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Abstract

Background: Muscle-invasive bladder cancer (MIBC) has a poor prognosis.
Chemoradiotherapy (CRT) in selected patients has comparable results to radical cystec-
tomy. Results of neoadjuvant immune checkpoint inhibitors (ICIs) before radical cystec-
tomy are promising. We hypothesize that ICI concurrent to CRT (iCRT) is safe and may
improve treatment outcomes.
Objective: To determine the safety of iCRT for MIBC.
Design, setting, and participants: This multicenter, phase 1b, open-label, dose-escalation
study determined the safety of CRT with three ICI regimens in patients with non-
metastatic (T2-4aN0-1) MIBC. Twenty-six patients received mitomycin C/capecitabine
and 20 � 2.75 Gy to the bladder. Tolerability was evaluated in a cohort of up to ten
patients. If two or fewer out of the first six patients or three or fewer of ten patients
experienced dose-limiting toxicity (DLT), accrual continued in the next cohort.
Intervention: Patients received nivolumab 480 mg (NIVO480), nivolumab 3 mg/kg and
ipilimumab 1 mg/kg (NIVO3 + IPI1), or nivolumab 1 mg/kg and ipilimumab 3 mg/kg
(IPI3 + NIVO1).
sevier B.V. on behalf of European Association of Urology. This is an open access article
mmons.org/licenses/by-nc-nd/4.0/).
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Outcome measurements and statistical analysis: The primary endpoint was safety.
Secondary objectives were response rate, disease-free survival, metastatic-free survival
(MFS), and overall survival (OS).
Results and limitations: In the NIVO480 cohort, no patients experienced DLT. The
NIVO3 + IPI1 2 patients experienced DLT, thrombocytopenia (grade 4), and asystole
(grade 5). IPI3 + NIVO1 was discontinued after three out of six patients experienced
DLT. Clinically significant adverse events (AEs) of grade �3 occurred in zero, three,
and five patients in the NIVO480, NIVO3 + IPI1, and IPI3 + NIVO1 groups, respectively.
The most common AEs were immune related and gastrointestinal. MFS and OS were
90% at 2 yr for NIVO480 and 90% at 1 yr for NIVO3 + IPI1. Limitations include the absence
of a centralized pathology and radiology review, and a lack of biomarker analysis.
Conclusions: In this dose-finding study of iCRT, the regimens of nivolumabmonotherapy
and nivolumab 3 mg/kg with ipilimumab 1 mg/kg have acceptable toxicity.
Patient summary: We tested the safety of a new bladder-sparing treatment modality for
muscle-invasivebladder cancerpatients, combining immunecheckpoint inhibitors simul-
taneously with chemoradiotherapy. We report that two regimens, nivolumab monother-
apy and nivolumab 3mg/kgwith ipilimumab 1mg/kg, are safe and can be used in phase 3
trials.

� 2022 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Urothelial bladder cancer (UBC) is the ninth most prevalent
cancer worldwide, with yearly over 500 000 new cases and
200 000 attributable deaths [1]. UBC, in which the tumor
invades the detrusor muscle (muscle-invasive bladder can-
cer [MIBC]) contributes to approximately 30% of newly
diagnosed cases [2].

Despite intensive treatments such as radical
cystectomy (RC) with pelvic lymph node dissection or
bladder-sparing chemoradiotherapy (CRT), the prognosis
of MIBC remains poor, with 5-yr overall survival (OS)
of 50% [3,4]. The high mortality rate of MIBC is explained
by the early development of micrometastases [5,6]. This
is supported by the fact that neoadjuvant chemotherapy
(NAC) before RC improves 5-yr OS by 5–8% [7]. A similar
survival benefit of NAC on CRT has not been confirmed
[8].

