Clinical and Translational Radiation Oncology 37 (2022) 130–136

Contents lists available at ScienceDirect

Clinical and Translational Radiation Oncology
journal homepage: www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology

PEARLS – A multicentre phase II/III trial of extended field radiotherapy for
androgen sensitive prostate cancer patients with PSMA-avid pelvic and/or
para-aortic lymph nodes at presentation
Julia Murray a, b, *, Clare Cruickshank b, Thomas Bird c, Philip Bell d, John Braun e,
Dave Chuter d, f, Miguel Reis Ferreira g, Clare Griffin b, Shama Hassan b, Nabil Hujairi a,
Alan Melcher a, b, Elizabeth Miles h, Olivia Naismith i, Miguel Panades j, Lara Philipps a, b,
Alison Reid a, Jan Rekowski b, Pete Sankey k, John Staffurth l, Isabel Syndikus m, Alison Tree a, b,
Anna Wilkins a, b, Emma Hall b, on behalf of the PEARLS Trial Management Group1
a

The Royal Marsden NHS Foundation Trust, London, UK
The Institute of Cancer Research, London, UK
University Hospitals Bristol & Weston NHS Foundation Trust, Bristol, UK
d
NCRI Consumer Forum, London, UK
e
RMH Radiotherapy Focus Group & RMH Biomedical Research Centre Consumer Group, Sutton, UK
f
NCRI Living With & Beyond Cancer (Acute and Toxicities Workstream), London, UK
g
Guys & St Thomas NHS Trust and King’s College, London, UK
h
Radiotherapy Trials QA Group (RTTQA), Mount Vernon Hospital, Northwood, UK
i
Radiotherapy Trials QA Group (RTTQA), Royal Marsden NHS Foundation Trust, London, UK
j
United Lincolnshire Hospitals NHS Trust, Lincoln, UK
k
University Hospitals Plymouth NHS Trust, Plymouth, UK
l
Velindre University NHS Trust and Cardiff University, Cardiff, UK
m
Clatterbridge Cancer Centre, Wirral, UK
b
c

A R T I C L E I N F O

A B S T R A C T

Keywords:
Prostate
IMRT
Para-aortic lymph nodes
Randomized controlled trial
PSMA-PET

PEARLS is a multi-stage randomised controlled trial for prostate cancer patients with pelvic and/or para-aortic
PSMA-avid lymph node disease at presentation. The aim of the trial is to determine whether extending the
radiotherapy field to cover the para-aortic lymph nodes (up to L1/L2 vertebral interspace) can improve outcomes
for this patient group.

Introduction/rationale
Prostate cancer is the most frequently diagnosed cancer in men in
over one-half of the countries of the world. In 2020, there were an
estimated 1.4 million new prostate cancer cases and 375,000 deaths
[1,2]. Stage IV prostate cancer includes patients whose cancer has
spread to regional lymph nodes (N1) or to non-regional or distant lymph
nodes (M1a), or to the bone (M1b) or visceral sites (M1c). In 2019,
around 20 % of patients diagnosed with prostate cancer in England
presented with stage IV disease [3].

There is a lack of prospective data guiding treatment decisions in
patients presenting with node-positive (N1 and M1a) prostate cancer.
For a long time, patients with pathologically-involved lymph nodes at
presentation were considered to harbour systemic disease and thus
palliative androgen deprivation therapy (ADT) was considered the
treatment of choice. More recent randomised phase III data have shown
a significant overall survival benefit by adding docetaxel, abiraterone,
enzalutamide, and apalutamide to ADT [4–6]. However, several reports
have challenged the notion that pelvic lymph node involvement is al
ways systemic by demonstrating a benefit from maximizing local control
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extrapolation from this data showing a favourable effect on failure free
survival, prostate and pelvic radiotherapy should be considered a stan
dard of care in N1 patients.
On review of patterns of recurrence after pelvic radiotherapy, a
predominant site for lymph node recurrence is within the para-aortic
lymph node region. Sites of recurrence are rarely seen within irradi
ated pelvic lymph node field [11,12]. These findings form the basis of
the hypothesis being tested in the PEARLS trial – i.e., that encompassing
the para-aortic lymph nodes will have a favourable effect on metastasis

