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with the ethical principles developed by the World Medical Association in the
Declaration of Helsinki 2013. Study results will be disseminated through

conferences and peer-reviewed scientific journals.
Trial registration number

ChiCTR1900022716 & ChiCTR1900022754; Pre-results.

Strengths and Limitations of this study

» This protocol describes a phase I study with a traditional 3+3 dose-

escalation design.

» This study is expected to provide safety and feasibility profile to inform
future prospective trials on preoperative radiotherapy in locally advanced

prostate cancer.

» This study is monocentric, with relatively small sample size.
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lower incidence of positive lymph nodes, 2) decreased hypoxia-induced
radio-resistance because of unaltered prostatic blood supply, and 3) potential
decrease in dosage and radiation-related toxicity. Indeed, the superiority of
preoperative over postoperative chemoradiotherapy in terms of improved
local control and reduced toxicity has been demonstrated by the phase III
CAO/ARO/AI0-94 study in locally advanced rectal cancer.!? In addition, given
the considerable overlap of the radiation target volume, dose, and schedule,
the safety profile of preoperative radiotherapy for locally advanced prostate
cancer and rectal cancer is roughly comparable. Therefore, we hypothesize
that neoadjuvant radiation therapy is a safe and feasible approach for treating

locally advanced prostate cancer.

Methods and analysis

Study design

This is a phase [, single-arm, single-centre observational study in Shanghai
Changhai Hospital. The participants enrolled will be assigned to one of the
four groups receiving 39.6 Gy/22F, 45 Gy/25F, 50.4 Gy/28F, and 54 Gy/30F
of preoperative radiation therapy plus ADT. A traditional 3+3 dose escalation
design will be utilized to determine the maximal tolerable dose (MTD) of
radiation therapy. Participants will then undergo robot-assisted radical
prostatectomy (RARP) and extended pelvic lymph node dissection (ePLND),
followed by post-operative ADT for at least 2 years. The trial schedule is
illustrated in Figure 1. The trial is approved by the institutional review board
of Shanghai Changhai Hospital (ref. CHEC2019-070 & CHEC2019-082) and is
prospectively registered at the Chinese Clinical Trial Registry
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and reported in accordance with the SPIRIT 2013 statement.!1 12

Recruitment

Patients who refer to the outpatient department of the trial site and meet the

inclusion criteria will be recommended to participate in this trial by the

physicians in charge of the study.

Study participants

Inclusion Criteria

*

Men between 18 and 75 years of age.
A diagnosis of prostate cancer confirmed by biopsy pathology.

Locally advanced disease with positive pelvic lymph node(stage N1MO,
ChiCTR1900022716) or positive retroperitoneal lymph node(stage M1a,
ChiCTR1900022754), as determined by contrast-enhanced CT, bone scan,
and/or MRI.

Eastern Cooperative Oncology Group (ECOG) performance status 0-1.
An expected life expectancy of at least 5 years.

Patients who are well-informed of the current treatment options and

willing to participate in the trial.

Signed, written informed consent.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘2T sunc uo /wod fwg uadolway//:diy wol) peapeojumod "020Z J8qWSAON € U0 8/98€0-0202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

135

136

137
138

139

140
141

142

143

144
145

146

147

148
149
150

151
152

153

154

155
156

BMJ Open

Exclusion Criteria
A patient may not enter the study if ANY of the following applies:

¢+ Lymph node metastases spreading beyond pelvic and retroperitoneal

nodes.
+ Presence of bone metastasis or distant organ metastasis.

* Prior exposure to any treatment for prostate cancer, including surgery,

radiotherapy, chemotherapy, hormone therapy, focal therapy, etc.

¢ Prior transurethral enucleation or resection of the prostate.

¢ Any abdominal surgery performed within 3 months prior to enrollment.

¢ Atransrectal prostate biopsy performed within 2 weeks prior to

enrollment.
¢ Sustained use of anticoagulation and antiplatelet drugs.
¢ Any other previous or concurrent malignancies.

+ Disease complicated by other severe systemic diseases which, in the
judgment of the investigators, are likely to interfere with the treatment,

assessment or compliance associated with this trial.

+ Participation in any other trial which is ongoing or has been completed

within 3 months.
¢ Any contraindication for radiation therapy or surgery.
Dropout or suspension of the trial

¢ Occurrence of Grade III/IV adverse events according to Common

Terminology Criteria for Adverse Events (CTCAE) V.5.0.
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¢ Requests from patients to withdraw from the trial.
¢ Lost to follow-up.
¢ Disease progression.

¢ Other potential situations that necessitate the termination of the trial.