Recently, the use of immune checkpoint inhibitors
(ICIs) has improved treatment outcomes in several can-
cers [9–12]. ICI monotherapy targeted against pro-
grammed death 1 (PD-1) or its ligand (PDL-1) has
produced clinically meaningful results and has already
gained a role in the treatment of metastatic UBC
[4,13,14]. Sharma et al [15] suggested that combined
treatment targeted against PD-1 and cytotoxic T lympho-
cyte antigen 4 (CTLA-4) improved treatment results with
acceptable toxicity. In line with these developments,
potential benefit of neoadjuvant ICIs before RC has been
demonstrated, with pathological response rates (RRs)
between 33% and 58% [16–19]. These outcomes warrant
further research of ICI combination therapy in the cura-
tive treatment of MIBC patients.

One such potential treatment is combining an ICI with
CRT (iCRT). Both chemotherapy and radiotherapy influence
the tumor microenvironment by increasing immune cell
infiltration and antigen presentation, which could lead to
an enhanced immune response after ICI treatment
[20–22]. There are several active iCRT studies in MIBC
[23]. As yet, one trial investigating the anti–PD-L1 drug
atezolizumab has been published after premature termina-
tion due to toxicity [24]. This shows that careful evaluation
of iCRT in terms of ICI and CRT regimens is needed.

To our knowledge, we present the first clinical trial
investigating the safety and feasibility of iCRT with nivolu-
mab and ipilimumab for MIBC. We investigated three regi-
mens: first anti–PD-1 monotherapy (nivolumab), followed
by anti–PD-1 + anti–CTLA-4 (ipilimumab) concurrent to
CRT with mitomycin C (MMC) and capecitabine to deter-
mine the maximally tolerable dose [25]. Additionally, we
provide early oncological outcomes.
2. Patients and methods

2.1. Study design and patients

The CRIMI trial (NCT038442556) is a multicenter, phase 1b–2, open-

label, dose-escalation study of MMC/capecitabine CRT combined with

nivolumab monotherapy or nivolumab and ipilimumab as a curative

bladder-sparing treatment of nonmetastatic MIBC. Between January

2019 and December 2021, participants were sequentially enrolled in

three academic hospitals in The Netherlands into three consecutive

treatment regimens (IRB 2018_095#B202132).

The key eligibility criteria were �18 yr, Eastern Cooperative Oncol-

ogy Group performance status �1, and histologically confirmed urothe-

lial MIBC (>50% urothelial carcinoma, stage cT2-T4acN0-1M0 in

combination with adequate organ and bone marrow function). No con-

current extravesical UBC (ie, urethra and upper urinary tract), multifocal

carcinoma in situ (CIS), and prior treatment for MIBC or pelvic radiother-

apy was allowed. The eligibility criteria are described in the Supplemen-

tary material.

The study protocol (Supplementary material) was approved by the

institutional review board of each participating center and was con-

ducted in accordance with the Guidelines for Good Clinical Practice.

Informed consent was obtained from participants. An independent data

safety monitoring board was instituted and consulted at predefined

stages throughout the study.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 2 – Planning dose constraint radiotherapy

Organ at risk Dosimetric parameter Volume

Small bowel V55 <3 cc
Bowel bag V45 <300 cc
Rectum V50 <50%
Sigmoid V60 <3 cc
Bladder V50 15%
Hip left <V50 NA
Hip right <V50 NA

NA = not available; V55, V45, and V60 = percentages of volume receiving
55, 45, or 30 Gy.
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2.2. Study procedures and treatment

