RE-ARMing the immune response to bladder cancer with radiotherapy

Following demonstration of significant activity of atezoluzimab in refractory metastatic
urothelial cancer (1); randomised trials showed improved survival with PD1/PD-L1 agents
compared to second line chemotherapy (2). As a result, treatment with PD1/PD-L1 immune
checkpoint inhibitors has become a standard NICE and ESMO-approved treatment for
metastatic urothelial cancer. Despite these successes, with some patients being long term
survivors on therapy, disappointingly the majority of patients experience early progression on
treatment. For these patients there is a paucity of options. Targeted agents have yet to gain
real clinical traction in bladder cancer - some biomarker-led approaches e.g. the FGFR
inhibitor erdafitinib show promise (3), but, as only ~15% of patients have the sensitive
mutations, these are unlikely to benefit the majority of patients and remain at some distance
from routine clinical use. Antibody-conjugated chemotherapy may also be an option (4), but
it is uncertain whether this will be readily available in the clinic in the near future. There is,
therefore, a clear clinical need to try to make immune checkpoint inhibitors (ICl) work better
and for more people.

An intriguing observation in the ImVigor 210 trial of the PD-L1 inhibitor atezolizumab in
patients with metastatic urothelial cancer was that 17% of patients experienced a late clinical
response after initial progression on treatment — this was on top of the 15% of patients
showing an early response shortly after initiation of atezolizumab (5). It has been
demonstrated that radiotherapy increases expression of PD-L1 in both murine and human
models of urothelial cancer (6), leading to various radiotherapy/ICI combinations being
evaluated in the radical setting. As recently reviewed in Clinical Oncology (7), these
observations raise the intriguing possibility that addition of radiotherapy could tip the
immunological balance to further enhance responses and increase the number of patients
who, after failing to show an initial response to ICl, have a delayed response.

The RE-ARM trial (ISRCTN12606219) addresses this hypothesis in a randomised phase Il
design with a trial schema as shown in figure 1. One hundred and two patients with stable
disease at best after 3-6 cycles of atezolizumab, given as part of routine care, will be
randomised between palliative radiotherapy (20Gy in five fractions) plus atezolizumab, or
continuation of atezolizumab alone. The primary endpoint of RE-ARM is the objective
radiological response rate (complete or partial response) at 9 weeks after the start of study
treatment according to RECIST v1.1 criteria, excluding the planned radiotherapy site. The trial
aims to detect an absolute increase in response rate of at least 15% for the combination arm
at 9 weeks, compared with the control arm (assuming 15% response in control, 1:1
randomisation, 80% power, 1-sided 0.2 significance level).

Randomised reports of abscopal responses to radiotherapy plus ICl are currently lacking in
metastatic urothelial cancer, whilst reports in other tumour types show diverse results. A
recent combined analysis of two phase 1/2 randomised studies of pembrolizumab, with or
without radiotherapy, in metastatic non-small cell lung cancer showed a best out-of-field



(abscopal) response rate (ARR) of 41.7% (30/72) when radiotherapy was added, versus a
response rate of 19.7% (15/76) with pembrolizumab alone (odds ratio [OR] 2:96, 95% Cl 1-42—
6-20; p=0-0039) (8). Median overall survival was extended from 8:7 months (6:4—11-0) with
pembrolizumab alone to 19-2 months (14:6-23-8) with pembrolizumab plus radiotherapy
(0-67, 0:54-0-84; p=0-0004) (8). In contrast, a recently reported randomised phase Il study of
nivolumab plus or minus stereotactic radiotherapy (SBRT) (8x3Gy) in metastatic head and
neck cancer showed no improvement in the rates of out of field abscopal responses,
progression free or overall survival with SBRT (9). The UK PERM trial randomised patients with
metastatic melanoma to pembrolizumab with or without radiotherapy (8Gy x 3 to up to three
tumour sites)(10), but was halted due to poor recruitment. The above varying results have
led some to advocate for more aggressive strategies including ablation of all radiologically-
visible disease, high doses per fraction and/or addition of other ICl beyond the PD1/PD-L1 axis
such as anti-TIGIT agents.

The limited reports to date of ICl plus radiotherapy in urothelial cancer suggest, firstly, that
radiotherapy might be best given during ICl, rather than beforehand (11) — an approach that
is also supported by pre-clinical data (12). In a small phase | study, concomitant irradiation of
3 x 8Gy to a single site, prior to cycle 3 of pembrolizumab, resulted in RECIST v1.1 response in
non-irradiated lesions in four of nine patients (44%). Secondly, the high rates of bowel and
urinary toxicity seen in the PLUMMB trial of pembrolizumab plus hypofractionated
radiotherapy (13), and a second phase | trial incorporating pelvic radiotherapy (14), indicate
that an ICl/radiotherapy interaction may be present, but that caution is warranted with high
radiotherapy doses to the pelvis. RE-ARM incorporates both of these factors in an adaptive
randomised design and is an exciting opportunity for the UK to systematically address the role
of radiotherapy plus ICl in the control of metastatic urothelial cancer.