with radical surgery and adjuvant radiotherapy [7,8] or ADT and
radiotherapy [9,10].
In STAMPEDE [10], 58/71 (82 %) N1 patients received radiotherapy
to both the prostate and pelvic lymph nodes but the treatment field did
not include the para-aortic lymph nodes. In addition, within the Royal
Marsden phase I/II IMRT trial [9], 74 (17 %) patients had pelvic lymph
node disease at presentation on conventional imaging and the
biochemical/clinical failure-free rate was 71 % (95 % CI 66 %–75 %) at
5 years for the whole group. In the absence of randomised data,

Fig. 1. PEARLS Trial schema.
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free survival (MFS). In addition, patients currently presenting with paraaortic lymph node involvement (M1a) are managed with palliative
intent including systemic therapy [4–6] and prostate radiotherapy [13].
There may be a group of patients where inclusion of the involved lymph
nodes may offer a curative treatment option, as is seen in patients with
cervical cancer [14].
Molecular imaging with PSMA PET-CT has led to a better under
standing of the lymph drainage pattern of prostate cancer and patterns
of nodal recurrence. Uptake of molecular imaging in recent years has
been characterised by early and frequent use outside of clinical trials
with lack of prospective evaluation [15]. We can try to prospectively
embed these imaging modalities into therapeutic studies to fully quan
tify their impact [16]. We expect that there will be an increase in
identification of node-positive prostate cancer patients using PSMA PETCT. With the increased sensitivity of PSMA PET-CT over conventional
imaging for prostate cancer lymph node staging, all patients entering
PEARLS will have radiologically defined pelvic and/or para-aortic
lymph node-positive disease on PSMA PET-CT imaging.
There is international variation as to the optimal superior border for
pelvic lymph node radiotherapy. In the updated NRG Oncology inter
national consensus atlas on pelvic lymph node volumes, the superior
border is at the aortic bifurcation [17]. However, prostate regional
lymph nodes are defined as nodes of the true pelvis, which are the pelvic
nodes below the bifurcation of the common iliac arteries. Historically,
prostate radiotherapy trials have defined the superior border for elective
pelvic radiotherapy in relation to the vertebral interspaces, typically L5/
S1, therefore excluding part of the common iliac artery territory. In
PEARLS, patients who have PSMA avid lymph nodes at, or inferior to the
L4/L5 interspace will be included in the pelvic lymph node cohort
encompassing the nodes of the true pelvis. Patients with PSMA avid
lymph nodes superior to the L4/L5 interspace up to the L1/L2 inter
space, which is usually the level of the renal veins will be included in the
para-aortic lymph node cohort.
The primary aim of this clinical trial is to assess the clinical feasibility
of treating patients with radiographically suspicious lymph nodes within
the pelvis and/or para-aortic region with radical radiotherapy using
treatment fields that cover the “at-risk” nodal volume. The hypothesis is
that adding this “local” treatment to standard systemic therapy will
extend the envelope of cure.

• Feasibility of delivery and compliance of randomised treatments at
participating centres.
• Patient reported outcomes at 18 weeks.
Phase III
•
•
•
•
•
•

Acute and late toxicity.
Patient reported outcomes.
Time to biochemical progression.
Time to and pattern of radiographic progression.
Failure-free survival.
Overall survival.

Exploratory objectives
•
•
•
•

Out of radiotherapy field MFS.
Time to symptomatic skeletal event.
Time to castration resistance.
Dosimetry of prostate, seminal vesicles, lymph nodes and organs at
risk.

