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Côme Tholomiera,b,1 , Gautier Marcqa,b,1 , Surashri Shinde-Jadhavb , Mina Ayoubb , Jia Min Huangb ,
Ronald Koolb , Rodrigo Skowronskib , Fadi Brimoc , Jose Joao Mansureb and Wassim Kassoufa,b, *
a Department

of Surgery, Division of Urology, McGill University, McGill University Health Centre, Montréal,
QC, Canada
b Urologic oncology Research Program, Research Institute of the McGill University Health Centre, Montreal,
QC, Canada
c Department of Pathology, McGill University, McGill University Health Center, Montréal, QC, Canada
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Abstract.
BACKGROUND: New bladder preserving strategies are needed for muscle invasive bladder cancer (MIBC). Combined
therapy of immune-checkpoint inhibitors and radiation was shown to have synergistic antitumoral effects in preclinical
studies.
OBJECTIVES: We aim to evaluate whether the sequence of administration of this combined therapy impacts antitumoral
response.
METHODS: We developed an in-vivo syngeneic MIBC mouse model where murine bladder cancer cells (MB49) were
injected subcutaneously in the right flank of C57BL/6 mice. Mice were then randomized to the following treatments: control,
anti-programmed cell death ligand 1 (PD-L1) alone, radiation alone (XRT) consisting of 6.25 Gy x2 fractions, concurrent
anti-PD-L1 with XRT, neoadjuvant anti-PD-L1 followed by XRT, or XRT followed by adjuvant anti-PD-L1 therapy. Tumor
growth, survival, and rate of response were analyzed.
RESULTS: Total of 60 mice were randomized. One-way analysis of variance showed statistically significant difference in
tumor growth rate across the treatment arms (p = 0.029). Importantly, timing of immunotherapy (neoadjuvant, concurrent, or
adjuvant) did not alter either tumor growth or survival (p > 0.05). The rate of response was also similar in each combination
arm (p > 0.05).
CONCLUSION: Combining anti-PD-L1 immunotherapy and radiation therapy offers optimal antitumoral responses. Timing
of immunotherapy (neoadjuvant, concurrent, or adjuvant) does not appear to affect outcomes. Whether the toxicity profile
differs across various sequential deliveries of combination therapy requires further evaluation.
Keywords: Urinary bladder neoplasms, carcinoma, transitional cell, immunotherapy, programmed cell death 1 ligand 2
protein, radiotherapy, combined modality therapy
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Bladder cancer is the 5th most common cancer in
Canada, with an estimated 12,200 new cases that will
be diagnosed in 2020 [1]. About 25% of new patients
are diagnosed with muscle-invasive bladder cancer
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(MIBC), for which the 5-year overall survival (OS)
does not exceed 50%; while in cases of metastatic
bladder cancer, the reported 5-year OS is only
5% [2, 3].
In MIBC, standard of care consists of neoadjuvant chemotherapy followed by radical cystectomy
(RC) with lymph node dissection [4, 5]. However,
recent data showed that bladder-sparing protocols and more notably trimodal therapy (TMT),
in appropriately selected individuals, can provide
comparable oncological outcomes while maintaining
quality of life and avoiding the morbidity associated with surgery [6]. The treatment options in
metastatic disease usually consist of platinum-based
chemotherapy, with only limited second line options
[7]. More recently, multiple trials using immune
checkpoint inhibitors targeting the programmed cell
death protein 1 (PD-1) and programmed cell death
ligand 1 (PD-L1) have shown promising results
in the second line setting with an overall and
durable response rate of 15–21% [8–13]. Of note,
increased clinical benefit was reported for patients
whose tumors had an elevated PD-1 and PD-L1
expression.
Moreover, various clinical data demonstrated that
combining immunotherapy with radiation therapy
(XRT) has the potential to provide a synergistic effect
and improve cancer control compared to either therapy alone. In non-small cell lung cancer, a phase 1
trial examining adjuvant pembrolizumab after XRT
and a phase 3 trial comparing durvalumab to placebo
in patients who previously received chemoradiotherapy showed a significant improvement in overall
survival [14, 15]. Multiple retrospective studies have
also reported that concurrent immune-check point
blockade and XRT improved overall survival and
local recurrence rates in patients with metastatic
melanoma [16–18]. Regarding bladder cancer, preclinical data has shown improved cancer control with
combination therapy [19, 20].
Indeed, ionizing radiation was reported to have
immune stimulating effects through various mechanisms [21, 22]. Specific to genitourinary cancers,
multiple pre-clinical studies showed that radiation
upregulated PD-L1 expression in mice with bladder
cancer and that combination therapy improves OS
and tumor growth rate [19, 20, 23]. Multiple ongoing
phase I to phase III clinical trials are evaluating
combination of immunotherapy and radiotherapy
as a bladder-sparing approach for non-metastatic
muscle invasive bladder cancer (NCT03768570,
NCT03171025, NCT03171025, NCT03491930,