Patients were staged by transurethral resection of the bladder tumor

(TURBT) prior to the start of study treatment and computed tomography

(CT) imaging of the chest, abdomen, and pelvis, and discussed in a mul-

tidisciplinary meeting. Fluorodeoxyglucose positron emission tomogra-

phy was optional following hospital guidelines. The study treatment

was administered in 12 wk (Table 1) and consisted of radiotherapy using

volumetric modulated arc therapy or intensity-modulated radiotherapy

(IMRT) with 40 Gy in 20 fractions of 2 Gy to the whole bladder and pelvic

lymph nodes up to the level of the common iliac arteries, with a simul-

taneous integrated focal boost (SIB) of 15 Gy in 20 fractions of 0.75 Gy to

the primary tumor area. Tumors were endoscopically demarcated using

lipiodol or BioXmark injections for cone beam CT scan–based daily accu-

rate boost dose delivery, if possible [26,27]. On-line adaptive radiation

techniques were used in all patients, either with a library of plans or

with online adaptive planning. Radiotherapy dose constraints are dis-

played in Table 2. Multifocal UBC was treated with whole bladder irradi-

ation. Chemotherapy consisted of radiosensitizing MMC 12 mg/m2

intravenously on day 1 of radiation and capecitabine 750 mg/m2 twice

daily on days of radiotherapy.

The CRT treatment was combined with concurrent ICI therapy in

three consecutive regimens. Patients were assigned to the next regimen

when ten patients within one cohort were included:

1. NIVO480: nivolumab monotherapy at 480 mg fixed dose every 4 wk for
three doses on weeks 1, 5, and 9.

2. NIVO3 + IPI1: nivolumab 3 mg/kg and ipilimumab 1 mg/kg every 3 wk for
four doses on weeks 1, 4, 7, and 10.

3. IPI3 + NIVO1: nivolumab 1 mg/kg and ipilimumab 3 mg/kg every 3 wk for
four doses on weeks 1, 4, 7, and 10.

After 12 wk, study participants could opt for fixed-dose adjuvant

nivolumab 480 mg at intervals of 4 wk, from week 13 to week 52.

Dose modifications of ICIs were not allowed; however, withholding

infusions was allowed in case of adverse events (AEs), as judged by the

investigator. Dose reductions and discontinuation of capecitabine were

allowed, with maximum discontinuation of 10 out of 20 d.
2.3. Objectives and assessment

The primary endpoint was safety and identifying the maximal tolerable

ICI regimen, determined by evaluating the rate of dose-limiting toxicity

(DLT) during the first 6 treatment weeks according to protocol-defined

criteria (Supplementary material). A regimen was deemed safe if two

or fewer out of the first six patients or three of fewer out of ten patients

in a cohort experienced DLT. Patient enrolment followed a staggered

design.

AEs were monitored throughout the study and for up to 180 d after

the last ICI infusion, and graded according to National Cancer Institute

Common Terminology Criteria for Adverse Events (CTCAE) version
Table 1 –

Regimen Treatment Week

1 2 3 4 5

Standard Radiotherapy 55 Gy U U U U

Capecitabine 750 mg bid U U U U

MMC 12 mg/m2 U

NIVO480 Nivolumab 480 mg U U

NIVO3 + IPI1 Nivolumab 3 mg/kg and ipilimumab 1
mg/kg

U U

IPI3 + NIVO1 Nivolumab 1 mg/kg and ipilimumab 3
mg/kg

U U

IPI3 + NIVO1 = nivolumab 1 mg/kg and ipilimumab 3 mg/kg; MMC = mitomycin
ipilimumab 1 mg/kg.
4.03. Response was assessed by cystoscopy and CT scan of chest, abdo-

men, and pelvis at 12 and 24 wk. Complete response was defined as

absence of a tumor at cystoscopic evaluation without signs of metastasis

at CT. Bladder biopsies were not required unless there was a suspicion of

residual tumor or recurrence. From week 24, cystoscopy and imaging

were conducted every 3 mo and used for tumor evaluation according

to RECIST (response evaluation criteria in solid tumors) version 1.1.

Secondary objectives consisted of RR, disease-free survival (DFS)

defined as the absence of any recurrence, metastatic-free survival

(MFS), and OS per treatment regimen. Time-to-event analyses were cal-

culated from the start of treatment and censored at last hospital contact

(OS), cystoscopy (DFS), or imaging (DFS and MFS).

