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ABSTRACT

Background Muscle-invasive urothelial cancer (UC)

has a high risk of recurrence after definitive treatment.
Nivolumab adjuvant to radical surgery improves disease-
free survival in patients with UC with a high risk of
recurrence; however, its role adjuvant to chemoradiation
therapy (CRT) is unknown.

Methods The NEXT trial is a single-arm, phase-2 study
evaluating the efficacy and tolerability of nivolumab
adjuvant to CRT in patients with localized or locoregional
UC. The primary endpoint is failure-free survival (FFS)

at 2 years. Secondary endpoints include patterns of
recurrence, toxicity and quality of life (QoL). Plasma cell-
free DNA (cfDNA) was subjected to shallow whole-genome
sequencing to correlate with outcomes.

Results 28 patients were enrolled and received 480 mg of
nivolumab intravenously every 4 weeks for up to 12 cycles
adjuvant to CRT. The FFS at 2 years was 33.2% (95%

Cl 18.5% to 59.6%). Nine (32%) patients had localized
progression, and eight (29%) had distant progression. 25
(89%) had one or more high-risk features (ie, plasmacytoid
differentiation, T4, N+, multiple tumors, tumors >5cm,
residual disease before CRT, carcinoma in situ, and
hydronephrosis). Patients with <2 high-risk features

had a median FFS of 45.2 months (95% Cl 14.56 to not
reached (NR)) compared with 8.2 months (95%Cl 7.1 to
NR) in those with three or more risk features (p=0.0024).
Nivolumab-associated treatment-related adverse events
occurred in 18 (64.3%) patients, only 3 had grade 3 TRAEs,
with significant changes in QoL. Plasma cfDNA copy
number instability (CNI) scores <25 before the first dose of
adjuvant nivolumab and at cycle 4 were associated with
better overall survival compared with CNI scores >26 (49.6
months vs 20.5 months, p=0.0024). Genome copy number
changes indicated chromatin remodeling and tyrosine
kinase pathways, among others, as oncogenic drivers
implicated in progression.

Conclusion Nivolumab adjuvant to CRT in localized or
locally advanced UC is well tolerated. Stratification by

risk factors and correlation with plasma cfDNA analyses

,'® Umang Swami @ "
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Nivolumab adjuvant to radical surgery improves out-
comes in patients with bladder cancer at high risk
of relapse.

WHAT THIS STUDY ADDS

= Nivolumab adjuvant to chemoradiation is safe and
possibly effective in patients with bladder cancer
who are not surgical candidates or elect bladder
preservation. A limited number of high-risk disease
features and low cell-free DNA (cfDNA) were prog-
nostic of better outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study provides a rationale for conducting and
stratifying patients for randomized trials to evaluate
the benefit of nivolumab adjuvant to chemoradiation
in patients with localized disease. Future studies are
needed to evaluate the additional role of targeted
therapy based on cfDNA analysis in high-risk dis-

ease management.

generate hypotheses for potential patient selection and
putative therapeutic targets for future study.
Trial registration number NCT03171025.

BACKGROUND

Bladder cancer, most commonly urothelial
carcinoma (UC), is the second most common
genitourinary cancer and sixth most common
cancer overall, accounting for approximately
83,190 new cases and 16,840 deaths predicted
in the USA in 2024." The treatment of local-
ized or locoregional UC primarily involves
radical surgery (cystectomy for muscle-
invasive tumors arising from the bladder, or

BM) Group
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nephroureterectomy for high-grade tumors arising in the
upper urinary tract) with or without neoadjuvant cisplatin-
based chemotherapy conferring a median overall survival
(mOS) of approximately 6 years.” However, these proce-
dures have high perioperative morbidity and can signifi-
cantly impact quality of life (QoL).> Moreover, bladder
cancer is more commonly seen in older adults, with a
median age of diagnosis of approximately 73 years; this
population often has significant medical comorbidities
and poor performance status, which limits the eligi-
bility for major surgical procedures.* Considering this,
organ preservation strategies have emerged as treatment
options for those who are not radical surgery candidates
or prefer a non-extirpative approach.