NCT02621151, NCT03747419, NCT03775265,
NCT03617913, NCT04241185).
Despite these promising results, very little data
exists on what is the optimal sequencing of combination therapy: should immunotherapy be used in the
neoadjuvant setting, adjuvant setting, or concurrent
with XRT? Therefore, our study aimed to compare
these different options of combination therapy on
tumor growth and survival using an in vivo syngeneic
MIBC mouse model.

MATERIAL AND METHODS
Cell line and cell culture
Dr. Peter Black (University of British Columbia,
Canada) kindly provided us with the murine bladder cancer cell line MB49, which are derived from
C57BL/6 mice. This cell line is not listed in the
database of commonly misidentified cell lines from
the International Cell Line Authentication Committee. Unfortunately, there is no authentication test
available for the syngeneic MB49 murine bladder
cell line. The cell line was last tested negative
for mycoplasma contamination in 2016. Cells were
cultured at 37◦ C in DMEM (Wisent, Canada) supplemented with 10% of fetal bovine serum (Wisent,
Canada) and 1% of penicillin-streptomycin. Cells
were typically passaged 4 times prior to subcutaneous
injections.
In-vivo tumor growth experimental model design
This study was approved by the McGill University Health Centre Research Institute Research Ethics
Board. Six to eight-week-old C57BL/6 male mice
were purchased from Charles River Laboratories,
Inc. and kept in a pathogen-free environment at the
McGill University Health Center Research Institute.
All experiments were done according to the Animal
Ethical Care Protocol #7886 and followed all relevant
guidelines and regulations as per our Facility Animal
Care Committee.
Cell count was performed with the Vi-cell-XR cell
viability analyzer (Beckman Coulter). 5 × 105 cells
were injected subcutaneously into the right flanks
of 60 mice. Once tumor volume reached 0.15 cm3 ,
mice were randomized into six groups of 10 mice
each: control, anti-PD-L1 alone, radiation therapy
(XRT), neoadjuvant anti-PD-L1 followed by XRT,
anti-PD-L1 with concurrent XRT, and XRT followed
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by adjuvant anti-PD-L1. Based on our previous work,
a sample size of 10 mice per group was estimated
to have an >80% power to detect a minimum difference of 25% reduction in tumor growth, while
allowing for a 20% dropout for unforeseen mice
death [20]. Radiation was delivered as two consecutive fractions of 6.25 Gy, given 24 hours apart, using
the X-RAD SmART Irradiator machine (Precision XRay Inc., North-Branford, USA) with fluoroscopic
guidance. The corresponding dose/fraction was calculated based on clinical reports in bladder cancer,
including our previous work, that suggest a high
␣/␤ ratio of 10–15 Gy, where ␣ and ␤ are constant, representing lethal and sub-lethal damage,
respectively [24–26]. Total of 250  g of anti-PDL1 monoclonal antibody (In Vivo MAb anti-mouse
PD-L1 clone 10F:9G2 antibody, from BioxCell,
NH, USA) in 200  L was injected intraperitoneally every 48 hours for a total of four doses.
Mice dose was determined as previously described
[27–29].
The first radiation dose was given three days
after the first anti-PD-L1 injection in the “neoadjuvant” arm, the same day for the “concurrent” arm,
while anti-PD-L1 was started 3 days after the second
radiation dose for the “adjuvant” arm. The neoadjuvant schedule followed previous preclinical work by
Oweida et al. in head and neck squamous carcinoma,
which showed a benefit of this schedule compared
to XRT alone, when the first dose of anti-PD-L1
was administered three days before XRT [30]. As
previously mentioned, given that radiotherapy was
shown to lead to an increase in PD-L1 expression
which peaks at 72 hours, we elected to start adjuvant anti-PD-L1 3 days after the last radiation dose
[20, 31]. The terms “neoadjuvant”, “concurrent” and
“adjuvant” were used to reflect when anti-PD-L1
administration was initiated. Mice in the “neoadjuvant” arm received two doses before starting radiation
therapy, while mice in the “concurrent” arm received
three doses after completion of radiation therapy
(Fig. 1). Tumors were measured every 48 hours using
an electronic caliper. Tumor volume was approximated using the ellipsoidal formula calculated as
length × width2 ×π/6 . Tumor growth was monitored until primary endpoint was reached, at which
time mice were sacrificed. In accordance to our local
Facility Animal Care Committee as well as our previous experience, we used a reduced pre-specified
tumor volume to minimize tumor skin ulcerations:
our primary endpoint was therefore a tumor volume
of 1.5 cm3 [20].
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Statistical analysis
Tumor growth was plotted by time using mean
and standard error for each arm. Differences between
groups were assessed using analysis of variance
(ANOVA) for repeated measurements. Since our
mouse model created ulcerations and due to strict
adherence to our ethics committee’s recommendations, mice were sacrificed if they developed
ulceration before reaching the endpoint and therefore
follow-up was stopped at 12 days post randomization. In order to assess differences of time to
endpoint between neoadjuvant, adjuvant, and concurrent administration of anti-PD-L1, a survival analysis
was performed. Kaplan-Meier analysis and plots
were generated. Mice sacrificed due to ulcerations
that did not reach the endpoint were censored for
survival analysis. To assess differences in number of
responders in each combination arms, a chi-square
analysis was performed. A cut-off at 12 days was
used to dichotomize between responders and nonresponders. This cut-off was set at 0.5 cm3 since the
best arm of our experiment had a median volume at 12
days below 0.5 cm3 . A p-value <0.05 was considered
statistically significant. Statistical analyses were performed using Prism (GraphPad La Jolla California,
USA).