Specific aspects of trial design which differ from the randomised studies above include the
pre-selection for non-responders to ICl, which means the RE-ARM trial population is likely to
be enriched for patients with immune cold or immune-excluded tumour phenotypes. The
radiotherapy dose schedule of 20Gy in five fractions has been in part pragmatically selected
based on ease of delivery across different UK radiotherapy centres; however, it is also fairly
similar to the 30Gy in 6 fractions that has been shown to optimally induce type | interferon
and abscopal responses in a pre-clinical context (15). A further strategy to optimise response
includes guidance to centres to preferentially irradiate larger lesions in locations considered
more immunogenic, such as visceral and nodal metastases, as opposed to bone metastases.
The outcomes following irradiation of liver metastases in RE-ARM will be particularly
intriguing in view of recent pre-clinical findings that a single 8Gy radiotherapy treatment to
the liver can reprogram the tumour microenvironment (TME), thus enhancing systemic
responses to ICl (16). This is particularly relevant since we know that liver metastases predict
for inferior responses to ICl across different tumour sites (16, 17).

Patients who fail to show an initial response to ICI will exhibit considerable biological
heterogeneity. Recent unbiased integrative analyses of baseline tumours in IMvigor 210 and
Checkmate 275 have combined bulk RNA seq and single cell sequencing. Here, the ratio
between an adaptive immune response signature and a pro-tumourigenic inflammation



signature best predicted response to ICI (18); such signatures were predominantly derived
from diverse myeloid populations (18). This builds on previous insights into IClI response in
urothelial cancer; these include the relevance of tumour mutational burden as a positive
predictor of response (19), as well as the association between enrichment with cancer-
associated fibroblasts, increased TGF beta signalling and ICI resistance (20). Additionally,
antibiotic use within 30 days of starting ICl in IMvigor 210 and 211 was associated with inferior
responses, which intriguingly was not seen in patients receiving chemotherapy in IMvigor 211
(21). The balance of bacterial versus fungal strains is known to be relevant to
radioresponsiveness (22), and both these finding demonstrate the likely relevance of the
microbiome to clinical responses in RE-ARM.

The biological heterogeneity described above is likely to mean there will be some patients
who just need an immunological “nudge” to enable a response to combined ICl/radiotherapy
whereas, sadly, other patients will show rapid progression despite combination treatment.
Going forward, the field needs to prospectively identify patients with such divergent
responses and better understand the biological hallmarks of differential response. For this
reason, comprehensive integrative translational profiling is embedded in the design of RE-
ARM. We are enormously grateful to the participating NHS hospitals for their support for the
collection of baseline tumour biopsies, longitudinal bloods and planned microbiome samples.
Where sites have the relevant interventional radiology support available, we are also planning
to incorporate paired biopsies pre and post-RT. Here, single cell sequencing should provide
high resolution understanding of intra-tumoural TME changes in a small cohort of patients.

Patients who present with metastatic bladder cancer have a one year survival of only 33%
(23). These dismal survival statistics relate in part to a historical lack of funding for bladder
cancer, relative to other tumour sites (24). RE-ARM is an exciting opportunity to
systematically evaluate whether an affordable and readily-available experimental treatment
(radiotherapy) can augment responses to immune checkpoint blockade. We are grateful to
the many UK centres taking part in RE-ARM and for their help with recruiting patients to this
important study. Other UK sites interested in participating are invited to contact the trial
coordination team [REARM-icrctsu@icr.ac.uk].
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102 patients receiving atezolizumab for metastatic urothelial cancer at up
to 20 UK hospitals, with no RECIST v1.1 response following 3 cycles of
treatment and fulfilling all eligibility criteria

v

Written informed consent

Y

Randomisation by minimisation
1:1
Stratification factors:
Randomising hospital; site of
metastasis; 1t or 2"/3" line of
treatment; disease status

|
\ 4 \ 4
Group 1: Group 2:
Atezolizumab alone (control) Atezolizumab + radiotherapy
IV atezolizumab three weekly IV atezolizumab three weekly

Plus
Radiotherapy to a single site

Follow up

Every 3 weeks on treatment:

Physical examination; FBC, U&E, LFTs, thyroid function (every 6 weeks); concomitant medication
assessment; adverse event assessment (CTCAE v5)

Primary endpoint assessment (at 9 weeks):

CT chest abdomen pelvis (CAP); RECIST v1.1 assessment

Repeat CT imaging every 9 weeks on treatment until RECIST v1.1 progression/iRECIST iCPD

Six weeks following RECIST v1.1 progression (if continuing atezolizumab):

CT CAP; iRECIST assessment. Second CT CAP for iRECIST assessment 12 weeks later

Subsequent scans for iRECIST assessment every 9 weeks

Post treatment discontinuation:

Assessment of disease status and survival every 3 months

Substudies (if participating):

Quality of life (QoL) questionnaire at screening, 9 weeks & 6 months; also 12 months for those
continuing atezolizumab

Research blood samples at baseline, fraction 4/5 (RT group only), week 3 and 9 from start of study
atezolizumab and at RECIST v1.1 progression

Primary endpoint: Response at 9 weeks (RECIST v1.1)

Secondary endpoints: Response according to iRECIST; clinical benefit; best response; duration of
response; time to progression; progression free survival; overall survival; treatment related toxicity;
patient reported Qol.