In this setting, trimodality therapy, which involves
chemoradiation therapy (CRT) after maximal transure-
thral resection of the tumor, can have outcomes similar
to radical surgery in selected patients (those with cT2NO
disease, no moderate/severe tumor-related hydrone-
phrosis, no diffuse carcinoma in situ (CIS), solitary
tumor <5-7 cm, and complete transurethral resection of
the tumor).” However, radio-sensitizing regimens may not
effectively target micro-metastases, and the efficacy of a
bladder-sparing approach is more appreciable in locore-
gional control than in the prevention of systemic disease
relapse.®” Treatment of localized UC with 5-fluorouracil
(bFU) plus mitomycin-based CRT has a disease-free
survival (DFS) of only 50% at 2 years from the start of
CRT.” Radio-sensitizing chemotherapy regimens are
more tolerable for older adults. Hence, CRT may be used
in some patients with locally advanced disease.®

There has been significant success in enhancing the
effect of standard treatments for UC with immune

e Stage lI-IV (T2-4b, NO/N1, MO, or TIN+)
A histologically proven urinary tract
cancer completed SOC chemoradiation

® Not eligible for radical cystectomy or
preferred bladder preservation
s ECOGPSO0-2

1l

e Nivolumab 480 mg 1 28 days (x 12
doses) starting within 90 days of

chemoradiation completion

Ll

e Response evaluation by imaging and
cystoscopy on day 1 of cycles 4, 7, and
10.

e Peripheral blood for correlative studies
on day 1 of cycles 1, 4, 7, and 10.

Figure 1

checkpoint inhibition (ICI).” '’ Nivolumab, an antibody
against programmed death-1 receptor, has a response rate
of 19.6% in previously treated locally advanced or meta-
static UC' and is effective as an adjuvant treatment for
patients with localized or locoregional UC with a high risk
of relapse after radical surgery, with a median metastasis-
free survival of 22.9 months compared with 13.7 months
in those who received placebo.”” Preclinical studies
suggest that radiation-induced tumor-specific immune
response is enhanced by inhibiting checkpoints in the
immune system, both locally and abscopally.'® There is
proven clinical benefit of adjuvant durvalumab following
completion of CRT in patients with lung cancer' and
adjuvant nivolumab in patients with esophageal or gastro-
esophageal junction tumors, treated with neoadjuvant
CRT." The NEXT trial was designed to assess the efficacy
and safety of nivolumab adjuvant to CRT in patients with
localized or locoregional UC. In this study, we chose to
study nivolumab adjuvant to CRT to avoid compounding
toxicities from concurrent administration with CRT.

METHODS

Study design and participants

NEXT is a multi-institutional, single-arm, investigator-
initiated, phase II study, evaluating the efficacy and safety
of nivolumab adjuvant to CRT in patients with histolog-
ically confirmed localized or locoregional UC who were
not eligible for radical surgery or elected an organ-sparing
approach (Clinical trial information: NCT03171025). The
study schema is summarized in figure 1A. The primary
endpoint is failure-free survival (FFS) at 2 years defined
as the time between the start date of CRT and the date

Screened
(n=34)
B Not Eligibl
ot Eligible
(n=6)
Enrolled
(n=28)

l

Off Study Treatment (n=28)
e Treatment completion (n=11)

e Subject withdrawal from
treatment (n=1)

e Discontinue due to AE (n=5)

e Disease progression (n=10)

e Death unrelated to treatment

(n=1)

On follow-up (n=17)
Death (n=11)

(A) Study schema. (B) Consolidated Standards of Reporting Trials diagram. AE, adverse event; ECOG PS, Eastern

Cooperative Oncology Group performance status; SOC, standard of care.
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of first recurrence or non-cancerrelated death. Disease
recurrence is defined as follows: (1) Local, urothelial
tract: any high-grade or muscle-invasive lower or upper
urothelial tract recurrence of UC including intraves-
ical recurrences for subjects with an intact bladder that
requires additional treatment other than transurethral
resection. Any residual or new UC lesions requiring
partial or radical cystectomy, including those thought to
be a second UC primary, will be considered recurrences.
(2) Local, non-urothelial tract: any recurrence in pelvic
soft tissue or involving pelvic nodes below the aortic bifur-
cation. (3) Distant: any non-local recurrence.

We hypothesized that targeting localized or locore-
gional UC and its micro-metastases with nivolumab after
completion of CRT would offer an additional DFS rate of
at least 20% at 2 years above the 50% DFS rate observed
with CRT alone, as seen in the BC2001 study.” The
hypothesized efficacy of this organ-preserving approach
matches the efficacy of the current frontline treatment
approach using neoadjuvant chemotherapy followed by
radical surgery. Secondary endpoints include the rate
of acute and late treatmentrelated toxicity, patterns of
recurrence, overall survival (OS) (defined as the time
from day one of CRT until death), and QoL measures.
Exploratory objectives include sequencing of cell-free
DNA (cfDNA) collected prior to treatment at C1D1 and
C4D1 to correlate with outcomes.

All patients were required to provide informed consent
before enrolling in the study. The study was performed
in accordance with the Declaration of Helsinki and the
International Conference of Harmonization Good Clin-
ical Practice guidelines.