Interventions

Baseline evaluation

Patients with histologically confirmed locally advanced prostate cancer who
are eligible for this study will be evaluated for baseline characteristics. The
evaluation will include demographics, medical history, concomitant diseases
and medications, physical exam, vital signs, digital rectal exam, routine blood
tests, high-resolution MRI of the pelvis, and bone scan in selected patients.
Baseline characteristics of the included participants will be collected within

two weeks prior to the initiation of ADT.
Neoadjuvant radiation therapy plus ADT

The ADT regimen for this trial includes bicalutamide 50mg PO once daily and
goserelin acetate, a gonadotropin-releasing hormone agonist. The latter will
be administered subcutaneously either at a dose of 3.6mg every 4 weeks, or

at a dose of 10.8mg every 12 weeks.

Intensity modulated radiation therapy (IMRT) will be administered 4 months
after the initiation of preoperative ADT. All patients shall undergo a
contrasted CT simulation of the pelvis or abdomen of 5-mm-slice thickness in
a supine position. The CT images will then be transferred to the treatment

planning system for contouring the target volume and organs at risk (OARs)
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and planning. Critical normal structures include the small bowel, bladder,
femoral head, rectum, spinal cord, prostatic urethra (if visualised), bulbous
urethra, kidney, etc. OARs shall be contoured according to the pelvic normal
tissue contouring guidelines of Radiation Therapy Oncology Group (RTOG).!3
This protocol offers dose guidelines to OARs based upon prior published
RTOG trials.1#-16

The gross tumor volume (GTV) is contoured based on MRI. GTV includes
prostate and seminal vesicle glands. GTV of the pelvic or retroperitoneal
metastatic lymph node (GTVnd) is further confirmed by imaging. The clinical
tumor volume (CTV) includes GTV, GTVnd, pelvic/ retroperitoneal lymphatic
drainage area. The superior border of the whole pelvis field extends to the L5-
S1 interspace for N1 subgroup. The pelvic lymphatic drainage area includes
bilateral total iliac lymph nodes, extra-iliac lymph nodes, intra-iliac lymph
nodes, S1-S3 levels presacral lymph nodes and obturator lymph nodes. The
superior border of the retroperitoneal field is 2-3 cm above the positive
lymph nodes not exceeding renal artery level. The primary gross tumor
volume (pGTV) is 5-10mm outwards for GTV in any direction, but only 5 mm
in the posterior to reduce rectal irradiation. pGTVnd for GTVnd shall be
delineated with an additional 5mm margin and pCTV for CTV shall be

delineated with an additional 5mm margin separately.

Four radiation dose levels were planned: 39.6 Gy, 45 Gy, 50.4 Gy, and 54 Gy.
Radiation therapy will be delivered in 5 1.8-Gy fractions per week. The initial
two dose levels target whole pelvis/ retroperitoneum, whereas in the latter
two dose levels a subsequent boost to the prostate, seminal vesicles and
pelvic/ retroperitoneal metastatic lymph nodes were added after reaching 45

Gy.
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Dose escalation

Dose escalation will be conducted in a 3+3 design with dose levels of 39.6, 45,
50.4, and 54 Gy in 22, 25, 28 and 30 fractions respectively. A traditional 3+3
dose-escalation design will be adopted (Figure 2). Briefly, three participants
will initially be allocated into the starting dose cohort. If no dose-limiting
toxicity (DLT) is observed in any of the three participants, the dose will be
escalated and three new patients will be enrolled to receive the next level of
radiation dose. If one participant develops any DLT, an additional three
participants will be allocated into the same dose cohort. If there are multiple
observations of DLT at any given dose level, the dose escalation will be
stopped and the previous dose level will be identified as the MTD. In this trial,
DLTs are defined as any Grade III/IV toxicities.

Robot-assisted radical prostatectomy

Surgery will be scheduled 8 weeks after the completion of radiation therapy,
via a robot-assisted laparoscopic approach. Extended pelvic lymph node
dissection (ePLND) will be performed. All surgical procedures will be

performed by a single highly experienced robotic surgeon (R.S.).
Post-operative treatment

Participants will receive long-term post-operative ADT for at least 2 years.
The regimen will remain the same. Participants will be monthly evaluated for
serum PSA level at their local primary healthcare facilities. They will be
followed up every 3 months for the first year and every 6 months for the
following year. Upon tumor progression, salvage treatment including but not
limited to abiraterone acetate/prednisone treatment, chemotherapy, and
surgery, will be administered to the trial participants upon documented

progression in accordance with standard clinical practice.
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Outcomes and Measurements

The primary objective of this trial is to determine the adverse events and
MTD of radiotherapy. Adverse events throughout the study will be assessed
via CTCAE v5.0 by research physicians or nurses. Secondary endpoints
include perioperative safety profile, efficacy of neoadjuvant treatment, rates
of positive surgical margins, biochemical recurrence-free survival, overall

survival, and functional outcomes.

Determination of sample size

The study is a dose-escalation study which implements a traditional 3+3
design with 4 dose levels. Three to six participants will be allocated to each
dose level cohort. Therefore, the maximum per protocol sample size for this

trial is 24.