2.4. Statistical analysis

All analyses were conducted in R (R Foundation for Statistical Comput-

ing, Vienna, Austria). DFS, MFS, and OS intervals were defined as the time

from the start of study treatment to the date of recurrence, progression,

and death, respectively. The Kaplan-Meier method was used to assess

survival probabilities. The sample size was based on clinical considera-

tions and toxicity data of nivolumab and ipilimumab in metastatic

UBC [21]. We estimated 10% of patients to experience DLT in the first

6 wk of treatment and the equivalent percentage in the context of

capecitabine/MMC-iCRT, based on previous CRT experience. We

accepted a margin of 30% (up to 40% DLT) as equivalent in the dose esca-

lating safety evaluation phase. Ten patients were needed to be able to

identify that the fraction of patients experiencing DLT with iCRT is

<30% different from the target, with at least 90% power in a one-

sample equivalence test.
3. Results

3.1. Patients

Between January 2019 and November 2021, 28 patients
were screened and 26 were enrolled in three hospitals on
three consecutive regimens. Ten patients received NIVO480
6 7 8 9 10 11 12 13 17 21 25 29 33 37 41 45 49

U Optional: 10� nivolumab 480 mg
U U Optional: 10� nivolumab 480 mg

U U Optional: 10� nivolumab 480 mg

C; NIVO480 = nivolumab 480 mg; NIVO3 + IPI1 = nivolumab 3 mg/kg and



Table 3 – Baseline characteristics

NIVO480 NIVO3 + IPI1 IPI3 + NIVO1

Patients (n) 10 10 6
Age (yr), median (IQR) 68 (61–75) 70 (66–75) 65 (61–67)

N % n % n %
Sex Male 9 90 9 90 4 66

Female 1 10 1 10 2 33
ECOG performance status 0 6 60 6 60 5 83

1 4 40 4 40 1 17
T stage T2 7 70 8 80 5 83

T3 3 30 2 20 1 17
N stage 0 10 100 8 80 5 83

1 2 20 1 17
Hydronephrosis at start of CRT Yes 1 10 0 0 1 17
TURBT histology 100% urothelial 10 100 10 100 4 67

>50% urothelial + squamous 1 17
>50% urothelial + sarcomatoid 1 17

Focality Unifocal 10 100 9 90 6 100
Multifocal 1 10

Concomitant CIS Yes 2 20 2 20 1 17

CIS = carcinoma in situ; CRT = chemoradiotherapy; ECOG = Eastern Cooperative Oncology Group; IPI3 + NIVO1 = nivolumab 1 mg/kg and ipilimumab 3 mg/kg;
IQR = interquartile range; NIVO480 = nivolumab 480 mg; NIVO3 + IPI1 = nivolumab 3 mg/kg and ipilimumab 1 mg/kg; TURBT = transurethral resection of a
bladder tumor.
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and NIVO3 + IPI1, and six patients received IPI3 + NIVO1.
The baseline characteristics are displayed in Table 3. At
the data cutoff on February 4, 2022, the median follow-up
time was 89 (interquartile range [IQR] 50–109) wk.
3.2. DLT and AEs

Two regimens, NIVO480 and NIVO3 + IPI1, passed the dose
evaluation phase. The maximally tolerated regimen was the
NIVO3 + IPI1 regimen with two cases of DLT in ten patients.
IPI3 + NIVO1 displayed unfavorable toxicity with three
cases of DLT in six patients. AEs during the first 12 wk of
treatment per treatment arm are displayed in Table 4.
3.2.1. NIVO480
No DLT or AE of grade �3 requiring intervention occurred in
the NIVO480 cohort. Deteriorated laboratory results not
requiring treatment were present in one (10%) patient.
3.2.2. NIVO3 + IPI1
Two out of ten patients in the NIVO3 + IPI1 regimen experi-
enced DLT. One thrombocytopenia grade 4, occurring dur-
ing week 4, normalized after ICI and capecitabine
discontinuation. One patient, a 78-yr-old male with a his-
tory of atrial fibrillation, died (asystole) after 4 wk following
hospitalization due to grade 3 hyponatremia and vomiting.
We were unable to attribute the death to a component of
the study treatment.