Eligibility

Eligible patients were 18 years and older, had Eastern
Cooperative Oncology Group performance status (ECOG
PS) of 2 or less, and had received standard of care (SOC)
definitive radiation therapy with radio-sensitizing chemo-
therapy for histologically proven stage II-IV (T2-4b, NO/
N1, MO, or TIN+) UC (bladder, urethra, or lower ureter).
Patients were excluded if they had non-regional meta-
static disease, CIS or lymph node involvement outside
of the radiation field or an absolute contraindication
for immunotherapy. The presence of variant histology
(adeno, sarcomatoid or squamous cell carcinoma) was
not exclusionary, like the approach in BC2001. Although
predominant urothelial histology was not required,
neuroendocrine features were exclusionary. Non-
metastatic disease was confirmed by scans prior to enroll-
ment. Disease reassessment by cystoscopy following CRT
completion was not mandated for enrollment.

Procedures and treatments

All patients received nivolumab 480 mg as a 30 min intra-
venous infusion on day 1 of a treatment cycle every 4 weeks
(28 days) for a maximum of 12 doses or until recurrence,
unacceptable toxicity, withdrawal of consent, or study
completion. The first dose of nivolumab was administered

within 90 days after completion of CRT. The radiation
strategy and accompanying chemotherapy regimen were
per SOC and based on the treatment team’s discretion.
Dose interruptions were allowed to address any adverse
event, laboratory abnormality, or intercurrent illness at
the investigator’s judgment.

While on protocol, patients underwent physical exam-
ination with ECOG PS assessment and laboratory testing
with every cycle of nivolumab. Safety and toxicity assess-
ments were performed using the Common Terminology
Criteria for Adverse Events. QoL assessment using the
previously validated National Comprehensive Cancer
Network/Functional Assessment of Cancer Therapy
(NCCN/FACT) Bladder Symptom Index-18 (FBSI-18)
questionnaire'® and Radiation Therapy Oncology Group
(RTOG) toxicity evaluations were performed prior to
treatment initiation and at cycles 4, 7, and 10, and at the
end of treatment (EOT). Disease status was assessed with
imaging studies (CT or MRI) and cystoscopy prior to treat-
ment initiation, before cycles 4, 7, and 10, at the EOT and
subsequent follow-up in patients who had completed 12
cycles of nivolumab or if patients discontinued treatment
for reasons other than progression.

As part of the correlative studies, cellfree DNA
(cfDNA) was extracted from plasma before cycles 1 and
4 and subjected to shallow whole-genome sequencing.
Sequence data was mapped to the human reference
genome (HGI19) and read-count statistical analyses were
performed to call somatic copy number aberrations; the
copy number instability (CNI) score was derived from all
statistically significant altered regions and represents a
measure of circulating tumor DNA (ctDNA) level. CNI
was selected for cfDNA determination given recent studies
showing this biomarker to detect less than 1% tumor-
derived cfDNA and to be an early predictor of response to
immunotherapy.'” Circos plots were constructed to obtain
z-scores of the CNI analysis for each patient. The genes
located in a region that had a z-score above or below the
normal threshold were then identified.

Outcomes
FFS was defined as the time from the start of CRT to the
time of disease recurrence (systemic or locoregional) or
death from any cause. All subjects who received at least
one infusion of nivolumab during the study and had
follow-up until the primary endpoint were considered
evaluable for the primary endpoint of FFS at 2 years.
Local disease recurrence was defined as any high-grade
lower or upper urothelial tract recurrence of cancer. Any
residual or new UC lesions requiring partial or radical
surgery, including those thought to be a second UC
primary, were considered recurrences. Any recurrence
in pelvic soft tissue or involving pelvic nodes below the
aortic bifurcation was also defined as local non-urothelial
recurrence. Any metastatic recurrence not meeting the
above definition was defined as distant recurrence.
Secondary endpoints included safety and toxicity,
QoL and FFS from nivolumab initiation. Exploratory
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endpoints included CNI levels before cycles 1 and 4 in
relation to disease relapse and OS patterns.

Statistical analyses

Sample size determination

The sample size was chosen based on the maximum width
of a two-sided 95% binomial CI for 2year FFS. We hypoth-
esized that the 2-year FFS would be 70% or greater with
the BC2001 study as reference, which showed a 2-year
DFS, both distant and metastatic, of 50% with CRT alone.”
With 28 evaluable subjects and no censored observations,
the 95% exact binomial CI, estimated using the Clopper-
Pearson method, extends no more than 20% from the
observed FFS.

Analysis

Patients’ characteristics were summarized using descrip-
tive statistics. All patients who received at least one infu-
sion of nivolumab in the study and had follow-up until the
primary endpointwere considered evaluable and included
in the outcome analysis. The Kaplan-Meier method was
used to determine time-to-event endpoints (FFS and OS).
The association of predefined risk factors and CNI levels
with FFS and OS was examined using log-rank tests and
Cox proportional hazards models. Nivolumab-related
adverse events (AEs) and RTOG AFEs were summarized as
the number and percentage of patients with AEs.