Eligibility
All patients provide written informed consent to participate. Inclu
sion and exclusion criteria are as follows:
Inclusion criteria
1. Histologically confirmed adenocarcinoma of the prostate (histolog
ical confirmation can be based on tissue taken at any time, but a rebiopsy should be considered if the biopsy is more than 12 months
old).
2. Any T stage, N1, M0; any T stage, any N stage, M1a (limited to paraaortic region) on PSMA PET-CT imaging done at time of diagnostic
staging (stage IV disease).
3. Age at least 18 years.
4. Patient on LHRH analogue therapy.
5. Adequate renal and bone marrow function (clinical decision)
6. WHO Performance status of 0–2.

Design

Exclusion criteria

PEARLS is a seamless phase II/III multi-stage randomised controlled
trial (Fig. 1). Men with histologically confirmed prostate cancer with
PSMA-avid nodal disease within the pelvis and / or para-aortic region
receiving androgen deprivation therapy +/- androgen receptor (AR)
targeted therapy or docetaxel chemotherapy are eligible. PEARLS is
registered [ISRCTN:36344989].

• Prior radiotherapy to the prostate or pelvis; prior bilateral orchiec
tomy; radical prostatectomy.
• For those patients who have received docetaxel chemotherapy or are
receiving AR targeted therapy, there should be no ongoing CTCAE
grade 2 or greater GI toxicity relating to this systemic therapy.
• Medical conditions (non-prostate cancer related) expected to limit
life expectancy to <5 years.
• Bilateral hip prostheses or any other implants/hardware that would
introduce substantial CT artefacts and would make pelvic node
planning more difficult.
• Medical conditions likely to make radiotherapy inadvisable e.g., in
flammatory bowel disease, intractable urinary symptoms, previous
colorectal surgery.
• Previous malignancy within the last 2 years (except basal cell car
cinoma or squamous cell carcinoma of the skin or small renal masses
under surveillance), or if previous malignancy is expected to signif
icantly compromise 5-year survival.
• Any other contraindication to external beam radiotherapy to the
para-aortic and/or pelvic region.

Study objectives
Primary objective
Phase II: To determine whether moderately fractionated extended
field IMRT is safe in patients diagnosed on functional imaging with
pelvic and/or para-aortic lymph node positive prostate cancer.
Phase III: To determine whether extended field IMRT improves
metastasis-free survival (MFS) when compared to standard field radio
therapy in patients with pelvic lymph node only disease.
Secondary objectives
Secondary objectives are to assess (and in phase III to compare be
tween extended field and standard field groups):
Phase II.

Treatment allocation

• Acute bowel, bladder and bone marrow toxicity of extended field
prostate radiotherapy up to 18 weeks.

Allocation of radiotherapy field size to either standard field IMRT or
extended field IMRT uses a 1:1 allocation ratio. Within each cohort,
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treatment allocation is by minimisation with a random element.
Balancing factors include radiotherapy centre, systemic treatment
beyond LHRHa (any vs none) and start of ADT in relation to PSMA PET
scan (≤4 weeks vs >4 weeks).
Two cohorts of patients will be recruited: Those with nodal disease
limited to the pelvic lymph nodes and those with nodal disease in the
para-aortic region.

PSMA PET-CT can be used as an imaging biomarker in node-positive
prostate cancer. It is unclear when lesions lose their PSMA uptake
after radiation or whether residual PSMA uptake is associated with re
sidual tumour viability. Additional inclusion criteria for patients
considering the optional PSMA PET-CT sub-study is three or more PSMA
avid lymph nodes on the diagnostic PSMA PET-CT staging scan.
Gut microbiome
The objective of this translational work (n = 110) within PEARLS is
to determine how intestinal microbial populations change during
treatment in relation to field size and to study associations with bowel
toxicity and treatment efficacy. Comparisons will be performed at each
time point to assess relevant associations between the microbiota and
treatment outcomes.