Data Management and Monitoring

The institutional review board of Shanghai Changhai Hospital will monitor
the reporting of adverse events and the quality of collected data on a
semiannual basis. A planned interim analysis will be performed by the

principle investigator when median post-operative follow-up reached 1 year.
Statistical analysis

All characteristics will be described by the frequency for classified variables,

mean +SD and 95% confidence intervals for normally distributed continuous

data, and the median and range for non-normal distributional continuous

data. Should any statistical hypothesis testing be used, a two-tailed test is
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preferred and the significance level threshold( @ ) is set as 0.05. Statistical

analyses will be performed using the R software v3.6.0 or higher.!”

Biological specimens

Biological specimens acquired throughout the trial, including blood and tissue

samples, will be stored for subsequent exploratory biomarker research.
Informed consent of participants will be obtained prior to the acquisition of

biological specimens.

Patient and public involvement

Patients or public have not been involved in the design of the present study.

Ethics and dissemination

Eligible patients will be well informed of the purpose and schedule of this
study. Written informed consent will be obtained by research physicians or
nurses if patients decide to participate. All clinical data will be confidentially
collected by research members. Findings of the study will be disseminated
through publication in peer-reviewed scientific journals as well as relevant

medical conferences.
Discussion

The idea for maximizing cancer local control originates from the “seed and

soil” hypothesis, which postulates that the growth of disseminating tumor
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cells is driven by factors secreted by the primary tumor.!® It has been
demonstrated in metastatic prostate cancer that aggressive subclones persist
in primary tumor site and can seed to metastatic lesions, leading to a vicious
cycle of metastatic disease.!? 2° Furthermore, overall survival benefits can be
observed in metastatic prostate cancer patients who have been treated with
radiotherapy plus ADT compared to ADT alone.?! These data collectively
suggest a role of maximizing local control in the management of locally

advanced and metastatic prostate cancer.

Currently, clinical trials on preoperative radiation therapy for prostate cancer
have focused primarily on men with high-risk localized disease. To the best of
our knowledge, there are two published modern-era trials that evaluated
preoperative radiation therapy in localized prostate cancer. Koontz et al.
conducted a phase I clinical trial in 13 men with high-risk localized prostate
cancer evaluating long-course preoperative radiation therapy followed by
radical prostatectomy.?? The reported two-year biochemical recurrence-free
survival was 67%. Glicksman et al. recently reported the long-term results of
their phase I pilot study of 15 patients.?® At a median follow-up of 12.2 years,
7 patients were free from biochemical relapse and 6 patients were
metastasis-free. These have motivated us to assess this treatment
combination in locally advanced disease. Despite the limitations, the impact of
this study has the potential to drive a paradigm shift in the management of

locally advanced prostate cancer.
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Provisions, if any, for ancillary and post-trial care, and for compensation to those \gr@dsuffer harm from trial A&i M o e WSufl
. . . =. mg
participation ERCES
> —
« ©
Plans for investigators and sponsor to communicate trial results to participants, healtrg:are professionals, /D%_a /3.

the public, and other relevant groups (eg, via publication, reporting in results data@asés or other data

sharing arrangements), including any publication restrictions = E
e o
31b  Authorship eligibility guidelines and any intended use of professional writers "a’ % Nottacluded i the mum.scry#.
w O
31c Plans, if any, for granting public access to the full protocol, participant-level dataset, ai:d statistical code A/of included in {/ema;zryzf
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Appendices % =
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Informed consent 32 Model consent form and other related documentation given to participants and au%o#i,\;éed surrogates Nt included in :h{a Manuspn})f.
materials DR
¢ &)
)
Biological 33 Plans for collection, laboratory evaluation, and storage of biological specimens for g getlc or molecular PML 3.
specimens analysis in the current trial and for future use in ancillary studies, if applicable o N
(@]

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaborat@n for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT GrouB under the Creative Commons

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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with the ethical principles developed by the World Medical Association in the
Declaration of Helsinki 2013. Study results will be disseminated through

conferences and peer-reviewed scientific journals.
Trial registration number

ChiCTR1900022716 & ChiCTR1900022754; Pre-results.

Strengths and Limitations of this study

» This protocol describes a phase I study with a traditional 3+3 dose-

escalation design.

» This study is expected to provide safety and feasibility profile to inform
future prospective trials on preoperative radiotherapy in locally advanced

prostate cancer.

» This study is monocentric, with relatively small sample size.
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margins, and lower incidence of positive lymph nodes, 2) decreased hypoxia-
induced radio-resistance because of unaltered prostatic blood supply, and 3)
potential decrease in dosage and radiation-related toxicity. Indeed, the
superiority of preoperative over postoperative chemoradiotherapy in terms
of improved local control and reduced toxicity has been demonstrated by the
phase III CAO/ARO/AI0-94 study in locally advanced rectal cancer.1? In
addition, given the considerable overlap of the radiation target volume, dose,
and schedule, the safety profile of preoperative radiotherapy for locally
advanced prostate cancer and rectal cancer is roughly comparable. Therefore,
we hypothesize that neoadjuvant radiation therapy is a safe and feasible

approach for treating locally advanced prostate cancer.