As the NEXT study was enrolling, it became evident
that the patients receiving CRT as a bladder preservation
strategy for locally advanced UC had multiple high-risk
disease characteristics (further defined below), and our
study population was at a higher risk of relapse than the
historical reference. Because of this, we performed a post
hoc stratification analysis evaluating the effect of high-risk
features at baseline (plasmacytoid differentiation, T4, N+,
multiple tumors, tumors >5cm, residual disease before
CRT, CIS, and hydronephrosis)”’ '*'? on predefined time-
to-event endpoints.

To assess the impact of the trial regimen of adjuvant
nivolumab on the QoL of patients, self-reported QoL
parameters from the FBSI-18 questionnaire were analyzed
from the start of nivolumab on the trial. The QoL. measures
were tabulated chronologically as assessed on follow-up;
descriptive statistics were used to assess completion rates
and changes in QoL. The range and median of the QoL
scores and change in QoL scores on treatment were
assessed. Patients were placed in three groups: patients
who dropped out because of an AE (n=5), patients who
dropped out because of progression or death (n=11), and
patients who either completed or decided to discontinue
treatment (n=12). Because of the small sample size (n=5
for one group), it was decided to use linear trend models
from baseline to cycle 10. The models assumed that the
four measurement times (baseline, cycle 4, cycle 7, cycle
10) were spaced apart as indicated, at relative times 0, 4,
7, and 10. The EOT was treated as a separate category
because it could occur at any time relative to the cycles.

All statistical analysis was performed using R V.4.3.2.
(Copyright 2023, The R Foundation for Statistical
Computing).

RESULTS

Patients and disease characteristics

From August 2017 to January 2023, a total of 28 patients
were enrolled in the study at two sites in the USA. Their
outcomes and disposition are summarized in figure 1B.
The median follow-up was 26.12 months (range 7.98-
52.11 months) for the overall population (N=28). All
patients had either completed or discontinued study
treatment at the time of data cut-off. The most common
reason for treatment discontinuation was disease progres-
sion, seen in 10 patients (36%), while 5 patients (18%)
discontinued nivolumab because of AEs. One patient
(4%) discontinued treatment due to travel burden, and
one patient (4%) died due to causes unrelated to disease
or treatment-related AEs (figure 1B). Patients and disease
characteristics are described in table 1. The median age
was 72 years (range, 54-86 years). 10 patients (36%) had
greater than T2 and/or nodal involvement. Six patients
received neoadjuvant systemic chemotherapy prior to
CRT. Most of the patients underwent chemoradiation as
they were not surgical candidates due to comorbidities or
advanced disease (table 1).

Chemoradiation

The CRT characteristics are summarized in online
supplemental table 1. The median number of fractions
of radiation therapy (RT) patients received was 31.5
(range 20-36). The median total radiation dose was
572Gy (range 46-66Gy). 13 patients (46%) received
hypo-fractionated RT. 18 patients (64%) received RT
to the regional lymph nodes. Two patients (7%) could
not complete the prescribed course of radiation. Radio-
sensitizing regimens given concomitantly with radiation
were b-FU-based, cisplatin-based, and gemcitabine in 14
(50%), 11 (39%), and 3 (11%) patients, respectively.
Three patients (11%) could not complete the prescribed
chemotherapy regimen.

Clinical efficacy and survival

At the time of data cut-off (January 31, 2024), 17 patients
(61%) had progressed, and 1 had died without any
evidence of progression. Of these, 9 patients (32%) had
local progression within the urothelial tract, and 8 (29%)
had distant progression. The FFS at 2 years was 33.2%
(95% CI 18.5% to 59.6%) (figure 2A). Five patients are
still on follow-up and have not yet reached 2 years since
the start of CRT. The median failure-free survival (mFFS)
was 14.6 months (95% CI 8.71 months to not reached
(NR)) (figure 2A). The mOS was 49.6 months (95% CI
29.1 to NR) (figure 2B). The mFFS after the start of
nivolumab was 11.1 months (95% CI 5.75 months to NR)
(online supplemental figure 1).
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Table 1 Baseline patient characteristics
Patients

Characteristics (N=28)
Sex — no (%)

Male 25 (89)

Female 3(11)
Age - years

Median (range) 72 (54-86)
Race

White 26 (93%)

Unknown 2 (7%)
ECOG performance status

0 13 (46%)

1 15 (54%)
Smoking status

Former 17 (61%)

Never smoker 10 (36%)

Current 1 (8%)
Site of primary disease

Bladder 27 (96%)