RESULTS
Combination therapy vs. monotherapy
In our previously published work, we have
shown that combination therapy led to a statistically significant slower tumor growth rate than either
monotherapy [20]. We confirmed these findings by
reproducing similar results: the ANOVA showed statistically significant difference in tumor growth rate
across treatment arms (p = 0.029) (Fig. 2). Combination therapy provided the most favorable tumor
growth curve.
Sequential administration of immunotherapy and
radiotherapy
We then wanted to assess the impact of the different
sequence of therapy (neoadjuvant, concurrent, and
adjuvant anti-PD-L1 combined with XRT) on tumor
growth and survival in order to assess if one combination would be superior. However, no difference
was found between tumor growth (p = 0.531) nor time
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Fig. 1. Experimental model design of the combination (neoadjuvant, concurrent and adjuvant) arms. XRT: radiation therapy, SubQ:
subcutaneous.

to endpoint (p = 0.208) (Fig. 3). During our followup, 15 mice out of 29 reached the endpoint. Median
time to endpoint was 39 days (95% confidence interval (CI): 10–39), 25 days (95% CI: 16–39), and 25
days (95% CI: 17–31) for neoadjuvant, concurrent,
and adjuvant arms, respectively (p = 0.208).
Rate of responders

Fig. 2. Tumor growth over time between control, XRT (radiotherapy) alone, anti-PD-L1 alone and combination therapy (consisting
of concurrent anti-PD-L1 and XRT) arms. Tumor growth is shown
using mean and standard errors for each group at each time points.
Analysis of variance revealed significant differences between arms
(p = 0.0293).

Even though growth curves were similar between
arms, we also investigated response to combination
therapy within each arm. As mentioned earlier, the
response rate of immunotherapy for bladder cancer
is 15–21%. The addition of radiotherapy could be
helpful to improve the latter. Therefore, we aimed
to identify responders and non-responders in each
combination arm after modeling the tumor growth
of each mouse as previously described (Fig. 4). The
rate of responders was overall similar between each
arm (p = 0.800).
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Fig. 3. Tumor growth and survival between combination arms: concurrent anti-PD-L1 and XRT (radiotherapy), neoadjuvant anti-PD-L1
with XRT and adjuvant anti-PD-L1 with XRT. A/ Tumor growth is shown using mean and standard errors for each group at each time points.
Analysis of variance revealed no significant differences between arms (p = 0.5306). B/ Kaplan-Meier plot representing the probability of
endpoint-free survival in each group. Log rank test is not significant (p = 0.2081).