Treatment description
At entry into the study, all patients will be receiving LHRHa (either
luteinizing hormone-releasing hormone agonist or antagonist) +/- AR
targeted therapy (abiraterone/prednisolone, enzalutamide, apaluta
mide) or docetaxel chemotherapy in accordance with standard clinical
practice at their centre.
Consenting patients are randomised in a 1:1 ratio to either:

Safety reporting

• Control arm of standard field image-guided intensity-modulated
radiotherapy (IMRT) with 60 Gray (Gy) to the prostate (and 44 Gy to
the pelvis with integrated boost of 51 Gy to the involved lymph nodes
for patients with pelvic-node disease only).
• Experimental arm of extended field image-guided IMRT with 60 Gy
to the prostate and 44 Gy to the pelvis and para-aortic region with an
integrated boost of 51 Gy to the involved lymph nodes. All rando
mised patients will receive IMRT given in 20 fractions over 4 weeks.

Serious Adverse Events (SAEs) are reportable after commencement
of study treatment i.e., after fiducial marker insertion or first fraction of
radiotherapy if no fiducials are used, and up to 30 days after end of study
treatment. In addition, RTOG grade ≥ 3 acute or late radiation side ef
fects, i.e., related to study treatment (except erectile dysfunction),
occurring within 5 years after radiotherapy treatment are reported as
SAEs.
Endpoints

Details of the schedule of assessments and follow-up are shown in
Table 1.

Primary endpoints
Phase II: Acute lower gastrointestinal (GI) RTOG G2+ toxicity at
week 18 from start of radiotherapy.
Phase III: Metastasis-free survival (MFS) defined as the time from
randomisation to the first detection of distant metastasis on imaging or
death from any cause, where distant metastasis is defined as extra-pelvic
lymphadenopathy, bone or visceral metastases.

Radiotherapy Quality Assurance (RT QA)
A comprehensive QA programme for the PEARLS trial has been
designed and implemented by the National Radiotherapy Quality
Assurance (RTTQA) Group including pre-trial and on-trial components.
The QA processes for the PEARLS trial have been streamlined for centres
that have already completed the QA programme for the PIVOTALboost
[ISRCTN:80146950] or PACE [ISRCTN:17627211] trials.
For pre-trial QA, centres must complete the following prior to site
activation: 1) Facility questionnaire, 2) benchmark outlining case and 3)
benchmark planning case.
On-trial QA includes prospective and/or retrospective case reviews,
independent review of staging PSMA PET-CT imaging and report,
dosimetry site visit (subject to prior RTQA dosimetry accreditation) and
Digital Imaging and Communications in Medicine (DICOM) data
collection for all patients.
Radiotherapy planning and delivery guidelines are provided in ap
pendix 2.
In addition to the planning and radiotherapy treatment guidelines, a
pelvic lymph node, extended field and nodal boost contouring atlas has
been developed (see appendix 3). Several webinars were held to ensure
consensus approval of these documents amongst the UK prostate
radiotherapy community prior to their release.

Secondary endpoints
Phase II: Acute and late toxicity, compliance to treatment dose
constraints and patient reported outcomes.
Phase III: Acute and late toxicity, patient reported outcomes, time to
biochemical progression, time to and pattern of radiographic progres
sion, failure-free survival and overall survival.
Patient reported outcomes endpoints
Participants are asked to take part in a quality of life study. This
includes patient reported outcomes collected using the following ques
tionnaires: Expanded Prostate Index Composite-26 (EPIC 26) Short Form
[18], International Prostate Symptom Score (IPSS) [19], The NCI Patient
Reported Outcomes version of the Common Terminology Criteria for
Adverse Events (PRO-CTCAE) Measurement System [20] and the EQ5D-5L [21].
Statistical considerations

Translational research

PEARLS is a trial with separate primary endpoints and sample sizes
calculated for each phase. All patients recruited during phase II will
contribute to phase III. Recruitment to phase III will continue whilst
phase II primary endpoint data mature. Phase II has a toxicity primary
endpoint and the principal analysis will combine data from extended
field IMRT patients from both the pelvic node and para-aortic node
cohorts. Phase III is powered to evaluate the primary endpoint of MFS in
the pelvic node cohort of patients.