Urethra 1 (4%)

Histology

Urothelial 27 (96%)

Adenocarcinoma 1 (4%)
Urothelial with plasmacytoid or signet ring cells

Yes 3 (11%)

No 24 (89%)
Clinical T stage

T1 0

T2 20 (71%)

T3 6 (21%)

T4 2 (7%)
Tumor greater than 5cm

Yes 14 (50%)
Clinical nodal stage

NO 25 (89%)

N1 2 (7%)

N2 1 (4%)
Hydronephrosis

Yes 12 (43%)
Multifocal disease

Yes 8 (29%)

CIS

Yes 7 (25%)
Residual disease visualized prior to chemoradiation

Yes 7 (25%)

No 21 (75%)

Continued

Table 1 Continued

Patients
Characteristics (N=28)
Prior therapy for localized disease
Yes 9 (32%)
No 19 (68%)
Prior systemic therapies for UC
Gemcitabine and cisplatin 4 (45%)
Dose-dense methotrexate, vinblastine, 2 (22%)
doxorubicin, and cisplatin
Prior intravesical therapies
Mitomycin C 1 (11%)
BCG 2 (22%)
Reason for bladder preservation approach
Surgical risk due to comorbidities 14 (50%)
Patient preference 11 (39%)
Unresectable disease 1 (4%)
Other 2 (7%)

*One patient had prior bowel surgery and the other had a primary
urethral tumor.

CIS, carcinoma in situ; ECOG, Eastern Cooperative Oncology
Group; UC, urothelial carcinoma.

We assessed the effect of high-risk characteristics
such as plasmacytoid differentiation, T4, N+, multiple
tumors, tumors >bcm, residual disease before CRT, CIS,
and hydronephrosis on mFFS. Among the 28 patients
treated in the study, 25 (89%) had at least one high-risk
feature. The mean number of high-risk features was 2
(range 0-5). Most patients (22, 79%) had one to three
high-risk features. The mFFS of patients with three or
more risk factors was significantly worse compared with
those with two or fewer high-risk features (8.2 months
vs 45.2 months, HR 4.66, 95% CI 1.58 to 13.70, p=0.002)
(figure 2C). Similarly, the mOS of patients with three or
more high-risk factors was significantly worse compared
with those with two or fewer high-risk factors (OS 19.2
months vs 49.6 months, HR 4.53, 95% CI 1.20 to 17.07,
p=0.016) (figure 2D).

Of the nine patients (32%) who experienced local
recurrence, two had muscle-invasive disease, and seven
had either CIS or Ta/T1 disease. Three patients had
radical cystectomy to treat the local recurrence. None of
the patients with local recurrence experienced distant
recurrence. One patient died from surgical complications
following radical surgery, and one from locally advanced
disease.

Safety

The median number of cycles of nivolumab was 7 (range
1-12). 11 patients (39%) completed the planned 12
cycles of nivolumab therapy. The treatment-related toxic-
ities and RTOG toxicities are listed in table 2. A total of 18
patients (64.3%) developed any grade AEs, and 3 patients

Galarza Fortuna GM, et al. J Immunother Cancer 2025;13:¢010572. doi:10.1136/jitc-2024-010572 5
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Figure 2 Kaplan-Meier curves for (A) failure-free survival (FFS) at 2 years from start of chemoradiation for the overall
population; (B) overall survival (OS) for the overall population; (C) FFS stratified by risk factors; (D) mOS stratified by risk factors;
(E) mOS stratified by CNI on C1D1; (F) mOS stratified by CNI on C4D1. CNI, copy number instability; mFFS, median FFS; mOS,

median OS; NR, not reached.

(10.7%) developed grade 3 events. Of note, no toxicity
greater than grade 3 was observed. The most common
grade 1-2 treatmentrelated toxicities were pruritus
(14%), diarrhea (14%), fatigue (14%), and hypothy-
roidism (10.7%). The observed grade 3 treatment-related
toxicities were elevated liver enzymes (3.6%), diarrhea
(3.6%), and polymyalgia rheumatica (3.6%) (table 2).
A total of five patients (18%) required oral steroids for
management of an immune-related AE. No patients
required intravenous steroids.

Regarding RTOG toxicity scores, all mean toxicity scores
after starting nivolumab were lower than baseline, with a
significant reduction in this measurement noted at cycle
4 compared with the baseline (p=0.0149), suggesting that
adjuvant nivolumab did not worsen or cause long-term
radiation-related toxicity during the study (table 3).