Fig. 4. Rate of responders and non-responders in each combination arm: neoadjuvant, concurrent and adjuvant anti-PD-L1. XRT: Radiation
therapy. A/, B/ and C/Each plot shows individual tumor growth for each mouse in each arm. Responders are highlighted in black (defined by
a tumor <0.5 cm3 at 12 days), non-responders in grey. D/Contingency table of responders and non-responders in each group with Chi-square
analysis.

DISCUSSION
Our findings confirmed the growing body of
evidence that combining immunotherapy and radiotherapy seems to improve tumor control: combination
therapy had the slowest tumor growth curve and the

best results compared to the control arm. However,
the sequence of administration of combination therapy does not appear to affect outcomes.
Previously, Wu et al. reported similar findings
in mice injected with murine bladder cancer cells
when using a single radiation dose of 12 Gy [23].
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Despite conflicting evidence from pre-clinical studies, most showed that lower doses and fractionated
regimens (more specifically 3 fractions of 8 Gy, 5
fractions of 6 Gy and 2 fractions of 5 Gy) were
most immunogenic and even led to an abscopal
effect [20, 32, 33]. Therefore, we decided on using
a regimen of 2 fractions of 6.25 Gy based on
the published literature and our validation of this
fractionated regimen that was previously reported
[20].
Regarding what sequence of administration is best
when using combination therapy, several studies have
shown that PD-L1 expression peak within 72 hours
after the last dose of radiotherapy. One can postulate
that concurrent administration may be the preferred
approach [20, 31]. However, the literature evaluating
sequence of administration is sparse. One pre-clinical
study on colon cancer showed that adjuvant administration of anti-PD-L1 seven days after completion
of XRT was associated with worse OS compared
to concurrent treatment arms [31]. However, it is
also important to note that the recommended timing of radiotherapy with respect to immunotherapy
would depend on the type of immunotherapy used
[34]. For example, while current data point towards
higher effectiveness when anti-PD-L1 is used concurrently with XRT, macrophage repolarization seems
to improve tumor response when used as an adjuvant therapy [35]. To the best of our knowledge, the
sequence of administration has never been studied
in any malignancies, including bladder cancer. Our
study is the first report to show an absence of superiority in efficacy among the various combination arms.
Indeed, tumor growth, time to endpoint, and rate of
responders were similar whether immunotherapy was
given in the neoadjuvant, concurrent, or adjuvant setting.
Our findings are highly pertinent as there are
multiple ongoing clinical trials evaluating combined immunotherapy with trimodal therapy (TMT)
in bladder cancer with various sequential administration schedules: NCT03620435, NCT03775265
(SWOG 1806) and NCT04241185 are assessing
concurrent chemoradiotherapy with atezolizumab or
pembrolizumab, the BL13 study (NCT03768570) is
evaluating adjuvant durvalumab after TMT, whereas
the soon to open UK trial will examine neoadjuvant durvalumab followed by TMT. These differences
in the sequence of treatment are of utmost importance: if combination therapy is superior, would the
toxicity be similar in all regimens? The PLUMMB
trial (NCT02560636) tested the tolerability of