Methods and analysis

Study design

This is a phase [, single-arm, single-centre observational study in Shanghai
Changhai Hospital. The participants enrolled will be assigned to one of the
four groups receiving 39.6 Gy/22F, 45 Gy/25F, 50.4 Gy/28F, and 54 Gy/30F
of preoperative radiation therapy plus ADT. A traditional 3+3 dose escalation
design will be utilized to determine the maximal tolerable dose (MTD) of
radiation therapy. Participants will then undergo robot-assisted radical
prostatectomy (RARP) and extended pelvic lymph node dissection (ePLND),
followed by post-operative ADT for at least 2 years. The trial schedule is
illustrated in Figure 1. The trial is approved by the institutional review board
of Shanghai Changhai Hospital (ref. CHEC2019-070 & CHEC2019-082) and is
prospectively registered at the Chinese Clinical Trial Registry
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and reported in accordance with the SPIRIT 2013 statement.!1 12

Recruitment

Patients who refer to the outpatient department of the trial site and meet the

inclusion criteria will be recommended to participate in this trial by the

physicians in charge of the study.

Study participants

Inclusion Criteria

*

Men between 18 and 75 years of age.

Biopsy confirmed prostate adenocarcinoma without neuroendocrine

differentiation, signet cell, or small cell features.

Locally advanced disease with positive pelvic lymph node(stage N1MO,
ChiCTR1900022716) or positive retroperitoneal lymph node(stage M1a,
ChiCTR1900022754), as determined by contrast-enhanced CT, bone scan,
andfer-MRI, and/or 68Ga-PSMA PET/CT.

Eastern Cooperative Oncology Group (ECOG) performance status 0-1.
An expected life expectancy of at least 5 years.

Patients who are well-informed of the current treatment options and

willing to participate in the trial.

Signed, written informed consent.
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Exclusion Criteria

A patient may not enter the study if ANY of the following applies:

Lymph node metastases spreading beyond pelvic and retroperitoneal

nodes.
Presence of bone metastasis or distant organ metastasis.

Prior exposure to any treatment for prostate cancer, including

radiotherapy, chemotherapy, hormone therapy, focal therapy, etc.

Prior transurethral enucleation or resection of the prostate.

Any abdominal surgery performed within 3 months prior to enrollment.

Sustained use of anticoagulation and antiplatelet drugs.
Any other previous or concurrent malignancies.

Disease complicated by other severe systemic diseases which, in the
judgment of the investigators, are likely to interfere with the treatment,

assessment or compliance associated with this trial.

Participation in any other trial which is ongoing or has been completed

within 3 months.

Any contraindication for radiation therapy or surgery.

Dropout or suspension of the trial

Occurrence of Grade IlII/IV adverse events according to Common

Terminology Criteria for Adverse Events (CTCAE) V.5.0.
Requests from patients to withdraw from the trial.

Lost to follow-up.
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¢ Disease progression.

¢ Other potential situations that necessitate the termination of the trial.

Interventions

Baseline evaluation

Patients with histologically confirmed locally advanced prostate cancer who
are eligible for this study will be evaluated for baseline characteristics. The
evaluation will include demographics, medical history, concomitant diseases
and medications, physical exam, vital signs, digital rectal exam, routine blood
tests, high-resolution MRI of the pelvis, and-bone scan, and 68Ga-PSMA
PET/CT. Baseline characteristics of the included participants will be collected

within two weeks prior to the initiation of ADT.
Neoadjuvant radiation therapy plus ADT

The ADT regimen for this trial includes bicalutamide 50mg PO once daily and
goserelin acetate, a gonadotropin-releasing hormone agonist. The latter will
be administered subcutaneously either at a dose of 3.6mg every 4 weeks, or

at a dose of 10.8mg every 12 weeks.

Intensity modulated radiation therapy (IMRT) will be administered 4 weeks
after the initiation of preoperative ADT. All patients shall undergo a
contrasted CT simulation of the pelvis or abdomen of 5-mm-slice thickness in
a supine position. The CT images will then be transferred to the treatment
planning system for contouring the target volume and organs at risk (OARs)
and planning. Critical normal structures include the small bowel, bladder,
femoral head, rectum, spinal cord, prostatic urethra (if visualised), bulbous

urethra, kidney, etc. OARs shall be contoured according to the pelvic normal
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tissue contouring guidelines of Radiation Therapy Oncology Group (RTOG).!3
This protocol offers dose guidelines to OARs based upon prior published
RTOG trials.1#-16