Quality of life

Patients who completed or discontinued the study, not
secondary to AEs, progression or death, had a mean
FBSI-18 total score of 55.72 (SD=9.2) at screening and
57.10 (SD=7.17) at the EOT. In a linear model trend anal-
ysis, the change between FBSI-18 total score at screening
and at the EOT was not statistically significant (p=0.94).
Similar trends were observed in patients who discontinued

the trial secondary to AEs (p=0.23) or disease progression
(p=0.6) (table 4). However, in a combined model with
strata, we looked for potential differences between the
three groups, with the patients who completed treatment
as the reference group. We found that the patients who
eventually dropped out because of progression/death
may have started with lower QoL (p=0.079) relative to
the group that completed treatment. The group with AEs
had a decline in QoL over time relative to the group that
completed treatment (p=0.018). This group also trended
towards a lower QoL at the EOT than the group that
completed treatment (p=0.065) (online supplemental
table 2).

Exploratory analysis
Patients with no documented recurrence by 9 months
(n=9) had a mean CNI (mCNI) of 38.9 (SD=40.1) before
initiating adjuvant immunotherapy. Similarly, those with
non-muscle invasive local recurrence (n=7) had an mCNI
of 31 (SD=31, p=1), and those with muscle-invasive local
recurrence or distant recurrence had an mCNI of 55
(SD=69, p=0.34).

CNI levels were also assessed on C4D1. Patients with
no documented recurrence by 9 months had an mCNI
of 24 (SD=22.2). Those with non-muscle invasive local

6 Galarza Fortuna GM, et al. J Immunother Cancer 2025;13:€010572. doi:10.1136/jitc-2024-010572


https://dx.doi.org/10.1136/jitc-2024-010572
https://dx.doi.org/10.1136/jitc-2024-010572

Table 2 Treatment-related adverse events seen in two or more patients and RTOG toxicity grade 3 adverse events

Adverse event Grade 1-2n (%)

Grade 3 n (%) Any grade n (%)

Total treatment-related adverse events
(RTOG not included)

Diarrhea

18 (64.3)

S

Pruritus

S

Fatigue
Hypothyroidism

W = A a
o 2 e
S

Liver enzyme elevation
Alopecia

Arthritis
Hyperglycemia

N
N

Hyperthyroidism

SIS
S

Thrombocytopenia

,\,\A,\,\,\,\,\AAA
v’l

S| S

Leukopenia

O NN NDMNMNMNNDMNDN -2 WO P~ D>

Polymyalgia rheumatica
Radiation toxicity (RTOG) toxicity
RTOG+AEs (total events)

17 (60.7)
26 (92.9)

No grade 4 or higher adverse events were reported.
AEs, adverse events; RTOG, Radiation Therapy Oncology Group.

recurrence had an mCNI of 12.7 (SD=6.3, p=0.44), and
those with muscle-invasive local recurrence or distant
metastatic disease had an mCNI of 74.4 (SD=122,
p=0.17). Although the difference in mean values from
these groups is evident, this did not reach statistical signif-
icance as there was significant variability of CNI levels
within each category.

We stratified FFS and OS based on CNI levels. We
did not observe a statistically significant difference in
FFS according to CNI levels. Patients with a CNI<25 on
C1D1 had an mFFS of 17.1 months (95% CI 9.7 to NR)
compared with 8.7 months (95%CI 8 to NR) in those
with a CNI>26 (p=0.47) (online supplemental figure 2).
Similarly, patients with a CNI<25 on C4D1 had an mFFS
of 12 months (95%CI 8.3 to NR) compared with 13.9
months (95%CI 7 to NR) in those with a CNI>26 on
C4D1 (p=0.69) (online supplemental figure 3). However,
a statistically significant difference was observed in mOS
of patients according to their baseline and C4D1 CNI;
patients with a CNI<25 on CIDI1 had a mOS of 49.6
months (95% CI 49.6 to NR) compared with 20.5 months

3(10.7) 18 (64.3)
1(3.6) 5(17.8)
0 4 (14)
0 4 (14)
0 3(10.7)
1 (3.6) 2(7)
0 2 (7)
0 2 (7)
0 2 (7)
0 2 (7)
0 2 (7)
0 2 (7)
1(3.6) 1(3.6)
2(7) 19 (67.8)
5(17.8) 27 (96.4)

(95% CI 13.1 to NR) in those with a CNI>26 (p=0.0024)
(figure 2E). Similarly, in patients with a CNI<20 on C4D1,
mOS was not reached (95% CI 29.1 to NR) compared
with 19.2 months (95%CI 16.6 to NR) in those with
a C4D1 CNI=26 (p=0.009) (figure 2F). Change in CNI
levels between C1 and C4 was not associated with either
FFS or OS in the Cox model.