pembrolizumab combined with concurrent XRT consisting of six fractions of 6 Gy for patients with
locally advanced or metastatic bladder cancer. Unfortunately, it was stopped due to significant toxicity
when the combination therapy was given concurrently [36]. Therefore, this present study may point
towards the possibility of using the same combination therapy in the adjuvant setting instead, in the
hope of decreasing toxicity and improving the safety
profile, while maintaining similar efficacy. An adjuvant approach can potentially secure the delivery of
TMT (the standard of care therapy) without interruption due to toxicity of combination therapy. It is
important to note that current TMT regimen include
radiation sensitizing chemotherapy with radiotherapy. Although the immune stimulating effect of
radiotherapy and the synergistic effect of combining
radiation and checkpoint inhibitors are not expected
to change, further research is needed to determine
whether concurrent use of a chemosensitizer impacts
tumor control outcomes of various sequences of combined therapies.
Our study is not devoid of limitations. First,
because of the nature of the MB49 cell line, which
tends to give rise to an aggressive and fast growing
tumor once palpable, we had to treat our mice within
a short time frame. This may have limited optimal
assessment of sequencing effect. Indeed, neoadjuvant anti-PD-L1 was started only three days before
XRT. Similarly, in the adjuvant setting, anti-PD-L1
was started three days after the last dose of XRT.
As such, using our current mouse model, we did
not give all doses of anti-PD-L1 in the neoadjuvant
setting; mice received two out of four doses before
starting radiation therapy. Postponing radiation therapy may have caused possible local progression and
metastatic spread, leading to wrong efficacy conclusions. Nevertheless, the design remains similar to
the present clinical trials in this disease space. Second, our sample size, although determined to have
a power superior to 80%, may have been insufficient to detect a small difference between our
treatment groups. Third, we did not perform tumor
micro-environment analysis in order to assess the
immunologic changes in the different combination
sequences. However, since there was no difference
among the combination groups, the analysis of the
tumor micro-environment may have not been contributory. Further areas of research could explore whether
long-term immunological memory or the presence of
an abscopal effect would be mediated by the therapy
sequence.
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CONCLUSION
Combining anti-PD-L1 immunotherapy and radiation therapy offers optimal antitumoral responses.
Timing of immunotherapy (neoadjuvant, concurrent,
or adjuvant) does not appear to modify this added
benefit. In the context of recent ongoing clinical trials, these findings will be relevant to optimize the
sequence of combination therapy in order to minimize
toxicity while maximizing clinical benefit. Further
studies to explore the associated tumor microenvironment and different radiation fractionation schedule
will also be beneficial to provide further insight on
how to improve tumor control outcomes.
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Taboada M, Dennis PA, Özgüroğlu M. Overall Survival with
Durvalumab after Chemoradiotherapy in Stage III NSCLC.
N Engl J Med. 2018;379(24):2342-50.
Kiess AP, Wolchok JD, Barker CA, Postow MA, Tabar V,
Huse JT, Chan TA, Yamada Y, Beal K. Stereotactic radiosurgery for melanoma brain metastases in patients receiving
ipilimumab: safety profile and efficacy of combined treatment. Int J Radiat Oncol Biol Phys. 2015;92(2):368-75.
Cohen-Inbar O, Shih HH, Xu Z, Schlesinger D, Sheehan JP.
The effect of timing of stereotactic radiosurgery treatment
of melanoma brain metastases treated with ipilimumab. J
Neurosurg. 2017;127(5):1007-14.
Chen L, Douglass J, Kleinberg L, Ye X, Marciscano AE,
Forde PM, Brahmer J, Lipson E, Sharfman W, Hammers
H, Naidoo J, Bettegowda C, Lim M, Redmond KJ. Concurrent Immune Checkpoint Inhibitors and Stereotactic