AEs of grade �3 occurred in three (30%) patients and
consisted of gastrointestinal (30%), hematological (20%),
and cardiac (10%) disorders.

Deteriorated laboratory results not requiring treatment
were present in seven (70%) patients.
3.2.3. IPI3 + NIVO1
Three out of six patients receiving IPI3 + NIVO1 experienced
DLT (colitis, pneumonitis, and hepatitis). DLT occurred in
patients with no prior medical history. All cases of DLT were
treated by ICI discontinuation and prednisone.
AEs of grade �3 occurred in five (83%) patients and con-
sisted of immune-related disorders (66%), colitis (50%), fati-
gue (33%), and skin and urinary disorders (both 17%). Two
patients with colitis received additional infliximab.

Deteriorated laboratory results not requiring treatment
were present in two (33%) patients.

3.2.4. AEs after treatment regimen
After finishing the iCRT treatment regimen, 13 patients in
total (six in the NIVO480, five in the NIVO3 + IPI1, and two
in the IPI3 + NIVO1 cohort) opted for 1-yr adjuvant nivolu-
mab. AEs per regimen during the adjuvant nivolumab phase
are displayed in Supplementary Table 1. AEs of grade �3
occurred in four out of 13 (31%) patients, of whom two
patients were in the NIVO480 cohort. One patient developed
anemia leading to an episode of acute coronary syndrome
and one developed grade 3 diarrhea due to pancreatitis. In
both the NIVO3 + IPI1 and the IPI3 + NIVO1 cohort, one
patient experienced a grade 3 AE, pneumonitis, and
hydronephrosis of grade 3 after JJ stent removal. Immune-
related AEs (irAEs; pancreatitis and pneumonitis) resolved
after nivolumab discontinuation and prednisone. AEs in
patients who did not receive adjuvant nivolumab are pre-
sented in Supplementary Table 2. One patient (10%) in the
NIVO3 + IPI1 cohort developed hydronephrosis and a urinary
tract infection following disease progression.

3.3. Dose reductions

An overview of dose reductions is displayed in Figure 1. All
patients received the full radiotherapy and MMC dosages.

3.3.1. NIVO480
All participants received all infusions. Capecitabine dose
reductions occurred in one out of ten (10%) patients due
to nausea.

3.3.2. NIVO3 + IPI1
Five out of ten patients received all ICI infusions. Two
patients missed one infusion in week 7, due to grade 2 ele-



Table 4 – CTCAE-scored adverse events per regimen

Adverse events NIVO480 NIVO3 + IPI1 IPI3 + NIVO1

Grade, n (%) All 3 All 3 4 5 All 3 4

Any event 9 (90) 1 (10) 10 (100) 3 (30) 1 (10) 1 (10) 10 (100) 5 (50) 1 (10)
Gastrointestinal 8 (80) 9 (90) 2 (20) 1 (10) 6 (100) 3 (50)
Colitisa 3 (50) 3 (50)
Duodenal ulcer 1 (10) 1 (10)
Diarrhea 7 (70) 6 (60) 1 (10) 5 (50)
Vomiting 1 (10) 1 (10) 1 (10)
Flatulence 2 (20)
Abdominal pain 1 (10) 1 (10)
Constipation 2 (20) 1 (10) 2 (33)
Anorexia 2 (20) 2 (20)
Nausea 2 (20) 1 (10) 2 (33)
Rectal hemorrhage 1 (10)
Oral mucositis 1 (17)
GERD 1 (17)

Cardiac 1 (10) 1 (10) 1 (10)
Asystole 1 (10) 1 (10)
ACS 1 (10)