The gross tumor volume (GTV) is contoured based on MRI. GTV includes
prostate and seminal vesicle glands. GTV of the pelvic or retroperitoneal
metastatic lymph node (GTVnd) is further confirmed by imaging. The clinical
tumor volume (CTV) includes GTV, GTVnd, pelvic/ retroperitoneal lymphatic
drainage area. The superior border of the whole pelvis field extends to the L5-
S1 interspace for N1 subgroup. The pelvic lymphatic drainage area includes
bilateral total iliac lymph nodes, extra-iliac lymph nodes, intra-iliac lymph
nodes, S1-S3 levels presacral lymph nodes and obturator lymph nodes. The
superior border of the retroperitoneal field is 2-3 cm above the positive
lymph nodes not exceeding renal artery level. The primary gross tumor
volume (pGTV) is 5-10mm outwards for GTV in any direction, but only 5 mm
in the posterior to reduce rectal irradiation. pGTVnd for GTVnd shall be
delineated with an additional 5mm margin and pCTV for CTV shall be

delineated with an additional 5mm margin separately.

Four radiation dose levels were planned: 39.6, 45, 50.4, and 54 Gy. Radiation
therapy will be delivered in 5 1.8-Gy fractions per week. The initial two dose
levels target whole pelvis/ retroperitoneum, whereas in the latter two dose
levels a subsequent boost to the prostate, seminal vesicles and pelvic/

retroperitoneal metastatic lymph nodes were added after reaching 45 Gy.
Dose escalation

Dose escalation will be conducted in a 3+3 design with dose levels of 39.6, 45,
50.4, and 54 Gy in 22, 25, 28 and 30 fractions respectively. A traditional 3+3
dose-escalation design will be adopted (Figure 2). Briefly, three participants

will initially be allocated into the starting dose cohort. If no dose-limiting
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toxicity (DLT) is observed in any of the three participants, the dose will be
escalated and three new patients will be enrolled to receive the next level of
radiation dose. If one participant develops any DLT, an additional three
participants will be allocated into the same dose cohort. If there are multiple
observations of DLT at any given dose level, the dose escalation will be
stopped, and the previous dose level will be identified as the MTD. In this trial,
DLT is defined as (1) any grade 4+ toxicity, (2) any grade 3 toxicity except
urinary incontinence, erectile dysfunction, and responsive diarrhea, (3) grade
2+ fistula, (4) any grade colonic or rectal perforation, or (5) any grade

intraoperative rectal injury.
Robot-assisted radical prostatectomy

Surgery will be scheduled within 4-8 weeks after the completion of radiation
therapy, via a robot-assisted laparoscopic approach. Extended pelvic lymph
node dissection (ePLND) will be performed. All surgical procedures will be

performed by one single highly experienced robotic surgeon (R.S.).
Post-operative treatment

Participants will receive long-term post-operative ADT for at least 2 years.
The regimen will remain the same. Participants will be monthly evaluated for
serum PSA and testosterone level at their local primary healthcare facilities.
They will be followed up every 3 months for the first year and every 6 months
for the following year. Upon tumor progression, salvage treatment including
but not limited to abiraterone acetate/prednisone treatment, chemotherapy,
and surgery, will be administered to the trial participants upon documented

progression in accordance with standard clinical practice.
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Outcomes and Measurements

The primary objective of this trial is to determine the adverse events and
MTD of radiotherapy. Adverse events throughout the study will be assessed

via CTCAE v5.0 by research physicians or nurses.

Secondary endpoints include perioperative safety profile, efficacy of
neoadjuvant treatment, rates of positive surgical margins, biochemical
recurrence-free survival, overall survival, and functional outcomes.
Perioperative complications will be measured by Clavien-Dindo classification
within 30 postoperative days. Continence will be measured by patient-
reported pads used per day. Quality of life will be measured using Karnofsky
Performance Status Scale,!” the Functional Assessment of Cancer Therapy-
Prostate (FACT-P, version 4) instrument,!® and the 5-level EQ-5D (EQ-5D-5L)

instrument.1?

Determination of sample size

The study is a dose-escalation study which implements a traditional 3+3
design with 4 dose levels. Three to six participants will be allocated to each
dose level cohort. Therefore, the maximum per protocol sample size for this

trial is 24.

Data Management and Monitoring

The institutional review board of Shanghai Changhai Hospital will monitor

the reporting of adverse events and the quality of collected data on a
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semiannual basis. A planned interim analysis will be performed by the

principal investigator when median post-operative follow-up reached 1 year.

Statistical analysis

All characteristics will be described by the frequency for classified variables,
mean = SD and 95% confidence intervals for normally distributed continuous
data, and the median and range for non-normal distributional continuous
data. Should any statistical hypothesis testing be used, a two-tailed test is
preferred and the significance level threshold ( @ ) is set as 0.05. Statistical

analyses will be performed using the R software v4.0.0 or higher.?°

Biological specimens

Biological specimens acquired throughout the trial, including blood and tissue
samples, will be stored for subsequent exploratory biomarker research.
Informed consent of participants will be obtained prior to the acquisition of

biological specimens.