The Circos plots of genes that had copy number changes
suggesting deletion and amplification for all patients with
documented progression, as obtained from the shallow
whole genome sequencing of cfDNA of each patient are
shown in online supplemental figure 4. The amplified
genes were MYC, AKT2, ALK, SOX2, NKX2, and MDMH.
The deleted genes were BRCA2, ARIDIA, MAPK24, TSC2
and WT1. The affected genes and their pathways are
listed in table 5.

DISCUSSION
In the NEXT trial, we evaluated the efficacy and tolera-
bility of nivolumab adjuvant to SOC CRT in patients with

Table 3 Radiation Therapy Oncology Group toxicity analysis over time

Time Estimate SE T value P value
Baseline (reference) 0.2356 - - —
Cycle 4 —-0.4364 0.1759 -2.4813 0.0149
Cycle 7 -0.0807 0.2026 —-0.3985 0.6912
Cycle 10 —-0.3486 0.2200 -1.5845 0.1165
End of treatment -0.2703 0.1848 -1.4626 0.1470
Follow-up —-0.4553 0.1849 -2.4630 0.0157
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Table 4 FBSI-18 score and SD of patients at the time of screening, cycles 4, 7, 10, and at the end of treatment

Patients who dropped Patients who dropped out due Patients who completed or

All patients out because of AEs to progression or death dropped out for other reasons
Time Score; SD (N=5) Score; SD (N=5) Score; SD (N=11) Score; SD (N=12)
Screening 52.53; 8.98 51.57; 15.91 50.18; 6.60 55.72;9.20
Cycle 4 54.32; 9.80 39.00; 12.73 51.84; 7.81 59.36; 7.68
Cycle 7 54.89; 14.10 27.00; NA 57.17; 2.57 56.81; 13.92
Cycle 10 57.60; 8.70 NA; NA 51.13; NA 58.18; 8.87
EOT 52.20; 11.43 30.75; NA 48.13; 12.60 57.10; 717
P value 0.94 0.23 0.60 0.94

P values for the model of linear trend from baseline to end of treatment.

EOT, end-of-treatment.

localized or locally advanced UC. We found a 2-year FFS
of 33% since the start of CRT (figure 2A). Most of the
recurrences were local and non-muscle-invasive (32%
of patients), and the rate of metastatic disease progres-
sion was only 29%. The treatment was well tolerated with
manageable adverse effects and there was no prolonga-
tion or worsening of radiation toxicity. Given the signif-
icant morbidity associated with definitive treatment of
bladder cancer,” QoL. often motivates the decision to
opt for CRT and compliance with adjuvant treatments.
Importantly, we observed no significant change in QoL
over time, favoring adjuvant nivolumab as a suitable
option for patients from that standpoint.

The NEXT trial was designed referencing the BC2001
trial, in which the 2-year locoregional DFS with CRT was
67% with a 50% 2-year DFS (locoregional and metastatic).
However, conclusive comparisons cannot be drawn as the
two trials had very different patient populations. In the
BC2001 study, 83% of patients had T2 disease, and none
had nodal disease.” In comparison, in the NEXT trial,

Table 5 Copy number changes seen in cell-free DNA of
patients with documented progression and associated
affected pathways

Genes Affected pathways
MAP2K4 Del RTK/RAS pathway
ALK Amp RTK/RAS pathway
ARID1A Del Chromatin remodeling
TSC2 Del PI3K pathways

AKT2 Amp PI3K pathways

WTT Del WNT pathway
CDKNZ2A Del Cell cycle progression
MYC Amp Myc pathway

NKX2.1 Amp Cytoskeleton remodeling
SOX2 Amp Multiple pathways
MDM4 Amp Cell cycle progression

Amp, amplification; Del, deletion.

28% of enrolled patients had T3 or higher stage tumors,
and 11% had at least N1 disease (table 1).

The presence of high-risk disease features in UC such
as plasmacytoid differentiation, T4, N+, multiple tumors,
tumors >5cm, residual disease before CRT, CIS, and
hydronephrosis is known to confer poor prognosis.5 18-20
The presence of one or more of these high-risk features
in 89% of the enrolled patients reflects the selection bias
in adjuvant trials for patients with higher risk disease.
Similarly, the DUART study assessed the role of adjuvant
durvalumab following concomitant durvalumab and RT
in patients with T2-4, NO-2 UC who were deemed unresect-
able or unfit for surgical intervention. This study included
26.9% of patients with documented hydronephrosis and
27% of patients with residual disease following transure-
thral resection of bladder tumor (TURBT) and showed
an mPFS of 21.8 months (95% CI 14.8 to NR) and mOS
of 30.8 months (95% CI 22.9 to NR) with a 1-year OS of
83.3% (95% CI 70.4% to 99.7%).2' The NEXT cohort
included 43% of patients with hydronephrosis and 25%
with residual disease. Again, with the caveat that compar-
ison across trials are limited by confounding factors, we
note that, with a larger proportion of patients with docu-
mented hydronephrosis, a known factor associated with
poor outcomes,”’ CRT with adjuvant nivolumab led to a
numerically worse mFFS (14.6 months vs 21.8 months)
but better mOS compared with concurrent durvalumab
and RT (49.6 months vs 30.8 months).*'