Immune system 0 3 (30) 4 (66) 4 (66)
Colitisa 3 (50) 3 (50)
Pneumonitisa 1 (17) 1 (17)
Hepatitis 1 (10) 1 (17) 1 (17)
Thyroiditis 2 (20)

Eye 0 0 2 (33)
Watering eyes 2 (33)

Hematological 1 (10) 4 (40) 1 (10) 1 (10) 0
Anemia 1 (10) 2 (20) 1 (10) 0

General 4 (40) 6 (60) 5 (83)
Fatigue 4 (40) 5 (50) 4 (66) 2 (33)
Weight loss 1 (10) 2 (33)
Fever 1 (17)

Renal and urinary 3 (30) 4 (40) 2 (33) 1 (17)
Bladder pain 3 (30) 2 (33) 1 (17)
Renal failure 1 (10) 1 (10)
Bladder spasm 1 (10)
Cystitis, noninfective 1 (10) 1 (10) 2 (33)
Urinary incontinence 1 (10) 1 (10)
Urinary retention 1 (10)
Urinary urge 1 (10) 2 (20)

Infectious 1 (10) 1 (17)
Urinary tract infection 1 (17) 1 (17)
Upper respiratory infection 1 (10)

Respiratory 1 (10) 1 (10) 2 (33) 1 (17)
Pneumonitisa 1 (17) 1 (17)
Hiccups 1 (17)
Cough 1 (10)

Skin disorders 8 (80) 5 (50) 3 (50) 1 (17)
Rash 7 (70) 4 (40) 3 (50) 1 (17)
Erythema multiforma 1 (10) 1 (17)
Pruritus 1 (10) 1 (10)
PPES 2 (20)

Endocrineb 1 (10) 3 (30) 0
Adrenal insufficiency 1 (10)
Hypothyroidism 1 (10)
Hyperthyroidism 2 (20)

Nervous system 1 (10) 3 (30) 1 (17)
Peroneal nerve injury 1 (10)
PMNP 1 (17)
Dysgeusia 1 (10) 3 (30)

Lab investigations 5 (50) 9 (90) 4 (66) 1 (17) 1(17)
Lymphocytes decreased 4 (40) 2 (20) 6 (60) 3 (50)
Lipase increased 3 (30) 2 (20) 1 (10)
Neutrophil count decreased 1 (10) 1 (10) 4 (40) 1 (10) 1 (17) 1(17)
Platelet count decreased 0 5 (50) 1 (10) 2 (33)
Amylase increased 0 2 (20) 1 (30)
Hypokalemia 0 1 (10) 1 (10)
Hyponatremia 2 (20) 2 (20)
Hypophosphatemia 1 (10) 1 (10)
ALT increased 1 (10)
WBC count decreased 1 (10) 4 (40) 1 (17) 1 (17)

ACS = acute coronary syndrome; AE = adverse event; ALT = alanine aminotransferase; CTCAE = National Cancer Institute Common Terminology Criteria for
Adverse Events; GERD = gastroesophageal reflux disease; IPI3 + NIVO1 = nivolumab 1 mg/kg and ipilimumab 3 mg/kg; NIVO480 = nivolumab 480 mg;
NIVO3 + IPI1 = nivolumab 3 mg/kg and ipilimumab 1 mg/kg; PMNP = peripheral motor neuropathy; PPES = palmar plantar erythodysthesia syndrome;
WBC = white blood cell; text in bold highlights >grade 2 adverse event.
a Same adverse event.
b More than one AE per participant.
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Fig. 1 – An overview of infusions and dose reductions. AE = adverse event; Cape = capecitabine; CRT = chemoradiotherapy; DLT = dose-limiting toxicity;
ev. = evaluation; ICI = immune checkpoint inhibitor; IPI3 + NIVO1 = nivolumab 1 mg/kg and ipilimumab 3 mg/kg; irAE = immune-related adverse event;
NIVO480 = nivolumab 480 mg; NIVO3 + IPI1 = nivolumab 3 mg/kg and ipilimumab 1 mg/kg.
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vated aspartate transaminase + alanine aminotransferase
and grade 2 diarrhea. Two patients received two infusions,
one patient due to death, and one patient due to rash (grade
2) and an elevated lipase (grade 3). One patient received one
infusion due to grade 4 thrombocytopenia. Dose reductions
of capecitabine occurred in seven out of ten (70%) patients
due to a low platelet count (40%), hyponatremia (10%), diar-
rhea (10%), or a low neutrophil count (10%).
3.3.3. IPI3 + NIVO1
Two out of six (33%) patients received all ICI infusions. Four
out of six (66%) patients experienced irAEs, and ICI infusions
were discontinued. Dose reductions of capecitabine
occurred in four out of six (66%) patients due to low platelet
counts (33%), colitis (17%), or nausea (17%).
3.4. Follow-up