Patient and public involvement

Patients or public have not been involved in the design of the present study.
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Ethics and dissemination

This study was approved by the institutional review board of Shanghai

Changhai Hospital (ref. CHEC2019-070 & CHEC2019-082). The study will be

performed in compliance with applicable local legislation and in accordance

with the ethical principles in the Declaration of Helsinki 2013. Eligible

patients will be well informed of the purpose and schedule of this study.
Written informed consent will be obtained by research physicians or nurses if
patients decide to participate. All clinical data will be confidentially collected
by research members. Findings of the study will be disseminated through
publication in peer-reviewed scientific journals as well as relevant medical

conferences.

Discussion

The idea for maximizing cancer local control originates from the “seed and
soil” hypothesis, which postulates that the growth of disseminating tumor
cells is driven by factors secreted by the primary tumor.?! It has been
demonstrated in metastatic prostate cancer that aggressive subclones persist
in primary tumor site and can seed to metastatic lesions, leading to a vicious
cycle of metastatic disease.?? 23 Furthermore, overall survival benefits can be
observed in metastatic prostate cancer patients who have been treated with
radiotherapy plus ADT compared to ADT alone.?* These data collectively
suggest a role of maximizing local control in the management of locally

advanced and metastatic prostate cancer.
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Currently, clinical trials on preoperative radiation therapy for prostate cancer
have focused primarily on men with high-risk localized disease. To the best of
our knowledge, there are two published modern-era trials that evaluated
preoperative radiation therapy in localized prostate cancer. Koontz et al.
reported a phase I clinical trial in 12 men with high-risk localized prostate
cancer who had completed long-course preoperative radiation therapy
followed by radical prostatectomy.?> Radiation therapy was dose-escalated
with dose levels of 39.6, 45, 50.4, and 54 Gy in 5 1.8-Gy fractions per week.
The pelvic lymph nodes were treated up to 45 Gy with any additional dose
given to the prostate and seminal vesicles. The superior border of the whole
pelvis field extended to the L5-S1 interspace. Two patients developed
urethral strictures requiring dilation. The reported two-year biochemical
recurrence-free survival was 67%. Glicksman et al. recently reported the
long-term results of their phase I pilot study of 15 patients.?® Patients received
25 Gy in 5 consecutive daily fractions to the prostate only. At a median follow-
up of 12.2 years, 7 patients were free from biochemical relapse and 6 patients
were metastasis-free. These results have motivated us to assess this
treatment combination in locally advanced disease. Despite the limitations,
the impact of our study has the potential to drive a paradigm shift in the

management of locally advanced prostate cancer.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘2T sunc uo /wod fwg uadolway//:diy wol) peapeojumod "020Z J8qWSAON € U0 8/98€0-0202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

321

322
323
324

325

326
327
328
329
330
331

332

333
334
335

336

337

338

339

340

341
342

BMJ Open

Acknowledgments

We wish to acknowledge Dr. Jin Fan (Department of Radiation Oncology,
Fudan University Shanghai Cancer Center) for providing support on protocol

development.
Author Contributions

YTX, XZ, YC, HZ, and SR were involved in literature search, study conception,
protocol development, conduct of the study, and manuscript writing. XL was
involved in the conduct of the study. YW was involved in writing the
manuscript. SR is the principal investigator. YTX, XZ, and YC are the trial
coordinators. All authors contributed to and approved the final version of the

manuscript.
Funding

This research is partially funded by National Natural Science Foundation
(81872105), National Major R&D Program (2017YFC0908002), and Shanghai
Changhai Hospital (2019YXK058).

Competing interests

None declared.

Patient consent for publication
Not required.

Ethics approval

This study has been approved by the institutional review board of Shanghai
Changhai Hospital. (ref. CHEC2019-070 & CHEC2019-082)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 26

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘2T sunc uo /wod fwg uadolway//:diy wol) peapeojumod "020Z J8qWSAON € U0 8/98€0-0202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

Page 17 of 26

oNOYTULT D WN =

343

344

345

346
347
348
349
350
351
352

353
354
355
356
357

358

359

360
361
362
363
364
365
366
367
368
369
370

BMJ Open

Provenance and peer review

Not commissioned; externally peer reviewed.

Open access

This is an open access article distributed in accordance with the Creative

Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits

others to distribute, remix, adapt, build upon this work non-commercially,

and license their derivative works on different terms, provided the original

work is properly cited, appropriate credit is given, any changes made

indicated, and the use is non-commercial. See: http://creativecommons.

org/licenses/by-nc/4.0/.

1.

References

Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. Lyon, France:
International Agency for Research on Cancer, 2018.

Chang SL, Kibel AS, Brooks JD, Chung BI. The impact of robotic surgery on the surgical
management of prostate cancer in the USA. BJU Int 2015;115(6):929-36.

Mottet N, van den Bergh RCN, Briers E, et al. EAU - ESTRO - ESUR - SIOG Guidelines on
Prostate Cancer 2018. Arnhem, The Netherlands: European Association of Urology
Guidelines Office, 2018.