There are three separate translational research sub-studies in
PEARLS.
Immune cell repertoire
This sub-study (n = 30) aims to compare changes in the immune cell
repertoire during and after radiotherapy to the prostate alone versus
radiotherapy to the prostate with pelvic and/or para-aortic lymph
nodes.

Sample size
Phase II requires 75 patients to be treated with extended field IMRT.
With 1:1 treatment allocation ratio the total sample size for phase II is
150 patients. The primary endpoint in phase II is acute lower GI toxicity

PSMA PET-CT biomarker imaging response
The primary aim of this sub-study (n = 26) is to determine whether
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Table 1
Schedule of assessments.
During RT Treatment

134

Screening (prerandomisation)

Informed consent
Histological confirmation
of prostate cancer
Complete history and
physical examination
(physical examination
& DRE if clinically
indicated).
Radiological assessment
(PSMA PET-CT +/multi-parametric MRI
scan))
Bloods – full blood count
(FBC)
Bloods – biochemistry
(renal profile only)
Bloods – biochemistry
(glucose, liver
function, bone profile,
renal profile)
Bloods – PSA
Bloods – testosterone
Toxicity Assessment –
RTOG and CTCAE (v5)
Quality of Life
questionnaire [PRO
CTCAE EPIC-26, IPSS,
EQ-5D]
Optional sub-studies
PSMA PET (26 patients)
T-cell – blood sample
collection (London
centres ONLY – 30
patients) – 6 timepoints
T-cell – diagnostic
tumour collection
Gut microbiota – stool
sample collection (110
patients) – 6 timepoints

X
X

Pretreatment

End
week
1

End
week
2

End
week
3

End
week
4

Week
6

Week
8

Week
12

Week
18

Month
6

Month
12

Month
18

Month
24

Month
30

Month
36

Month
42

Month
48

Month
60

Year 6–10 Recurrence
(annual)

X

X

X

X1

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X

X

X

X
X
X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X1

X1

X

X
X

X
X
X

X

X

X

X

X

X

X

X

X

X

X

FBC ONLY at these time-points for patients taking part in the T-cell blood sample collection.

X

X

X

X

X
X

X

X
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at 18 weeks from the start of radiotherapy. The RTOG G2+ toxicity-free
rate at 18 weeks, which if true could imply that the experimental arm
does not warrant further investigation, is set at 82 %, i.e., ruling out a
G2+ acute GI toxicity rate of 18 % or higher. The RTOG G2+ toxicityfree rate at 18 weeks in the experimental arm is expected to be 92 %.
Using a Fleming single-stage design (with 5 % alpha and 80 % power), if
at least 68/75 patients receiving extended field IMRT are toxicity-free, it
would be considered sufficient to continue to phase III. The phase II
stop/continue decision will be based on the toxicity experience of pa
tients receiving extended field radiotherapy both in the pelvic node and
para-aortic node cohorts, as the experimental treatment is the same for
both the cohorts. The assessment of toxicity will focus on radiotherapyrelated events only. The sample size was calculated using the Sample
Size Tables for Clinical Studies software.
The primary endpoint for phase III is MFS and the time point of
primary interest is 5 years. This endpoint was chosen as it is a non-PSA
based failure-free survival endpoint and has been found to be predictive
of overall survival in localized prostate cancer [22]. The power calcu
lation for phase III is based on the pelvic node cohort and requires 693
pelvic node patients. It is assumed that the control arm 5-year MFS rate
in the pelvic node cohort will be 80 %. This is based on extrapolation
from two radiotherapy trials [6,7] in patients with known pelvic lymph
node disease on conventional imaging. The phase III trial has a superi
ority design and is powered to detect a 7 % difference in 5–year MFS
from 80 % to 87 %, corresponding to detecting a hazard ratio of 0.62.
This will require a total of 161 events (85 % power and a 5 % two-sided
significance level). The target number of events would be anticipated to
accrue in 693 pelvic node patients recruited over 6.5 years of staggered
recruitment with a minimum of 5 years follow up on all patients. This
assumes that 6 % of all patients will be recruited in the first year, 8 % in
the second year, 12 % in the third, 16 % in the fourth, 22 % in the fifth
year, and 36 % in the remaining one and a half years. To allow for 3 %
loss to follow up at the time of the primary endpoint analysis (based on
the experience in CHHiP) [23], the target sample size is 714 pelvic node
patients (357 standard field IMRT; 357 extended field IMRT). The
sample size is based on the log-rank test using the ‘artsurv’ command in
STATA.
The phase III sample size is driven by the number of events in the
pelvic node cohort but allowing for concurrent enrolment to the paraaortic node cohort. With the expectation that recruitment of patients
with para-aortic disease will be one quarter the rate of patients with
pelvic node only disease, we estimate there will be 179 para-aortic pa
tients recruited after 6.5 years giving an estimated total sample size of
893 patients.