Follow-up is displayed in Figure 2 and Supplementary
Figure 1.
3.4.1. NIVO480
No recurrences were observed at 12-wk follow-up. The DFS
probabilities at 1 and 2 yr are, respectively, 1 and 0.7 (con-
fidence interval [CI] 0.47–1). The MFS probabilities at 1 and
2 yr are, respectively, 1 and 0.9 (CI 0.73–1). The OS probabil-
ities at 1 and 2 yr are, respectively, 1 and 0.9 (CI 0.732–1).
The median follow-up of survivors was 121 (IQR 109–123)
wk. Intravesical noninvasive CIS recurrences occurred in
two (20%) patients after 55 and 60 wk, and were treated
with TURBT and adjuvant bacillus Calmette-Guérrin (BCG)
instillations.
3.4.2. NIVO3 + IPI1
No recurrences were observed at 12-wk follow-up. The DFS
and MFS probabilities at 1 yr were 0.89 (CI 0.71–1) and 1,
respectively. The OS probability at 1 yr was 0.9 (CI 0.73–
1). The median follow-up of survivors was 83 (IQR 78–95)
wk. One patient experienced an intravesical high-grade
noninvasive recurrence after 48 wk, and was treated with
TURBT and adjuvant BCG bladder instillations.

One patient who experienced DLT and received one ICI
infusion experienced a muscle-invasive recurrence with
simultaneous metastasis after 68 wk.

3.4.3. IPI3 + NIVO1
The median follow-up was 26 (IQR 14.6–29.8) wk. No recur-
rences were observed at 12-wk follow-up. One patient
experienced an intravesical low-grade noninvasive recur-
rence after 32 wk, for which TURBT was performed, fol-
lowed by a single postoperative MMC bladder instillation.
4. Discussion

To our knowledge, this is the first safety analysis of nivolu-
mab monotherapy and combination therapy of nivolumab
and ipilimumab concurrent to MMC/capecitabine CRT for
MIBC. NIVO3 + IPI1 in combination with CRT was the max-
imal tolerable dose. NIVO3 + IPI1 and NIVO480 showed an
acceptable immune-related safety profile consistent with
iCRT in other tumor types [28–30]. IPI3 + NIVO1 iCRT led
to unacceptable toxicity.

The most common grade �3 hematological AEs (neu-
tropenia and thrombocytopenia) were consistent with AEs
typically observed with CRT [31]. The addition of ipili-
mumab leads to an increase of grade �3 laboratory abnor-
malities, with most prevalent low lymphocyte values. The