Mohler JL, Antonarakis ES, Armstrong AJ, et al. Prostate Cancer, Version 2.2019, NCCN
Clinical Practice Guidelines in Oncology. J Nat/ Compr Canc Netw 2019;17(5):479-505.
Costello AJ. Considering the role of radical prostatectomy in 21st century prostate cancer care.

Nat Rev Urol 2020;17(3):177-188.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘2T sunc uo /wod fwg uadolway//:diy wol) peapeojumod "020Z J8qWSAON € U0 8/98€0-0202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404

10.

11.

12.

13.

14.

15.

16.

17.

BMJ Open

Stranne J, Brasso K, Brennhovd B, et al. SPCG-15: a prospective randomized study
comparing primary radical prostatectomy and primary radiotherapy plus androgen deprivation
therapy for locally advanced prostate cancer. Scand J Urol 2018;52(5-6):313-320.

Bolla M, van Poppel H, Tombal B, et al. Postoperative radiotherapy after radical
prostatectomy for high-risk prostate cancer: long-term results of a randomised controlled trial
(EORTC trial 22911). Lancet 2012;380(9858):2018-27.

Thompson IM, Tangen CM, Paradelo J, et al. Adjuvant radiotherapy for pathological
T3NOMO prostate cancer significantly reduces risk of metastases and improves survival: long-
term followup of a randomized clinical trial. J Urol 2009;181(3):956-62.

Wiegel T, Bottke D, Steiner U, et al. Phase III postoperative adjuvant radiotherapy after
radical prostatectomy compared with radical prostatectomy alone in pT3 prostate cancer with
postoperative undetectable prostate-specific antigen: ARO 96-02/AUO AP 09/95. J Clin
Oncol 2009;27(18):2924-30.

Sauer R, Becker H, Hohenberger W, et al. Preoperative versus postoperative
chemoradiotherapy for rectal cancer. N Engl J Med 2004;351(17):1731-40.

Chan AW, Tetzlaff JM, Gotzsche PC, et al. SPIRIT 2013 explanation and elaboration:
guidance for protocols of clinical trials. BM.J 2013;346:e7586.

Chan AW, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: defining standard protocol
items for clinical trials. Ann Intern Med 2013;158(3):200-7.

Gay HA, Barthold HJ, O'Meara E, et al. Pelvic normal tissue contouring guidelines for
radiation therapy: a Radiation Therapy Oncology Group consensus panel atlas. Int J Radiat
Oncol Biol Phys 2012;83(3):¢353-62.

Michalski JM, Purdy JA, Winter K, et al. Preliminary report of toxicity following 3D radiation
therapy for prostate cancer on 3DOG/RTOG 9406. Int J Radiat Oncol Biol Phys
2000;46(2):391-402.

Michalski JM, Bae K, Roach M, et al. Long-term toxicity following 3D conformal radiation
therapy for prostate cancer from the RTOG 9406 phase I/II dose escalation study. Int J Radiat
Oncol Biol Phys 2010;76(1):14-22.

Roach M, Winter K, Michalski JM, et al. Penile bulb dose and impotence after three-
dimensional conformal radiotherapy for prostate cancer on RTOG 9406: findings from a
prospective, multi-institutional, phase I/II dose-escalation study. Int J Radiat Oncol Biol Phys
2004;60(5):1351-6.

Péus D, Newcomb N, Hofer S. Appraisal of the Karnofsky Performance Status and proposal
of a simple algorithmic system for its evaluation. BMC Med Inform Decis Mak 2013;13:72.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 26

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘2T sunc uo /wod fwg uadolway//:diy wol) peapeojumod "020Z J8qWSAON € U0 8/98€0-0202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

Page 19 of 26

oNOYTULT D WN =

405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

425
426

18.

19.

20.

21.

22.

23.

24.

25.

26.

BMJ Open

Esper P, Mo F, Chodak G, et al. Measuring quality of life in men with prostate cancer using

the Functional Assessment of Cancer Therapy-prostate instrument. Urology 1997;50(6):920-8.

Luo N, Li M, Liu GG, et al. Developing the Chinese version of the new 5-level EQ-5D
descriptive system: the response scaling approach. Qual Life Res 2013;22(4):885-90.

R Core Team. R: A language and environment for statistical computing. [program]. Vienna,
Austria. R Foundation for Statistical Computing, 2019.

Psaila B, Lyden D. The metastatic niche: adapting the foreign soil. Nat Rev Cancer
2009;9(4):285-93.

Gundem G, Van Loo P, Kremeyer B, et al. The evolutionary history of lethal metastatic
prostate cancer. Nature 2015;520(7547):353-357.

Tzelepi V, Efstathiou E, Wen S, et al. Persistent, biologically meaningful prostate cancer after
1 year of androgen ablation and docetaxel treatment. J Clin Oncol 2011;29(18):2574-81.
Rusthoven CG, Jones BL, Flaig TW, et al. Improved Survival With Prostate Radiation in
Addition to Androgen Deprivation Therapy for Men With Newly Diagnosed Metastatic
Prostate Cancer. J Clin Oncol 2016;34(24):2835-42.