Other recent studies have noted improved outcomes
with concurrent immunotherapy and CRT. For instance,
in a randomized phase II trial, concurrent nivolumab and
CRT showed a 2-year locoregional/distant relapse-free
survival of 59.9% (95% CI 30.7% to 80.1%) compared
with 37.6% (95% CI 18% to 57.1%) with CRT alone, with
similar toxicities between the two arms, further proving
the potential benefit of adding immunotherapy to CRT.*
Two phase-3 clinical trials have investigated adjuvant
immunotherapy following radical surgery in patients with
muscle-invasive urothelial carcinoma (MIUC) showing
promising results.' * The results of our trial add to
the body of literature suggesting a clinical benefit of
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immunotherapy following local therapy for patients with
MIUC.

The NEXT trial sheds light on an important aspect
regarding appropriate choice of CRT for patients
most likely to benefit from this treatment. As seen in
figure 2C,D, both OS and FFS are significantly worse
in patients who harbor three or more high-risk disease
features. On the other hand, patients with limited risk
disease can anticipate a more durable treatment benefit
from CRT and adjuvant nivolumab. Enfortumab vedotin
in combination with pembrolizumab has demonstrated
a remarkable survival improvement for patients with
locally advanced or metastatic UC with an mPFS of 12.5
months and mOS of 81.5 months* and is the new SOC
regimen in this setting.”” This regimen compares favor-
ably to CRT with adjuvant nivolumab in locally advanced
UC and was not available at the time of enrollment of
patients on the NEXT trial. Given significant advances
in the treatment of patients with locally advanced and
metastatic disease as seen in the CheckMate 901 trial and
the EV302 trial, it is reasonable to anticipate a role of
“induction” systemic therapy first in patients with locally
advanced and/or node-positive disease. Patients with
pelvic-confined disease who have a response to systemic
therapy may be considered for a potential consolidative
approach afterwards.” ** Chromosomal instability reflects
the gains and losses of genomic material within cells,
which are responsible for cancer genesis and progres-
sion. These genetic alterations are also important drivers
of treatment resistance in patients with cancer.”® We
observed that lower levels of chromosomal instability, as
indicated by copy number variation in the plasma cfDNA,
expressed as CNI on C1D1 and C4D1 was associated with
significantly better mOS (figure 2E,F). Interestingly, the
change in CNI from CIDI1 to C4D1 was not prognostic
for FFS or OS, this could be explained by the sample size
and perhaps by the great variability observed in CNI at
both time points. The amplified and deleted regions of
the genome shed light on potential oncogenic drivers
for future targeting (table 5). The cell cycle and receptor
tyrosine kinase pathways have been identified as potential
targets in UC in other studies.”’ " There are preclinical
and early clinical reports of success with targeting UC
with CDK 4/6 inhibitors and preclinical reports of effi-
cacy with MEK inhibitors in UC, although these therapeu-
tics remain experimental for this patient population.” ™
Moreover, our study adds to the cumulative evidence of
the prognostic significance of ctDNA as demonstrated
in the IMvigor 010, TOMBOLA and the KEYNOTE-361
trials.”*

Our study has some important limitations. First, we
performed a single-arm clinical trial, hence the actual
benefit of adjuvant ICI remains to be assessed. The
INTACT trial (NCT03775265) is a phase 3 clinical trial
assessing the role of chemotherapy and radiation with
or without atezolizumab in patients with localized UC.*
Similarly, the phase 3 KEYNOTE-992 study is assessing the
role of pembrolizumab plus chemoradiotherapy versus

placebo plus chemoradiotherapy in patients with MIUC.*’
Additionally, the small study size and the heterogeneous
nature of the patient population limit overall conclusive
efficacy assessment from the NEXT trial. Nonetheless,
stratification by risk factors and correlation with plasma
cfDNA analyses generate hypotheses for potential patient
selection and putative future therapeutic targets.

In conclusion, among patients with localized or locally
advanced UC, who either elected to forego radical
surgery or were deemed ineligible for this intervention,
and hence completed CRT, adjuvant nivolumab was well
tolerated with no new safety signals. FFS was better in
patients with fewer number of high-risk disease features.
Patients with high-risk disease features may benefit from
systemic therapy. The results of this study are hypothesis-
generating due to the limitations previously outlined and
offer direction for future studies of personalized targeted
therapy tailored to tumor genomics assessed on plasma
cfDNA.
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