Fig. 2 – Follow-up of patients in the study. CT = computed tomography; IPI3 + NIVO1 = nivolumab 1 mg/kg and ipilimumab 3 mg/kg; NIVO480 = nivolumab 480
mg; NIVO3 + IPI1 = nivolumab 3 mg/kg and ipilimumab 1 mg/kg; NMIBC = non–muscle-invasive bladder cancer.
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incidence of gastrointestinal and cardiac disorders was
higher in the NIVO3 + IPI1 cohort than in the current CRT
literature. Trials in metastatic cancer show that ICIs are
the main drivers of toxicity. Sharma et al. [15] reported
the incidence of grade 3/4 AEs to increase with the ICI dose:
26.9%, 30.8%, and 39.1% for NIVO, NIVO3 + IPI1, and
IPI3 + NIVO1, respectively, a pattern similar to that
observed in our study. Additionally, nivolumab combined
with ipilimumab is known to cause frequent grade �3 irAEs
in 39.1–59% of patients with metastatic disease [9,10,15],
while in a recent phase 2 study of ICIs before RC, grade
�3 irAEs occurred in 55% [18].

Interestingly, we report less toxicity with anti–PD-1
monotherapy compared with the results of the only pub-
lished phase 1 trial on iCRT with atezolizumab for UBC
[24]. The most common grade �3 AE in that report was col-
itis in four of eight patients, which we did not observe in our
NIVO480 regimen. Several differences with our study may
account for this difference; The ICI regimen and dose differ,
but differences in chemotherapy and radiotherapy may also
play a role. We administered MMC/capecitabine chemosen-
sitization in contrast to gemcitabine. Capecitabine is an oral
prodrug of 5-flourouracil that avoids hospital admissions
and infusion-related events, and has shown similar onco-
logical outcomes to 5-flourouracil when combined with
MMC [25]. In our study, we used hypofractionated radio-
therapy using IMRT, online adaptive planning, and SIB,
which could have decreased intestinal radiation damage
[32–35]. A recent trial however suggested that large dose
fractions (6 Gy) in combination with immunotherapy might
cause increased toxicity [36].

An important factor when evaluating the toxicity is the
moment of onset of AEs. As shown by Marcq et al. [24],
the onset of grade �3 AEs was after completing CRT and
at least two doses of ICIs, with the exception of two cases
of DLT occurring in the NIVO3 + IPI1 regimen. Late onset
of AEs is common in ICI treatment [37]. The absence of early
ICI toxicity during hypofractionated CRT provides a possible
safeguard for concurrent iCRT schedules. Additionally,
recent literature shows that early ICI discontinuation due
to AEs does affect treatment outcomes in melanoma
patients [38]. Results of several multinational phase 2/3 tri-
als testing several ICI regimens for both N0 and N1 MIBC are
expected in the upcoming year, providing data for the tim-
ing of ICI treatment in combination with CRT [23].

No histological analyses were performed following treat-
ment due to the nature of bladder-sparing treatment. In
addition, central pathology and radiology reviews were
not done. Despite stringent follow-up, the absence of an
exploratory biomarker analysis makes it impossible to
select responders. Additionally, oncological outcomes for
the complete study cohort are limited, which complicates
validation of biomarkers. However, with organ-sparing
treatments, there is limited availability of tumor tissue, so
researchers should be cautious in trying to validate ques-
tionable biomarkers such as PD-L1 expression [39].

Currently, we cannot determine the efficacy of iCRT for
MIBC. Early oncological outcomes are promising. The results
of iCRT in non–small cell lung and esophageal carcinoma
are encouraging, with RRs between 30% and 70% [28,29].
In metastatic UBC, the increased toxicity of IPI3 + NIVO1
is deemed acceptable because of the higher RR [15]. A
planned expansion cohort of NIVO3 + IPI1 to determine
the efficacy will provide a solid basis for further randomized
phase 3 trials.

5. Conclusions

This first-tested addition of nivolumab and ipilimumab to
CRT for MIBC seems to be safe. The use of IPI3 + NIVO1 is
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unadvised due to high toxicity. Future trials should focus on
the efficacy of both anti–PD-1 monotherapy and anti–PD-
1 + anti–CTLA-4 combination iCRT regimens and their com-
parison with standard CRT alone.
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