Koontz BF, Quaranta BP, Pura JA, et al. Phase 1 trial of neoadjuvant radiation therapy before
prostatectomy for high-risk prostate cancer. Int J Radiat Oncol Biol Phys 2013;87(1):88-93.
Glicksman R, Sanmamed N, Thoms J, et al. A Phase 1 Pilot Study of Preoperative Radiation
Therapy for Prostate Cancer: Long-Term Toxicity and Oncologic Outcomes. Int J Radiat
Oncol Biol Phys 2019;104(1):61-66.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘2T sunc uo /wod fwg uadolway//:diy wol) peapeojumod "020Z J8qWSAON € U0 8/98€0-0202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

427

428

429

430

431
432

433

BMJ Open

Figure Legends

Figure 1. Schedule of the study. ADT, androgen deprivation therapy.

Figure 2. Graphical depiction of the 3+3 dose-escalation study design. DLT,
dose-limiting toxicity. Pt, participant.
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Statistical methods for analysing primary and secondary outcomes. Reference to%/héze other details of the ,Paﬂz 2-13.
statistical analysis plan can be found, if not in the protocol %

Methods for any additional analyses (eg, subgroup and adjusted analyses) ?.f f@a 3.
Definition of analysis population relating to protocol non-adherence (eg, as rando %ﬂ analysis), and any

NA

statistical methods to handle missing data (eg, multiple imputation)
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Composition of data monitoring committee (DMC); summary of its role and report ructure; statement of @o/ 3.

whether it is independent from the sponsor and competing interests; and referen cgﬁiﬂNhere further details

about its charter can be found, if not in the protocol. Alternatively, an explanation ng\@y a DMC is not

(0]

needed > 5
= 3
Description of any interim analyses and stopping guidelines, including who will hafe access to these interim Pn,qw 2.
5 % J
results and make the final decision to terminate the trial e I
o 3
Plans for collecting, assessing, reporting, and managing solicited and spontaneom%ly geported adverse Prge 12.
events and other unintended effects of trial interventions or trial conduct 3 g -7
2 5
Frequency and procedures for auditing trial conduct, if any, and whether the procgss will be independent PAjz 12
=]
from investigators and the sponsor 3 ®
S N
S
2 B
)
Plans for seeking research ethics committee/institutional review board (REC/IRB) ap%soval P’fﬂ-” 2.
g
(@]
(0]

Plans for communicating important protocol modifications (eg, changes to eligibility cr‘l"derla outcomes, Not included in Hhe /mwusm‘p‘.
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial reglsmes journals,
regulators)
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1 Consentorassent 26a  Who will obtain informed consent or assent from potential trial participants or autr‘@ isgd surrogates, and Pa\lla@ 3.
2 how (see ltem 32) 5
3 e

(o]

4 26b  Additional consent provisions for collection and use of participant data and b|olog|§al gpecimens in ancillary ng& 1.
> studies, if applicable Qe
6 S g
; Confidentiality 27 How personal information about potential and enrolled participants will be coIIecte@geElared, and maintained fau 3.
9 in order to protect confidentiality before, during, and after the trial g ® o J

Do

s
1(1) Declaration of 28 Financial and other competing interests for principal investigators for the overall t@g@d each study site é# Q.
12  interests g3 'g
13 : — . S
14  Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contggtgal agreements that Mo cicluded o, #he Ma/v‘d.
15 limit such access for investigators 258
16 5=S
17 Ancillary and post- 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those \gr@?uﬁer harm from trial Mﬂi M e W“’f’
18 trial care participation S0
19 a. S
20 Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healtrg:are professionals, /D%_a /3.
21 the public, and other relevant blicati rti lts datafasgs, or other dat
% e public, and other relevant groups (eg, via publication, reporting in results da a@a TJs or other data
23 sharing arrangements), including any publication restrictions g 9
24 g . ‘
25 31b  Authorship eligibility guidelines and any intended use of professional writers "a’ % Not /Adu/tﬂ/ [ {[4 mum.scry#.
2 . . . '’ o S .
2? 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, ahd statistical code A/of included in {/emmmyzf
2 ¥
29  Appendices 3 %
30 = 2
31 Informed consent 32 Model consent form and other related documentation given to participants and au%o#i,\;éed surrogates Nt included in :h{a Manuspn})f.
32 materials g S
33 : QUJ‘
34 Biological 33 Plans for collection, laboratory evaluation, and storage of biological specimens for g éetlc or molecular PML 3.
22 specimens analysis in the current trial and for future use in ancillary studies, if applicable o N
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37 X
38 ltis strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaborat@n for important clarification on the items.
39  Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT GrouB under the Creative Commons
40 “Attribution-NonCommercial-NoDerivs 3.0 Unported” license. 8
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