rate was 10.7% with the hy-
pofractionated arm and 15.4% with conventional
radiation, which are in concordance with the pres-
ent study [21].

In the present study, the toxicity rate was not sta-
tistically significantly different in the conventional
fractionated arm than in the hypofractionated radi-
ation arm. One of the possible explanations for this
effect could be o/ value of less than 3 Gy for OARs,
such as the rectum and bladder or some other dif-
ferent mechanisms of radiation induced damage
or repair resulting in late bladder and rectal effects
in the hypofractionated arm possibly modified by
the androgen deprivation therapy [9, 32]. The acute
grade 2 rectal toxicity like tenesmus started earli-
er and was slightly higher in the hypofractionated
radiation arm than the conventional radiation arm
as has been seen in other studies [37]. Rapid re-
covery however was seen in the hypofractionated
radiation arm.

Biochemical failure is common in high risk pros-
tate cancer patients. Various studies published out-
comes for prostate cancer patients receiving 78 Gy,
with 3 year bNED rates of 72-75% in high risk pa-
tients [2, 3]. Another study reported 5-year PSA re-
lapse free survival rates of 66%, 61% and 40% in high
risk patients receiving 81 Gy, 75.6 Gy and 72 Gy or
fewer doses at conventional radiation dose of 1.8 Gy
per fraction [38]. Literature shows that 1.8 Gy per
fraction delivers 4% to 6% less dose equivalent to
2 Gy, for late toxicities assuming a/p of 3 Gy [38].
Arcangeli et al. reported 3 year bNED rates of 78%
in conventional radiation fractionation [26].

In the present study, equivalent dose was admin-
istered in the hypofractionated radiation arm as
compared to conventional fractionation arm. But,
bNED rates came out to be statistically significant-
ly improved in the hypofractionated radiation arm.
This improvement was more significant in high
risk prostate cancer patients with high PSA levels
and GS of more than seven.

Conclusion

To conclude, this study shows a statistically sig-
nificant improvement in biochemical control in
the hypofractionated radiation regimen in compar-
ison to the conventional dose escalated radiation

regimen, with no statistically significant rates of
late radiation toxicities. Longer follow up and ad-
ditional studies are required to translate this bio-
chemical improvement into improved long term
clinical results.
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