optimal radiotherapy treatment strategy for this patient group needs to
be determined. PEARLS complements the completed CHHiP [22]
[ISRCTN:97182923] and PACE [ISRCTN:17627211] trials, currently
recruiting PIVOTALboost [24] [ISRCTN:80146950], recently opened
PACE-NODES [ISRCTN/Clinical Trial.gov pending] and STAMPEDE2
(Arm S) prostate cancer radiotherapy trials in the UK.

Interim analyses and stopping rules
The trial is designed with stages to assess feasibility and safety during
phase II and efficacy in phase III. Recruitment will be closely monitored
by the Trial Management Group (TMG) and Trial Steering Committee
(TSC). An Independent Data Monitoring Committee (IDMC) will review
the accumulating data at regular intervals at least annually.

We acknowledge NHS funding to the NIHR Biomedical Research
Centre at The Royal Marsden and The Institute of Cancer Research. The
views expressed in this publication are those of the author(s) and not
necessarily those of the NHS, the National Institute for Health Research
or the Department of Health and Social Care.

Ethics approval
PEARLS was approved by the London – Central Research Ethics
Committee (21/LO/0178).
Funding
PEARLS is funded by Cancer Research UK (CRUK/19/016; A29872).
The trial is sponsored by The Institute of Cancer Research and cen
trally managed by The Institute of Cancer Research Clinical Trials and
Statistics Unit (ICR-CTSU). PEARLS is supported by the National Insti
tute for Health Research funded National Radiotherapy Trials Quality
Assurance Group (RTTQA).
Declaration of Competing Interest
The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests:
JM and AT declare funding from Cancer Research UK (RadNet C7224/
A28724). JM declares honoraria/travel assistance from Astellas, Bayer,
Ferring, Janssen. TB declares honoraria from Elekta and AstraZeneca.
DC declares Vice Chair of Advisory Group Digestive Cancers Europe –
Chair of the Patient Advisory Group and Vice Chair of the Board. AM
declares IDMC payment to institution research fund. LP declares CRUK
Clinical Trials Fellowship funding. AR declares honoraria/travel assis
tance from Janssen, Astellas and AstraZeneca. IS declares honoraria
from Bayer, Bristol Myers Squibb, Janssen. AT declares research funding
from Elekta, Varian and Accuray and honoraria/travel assistance from
Elekta and Accuray. AW declares funding from Prostate Cancer UK,
honoraria with travel/accommodation funded by AACR 2022, ESTRO,
ImmunoRad 21 and 22 and co lead of TGFbeta working group. EH de
clares grants from Varian Medical Systems Inc., Astra Zeneca, JanssenCilag, Bayer, Roche Products LTD, Merck Sharp & Dohme received by
the Institution of Cancer Research. EH declares funding from Cancer
Research UK for the central coordination of the PEARLS trial.
Acknowledgements

Appendix A. Supplementary data

Planned timeline

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ctro.2022.09.003.

PEARLS recruited its first patient on 25th June 2021 and is currently
open in 12 UK centres (as of 31/08/22). International participation is
planned for phase III to support a planned recruitment timeline of
approximately 6.5 years.
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