Radiosurgery for Brain Metastases in Non-Small Cell Lung
Cancer, Melanoma, and Renal Cell Carcinoma. Int J Radiat
Oncol Biol Phys. 2018;100(4):916-25.
Solanki AA, Bossi A, Efstathiou JA, Lock D, Mondini M,
Ramapriyan R, Welsh J, Kang J. Combining Immunotherapy with Radiotherapy for the Treatment of Genitourinary
Malignancies. Eur Urol Oncol. 2019;2(1):79-87.
Rompre-Brodeur A, Shinde-Jadhav S, Ayoub M, Piccirillo
CA, Seuntjens J, Brimo F, Mansure JJ, Kassouf W. PD1/PD-L1 Immune Checkpoint Inhibition with Radiation in
Bladder Cancer: In Situ and Abscopal Effects. Mol Cancer
Ther. 2020;19(1):211-20.
Weichselbaum RR, Liang H, Deng L, Fu Y-X. Radiotherapy
and immunotherapy: a beneficial liaison? Nature Reviews
Clinical Oncology. 2017;14(6):365-79.
Formenti SC, Demaria S. Combining Radiotherapy and
Cancer Immunotherapy: A Paradigm Shift. JNCI: Journal
of the National Cancer Institute. 2013;105(4):256-65.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Wu CT, Chen WC, Chang YH, Lin WY, Chen MF. The role
of PD-L1 in the radiation response and clinical outcome for
bladder cancer. Sci Rep. 2016;6:19740.
Majewski W, Maciejewski B, Majewski S, Suwinski R, Miszczyk L, Tarnawski R. Clinical radiobiology of stage T2-T3
bladder cancer. Int J Radiat Oncol Biol Phys. 2004;60(1):6070.
Pos FJ, Horenblas S, Lebesque J, Moonen L, Schneider
C, Sminia P, Bartelink H. Low-dose-rate brachytherapy is
superior to high-dose-rate brachytherapy for bladder cancer.
Int J Radiat Oncol Biol Phys. 2004;59(3):696-705.
Pos FJ, Hart G, Schneider C, Sminia P. Radical radiotherapy
for invasive bladder cancer: What dose and fractionation schedule to choose? Int J Radiat Oncol Biol Phys.
2006;64(4):1168-73.
Deng L, Liang H, Burnette B, Beckett M, Darga T, Weichselbaum RR, Fu YX. Irradiation and anti-PD-L1 treatment
synergistically promote antitumor immunity in mice. J Clin
Invest. 2014;124(2):687-95.
Twyman-Saint Victor C, Rech AJ, Maity A, Rengan R,
Pauken KE, Stelekati E, Benci JL, Xu B, Dada H, Odorizzi PM, Herati RS, Mansfield KD, Patsch D, Amaravadi
RK, Schuchter LM, Ishwaran H, Mick R, Pryma DA, Xu
X, Feldman MD, Gangadhar TC, Hahn SM, Wherry EJ,
Vonderheide RH, Minn AJ. Radiation and dual checkpoint
blockade activate non-redundant immune mechanisms in
cancer. Nature. 2015;520(7547):373-7.
Taylor A, Harker JA, Chanthong K, Stevenson PG, Zuniga
EI, Rudd CE. Glycogen Synthase Kinase 3 Inactivation Drives T-bet-Mediated Downregulation of Co-receptor
PD-1 to Enhance CD8(+) Cytolytic T Cell Responses.
Immunity. 2016;44(2):274-86.
Oweida A, Lennon S, Calame D, Korpela S, Bhatia S,
Sharma J, Graham C, Binder D, Serkova N, Raben D,
Heasley L, Clambey E, Nemenoff R, Karam SD. Ionizing
radiation sensitizes tumors to PD-L1 immune checkpoint
blockade in orthotopic murine head and neck squamous cell
carcinoma. Oncoimmunology. 2017;6(10):e1356153.
Dovedi SJ, Adlard AL, Lipowska-Bhalla G, McKenna C,
Jones S, Cheadle EJ, Stratford IJ, Poon E, Morrow M,
Stewart R, Jones H, Wilkinson RW, Honeychurch J, Illidge
TM. Acquired resistance to fractionated radiotherapy can
be overcome by concurrent PD-L1 blockade. Cancer Res.
2014;74(19):5458-68.
Brooks ED, Schoenhals JE, Tang C, Micevic G, Gomez
DR, Chang JY, Welsh JW. Stereotactic Ablative Radiation
Therapy Combined With Immunotherapy for Solid Tumors.
Cancer J. 2016;22(4):257-66.
Dewan MZ, Galloway AE, Kawashima N, Dewyngaert
JK, Babb JS, Formenti SC, Demaria S. Fractionated but
not single-dose radiotherapy induces an immune-mediated
abscopal effect when combined with anti-CTLA-4 antibody.
Clin Cancer Res. 2009;15(17):5379-88.
Kalbasi A, June CH, Haas N, Vapiwala N. Radiation and
immunotherapy: a synergistic combination. J Clin Invest.
2013;123(7):2756-63.
Gunderson AJ, Young KH. Exploring optimal sequencing
of radiation and immunotherapy combinations. Adv Radiat
Oncol. 2018;3(4):494-505.
Tree AC, Jones K, Hafeez S, Sharabiani MTA, Harrington
KJ, Lalondrelle S, Ahmed M, Huddart RA. Dose-limiting
Urinary Toxicity With Pembrolizumab Combined With
Weekly Hypofractionated Radiation Therapy in Bladder
Cancer. Int J Radiat Oncol Biol Phys. 2018;101(5):1168-71.

